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NOTICE
Medicine is an ever-changing science. As new research and clinical experience broaden our 
knowledge, changes in treatment and drug therapy are required. The authors and the publisher of 
this work have checked with sources believed to be reliable in their efforts to provide information 
that is complete and generally in accord with the standards accepted at the time of publication. 
However, in view of the possibility of human error or changes in medical sciences, neither the 
authors nor the publisher nor any other party who has been involved in the preparation or 
publication of this work warrants that the information contained herein is in every respect accurate 
or complete, and they disclaim all responsibility for any errors or omissions or for the results 
obtained from use of the information contained in this work. Readers are encouraged to confirm 
the information contained herein with other sources. For example and in particular, readers are 
advised to check the product information sheet included in the package of each drug they plan to 
administer to be certain that the information contained in this work is accurate and that changes 
have not been made in the recommended dose or in the contraindications for administration. This 
recommendation is of particular importance in connection with new or infrequently used drugs.

Chisholm_FM_pi-xxviii.indd   2 05/09/18   5:00 PM



Pharmacotherapy  
Principles & Practice
F I F T H  E D I T I O N

Editors

Marie A. Chisholm-Burns, PharmD,  
MPH, MBA, FCCP, FASHP, FAST
Dean and Professor 
College of Pharmacy
University of Tennessee Health Science Center 
Memphis, Knoxville, and Nashville, Tennessee

Terry L. Schwinghammer,  
PharmD, FCCP, FASHP, FAPhA, BCPS
Professor Emeritus
Department of Clinical Pharmacy
School of Pharmacy
West Virginia University
Morgantown, West Virginia

Patrick M. Malone, PharmD, FASHP
Professor and Associate Dean, Internal Affairs
College of Pharmacy
The University of Findlay 
Findlay, Ohio

Jill M. Kolesar, PharmD, MS, FCCP, BCPS
Professor, Colleges of Pharmacy and Medicine
University of Kentucky
Director, Precision Medicine Initiatives
Markey Cancer Center
Lexington, Kentucky

P. Brandon Bookstaver, PharmD,  
FCCP, FIDSA, BCPS
Associate Professor and Director of Residency and  

Fellowship Training
Department of Clinical Pharmacy and Outcomes Sciences
University of South Carolina College of Pharmacy
Columbia, South Carolina

Kelly C. Lee, PharmD, MAS, FCCP, BCPP
Professor and Associate Dean, Assessment and Accreditation
Skaggs School of Pharmacy and Pharmaceutical Sciences
University of California San Diego
La Jolla, California

New York Chicago San Francisco Athens London Madrid Mexico City  
Milan New Delhi Singapore Sydney Toronto

Chisholm_FM_pi-xxviii.indd   3 05/09/18   5:00 PM



Copyright © 2019 by McGraw-Hill Education. All rights reserved. Except as permitted under the United States Copyright Act of 1976, 
no part of this publication may be reproduced or distributed in any form or by any means, or stored in a database or retrieval system, 
without the prior written permission of the publisher.

ISBN: 978-1-26-001945-2
MHID:       1-26-001945-4

The material in this eBook also appears in the print version of this title: ISBN: 978-1-26-001944-5,
MHID: 1-26-001944-6.

eBook conversion by codeMantra
Version 1.0

All trademarks are trademarks of their respective owners. Rather than put a trademark symbol after every occurrence of a trademarked 
name, we use names in an editorial fashion only, and to the benefit of the trademark owner, with no intention of infringement of the 
trademark. Where such designations appear in this book, they have been printed with initial caps.

McGraw-Hill Education eBooks are available at special quantity discounts to use as premiums and sales promotions or for use in corpo-
rate training programs. To contact a representative, please visit the Contact Us page at www.mhprofessional.com.

TERMS OF USE

This is a copyrighted work and McGraw-Hill Education and its licensors reserve all rights in and to the work. Use of this work is subject 
to these terms. Except as permitted under the Copyright Act of 1976 and the right to store and retrieve one copy of the work, you may 
not decompile, disassemble, reverse engineer, reproduce, modify, create derivative works based upon, transmit, distribute, disseminate, 
sell, publish or sublicense the work or any part of it without McGraw-Hill Education’s prior consent. You may use the work for your 
own noncommercial and personal use; any other use of the work is strictly prohibited. Your right to use the work may be terminated if 
you fail to comply with these terms.

THE WORK IS PROVIDED “AS IS.” McGRAW-HILL EDUCATION AND ITS LICENSORS MAKE NO GUARANTEES OR WAR-
RANTIES AS TO THE ACCURACY, ADEQUACY OR COMPLETENESS OF OR RESULTS TO BE OBTAINED FROM USING 
THE WORK, INCLUDING ANY INFORMATION THAT CAN BE ACCESSED THROUGH THE WORK VIA HYPERLINK OR 
OTHERWISE, AND  EXPRESSLY DISCLAIM ANY WARRANTY, EXPRESS OR IMPLIED, INCLUDING BUT NOT LIMITED 
TO IMPLIED WARRANTIES OF MERCHANTABILITY OR FITNESS FOR A PARTICULAR PURPOSE. McGraw-Hill Education 
and its licensors do not warrant or guarantee that the functions contained in the work will meet your requirements or that its opera-
tion will be uninterrupted or error free. Neither McGraw-Hill Education nor its licensors shall be liable to you or anyone else for any 
inaccuracy, error or omission, regardless of cause, in the work or for any damages resulting therefrom. McGraw-Hill Education has no 
responsibility for the content of any information accessed through the work. Under no circumstances shall McGraw-Hill Education and/
or its licensors be liable for any indirect, incidental, special, punitive, consequential or similar damages that result from the use of or 
inability to use the work, even if any of them has been advised of the possibility of such damages. This limitation of liability shall apply 
to any claim or cause whatsoever whether such claim or cause arises in contract, tort or otherwise.

http://www.mhprofessional.com


v

CONTENTS

About the Editors ix

Contributors xiii

Reviewers xxiii

Preface xxvii

Acknowledgment xxviii

PART I  BASIC CONCEPTS OF 
PHARMACOTHERAPY  
PRINCIPLES AND PRACTICES 1

1. Introduction 3
Jack E. Fincham

2. Geriatrics 7
Jeannie K. Lee, Damian M. Mendoza, 
M. Jane Mohler, and Corinne M. Self

3. Pediatrics 19
Hanna Phan, Vinita B. Pai, and Milap C. Nahata

4. Palliative Care 31
Kelly R. Kroustos and Marc A. Sweeney

PART II DISORDERS OF ORGAN SYSTEMS 43

SECTION 1 Cardiovascular Disorders 45

5. Hypertension 45
Augustus Hough, Ya-Feng Wen, Brandon Cave,  
David Parra, and Robert J. Straka

6. Heart Failure 69
Orly Vardeny and Tien M. H. Ng

7. Stable Ischemic Heart Disease 95
Dejan Landup and Robert J. DiDomenico

8. Acute Coronary Syndromes 117
Kelly C. Rogers, Shannon W. Finks,  
and Sarah A. Spinler

9. Arrhythmias 145
James E. Tisdale

10. Venous Thromboembolism 173
Edith A. Nutescu, James C. Lee,  
and Stuart T. Haines

11. Stroke 203
Susan R. Winkler

12. Dyslipidemias 217
Joel C. Marrs

13. Hypovolemic Shock 239
Bradley A. Boucher and G. Christopher Wood

SECTION 2  Respiratory Disorders 251

14. Asthma 251
Lori Wilken and Amanda Eades

15. Chronic Obstructive Pulmonary Disease 269
Jon P. Wietholter and Tara R. Whetsel

16. Cystic Fibrosis 283
Kimberly J. Novak

SECTION 3 Gastrointestinal Disorders 295

17. Gastroesophageal Reflux Disease 295
Jeremy J. Prunty and Leesa M. Prunty

18. Peptic Ulcer Disease 305
Catherine Bourg Rebitch and 
Michael L. Thiman

19. Inflammatory Bowel Disease 315
Brian A. Hemstreet

20. Nausea and Vomiting 329
Sheila Wilhelm and Melissa Lipari

21. Constipation, Diarrhea, and Irritable Bowel 
Syndrome 339
Beverly C. Mims

22. Portal Hypertension and Cirrhosis 357
Laurajo Ryan

23. Pancreatitis 369
Janine E. Then and Heather M. Teufel

24. Viral Hepatitis 377
Juliana Chan

SECTION 4 Renal Disorders 395

25. Acute Kidney Injury 395
Mary K. Stamatakis

26. Chronic and End-Stage Renal Disease 407
Kristine S. Schonder

27. Fluids and Electrolytes 433
Mark A. Malesker and Lee E. Morrow

28. Acid–Base Disturbances 447
Lee E. Morrow and Mark A. Malesker

Chisholm_FM_pi-xxviii.indd   5 05/09/18   5:00 PM



vi CONTENTS

SECTION 5 Neurologic Disorders 457

29. Alzheimer Disease 457
Megan J. Ehret and Kevin W. Chamberlin

30. Multiple Sclerosis 467
Melody Ryan

31. Epilepsy 481
Timothy E. Welty and Edward Faught

32. Status Epilepticus 499
Eljim P. Tesoro and Gretchen M. Brophy

33. Parkinson Disease 509
Thomas R. Smith and Mary L. Wagner

34. Pain Management 523
Christine Karabin O’Neil

35. Headache 537
Joshua W. Fleming, Leigh Ann Ross,  
and Brendan S. Ross

SECTION 6 Psychiatric Disorders 547

36. Substance-Related Disorders 547
Chris Paxos and Christian J. Teter

37. Schizophrenia 563
Deanna L. Kelly, Mary Borovicka,  
and Heidi J. Wehring

38. Major Depressive Disorder 583
J. Michael McGuire, Cherry W. Jackson,  
and Marshall E. Cates

39. Bipolar Disorder 599
Opal M. Bacon, Brian L. Crabtree,  
and Lydia E. Weisser

40. Generalized Anxiety Disorder, Panic Disorder,  
and Social Anxiety Disorder 619
Sheila R. Botts, Sallie H. Charles, 
and Douglas A. Newton

41. Sleep Disorders 635
John M. Dopp and Bradley G. Phillips

42. Attention-Deficit/Hyperactivity Disorder 647
Julia Boyle, Kevin W. Cleveland,  
and John Erramouspe

SECTION 7 Endocrinologic Disorders 655

43. Diabetes Mellitus 655
Julie Sease

44. Thyroid Disorders 685
Michael D. Katz

45. Adrenal Gland Disorders 703
Devra K. Dang, Christina M. Polomoff, 
and Judy T. Chen

46. Pituitary Gland Disorders 719
Judy T. Chen and Devra K. Dang

SECTION 8 Gynecologic and Obstetric 
Disorders 739

47. Pregnancy and Lactation: Therapeutic 
Considerations 739
Ema Ferreira, Évelyne Rey, Caroline Morin,  
Katherine Theriault, and Marie-Lou Tardif

48. Contraception 757
Julia M. Koehler and Kathleen B. Haynes

49. Menstruation-Related Disorders 771
Kylie N. Barnes, Jacqueline M. Klootwyk 
and Elena M. Umland

50. Hormone Therapy in Menopause 785
Nicole S. Culhane and Regine Beliard

SECTION 9 Urologic Disorders 797

51. Erectile Dysfunction 797
Cara Liday

52. Benign Prostatic Hypertrophy 807
Mary Lee and Roohollah Sharifi

53. Urinary Incontinence and Pediatric Enuresis 823
Sum Lam and Gladys El-Chaar

SECTION 10 Immunologic Disorders 841

54. Drug Hypersensitivity Reactions 841
J. Russell May, Desha Jordan,
and Kathleen May

55. Solid Organ Transplantation 851
Steven Gabardi, Spencer T. Martin, 
and Ali J. Olyaei

SECTION 11 Bone and Joint Disorders 875

56. Osteoporosis 875
Beth Bryles Phillips and Elizabeth A. Price

57. Rheumatoid Arthritis 887
Susan P. Bruce

Chisholm_FM_pi-xxviii.indd   6 05/09/18   5:00 PM



CONTENTS vii

58. Osteoarthritis 903
Scott G. Garland, Nicholas W. Carris, 
and Steven M. Smith

59. Gout and Hyperuricemia 915
Maria Miller Thurston

60. Musculoskeletal Disorders 927
Jill S. Borchert and Lisa M. Palmisano

SECTION 12 Disorders of the Eyes, Ears, 
Nose, and Throat 939

61. Glaucoma 939
Mikael D. Jones

62. Minor Ophthalmic and Otic Disorders 953
Lauren R. Biehle and Michelle L. Hilaire

63. Allergic Rhinitis 967
Hanna Phan and Michael Daines

SECTION 13 Dermatologic Disorders 983

64. Psoriasis 983
Amy Kennedy

65. Common Skin Disorders 999
Laura A. Perry and Lori J. Ernsthausen

SECTION 14 Hematologic Disorders 1015

66. Anemia 1015
Maribel A. Pereiras

67. Coagulation and Platelet Disorders 1027
Anastasia Rivkin, Sandeep Vansal, 
and Anna Dushenkov

68. Sickle Cell Disease 1045
Tracy M. Hagemann and Teresa V. Lewis

SECTION 15 Diseases of Infectious Origin 1059

69. Antimicrobial Regimen Selection 1059
Catherine M. Oliphant

70. Central Nervous System Infections 1073
April Miller Quidley and P. Brandon Bookstaver

71. Lower Respiratory Tract Infections 1091
Diane M. Cappelletty

72. Upper Respiratory Tract Infections 1105
Heather L. Girand

73. Skin and Skin Structure Infections 1121
Jaime R. Hornecker and Lauren R. Biehle

74. Infective Endocarditis 1133
Ronda L. Akins

75. Tuberculosis 1149
Rocsanna Namdar and Charles Peloquin

76. Gastrointestinal Infections 1161
Bradley W. Shinn and Sharon Ternullo

77. Intraabdominal Infections 1173
Joseph E. Mazur and Melanie N. Smith

78. Parasitic Diseases 1183
Madeline A. King and Jason C. Gallagher

79. Urinary Tract Infections and Prostatitis 1197
Spencer H. Durham

80. Sexually Transmitted Infections 1207
Marlon S. Honeywell and Evans Branch III

81. Osteomyelitis 1225
Jessica E. Burchette and David B. Cluck

82. Sepsis and Septic Shock 1233
Trisha N. Branan, Susan E. Smith, 
Christopher M. Bland, and S. Scott Sutton

83. Superficial Fungal Infections 1243
Kathryn A. Fuller and Lauren S. Schlesselman

84. Invasive Fungal Disease 1255
Russell E. Lewis and P. David Rogers

85. Antimicrobial Prophylaxis in Surgery 1273
Mary A. Ullman and John C. Rotschafer

86. Vaccines and Toxoids 1281
Marianne Billeter

87. Human Immunodeficiency Virus Infection 1291
Emily L. Heil, Mary F. Banoub, 
and Amanda H. Corbett

SECTION 16 Oncologic Disorders 1313

88. Cancer Chemotherapy and Treatment 1313
Lisa M. Holle

89. Breast Cancer 1345
Gerald Higa

90. Lung Cancer 1361
Val Adams and Justin M. Balko

Chisholm_FM_pi-xxviii.indd   7 05/09/18   5:00 PM



viii CONTENTS

91. Colorectal Cancer 1375
Emily B. Borders and Allison Baxley

92. Prostate Cancer 1391
Daniel J. Crona and Amber E. Proctor

93. Skin Cancer 1405
Alice C. Ceacareanu and Treavor T. Riley

94. Ovarian Cancer 1421
Judith A. Smith

95. Acute Leukemias 1435
Nancy Heideman and Lisa Anselmo

96. Chronic Leukemias and Multiple Myeloma 1451
Amy M. Pick

97. Malignant Lymphomas 1467
Keith A. Hecht and Susanne E. Liewer

98. Hematopoietic Stem Cell Transplantation 1479
Christina Bachmeier and Amber P. Lawson

99. Supportive Care in Oncology 1495
Sarah Scarpace Peters

SECTION 17  Nutrition and Nutritional  
Disorders 1521

100. Parenteral Nutrition 1521
Melissa R. Pleva and Michael D. Kraft

101. Enteral Nutrition 1539
Sarah J. Miller

102. Overweight and Obesity 1553
April Smith

Appendices 1565

Appendix A: Conversion Factors  
and Anthropometrics 1565

Appendix B: Common Medical Abbreviations 1569

Appendix C: Glossary 1575

Appendix D: Prescription Writing Principles 1593

Index 1597

SI unit conversions were produced by Ed Randell, PhD, DCC, FCACB, Division Chief and Professor of Laboratory Medicine, Department 
of Laboratory Medicine, Eastern Health Authority and Faculty of Medicine, Memorial University of Newfoundland, St. John’s, 
Newfoundland, Canada.

Chisholm_FM_pi-xxviii.indd   8 05/09/18   5:00 PM



ix

ABOUT THE EDITORS

Marie A. Chisholm-Burns, PharmD, MPH, MBA, FCCP, FASHP, FAST, is Dean and 
Professor at the University of Tennessee Health Science Center College of Pharmacy. She 
received her BS and PharmD degrees from the University of Georgia, and completed a 
residency at Mercer University Southern School of Pharmacy and at Piedmont Hospital in 
Atlanta, Georgia. Dr. Chisholm-Burns is Founder and Director of the Medication Access 
Program which increases medication access to transplant recipients. She has also served in 
elected positions in numerous professional organizations. Dr. Chisholm-Burns has more 
than 320 publications and approximately $11 million in external funding. In 2008 and 
2011, textbooks co-edited by Dr. Chisholm-Burns, Pharmacotherapy Principles & Practice 
and Pharmacy Management, Leadership, Marketing, and Finance, respectively, received the 
Medical Book Award from the American Medical Writers Association. She has also received 
numerous awards and honors including the Robert K. Chalmers Distinguished Pharmacy 
Educator Award from the American Association of Colleges of Pharmacy, Clinical Pharmacy 
Education Award from the American College of Clinical Pharmacy, Daniel B. Smith Practice 
Excellence Award from the American Pharmacists Association (APhA), Nicholas Andrew 
Cummings Award from the National Academies of Practice, Award of Excellence from 
the American Society of Health-System Pharmacists (ASHP), Pharmacy Practice Research 
Award (2011 and 2014) and Award for Sustained Contributions to the Literature from the 
ASHP Foundation, Research Achievement Award from APhA, and Rufus A. Lyman Award 
for most outstanding publication in the American Journal of Pharmaceutical Education  
(in 1996 and 2007). Dr. Chisholm-Burns is a Fulbright Scholar and a member of the board 
of directors for the Accreditation Council for Pharmacy Education (ACPE). She lives in 
Memphis, is married, and has one child, John Fitzgerald Burns Jr. She enjoys writing, cycling, 
and playing chess.

Terry L. Schwinghammer, PharmD, FCCP, FASHP, FAPhA, BCPS, is Professor 
Emeritus at the West Virginia University (WVU) School of Pharmacy. From 2005 to 2018, 
he was Professor and Chair of the Department of Clinical Pharmacy, and from 2015 to 
2018 he held the Arthur I. Jacknowitz Distinguished Chair in Clinical Pharmacy at WVU. 
He was previously Professor of Pharmaceutical Sciences at the University of Pittsburgh 
School of Pharmacy. Dr. Schwinghammer received his BS and PharmD degrees from 
Purdue University and completed a pharmacy residency at Indiana University Hospitals. 
He is a Board Certified Pharmacotherapy Specialist and has practiced in adult inpatient 
and ambulatory care. Dr. Schwinghammer is a recipient of the American Pharmacists 
Association-APPM Distinguished Achievement Award in Clinical/Pharmacotherapeutic 
Practice and is a Distinguished Practitioner in the National Academies of Practice. He is 
a member of the Academy of Excellence in Teaching and Learning of the WVU Health 
Sciences Center. In addition to authoring over 100 research and other publications, he is 
founding editor of The Pharmacotherapy Casebook and co-editor of The Pharmacotherapy 
Handbook and the textbook Pharmacotherapy Principles & Practice. Dr. Schwinghammer 
has served the American Association of Colleges of Pharmacy (AACP) as Chair of the 
Pharmacy Practice Section, Chair of the Council of Faculties, and member of the Board of 
Directors. He is a past president of the Pennsylvania Society of Health-System Pharmacists 
and received the Pharmacist of the Year, Community Service, and Sister M. Gonzales Duffy 
Awards from the organization. He has served as Chair of the Board of Pharmacy Specialties 
and elected member of the Board of Regents of the American College of Clinical Pharmacy 
(ACCP). He is a Fellow of ACCP, the American Society of Health-System Pharmacists, and 
the American Pharmacists Association and has been elected to membership in the Rho Chi 
Pharmacy Honor Society and the Phi Lambda Sigma Pharmacy Leadership Society. He was 
named a Distinguished Alumnus of Purdue University in 2004. In 2016, he was named the 
recipient of the AACP Robert K. Chalmers Distinguished Pharmacy Educator Award.

Chisholm_FM_pi-xxviii.indd   9 05/09/18   5:00 PM



x ABOUT THE EDITORS

Patrick M. Malone, PharmD, FASHP, is Professor and Associate Dean of Internal Affairs 
at The University of Findlay College of Pharmacy. Dr. Malone received his BS in Pharmacy 
from Albany College of Pharmacy and PharmD from the University of Michigan. He 
completed a clinical pharmacy residency at the Buffalo General Hospital, Drug Information 
Fellowship at the University of Nebraska Medical Center, and US West Fellowship in 
Academic Development and Technology at Creighton University. His practice and teaching 
have centered on drug information, and he is the first author for all six editions of Drug 
Information—A Guide for Pharmacists and has overseen the Innovations in Drug Information 
Practice and Research sessions at the ASHP Midyear Clinical Meetings for approximately 
20 years. Dr. Malone was also the drug information pharmacist at the XIII Winter Olympics. 
He has approximately 120 publications and numerous presentations, and has held various 
offices in national organizations. He was the Director of the Web-Based Pharmacy Pathway 
at Creighton University Medical Center, from its initial establishment until after graduation 
of the first class. His hobby is building and flying radio-controlled aircraft.

Jill M. Kolesar, PharmD, MS, FCCP, BCPS, is Professor of Pharmacy at the University of 
Kentucky and holds administrative positions at the Markey Cancer Center as the Director 
of the Precision Medicine Initiatives, Co-Chair of the Molecular Tumor Board, and the 
Co-Leader of the Developmental Therapeutics Program. She is a member of the Graduate 
Faculty in the College of Pharmacy, a member of the Markey Cancer Center and holds a 
joint appointment in Internal Medicine in the College of Medicine. Dr. Kolesar received her 
Doctor of Pharmacy degree at the University of Texas Health Science Center in San Antonio, 
where she also completed a specialty practice residency in oncology/hematology and a 
fellowship in molecular oncology pharmacotherapy. She received an MS in Epidemiology 
with an emphasis in Genetic Epidemiology from the University of Wisconsin-Madison, 
College of Medicine and Public Health in 2016. Dr. Kolesar contributes professional service 
to both the National Cancer Institute (NCI) and several pharmacy organizations. Serving 
on both the Early Phase and Cancer Prevention Central IRBs (CIRBs), multiple NCI 
study sections, and the Cancer Therapy and Evaluation Program (CTEP) Pharmacology 
task force. She is a board certified Pharmacotherapy Specialist and an elected fellow of 
ACCP (American College of Clinical Pharmacy). She has served ACCP as the Chair of the 
Hematology Oncology PRN, and as a member of the Board of Regents and the Research 
Institute Board of Trustees. Dr. Kolesar is currently the President of ACCP. Dr. Kolesar’s 
research focuses on the drug development of anticancer agents with an emphasis on targeted 
therapies and biomarkers. She has authored more than 200 abstracts, research articles, 
and book chapters, and as a principal investigator she has received more than $2.0 million 
in research funding from the NCI, American Cancer Society and other sources. She has 
received teaching and research awards from local, national, and international organizations 
including the Innovations in Teaching Award from the American Association of Colleges of 
Pharmacy. Other books she co-edits are the Top 300 Pharmacy Drug Cards and the Top 100 
Nonprescription Drug Cards. Dr. Kolesar loves to read, run, ski, scuba dive, and travel with 
her husband and five children. She has completed 2 marathons and 16 half-marathons.

Chisholm_FM_pi-xxviii.indd   10 05/09/18   5:00 PM



ABOUT THE EDITORS xi

P. Brandon Bookstaver, PharmD, FCCP, FIDSA, BCPS, is Associate Professor and 
Director of Residency and Fellowship Training in the Department of Clinical Pharmacy and 
Outcomes Sciences at the University of South Carolina College of Pharmacy in Columbia, 
South Carolina. He also serves as Infectious Diseases Pharmacist at Palmetto Health Richland. 
Following graduation from the University of South Carolina College of Pharmacy in 2004, 
he completed a Pharmacy Practice residency and Infectious Diseases specialty residency at 
Wake Forest University Baptist Medical Center. Brandon thoroughly enjoys coordinating 
student research and is heavily involved in pharmacy residency training, including his role 
as the Infectious Diseases PGY2 Residency Director and Clinical Fellowship Director at 
USC/Palmetto Health. He has over 75 peer-reviewed publications in the areas of infectious 
diseases and teaching and learning. Outside of work, he enjoys spending time with his wife 
Nicole, son Aaron, and daughter Maddie Paige; traveling; and Gamecock athletics.

Kelly C. Lee, PharmD, MAS, FCCP, BCPP, is Professor of Clinical Pharmacy and Associate 
Dean for Assessment and Accreditation at the University of California, San Diego (UCSD) 
Skaggs School of Pharmacy and Pharmaceutical Sciences. She is also the Director of the 
PGY2 Psychiatric Pharmacy Residency at UCSD. Dr. Lee received her B.S. in Biology from 
UCLA, her PharmD from UCSF, and Master of Advanced Studies in Clinical Research at 
UCSD. She completed a PGY1 Residency in Pharmacy Practice and a 2-year fellowship in 
Behavioral Health Sciences at UCSF. She has published numerous peer-reviewed journal 
articles and consults for large health systems to optimize psychotropic drug utilization and 
establish innovative psychiatric pharmacy care models. She has also received the Dorfman 
Journal Paper Award from the Academy of Psychosomatic Medicine. Dr. Lee loves to play 
tennis, travel, and spend time with her husband Douglas and son, Travis.

Chisholm_FM_pi-xxviii.indd   11 05/09/18   5:00 PM



Chisholm_FM_pi-xxviii.indd   12 05/09/18   5:00 PM

This page intentionally left blank 



xi i i

CONTRIBUTORS

Val Adams, PharmD, BCOP
Associate Professor, Pharmacy Practice and Science, College of 

Pharmacy, University of Kentucky, Lexington, Kentucky
Chapter 90

Ronda L. Akins, PharmD
Infectious Diseases Clinical Pharmacy Specialist, Methodist 

Charlton Medical Center, Dallas, Texas; Adjunct Associate 
Professor, Department of Biological Sciences, University of 
Texas at Dallas, Richardson, Texas

Chapter 74

Lisa Anselmo, PharmD, BCOP
Director of Clinical Pharmacy, PGY1 Residency Director, 

University of New Mexico Hospital, Albuquerque,  
New Mexico

Chapter 95

Christina A. Bachmeier, PharmD, BCOP
Clinical Pharmacist, Cellular Immunotherapy, H. Lee Moffitt 

Cancer Center, Tampa, Florida
Chapter 98

Opal M. Bacon, PharmD
Clinical Assistant Professor, Eugene Applebaum College of 

Pharmacy and Health Sciences, Wayne State University, 
Detroit, Michigan

Chapter 39

Justin M. Balko, PharmD, PhD
Assistant Professor, Department of Medicine, Ingram Cancer 

Center, Vanderbilt University, Nashville, Tennessee
Chapter 90

Mary F. Banoub, PharmD
Infectious Diseases Clinical Pharmacy Specialist, University 

of Maryland Medical Center; Clinical Assistant Professor, 
School of Pharmacy, University of Maryland, Baltimore, 
Maryland

Chapter 87

Kylie N. Barnes, PharmD, BCPS
Clinical Assistant Professor, Division of Pharmacy Practice and 

Administration, School of Pharmacy, University of Missouri-
Kansas City, Kansas City, Missouri

Chapter 49

Allison Baxley, PharmD, BCOP
Clinical Pharmacist, Stephenson Cancer Center, University of 

Oklahoma, Oklahoma City, Oklahoma
Chapter 91

Régine Béliard, PharmD
Assistant Professor, Department of Clinical and Administrative 

Sciences, School of Pharmacy, Notre Dame of Maryland 
University, Baltimore, Maryland

Chapter 50

Lauren R. Biehle, PharmD, BCPS
Clinical Associate Professor of Pharmacy Practice, School of 

Pharmacy, University of Wyoming, Laramie, Wyoming
Chapters 62 and 73

Marianne Billeter, PharmD, BCPS
Pharmacy Manager, Patient Care Services, New Hanover 

Regional Medical Center, Wilmington, North Carolina
Chapter 86

Christopher M. Bland, PharmD, FCCP, FIDSA, BCPS
Clinical Associate Professor, Clinical and Administrative 

Pharmacy, College of Pharmacy, University of Georgia, 
Savannah, Georgia

Chapter 82

P. Brandon Bookstaver, PharmD, FCCP, FIDSA, BCPS
Associate Professor and Director of Residency and Fellowship 

Training, Department of Clinical Pharmacy and Outcomes 
Sciences, University of South Carolina College of Pharmacy, 
Columbia, South Carolina

Chapter 70

Jill S. Borchert, PharmD, BCACP, BCPS
Vice-Chair and Professor of Pharmacy Practice, Chicago 

College of Pharmacy, Midwestern University, Chicago, Illinois
Chapter 60

Emily B. Borders, PharmD, BCOP
Clinical Pharmacist, Stephenson Cancer Center, University of 

Oklahoma, Oklahoma City, Oklahoma
Chapter 91

Mary Borovicka, PharmD, BCPP
Assistant Professor of Clinical Pharmacy, Department of 

Pharmacy Practice, College of Pharmacy and Pharmaceutical 
Sciences, University of Toledo, Toledo, Ohio

Chapter 37

Sheila R. Botts, PharmD, BCPP
Regional Administrator, Clinical Pharmacy Services; Chief, 

Clinical Pharmacy Research and Academic Affairs, Kaiser 
Permanente Colorado, Denver, Colorado

Chapter 40

Bradley A. Boucher, PharmD, BCPS
Professor, Department of Clinical Pharmacy and Translational 

Science, Associate Dean of Strategic Initiatives and 
Operations, College of Pharmacy, University of Tennessee 
Health Science Center, Memphis, Tennessee

Chapter 13

Julia Boyle, PharmD, BCPP
Assistant Professor, Department of Pharmacy Practice and 

Administrative Sciences, College of Pharmacy, Idaho State 
University, Pocatello, Idaho

Chapter 42

Trisha N. Branan, PharmD, BCCCP
Clinical Associate Professor, Clinical and Administrative 

Pharmacy, College of Pharmacy, University of Georgia, 
Athens, Georgia

Chapter 82

Evans Branch III, PharmD
Professor, College of Pharmacy and Pharmaceutical Sciences, 

Florida A&M University, Miami, Florida
Chapter 80

Chisholm_FM_pi-xxviii.indd   13 05/09/18   5:00 PM



xiv CONTRIBUTORS

Gretchen M. Brophy, PharmD, BCPS
Professor of Pharmacotherapy and Outcomes Science and 

Neurosurgery, Virginia Commonwealth University, Medical 
College of Virginia, Richmond, Virginia

Chapter 32

Susan P. Bruce, PharmD, BCPS
Associate Dean for Pharmacy Education and Interprofessional 

Studies, Chair and Professor of Pharmacy Practice, College 
of Pharmacy, Northeast Ohio Medical University, Rootstown, 
Ohio

Chapter 57

Jessica E. Burchette, PharmD, BCPS
Professor, Bill Gatton College of Pharmacy,  

East Tennessee State University, Johnson City, Tennessee
Chapter 81

Diane M. Cappelletty, PharmD
Professor of Clinical Pharmacy, Chair, Department of Pharmacy 

Practice, Co-Director, The Infectious Disease Research 
Laboratory, College of Pharmacy and Pharmaceutical 
Sciences, University of Toledo, Toledo, Ohio

Chapter 71

Nicholas W. Carris, PharmD, BCPS
Assistant Professor, Department of Pharmacotherapeutics and 

Clinical Research, College of Pharmacy; Department of 
Family Medicine, Morsani College of Medicine, University of 
South Florida, Tampa, Florida

Chapter 58

Marshall E. Cates, PharmD, BCPP
Professor and Chair, Department of Pharmacy Practice, 

McWhorter School of Pharmacy, Samford University, 
Birmingham, Alabama

Chapter 38

Brandon Cave, PharmD, ASH-CHC
Clinical Assistant Professor, Department of Pharmacy Practice, 

South College School of Pharmacy, Knoxville, Tennessee
Chapter 5

Alice C. Ceacareanu, PhD, PharmD
President, ROAKETIN Inc, Amherst, New York
Chapter 93

Kevin W. Chamberlin, PharmD
Associate Clinical Professor, Assistant Head, Department 

of Pharmacy Practice, School of Pharmacy, University of 
Connecticut, Farmington, Connecticut

Chapter 29

Juliana Chan, PharmD, BCACP
Clinical Associate Professor, Gastroenterology and Hepatology;  

Clinical Pharmacist, Ambulatory Pharmacy Services, Clinical 
Associate Professor, Pharmacy Practice, Colleges of Pharmacy 
and Medicine, University of Illinois, Chicago, Illinois

Chapter 24

Sallie H. Charles, PMHNP-BC, MS, MBA
Advanced Practice Nurse, Psychiatry, Hidden Lake Medical 

Offices, Kaiser Permanente Colorado, Westminster, Colorado
Chapter 40

Judy T. Chen, PharmD, BCPS, BCACP, CDE
Clinical Associate Professor of Pharmacy Practice, Purdue 

University College of Pharmacy, West Lafayette, Indiana
Chapters 45 and 46

Kevin W. Cleveland, PharmD
Associate Professor and Assistant Dean for Experiential 

Education, Department of Pharmacy Practice and 
Administrative Sciences, College of Pharmacy, Idaho State 
University, Pocatello, Idaho

Chapter 42

David B. Cluck, PharmD, BCPS, AAHIVP
Associate Professor, Bill Gatton College of Pharmacy,  

East Tennessee State University, Johnson City, Tennessee
Chapter 81

Amanda H. Corbett, PharmD, BCPS, AAHIVE
Clinical Associate Professor, Eshelman School of Pharmacy, 

University of North Carolina at Chapel Hill, Chapel Hill, 
North Carolina

Chapter 87

Brian L. Crabtree, PharmD, BCPP
Professor and Dean, College of Pharmacy, Mercer University, 

Atlanta, Georgia
Chapter 39

Daniel J. Crona, PharmD, PhD, CPP
Assistant Professor, Division of Pharmacotherapy and 

Experimental Therapeutics, Eshelman School of Pharmacy, 
University of North Carolina at Chapel Hill, Chapel Hill, 
North Carolina

Chapter 92

Nicole S. Culhane, PharmD, BCPS
Assistant Dean, Experiential Education, and Professor, Clinical 

and Administrative Sciences, School of Pharmacy, Notre 
Dame of Maryland University, Baltimore, Maryland

Chapter 50

Michael Daines, MD
Division Chief, Allergy, Immunology, and Rheumatology, 

Associate Professor, Pediatric Allergy and Immunology, 
Associate Director, Pediatric Pulmonary Fellowship, College 
of Medicine, University of Arizona Health Sciences, Tucson, 
Arizona

Chapter 63

Devra K. Dang, PharmD, BCPS, CDE
Associate Clinical Professor, School of Pharmacy, University of 

Connecticut, Storrs, Connecticut
Chapters 45 and 46

Robert J. DiDomenico, PharmD
Associate Professor, Department of Pharmacy Practice, College 

of Pharmacy, University of Illinois at Chicago, Chicago, 
Illinois

Chapter 7

John M. Dopp, PharmD, MS
Associate Professor, School of Pharmacy, University of 

Wisconsin-Madison, Madison, Wisconsin
Chapter 41

Chisholm_FM_pi-xxviii.indd   14 05/09/18   5:00 PM



CONTRIBUTORS xv

Spencer H. Durham, PharmD, BCPS AQ-ID
Assistant Clinical Professor, Department of Pharmacy Practice, 

Harrison School of Pharmacy, Auburn University, Auburn, 
Alabama

Chapter 79

Anna Dushenkov, PharmD
Assistant Professor, Pharmacy Practice, School of Pharmacy 

and Health Sciences, Fairleigh Dickinson University, Florham 
Park, New Jersey

Chapter 67

Amanda Eades, PharmD, BCACP
Clinical Assistant Professor, Department of Pharmacy Practice; 

Clinical Pharmacist, Ambulatory Pharmacy Services, College 
of Pharmacy, University of Illinois at Chicago, Chicago, 
Illinois

Chapter 14

Megan J. Ehret, PharmD, MS, BCPP
Associate Professor, Department of Pharmacy Practice and 

Science, School of Pharmacy, University of Maryland, 
Baltimore, Maryland

Chapter 29

Gladys El-Chaar, PharmD
Clinical Professor, College of Pharmacy and Health Sciences,  

St. John’s University, Queens, New York
Chapter 53

Lori J. Ernsthausen, PharmD, BCPS
Associate Professor and Chair, Department of Pharmacy 

Practice, University of Findlay College of Pharmacy, Findlay, 
Ohio

Chapter 65

John Erramouspe, PharmD, MS
Professor Emeritus, Pharmacy Practice and Administrative 

Sciences, College of Pharmacy, Idaho State University, 
Pocatello, Idaho

Chapter 42

Edward Faught, MD
Professor, Department of Neurology, School of Medicine, 

Emory University, Atlanta, Georgia
Chapter 31

Ema Ferreira, BPharm, MSc, PharmD
Pharmacist, Clinical Professor, Associate Dean, Academics, CHU 

Ste-Justine, Université de Montréal, Montreal, Quebec, Canada
Chapter 47

Jack E. Fincham, PhD, RPh
Professor of Pharmacy Administration, Department of 

Pharmaceutical and Administrative Sciences, Presbyterian 
College School of Pharmacy, Clinton, South Carolina

Chapter 1

Shannon W. Finks, PharmD, FCCP, BCPS AQ Cardiology, 
ASH-CHC
Professor, Department of Clinical Pharmacy and Translational 

Science, College of Pharmacy, University of Tennessee Health 
Science Center, Memphis, Tennessee

Chapter 8

Joshua W. Fleming, PharmD, BCACP
Clinical Associate Professor, Department of Pharmacy Practice, 

University of Mississippi School of Pharmacy, Jackson, 
Mississippi

Chapter 35

Kathryn A. Fuller, PharmD
PGY1 Ambulatory Care Resident, University of North Carolina 

Medical Center, Chapel Hill, North Carolina
Chapter 83

Steven Gabardi, PharmD, BCPS
Abdominal Organ Transplant Clinical Specialist, Brigham and 

Women’s Hospital; Assistant Professor of Medicine, Harvard 
Medical School, Boston, Massachusetts

Chapter 55

Jason C. Gallagher, PharmD, BCPS
Clinical Professor, School of Pharmacy, Temple University, 

Clinical Pharmacy Specialist, Infectious Diseases, Temple 
University Hospital, Philadelphia, Pennsylvania

Chapter 78

Scott G. Garland, PharmD
Postdoctoral Fellow in Family Medicine, University of Florida 

College of Pharmacy, Department of Pharmacotherapy and 
Translational Research, Gainesville, Florida

Chapter 58

Heather L. Girand, PharmD
Professor and Assistant Chair Department of Pharmacy 

Practice, College of Pharmacy, Ferris State University, Big 
Rapids, Michigan

Chapter 72

Tracy M. Hagemann, PharmD
Associate Dean and Professor, College of Pharmacy, University 

of Tennessee Health Science Center, Nashville, Tennessee
Chapter 68

Stuart T. Haines, PharmD, BCPS, BCACP, BC-ADM
Professor, Department of Pharmacy Practice, Director, 

Pharmacy Professional Development, School of Pharmacy, 
University of Mississippi, Jackson, Mississippi

Chapter 10

Kim Hawkins, PhD, APRN, FNP-C
Associate Professor, Lansing School of Nursing and Clinical 

Sciences, Bellarmine University, Louisville, Kentucky
Appendix D

Kathleen B. Haynes, PharmD, BCPS, CDE
Clinical Coordinator, Bridges to Health, Community Health 

Network, Indianapolis, Indiana
Chapter 48

Keith A. Hecht, PharmD, BCOP
Associate Professor, Department of Pharmacy Practice, School 

of Pharmacy, Southern Illinois University, Edwardsville, 
Illinois

Chapter 97

Chisholm_FM_pi-xxviii.indd   15 05/09/18   5:00 PM



xvi CONTRIBUTORS

Nancy Heideman, PharmD, BCPS, BCOP
Oncology Clinical Pharmacy Lead, University of New Mexico 

Comprehensive Cancer Center
Chapter 95

Emily L. Heil, PharmD, BCPS AQ-ID, AAHIVP
Assistant Professor, School of Pharmacy, University of 

Maryland, Baltimore, Maryland
Chapter 87

Brian A. Hemstreet, PharmD, BCPS
Assistant Dean for Student Affairs and Professor of Pharmacy 

Practice, Regis University School of Pharmacy, Rueckert-
Hartman College for Health Professions, Denver, Colorado

Chapter 19

Gerald Higa, PharmD
Professor, Schools of Pharmacy and Medicine, West Virginia 

University, Morgantown, West Virginia
Chapter 89

Michelle L. Hilaire, PharmD, CDE, BCPS, BCACP
Clinical Professor of Pharmacy Practice, Associate Dean of 

Students, University of Wyoming School of Pharmacy, 
Laramie, Wyoming

Chapter 62

Lisa M. Holle, PharmD, BCOP
Associate Clinical Professor, Department of Pharmacy Practice, 

University of Connecticut School of Pharmacy, Storrs, 
Connecticut

Chapter 88

Marlon S. Honeywell, PharmD
Executive Associate Dean and Professor, College of Pharmacy 

and Pharmaceutical Sciences, Florida A&M University, 
Tallahassee, Florida

Chapter 80

Jaime R. Hornecker, PharmD, BCPS, CDE, DPLA
Clinical Professor of Pharmacy Practice, School of Pharmacy, 

University of Wyoming, Laramie, Wyoming
Chapter 73

Augustus Hough, PharmD, BCPS AQ Cardiology
Clinical Pharmacy Specialist in Cardiology, PGY2 Cardiology 

Pharmacy Residency Program Director, West Palm Beach 
Veterans Affairs Medical Center, West Palm Beach, Florida

Chapter 5

Jill L. Isaacs, DNP, ANP, NP-C
Adult Nurse Practitioner, Gastroenterology, Digestive Disease 

Consultants, Mesa, Arizona 
Appendix D

Cherry W. Jackson, PharmD, BCPP
Professor, Department of Pharmacy Practice, Auburn 

University; Clinical Professor, Department of Psychiatric and 
Behavioral Neurobiology, School of Medicine, University of 
Alabama, Birmingham, Alabama

Chapter 38

Mikael D. Jones, PharmD, BCPS
Associate Professor, Pharmacy Practice and Science, College of 

Pharmacy, University of Kentucky, Lexington, Kentucky
Chapter 61

Desha Jordan, MD
Fellow, Division of Allergy-Immunology, Department of 

Pediatrics, Medical College of Georgia, Augusta University, 
Augusta, Georgia

Chapter 54

Michael D. Katz, PharmD
Professor and Director, International Education, Department 

of Pharmacy Practice and Science, College of Pharmacy, 
University of Arizona, Tucson, Arizona

Chapter 44

Deanna L. Kelly, PharmD, BCPP
Professor of Psychiatry, Director and Chief, Treatment Research 

Program, Maryland Psychiatric Research Center, University 
of Maryland School of Medicine, Baltimore, Maryland

Chapter 37

Amy Kennedy, PharmD
Assistant Professor, Pharmacy Practice and Science, College of 

Pharmacy, University of Arizona, Tucson, Arizona
Chapter 64

Madeline A. King, PharmD
Assistant Professor of Clinical Pharmacy, Department 

of Pharmacy Practice and Pharmacy Administration, 
Philadelphia College of Pharmacy, University of the Sciences, 
Philadelphia, Pennsylvania

Chapter 78

Emily Knezevich, PharmD, BCPS, CDE
Associate Professor of Pharmacy Practice, School of Pharmacy 

and Health Professions, Creighton University, Omaha, Nebraska
Appendix D

Jon Knezevich, PharmD, BCPS
Pharmacy Coordinator, Diabetes; Nebraska Medicine, Omaha, 

Nebraska
Appendix D

Julia M. Koehler, PharmD
Professor and Associate Dean for Clinical Education and 

External Affiliations, College of Pharmacy and Health 
Sciences, Butler University; Ambulatory Care Clinical 
Pharmacist, Methodist Hospital of Indiana University Health, 
Indianapolis, Indiana

Chapter 48

Michael D. Kraft, PharmD, BCNSP
Clinical Professor, Department of Clinical Pharmacy, College 

of Pharmacy, University of Michigan, Ann Arbor, Michigan; 
Assistant Director-Education and Research, Department 
of Pharmacy Services, Michigan Medicine, Ann Arbor, 
Michigan

Chapter 100

Kelly R. Kroustos, PharmD, BCGP
Associate Professor of Pharmacy Practice, Raabe College of 

Pharmacy, Ohio Northern University, Ada, Ohio
Chapter 4

Chisholm_FM_pi-xxviii.indd   16 05/09/18   5:00 PM



CONTRIBUTORS xvii

Sum Lam, PharmD, BCGP, BCPS
Associate Clinical Professor, Department of Clinical Health 

Professions, College of Pharmacy and Health Sciences, St. 
John’s University, Queens, New York; Clinical Specialist in 
Geriatric Pharmacy, Divisions of Geriatric Medicine and 
Pharmacy, NYU Winthrop Hospital, Mineola, New York

Chapter 53

Dejan Landup, PharmD, BCPS
Heart Failure Clinical Pharmacist, Advocate Medical Group, 

Chicago, Illinois
Chapter 7

Amber P. Lawson, PharmD, BCOP
Assistant Professor, Pharmacy Practice and Science, College of 

Pharmacy, University of Kentucky, Lexington, Kentucky
Chapter 98

James C. Lee, PharmD, BCACP
Clinical Assistant Professor, Department of Pharmacy Practice, 

Clinical Pharmacist, Ambulatory Pharmacy Services, College 
of Pharmacy, University of Illinois at Chicago, Chicago, Illinois

Chapter 10

Jeannie K. Lee, PharmD, BCPS, BCGP
Assistant Dean for Student Services and Associate Professor 

College of Pharmacy; Clinical Associate Professor, College of 
Medicine, The University of Arizona, Tucson, Arizona 

Chapter 2

Mary Lee, PharmD, BCPS, FCCP
Professor of Pharmacy Practice, Chicago College of Pharmacy, 

Vice President and Chief Academic Officer, Midwestern 
University, Chicago, Illinois

Chapter 52

Russell E. Lewis, PharmD, BCPS
Associate Professor, Department of Medical and Surgical 

Sciences, University of Bologna, Bologna, Italy
Chapter 84

Teresa V. Lewis, PharmD, BCPS
Assistant Professor, Department of Clinical and Administrative 

Sciences, College of Pharmacy, University of Oklahoma 
College of Pharmacy, Oklahoma City, Oklahoma

Chapter 68

Cara Liday, PharmD, BCPS, CDE
Associate Professor, Department of Pharmacy Practice, College 

of Pharmacy, Idaho State University; Clinical Pharmacist, 
InterMountain Medical Clinic, Pocatello, Idaho

Chapter 51

Susanne E. Liewer, PharmD, BCOP
Pharmacy Coordinator, Blood and Marrow Transplant; Clinical 

Associate Professor, College of Pharmacy, University of 
Nebraska Medical Center, Omaha, Nebraska

Chapter 97

Melissa Lipari, PharmD, BCACP
Clinical Assistant Professor, Wayne State University Eugene 

Applebaum College of Pharmacy and Health Sciences; 
Clinical Pharmacy Specialist, Ambulatory Care, St. John 
Hospital and Medical Center, Detroit, Michigan

Chapter 20

Mark A. Malesker, PharmD, FCCP, FCCP, FCCM, FASHP, BCPS
Professor of Pharmacy Practice and Medicine, Creighton 

University, Omaha, Nebraska
Chapters 27 and 28

Joel C. Marrs, PharmD, BCPS AQ Cardiology, BCACP
Associate Professor, Department of Clinical Pharmacy, Skaggs 

School of Pharmacy and Pharmaceutical Sciences, University 
of Colorado, Aurora, Colorado

Chapter 12

Spencer T. Martin, PharmD, BCPS
Clinical Pharmacy Manager, Department of Pharmacy Services, 

Hartford Hospital, Hartford, Connecticut
Chapter 55

J. Russell May, PharmD
Clinical Professor and Associate Head, Department of Clinical 

and Administrative Pharmacy, College of Pharmacy, 
University of Georgia, Augusta, Georgia

Chapter 54

Kathleen May, MD
Division Chief and Associate Professor of Pediatrics, Division of 

Allergy, Immunology and Pediatric Rheumatology, Medical 
College of Georgia, Augusta University, Augusta, Georgia

Chapter 54

Joseph E. Mazur, PharmD, BCPS, BCNSP
Critical Care Clinical Specialist, Medical Intensive Care Unit; 

Adjunct Clinical Associate Professor, Medical University 
of South Carolina College of Pharmacy, Charleston, South 
Carolina

Chapter 77

J. Michael McGuire, PharmD
Associate Professor of Pharmacy Practice, Psychiatry, College of 

Pharmacy, Belmont University, Nashville, Tennessee
Chapter 38

Damian M. Mendoza, PharmD, CGP
Clinical Pharmacy Specialist, Geriatrics, Southern Arizona VA 

Health Care System, Tuscon, Arizona
Chapter 2

Sarah J. Miller, PharmD, BCNSP
Professor, Department of Pharmacy Practice, University of 

Montana Skaggs School of Pharmacy; Pharmacy Clinical 
Coordinator, Province Saint Patrick Hospital, Missoula, 
Montana

Chapter 101

Beverly C. Mims, PharmD
Associate Professor of Pharmacy Practice, College of Pharmacy, 

Howard University; Clinical Pharmacist, Howard University 
Hospital, Washington, DC

Chapter 21

M. Jane Mohler, NP-C, MSN, MPH, PhD
Co-Director, Arizona Geriatric Education Center, Associate 

Director, Reynolds Program in Applied Geriatrics, College of 
Medicine, University of Arizona, Tucson, Arizona

Chapter 2

Chisholm_FM_pi-xxviii.indd   17 05/09/18   5:00 PM



xviii CONTRIBUTORS

Caroline Morin, BPharm, MSc
Pharmacist in Obstetrics and Gynecology, Associated Clinician, 

CHU Ste-Justine, Université de Montreal Pharmacist, 
Montreal, Quebec, Canada

Chapter 47

Lee E. Morrow, MD, MSc
Professor, Division of Pulmonary, Critical Care, and Sleep 

Medicine, Creighton University School of Medicine, Omaha, 
Nebraska

Chapters 27 and 28

Milap C. Nahata, PharmD, MS
Professor Emeritus of Pharmacy, Pediatrics and Internal 

Medicine; Director of the Institute of Therapeutic Innovations 
and Outcomes, College of Pharmacy, Ohio State University; 
Columbus, Ohio

Chapter 3

Rocsanna Namdar, PharmD, FCCP, BCPS
Inpatient Pharmacy Supervisor, New Mexico Veterans Affairs 

Healthcare System, Albuquerque, New Mexico
Chapter 75

Douglas A. Newton, MD, MPH
Child and Adolescent Psychiatrist, Colorado Permanente 

Medical Group, Denver, Colorado
Chapter 40

Tien M.H. Ng, PharmD, BCPS AQ Cardiology
Associate Professor, Clinical Pharmacy, School of Pharmacy, 

University of Southern California, Los Angeles, California
Chapter 6

Kimberly J. Novak, PharmD, BCPS, BCPPS
Clinical Pharmacy Specialist, Pediatric Pulmonary Medicine, 

Nationwide Children’s Hospital, Columbus, Ohio
Chapter 16

Edith A. Nutescu, PharmD, MS, FCCP
Associate Professor, Department of Pharmacy Systems, 

Outcomes and Policy, and Director, Center for 
Pharmacoepidemiology and Pharmacoeconomic Research, 
College of Pharmacy, University of Illinois, Chicago, Illinois

Chapter 10

Catherine M. Oliphant, PharmD
Professor and Interim Chair, Department of Pharmacy Practice 

and Administrative Sciences, College of Pharmacy, Idaho 
State University, Meridian, Idaho

Chapter 69

Ali J. Olyaei, PharmD
Professor, Department of Medicine and Pharmacy Practice, 

Oregon State University and Oregon Health and Sciences 
University, Portland, Oregon

Chapter 55

Christine Karabin O’Neil, BS, PharmD, BCPS, CGP
Professor of Pharmacy Practice, Division of Clinical, Social, 

and Administrative Sciences, School of Pharmacy, Duquesne 
University, Pittsburgh, Pennsylvania

Chapter 34

Vinita B. Pai, PharmD, MS
Associate Professor of Clinical Pharmacy, Ohio State University, 

College of Pharmacy; Clinical Pharmacy Specialist, Pediatric 
Blood and Marrow Transplant Program, Nationwide 
Children’s Hospital, Columbus, Ohio

Chapter 3

Lisa M. Palmisano, PharmD, BCACP
Assistant Professor, Department of Pharmacy Practice, Clinical 

Pharmacist, Chicago College of Pharmacy, Midwestern 
University, Chicago, Illinois

Chapter 60

David Parra, PharmD, FCCP, BCPS
Clinical Pharmacy Program Manager in Cardiology & 

Anticoagulation, Veterans Integrated Service Network 8, 
Pharmacy Benefits Management, Bay Pines, Florida; Clinical 
Associate Professor, Department of Experimental and Clinical 
Pharmacology, College of Pharmacy, University of Minnesota, 
Minneapolis, Minnesota

Chapter 5

Chris Paxos, PharmD, BCPP, BCPS, BCGP
Associate Professor of Pharmacy Practice, Associate Professor 

of Psychiatry, College of Pharmacy, Northeast Ohio Medical 
University, Rootstown, Ohio

Chapter 36

Charles Peloquin, PharmD, FCCP
Professor, Department of Pharmacotherapy and Translational 

Research, College of Pharmacy, University of Florida, 
Gainesville, Florida

Chapter 75

Maribel A. Pereiras, PharmD, BCPS, BCOP
Clinical Oncology Pharmacist, Hematopoietic Stem Cell 

Transplant and Cellular Therapy, John Theurer Cancer Center 
at Hackensack University Medical Center, Hackensack,  
New Jersey

Chapter 66

Laura A. Perry, PharmD, BCPS
Associate Professor, Department of Pharmacy Practice, 

University of Findlay College of Pharmacy, Findlay, Ohio
Chapter 65

Sarah Scarpace Peters, PharmD, MPH, BCOP
Associate Professor, Pharmacy Practice, Albany College of 

Pharmacy and Health Sciences in Albany, NY
Chapter 99

Hanna Phan, PharmD, FCCP, FPPAG
Associate Professor, Department of Pharmacy Practice and 

Science, Associate Professor, Department of Pediatrics, 
Colleges of Pharmacy and Medicine; Associate Research 
Scientist, Asthma and Airway Disease Research Center, The 
University of Arizona, Tucson, Arizona

Chapters 3 and 63

Beth Bryles Phillips, PharmD, FASHP, FCCP, BCPS, BCACP
Rite Aid Professor, College of Pharmacy, University of Georgia; 

Director VAMC/UGA PGY2 Ambulatory Care Residency 
Program, Athens, Georgia

Chapter 56

Chisholm_FM_pi-xxviii.indd   18 05/09/18   5:00 PM



CONTRIBUTORS xix

Bradley G. Phillips, PharmD, BCPS
Millikan-Revee Professor and Head, Department of Clinical and 

Administrative Pharmacy, College of Pharmacy, University of 
Georgia, Athens, Georgia

Chapter 41

Amy M. Pick, PharmD, BCOP
Professor of Pharmacy Practice, Creighton University School of 

Pharmacy and Health Professions, Omaha, Nebraska
Chapter 96

Melissa R. Pleva, PharmD, BCNSP, BCCCP, BCPS
Manager-Surgery and Cardiovascular Services, Department 

of Pharmacy Services, Michigan Medicine, Ann Arbor, 
Michigan; Adjunct Clinical Assistant Professor, Department 
of Clinical Pharmacy, College of Pharmacy, University of 
Michigan, Ann Arbor, Michigan

Chapter 100

Christina M. Polomoff, PharmD, BCACP, BCGP
Assistant Clinical Professor, University of Connecticut School of 

Pharmacy; Population Health Clinical Pharmacist, Hartford 
HealthCare Integrated Care Partners, Storrs, Connecticut

Chapter 45

Elizabeth A. Price, PharmD, MSCR, BCPS 
PGY2 Ambulatory Care Pharmacy Resident, University of 

Georgia College of Pharmacy, Athens, Georgia
Chapter 56

Amber E. Proctor, PharmD
Clinical Assistant Professor, Division of Pharmacotherapy 

and Experimental Therapy, Eshelman School of Pharmacy, 
University of North Carolina at Chapel Hill, Chapel Hill, 
North Carolina

Chapter 92

Jeremy J. Prunty, PharmD, BCPS
Clinical Pharmacy Specialist—Oncology Internal Medicine, 

University Hospitals Cleveland Medical Center, Cleveland, 
Ohio

Chapter 17

Leesa M. Prunty, PharmD, BCPS, BCPPS
Clinical Pharmacy Specialist—Cystic Fibrosis, University 

Hospitals Home Care Services & Rainbow Babies and 
Children’s Hospital, Cleveland, Ohio

Chapter 17

April Miller Quidley, PharmD, BCPS, BCCCP
Critical Care Pharmacist and Critical Care Residency Program 

Director, Vidant Medical Center, Greenville, North Carolina
Chapter 70

Catherine Bourg Rebitch, PharmD, BCPS, BCACP
Clinical Associate Professor, Clinical and Administrative 

Pharmacy; Director, PGY1 Community Residency Program, 
College of Pharmacy, University of Georgia, Athens, Georgia

Chapter 18

Treavor T. Riley, PharmD, BCPS, BCCCP
Associate Professor, School of Pharmacy, Wingate University, 

Hendersonville, North Carolina
Chapter 93

Anastasia Rivkin, PharmD, BCPS
Assistant Dean for Faculty and Professor of Pharmacy Practice, 

School of Pharmacy, Fairleigh Dickinson University, Florham 
Park, New Jersey

Chapter 67

Kelly C. Rogers, PharmD, FCCP, FACC
Professor, Department of Clinical Pharmacy and Translational 

Science, College of Pharmacy, University of Tennessee Health 
Science Center, Memphis, Tennessee

Chapter 8

P. David Rogers, PharmD, PhD
First Tennessee Endowed Chair of Excellence in Clinical 

Pharmacy, Vice Chair for Research, Director, Clinical 
and Experimental Therapeutics, and Professor of Clinical 
Pharmacy and Pediatrics, College of Pharmacy, University of 
Tennessee Health Science Center, Memphis, Tennessee

Chapter 84

Brendan S. Ross, MD
Staff Physician, G.V. (Sonny) Montgomery Veterans Affairs 

Medical Center; Clinical Associate Professor, Department 
of Pharmacy Practice, University of Mississippi School of 
Pharmacy, Jackson, Mississippi

Chapter 35

Leigh Ann Ross, PharmD, BCPS
Associate Dean for Clinical Affairs, Professor and Chair, 

Department of Pharmacy Practice, University of Mississippi 
School of Pharmacy, Jackson, Mississippi

Chapter 35

John C. Rotschafer, PharmD
Professor, College of Pharmacy, University of Minnesota, 

Minneapolis, Minnesota
Chapter 85

Laurajo Ryan, PharmD, MSc, BCPS, CDE
Clinical Associate Professor, University of Texas at Austin 

College of Pharmacy; University of Texas Health Science 
Center, Department of Medicine, Pharmacotherapy 
Education Research Center, Austin, Texas

Chapter 22

Melody Ryan, PharmD, MPH
Professor, Department of Pharmacy Practice and Science, 

College of Pharmacy, University of Kentucky, Lexington, 
Kentucky

Chapter 30

Lauren S. Schlesselman, MEd, PharmD
Director, Learning Initiatives & Educational Technology, 

Adjunct Assistant Clinical Professor, University of 
Connecticut, Storrs, Connecticut

Chapter 83

Kristine S. Schonder, PharmD
Assistant Professor, University of Pittsburgh School of 

Pharmacy; Clinical Specialist, Transplant, University of 
Pittsburgh Medical Center Health System, Pittsburgh, 
Pennsylvania

Chapter 26

Chisholm_FM_pi-xxviii.indd   19 05/09/18   5:00 PM



xx CONTRIBUTORS

Julie Sease, PharmD, FCCP, BCPS, CDE, BCACP
Professor of Pharmacy Practice and Associate Dean for 

Academic Affairs, School of Pharmacy, Presbyterian College, 
Clinton, South Carolina

Chapter 43

Corinne M. Self, MD
Assistant Professor of Geriatrics, Division of Internal Medicine, 

Geriatrics and Palliative Care, University of Arizona, College 
of Medicine, Tucson, Arizona

Chapter 2

Roohollah Sharifi, MD, FACS
Professor, Department of Urology and Surgery, College of 

Medicine, University of Illinois at Chicago, Chicago, Illinois 
and Section Chief of Urology, Jesse Browns Veterans 
Administration Medical Center, Chicago, Illinois

Chapter 52

Bradley W. Shinn, PharmD
Professor of Pharmacy Practice, University of Findlay College of 

Pharmacy, Findlay, Ohio
Chapter 76

April Smith, PharmD, BCPS
Associate Professor, School of Pharmacy and Health Professions, 

Creighton University, Omaha, Nebraska
Chapter 102

Judith A. Smith, PharmD, BCOP, CPHQ
Associate Professor, Department of Obstetrics, Gynecology and 

Reproductive Sciences, University of Texas Medical School at 
Houston, Houston, Texas

Chapter 94

Melanie N. Smith, PharmD, BCPS, BCCCP
Critical Care Specialist, Surgery-Trauma ICU, Affiliate Assistant 

Professor, Medical University of South Carolina College of 
Pharmacy, Charleston, South Carolina

Chapter 77

Steven M. Smith, PharmD, MPH, BCPS
Assistant Professor, Departments of Pharmacotherapy and 

Translational Research and Community Health & Family 
Medicine, Colleges of Pharmacy and Medicine, University of 
Florida, Gainesville, Florida

Chapter 58

Susan E. Smith, PharmD, BCPS, BCCCP
Clinical Assistant Professor, Clinical and Administrative Pharmacy, 

College of Pharmacy, University of Georgia, Athens, Georgia
Chapter 82

Thomas R. Smith, PharmD
Assistant Professor of Pharmacy Practice, College of Pharmacy, 

Natural, and Health Sciences, Manchester University,  
Fort Wayne, Indiana

Chapter 33

Sarah A. Spinler, PharmD, FCCP, FAHA, FASHP, AACC, BCPS 
AQ Cardiology
Professor and Chair, Department of Pharmacy Practice, School 

of Pharmacy and Pharmaceutical Sciences, Binghamton 
University, Binghamton, New York

Chapter 8

Mary K. Stamatakis, PharmD
Senior Associate Dean for Academic Affairs and Educational 

Innovation and Professor, West Virginia University School of 
Pharmacy, Morgantown, West Virginia

Chapter 25

Robert J. Straka, PharmD
Professor and Head, Experimental and Clinical Pharmacology 

Department, University of Minnesota College of Pharmacy, 
Minneapolis, Minnesota

Chapter 5

S. Scott Sutton, PharmD, BCPS AQ-ID
Professor and Chair, Department of Clinical Pharmacy and 

Outcomes Sciences, College of Pharmacy, University of South 
Carolina, Columbia, South Carolina

Chapter 82

Marc A. Sweeney, PharmD, MDiv
Professor and Dean, School of Pharmacy, Cedarville University, 

Cedarville, Ohio
Chapter 4

Marie-Lou Tardif, MD, FRCPC
Staff Physician, Université de Montréal
Montreal, Quebec
Chapter 47

Sharon Ternullo, PharmD, DABAT
Assistant Professor of Pharmacy Practice, University of Findlay 

College of Pharmacy, Findlay, Ohio
Chapter 76

Eljim P. Tesoro, PharmD, BCPS
Clinical Associate Professor, College of Pharmacy, Clinical 

Pharmacist, Neurosciences, Director, PGY2 Critical Care 
Residency, University of Illinois Hospital and Health Sciences 
System, Chicago, Illinois

Chapter 32

Christian J. Teter, PharmD, BCPP
Manager, Medical Affairs, Alkermes, Waltham, Massachusetts
Chapter 36

Heather M. Teufel, PharmD, BCPS, BCCCP
Clinical Pharmacist, Emergency Medicine, University of 

Pennsylvania Health System, Chester County Hospital, West 
Chester, Pennsylvania

Chapter 23

Janine E. Then, PharmD, BCPS
Lead Pharmacist–Clinical Services, University of Pittsburgh 

Medical Center, Presbyterian-Shadyside Hospital, Pittsburgh, 
Pennsylvania

Chapter 23

Michael L. Thiman, PharmD
Clinical Assistant Professor, Clinical and Administrative 

Pharmacy, College of Pharmacy, University of Georgia, 
Athens, Georgia

Chapter 18

Maria Miller Thurston, PharmD, BCPS
Clinical Associate Professor, Department of Pharmacy Practice, 

College of Pharmacy, Mercer University, Atlanta, Georgia
Chapter 59

Chisholm_FM_pi-xxviii.indd   20 05/09/18   5:00 PM



CONTRIBUTORS xxi

James E. Tisdale, PharmD, BCPS, FCCP, FAPhA, FNAP, 
FAHA, FACC 
Professor, College of Pharmacy, Purdue University; Adjunct 

Professor, School of Medicine, Indiana University, 
Indianapolis, Indiana

Chapter 9

Mary A. Ullman, PharmD
Pharmacist, Regions Hospital, St. Paul, Minnesota
Chapter 85

Sandeep Vansal, PharmD
Associate Professor and Director, Pharmaceutical Sciences, 

School of Pharmacy, Fairleigh Dickinson University,  
Florham Park, New Jersey

Chapter 67

Orly Vardeny, PharmD, MS, BCACP
Associate Professor, School of Medicine, University of 

Minnesota, Minneapolis, Minnesota
Chapter 6

Mary L. Wagner, PharmD, MS
Associate Professor, Department of Pharmacy Practice and 

Administration, Ernest Mario School of Pharmacy, Rutgers 
University, Piscataway, New Jersey

Chapter 33

Heidi J. Wehring, PharmD, BCPP
Assistant Professor, Department of Psychiatry, Maryland 

Psychiatric Research Center, University of Maryland School 
of Medicine, Washington, DC

Chapter 37

Lydia E. Weisser, DO, MBA
Medical Director, Bryan Psychiatric Hospital, Columbia,  

South Carolina
Chapter 39

Timothy E. Welty, PharmD, MA, BCPS
Professor and Chair, Department of Clinical Sciences, College 

of Pharmacy and Health Sciences, Drake University, Des 
Moines, Iowa

Chapter 31

Ya-Feng Wen, PharmD
PhD Student, Department of Experimental and Clinical 

Pharmacology, College of Pharmacy, University of Minnesota, 
Minneapolis, Minnesota

Chapter 5

Tara R. Whetsel, PharmD, BCACP, BC-ADM
Clinical Associate Professor, West Virginia University School of 

Pharmacy, Morgantown, West Virginia
Chapter 15

Jon P. Wietholter, PharmD, BCPS
Clinical Associate Professor, West Virginia University School 

of Pharmacy; Internal Medicine Clinical Pharmacist, WVU 
Medicine Ruby Memorial Hospital, Morgantown, West 
Virginia

Chapter 15

Sheila Wilhelm, PharmD, BCPS
Clinical Associate Professor, Department of Pharmacy 

Practice, Eugene Applebaum College of Pharmacy and 
Health Sciences, Wayne State University; Clinical Pharmacy 
Specialist, Internal Medicine, Harper University Hospital, 
Detroit, Michigan

Chapter 20

Lori Wilken, PharmD
Clinical Pharmacist, University of Illinois Hospital and Health 

Sciences System; Clinical Assistant Professor, Pharmacy 
Practice, University of Illinois at Chicago College of 
Pharmacy, Chicago, Illinois

Chapter 14

Susan R. Winkler, PharmD, BCPS
Professor and Chair, Department of Pharmacy Practice, College 

of Pharmacy, Midwestern University Chicago, Downers 
Grove, Illinois

Chapter 11

G. Christopher Wood, PharmD, BCPS AQ-ID, BCCCP
Associate Professor, Department of Clinical Pharmacy, College 

of Pharmacy, University of Tennessee, Memphis, Tennessee
Chapter 13

Chisholm_FM_pi-xxviii.indd   21 05/09/18   5:00 PM



Chisholm_FM_pi-xxviii.indd   22 05/09/18   5:00 PM

This page intentionally left blank 



xxi i i

REVIEWERS

Nelly Adell, PharmD, BCOP, BCPS
Chair, Pharmacy Practice, Associate Professor in Oncology, 

Touro College of Pharmacy, New York, New York

Rita R. Alloway, PharmD, FCCP
Research Professor of Medicine; Director, Transplant Clinical 

Research; Director, Transplant Pharmacy Residency and 
Fellowship, University of Cincinnati, Cincinnati, Ohio

Carmela Avena-Woods, BS Pharm, PharmD, CGP
Associate Clinical Professor, Department of Clinical Health 

Professions, College of Pharmacy and Health Sciences, St. 
John’s University, Queens, New York

Katie E. Barber, PharmD, RPh
Assistant Professor, Department of Pharmacy Practice, 

University of Mississippi School of Pharmacy, Jackson, 
Mississippi

Kimberley Begley, PharmD, RPh
Associate Professor, Director of Distance Pharmacy Education, 

School of Pharmacy and Health Professions, Creighton 
University, Omaha, Nebraska

Deborah Berlekamp, PharmD, BCPS
Assistant Professor of Pharmacy Practice, University of Findlay, 

Findlay, Ohio

Martha Blackford, PharmD, BCPS
Assistant Professor of Pediatrics; Clinical Assistant Professor 

of Pharmacy Practice, Northeast Ohio Medical University, 
Rootstown, Ohio; Clinical Pharmacologist & Toxicologist, 
Akron Children’s Hospital, Akron, Ohio

Betsy Blake, PharmD, BCPS
Director, Interprofessional Education; Clinical Associate 

Professor, Department of Clinical Pharmacy and Outcomes 
Sciences, College of Pharmacy, University of South Carolina, 
Columbia, South Carolina

Mary Bridgeman, PharmD, BCPS, BCGP
Clinical Associate Professor, Department of Pharmacy Practice 

and Administration, Ernest Mario School of Pharmacy, 
Rutgers, The State University of New Jersey, Piscataway,  
New Jersey

Denise Buonocore, MSN, ACNPC, CCNS, CCRN, CHFN
Acute Care Nurse Practitioner for HF Services, St. Vincent’s 

Multispecialty Group, Bridgeport, Connecticut

Jamal A. Brown, PharmD, BCGP
Assistant Professor, Department of Pharmacy Practice, College 

of Pharmacy and Pharmaceutical Sciences, Florida A&M 
University, Tampa, Florida

Katie E. Cardone, PharmD, BCACP, FNKF, FASN, FCCP
Associate Professor of Pharmacy Practice, Albany College of 

Pharmacy and Health Sciences, Albany, New York

Katherine Carey, PharmD, BCACP
Associate Professor of Pharmacy Practice, School of Pharmacy, 

MCPHS University, Worcester, Massachusetts

Manouchkathe Cassagnol, PharmD, BCPS, CGP
Associate Clinical Professor, College of Pharmacy and Allied 

Health Professions, St. John’s University, Queens, New York 

Daniel B. Chastain, PharmD, AAHIVP 
Clinical Assistant Professor; Clinical Pharmacy Specialist, 

Infectious Diseases, Department of Clinical and 
Administrative Pharmacy, College of Pharmacy, University of 
Georgia, Albany, Georgia

Julie Cooper, PharmD, BCPS AQ Cardiology
Associate Professor, Department of Clinical Sciences, Fred 

Wilson School of Pharmacy, High Point University, High 
Point, North Carolina

Kelli Coover, PharmD, BCGP
Associate Professor and Vice-Chair of Pharmacy Practice, 

School of Pharmacy and Health Professions, Creighton 
University, Omaha, Nebraska

Bonnie A. Dadig, EdD, PA-C
Professor Emeritus, Physician Assistant Department, College 

of Allied Health Sciences, Augusta University; Physician 
Assistant, Department of Family Medicine, Medical College 
of Georgia, Augusta, Georgia

David Dadiomov, PharmD
Assistant Professor, Larkin University, Miami, Florida

Lawrence W. Davidow, PhD, RPh
Director, Pharmacy Skills Laboratory, University of Kansas 

School of Pharmacy, Lawrence, Kansas

Joseph M. Davis, PharmD, BCPS
Nephrology Clinical Pharmacist, Vidant Medical Center, 

Greenville, North Carolina

Emily Dornblaser, PharmD, MS, BCPS 
Associate Professor, Department of Pharmacy Practice, Critical 

Care Specialist, College of Pharmacy, University of New 
England, Portland, Maine

Thomas Dowling, PharmD, PhD
Assistant Dean and Professor of Pharmacy Practice, College of 

Pharmacy, Ferris State University, Grand Rapids, Michigan

Alicia Elam, PharmD 
Associate Professor, Physician Assistant Department, College of 

Allied Health Sciences, Augusta University, Augusta, Georgia

David P. Elliott, PharmD, CGP
Professor and Associate Chair of Clinical Pharmacy, School 

of Pharmacy, West Virginia University, Charleston, West 
Virginia

Jingyang Fan, PharmD, BCPS
Assistant Dean, Academic Affairs; Clinical Associate 

Professor, School of Pharmacy, Southern Illinois University, 
Edwardsville, Illinois

Chisholm_FM_pi-xxviii.indd   23 05/09/18   5:00 PM



xxiv REVIEWERS

Karen M. Fancher, PharmD, BCOP
Assistant Professor of Pharmacy Practice, School of Pharmacy, 

Duquesne University; Clinical Pharmacy Specialist, 
University of Pittsburgh Medical Center at Passavant 
Hospital, Pittsburgh, Pennsylvania

Sarah Jane E. Faro, PharmD, BCPS, BCOP
Assistant Professor, School of Pharmacy, College of Health 

Professions, Pacific University, Forest Grove, Oregon

Maisha Freeman, PharmD, BCPS
Professor and Director, Center for Healthcare Innovation 

and Patient Outcomes Research, Department of Pharmacy 
Practice, McWhorter School of Pharmacy, Samford 
University, Birmingham, Alabama

Lisa R. Garavaglia, PharmD, BCPS
Pediatric Clinical Pharmacist, WVU Medicine; Adjunct 

Assistant Professor, West Virginia University School of 
Pharmacy, Morgantown, West Virginia

Brooke L. Griffin, PharmD, BCACP
Professor, Department of Pharmacy Practice, Chicago College 

of Pharmacy, Midwestern University, Downers Grove, Illinois

Ben Gross, PharmD, MBA, BCPS, BCACP, CDE, BC-ADM, 
ASH-CHC
Associate Professor, College of Pharmacy and Health Sciences, 

Lipscomb University, Nashville, Tennessee

Leslie Hamilton, PharmD, BCPS, BCCCP, FCCP, FCCM
Associate Professor, Department of Clinical Pharmacy and 

Translational Science, College of Pharmacy, University of 
Tennessee Health Science Center, Knoxville, Tennessee

Jin Han, PharmD, PhD, BCPS
Clinical Pharmacist and Clinical Assistant Professor, 

Department of Pharmacy Practice, University of Illinois at 
Chicago College of Pharmacy, Chicago, Illinois

Christy S. Harris, PharmD, BCPS, BCOP
Associate Professor of Pharmacy Practice, School of Pharmacy, 

Massachusetts College of Pharmacy and Health Sciences, 
Boston, Massachusetts 

Cara A. Harshberger, PharmD, BCOP
Clinical Assistant Professor of Pharmacy Practice, School of 

Pharmacy, University of Wyoming, Laramie, Wyoming

Deborah A. Hass, PharmD, BCOP, BCPS
Associate Professor of Pharmacy Practice, West Coast 

University, Los Angeles, California

Dawn E. Havrda, PharmD, BCPS, FCCP
Associate Professor, Department of Clinical Pharmacy and 

Translational Science; Associate Dean for Academic Affairs 
and Assessment, College of Pharmacy, University of 
Tennessee Health Science Center, Memphis, Tennessee 

Crystal Howell, PharmD, FCCP, BCPS
Assistant Professor, Department of Infectious Diseases, 

Department of Pharmacotherapy; Infectious Diseases 
Pharmacist, UNT Health Science Center, Fort Worth, Texas

Stephanie Hsia, PharmD, BCPP
Assistant Professor, Department of Clinical Pharmacy, School of 

Pharmacy, University of California, San Francisco, California

Michelle Hughes, PharmD, BCPS, BCACP
Clinical Pharmacist, Neighborhood Healthcare, Escondido, 

California, Palomar Health, Escondido, California

John Hurt, MSPAS, PA-C 
Assistant Professor, Department of Clinical and Diagnostic 

Sciences, School of Health Professions, University of Alabama 
at Birmingham, Birmingham, Alabama

Meghan Jeffres, PharmD 
Assistant Professor, Department of Clinical Pharmacy, Skaggs 

School of Pharmacy and Pharmaceutical Sciences, University 
of Colorado, Aurora, Colorado

Melissa D. Johnson, PharmD, MHS, AAHIVP
Associate Professor of Medicine, Division of Infectious Diseases 

& International Health, Duke University Medical Center, 
Liaison Clinical Pharmacist, Duke Antimicrobial Stewardship 
Outreach Network (DASON)  Durham. North Carolina

Julie Ann Justo, PharmD, MS, BCPS AQ-ID 
Assistant Professor, Department of Clinical Pharmacy and 

Outcomes Sciences, College of Pharmacy, University of South 
Carolina, Columbia, South Carolina

Jason Kielly, PharmD 
Assistant Professor, School of Pharmacy, Memorial University, 

St John’s, Newfoundland and Labrador, Canada 

Justin Kinney, PharmD, MA, BCCCP
Assistant Professor, Department of Pharmacy Practice, School 

of Pharmacy, Loma Linda University, Loma Linda, California

Kenneth P. Klinker, PharmD
Clinical Associate Professor, Department of Pharmacotherapy 

and Translational Research, College of Pharmacy, University 
of Florida, Gainesville, Florida

Jessa Koch, PharmD, BCPP
Assistant Professor, Department of Pharmacy Practice, School 

of Pharmacy, Loma Linda University, Loma Linda, California

Jerika Lam, PharmD, AAHIVP
Associate Professor, Department of Pharmacy Practice, School 

of Pharmacy, Chapman University, Irvine, California

Michelle D. Lesé, PharmD, BCPS
Assistant Professor of Pharmacy Practice, Lloyd L. Gregory 

School of Pharmacy, Palm Beach Atlantic University, West 
Palm Beach, Florida

Michelle L. Litchman, PhD, FNP-BC 
Assistant Professor, College of Nursing, University of Utah,  

Salt Lake City, Utah

Benjamin J. Malcolm, PharmD, MPH, BCPP
Assistant Professor, Pharmacy Practice and Administration, 

College of Pharmacy, Western University of the Health 
Sciences, Pomona, California

Chisholm_FM_pi-xxviii.indd   24 05/09/18   5:00 PM



REVIEWERS xxv

Jennifer M. Malinowski, PharmD
Associate Professor, Pharmacy Practice, Nesbitt School of 

Pharmacy, Wilkes University, Wilkes-Barre, Pennsylvania; 
Director, Clinical Pharmacy Services Integration, The Wright 
Center for Primary Care, Jermyn, Pennsylvania

Michael A. Mancano, PharmD
Chair, Department of Pharmacy Practice; Clinical Professor of 

Pharmacy Practice, Temple University School of Pharmacy, 
Philadelphia, Pennsylvania

Jay Martello, PharmD, BCPS
Clinical Associate Professor, School of Pharmacy, West Virginia 

University, Clinical Specialist in Internal Medicine, WVU 
Medicine, Morgantown, West Virginia

Craig Martin, PharmD, MBA
Professor, Department of Pharmacy Practice and Science; 

Director, Practice and Residency Advancement, College of 
Pharmacy, University of Kentucky, Lexington, Kentucky

Lena Maynor, PharmD, BCPS
Clinical Associate Professor, School of Pharmacy, West Virginia 

University, Morgantown, West Virginia

Ziemowit Mazur, EdM, MS, PA-C 
Assistant Professor and Associate Director, Physician Assistant 

Program, College of Health Professions, Rosalind Franklin 
University of Medicine and Science, North Chicago, Illinois 

Milena M. McLaughlin, PharmD, MSc, BCPS-AQ ID, AAHIVP
Associate Professor, Department of Pharmacy Practice, Chicago 

College of Pharmacy, Midwestern University, Downers Grove, 
Illinois

Mary Mihalyo, PharmD, BCPS, CDE
Assistant Professor, Pharmacy Practice, Division of Clinical, 

Social and Administrative Science, School of Pharmacy, 
Duquesne University, Pittsburgh, Pennsylvania

Kimberly Miller, PharmD
Assistant Professor of Pharmacy Practice, Nesbitt School of 

Pharmacy, Wilkes University, Wilkes-Barre, Pennsylvania

Rima A. Mohammad, PharmD, BCPS
Clinical Associate Professor, Department of Clinical Pharmacy, 

College of Pharmacy and Health System, University of 
Michigan, Ann Arbor, Michigan

Anne Moore, DNP, APN, FAANP
Nurse Practitioner, Women’s Health and Adult Certification, 

Division of Family Health and Wellness, Tennessee 
Department of Health, Nashville, Tennessee

Candis M. Morello, PharmD, CDE, FCSHP, FASHP
Professor of Clinical Pharmacy, Skaggs School of Pharmacy, 

University of California, San Diego, La Jolla, California

Whitney Narramore, PharmD, BCACP, BCGP
Assistant Professor, College of Pharmacy and Health Sciences, 

Lipscomb University, Nashville, Tennessee

Dan Nichols, PharmD
Clinical Pharmacy Specialist, Adult Leukemia, University of 

Texas MD Anderson Cancer Center, Houston, Texas

Viet-Huong Nguyen, PharmD 
Assistant Professor, Department of Pharmacy Practice, School 

of Pharmacy, Chapman University, Irvine, California

Christine O’Neil, BS, PharmD, BCPS, BCGP, FCCP, CTTS
Professor of Pharmacy Practice, Assistant Dean, Curriculum 

Development & Interprofessional Education School of 
Pharmacy, Duquesne University, Pittsburgh, Pennsylvania

Stephen Orr, MD
Ophthalmologist, Spectrum Eye Care, Inc., Findlay, Ohio

Robert B. Parker, PharmD, FCCP
Professor, Department of Clinical Pharmacy and Translational 

Science, University of Tennessee Health Science Center, 
College of Pharmacy, Memphis, Tennessee

Dhiren Patel, PharmD, CDE, BC-ADM, BCACP
Associate Professor of Pharmacy Practice, School of Pharmacy, 

Massachusetts College of Pharmacy and Health Sciences, 
Boston, Massachusetts

Alyssa Peckham, PharmD, BCPP
Assistant Professor, Department of Pharmacy Practice, College 

of Pharmacy, Midwestern University, Glendale, Arizona

Patricia Pepa, PharmD, MS, BCPP
Clinical Pharmacy Specialist, Psychiatry, Kaiser Permanente, 

Oakland, California

Kelly M. Percival, PharmD, BCPS AQ-ID
Assistant Professor of Pharmacy Practice, College of Pharmacy 

and Health Sciences, Drake University, Des Moines, Iowa

Maribel A. Pereiras, PharmD, BCPS, BCOP
Clinical Oncology Specialist, Hackensack University Medical 

Center, Hackensack, New Jersey

Golden L. Peters, PharmD 
Associate Professor, Pharmacy Practice, Division of Ambulatory 

Care Pharmacy, St. Louis College of Pharmacy, St. Louis, 
Missouri

Kara Piechowski, PharmD, BCPS
Internal Medicine Clinical Pharmacist, WVU Medicine,  

School of Pharmacy, West Virginia University, Morgantown, 
West Virginia

Leesa Prunty, PharmD, BCPS, BCPPS
Clinical Pharmacy Specialist—Cystic Fibrosis, University 

Hospitals Home Care Services & Rainbow Babies and 
Children’s Hospital, Cleveland, Ohio

Sandra Cuellar Puri, PharmD, BCOP
Clinical Assistant Professor, Department of Pharmacy Practice, 

University of Illinois at Chicago College of Pharmacy, 
Chicago, Illinois

Talia Puzantian, PharmD, BCPP
Associate Professor of Clinical Sciences, School of Pharmacy 

and Health Sciences, Keck Graduate Institute, Claremont, 
California

Chisholm_FM_pi-xxviii.indd   25 05/09/18   5:00 PM



xxvi REVIEWERS

Hana Rac, PharmD 
Clinical Instructor, College of Pharmacy, University of South 

Carolina, Columbia, South Carolina

Meenakshi R. Ramanathan, PharmD, BCPS
Assistant Professor, Infectious Diseases, Department of 

Pharmacotherapy; Antimicrobial Stewardship Pharmacist, 
UNT Health Science Center, Fort Worth, Texas

Erin Raney, PharmD, BCPS, BC-ADM
Professor, Department of Pharmacy Practice, College of 

Pharmacy, Midwestern University, Glendale, Arizona

Michael Reed, PharmD, FCCP, FCP
Adjunct Professor, Department of Pharmacology; Director 

Division of Clinical Pharmacology and Toxicology, Case 
Western Reserve University, Cleveland, Ohio

Carol J. Rollins, MS, RD, PharmD, BCNSP, FASPEN, FASHP
Clinical Professor, University of Arizona, College of Pharmacy, 

Tucson, Arizona

Aline Saad, PharmD
Clinical Associate Professor, Pharmacy Practice, School of 

Pharmacy, Lebanese American University, Byblos, Lebanon

Maha Saad, PharmD, CGP, BCPS
Associate Clinical Professor, St. John’s University College of 

Pharmacy and Health Sciences, Queens, New York

Claire Saadeh, PharmD, BCOP
Professor, Pharmacy Practice, Oncology, Pain Management, 

Palliative Care, Ferris State University, Sparrow Health 
System, Department of Pharmacy, Lansing, MI

Melissa Santibanez, PharmD 
Assistant Professor, Department of Clinical and Administrative 

Sciences, College of Pharmacy, Larkin University, Miami, 
Florida

JoAnne M. Saxe, DNP, RN, ANP-BC, MS
Health Sciences Clinical Professor, Department of Community 

Health Systems, School of Nursing, University of California 
San Francisco, San Francisco, California

Jordan Sedlacek, PharmD, BCACP
Assistant Professor, Department of Clinical and Administrative 

Sciences, College of Pharmacy, Larkin University, Miami, 
Florida 

Catherine N. Shull, PA-C, MPAS
Assistant Professor, Department of Physician Assistant Studies, 

Department of Family and Community Medicine, Wake 
Forest School of Medicine, Winston-Salem, North Carolina

Rebecca Stone, PharmD, BCACP, BCPS
Clinical Assistant Professor, Department of Clinical and 

Administrative Pharmacy, College of Pharmacy, University of 
Georgia, Athens, Georgia

Kimberly Tallian, PharmD, BCPP, APH
Advanced Practice Pharmacist—Psychiatry and PGY2 

Residency Program Director, Psychiatry Scripps Mercy 
Hospital, San Diego, California

Eglis Tellez, PharmD 
Assistant Professor, College of Pharmacy, Marshall B. Ketchum 

University, Fullerton, California

Jyothi Tirumalasetty, MD 
Assistant Professor of Medicine, School of Medicine; Director 

of Allergy Clinic, UI Health, University of Illinois at Chicago, 
Chicago, Illinois

Shawn Turner, PharmD, BCPS, MBA
Assistant Professor of Pharmacy Practice, College of Pharmacy, 

Harding University, Searcy, Arkansas

Cory M. Vela, PharmD, BCOP
Clinical Pharmacy Specialist, Precision Medicine
Adjunct Assistant Professor, College of Pharmacy
University of Kentucky Markey Cancer Center
Lexington, Kentucky

Kurt Wargo, PharmD, FCCP, BCPS
Regional Dean and Associate Professor of Pharmacy, 

Hendersonville Health Sciences Center, Wingate University, 
Hendersonville, North Carolina 

Sarah Westberg, PharmD, FCCP, BCPS
Associate Professor, Department of Pharmaceutical Care 

and Health Systems, College of Pharmacy, University of 
Minnesota, Minneapolis, Minnesota

Thomas White, JD, PA-C
Associate Professor, Physician Assistant Program, Westbrook 

College of Health Professions, University of New England, 
Portland, Maine

Monty Yoder, PharmD, BCPS
Clinical Coordinator, Department of Pharmacy, Wake Forest 

Baptist Health; Assistant Clinical Professor, Wake Forest 
School of Medicine, Winston-Salem, North Carolina

W. Cheng Yuet, PharmD
Assistant Professor of Pharmacotherapy, College of Pharmacy, 

University of North Texas Health Science Center, Fort Worth, 
Texas

Mary Ann Zagaria, PharmD, MS
Clinical Consultant Pharmacist in Geriatrics, MZ Associates 

Inc, Portland, Maine

Yasmine Zeid, PharmD
Pharmacist, Mercy Hospital, St. Louis College of Pharmacy,  

St. Louis, Missouri

David Zimmerman, PharmD, BCPS, BCCCP
Assistant Professor, Division of Pharmacy Practice, School of 

Pharmacy, Duquesne University, Pittsburgh, Pennsylvania

Chisholm_FM_pi-xxviii.indd   26 05/09/18   5:00 PM



http://therapy.com
http://www.accesspharmacy.com
http://www.accesspharmacy.com




Part I

Basic Concepts of 
Pharmacotherapy  
Principles and Practices

Chisholm_Ch01_p0001-0006.indd   1 22/08/18   11:56 AM













7

Geriatrics
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2
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Explain changing aging population demographics.

2. Discuss age-related pharmacokinetic and pharmacodynamic changes.

3. Identify drug-related problems and associated morbidities commonly experienced by older adults.

4. Describe major components of geriatric assessment.

5. Recognize interprofessional patient care functions in various geriatric practice settings.

INTRODUCTION

The growth of the aging population and increasing lifespan 
require that health care professionals gain knowledge 
necessary to meeting the needs of this patient group. Despite 

the availability and benefit of numerous pharmacotherapies 
to treat their diseases, older patients commonly experience 
drug-related problems, resulting in additional morbidities. 
Therefore, it is essential for clinicians serving older adults 
across all health care settings to understand the epidemiology of 
aging, age-related physiological changes, drug-related problems 
prevalent in the elderly, comprehensive geriatric assessment, and 
interprofessional approaches to geriatric care.

EPIDEMIOLOGY AND ETIOLOGY
As humans age, they are at increasing risk of disease, disability, 
and death for three reasons: (a) genetic predisposition; (b) reduced 
immunological surveillance; and (c) the accumulated effects of 
physical, social, environmental, and behavioral exposures over 
the life course. Elders experience variably increasing vulnerability 
(homeostenosis) as they age, resulting in heterogeneity in health 
states and care requirements. While resilient elders can maintain high 
levels of physical and cognitive functioning, others suffer functional 
decline, frailty, disability, or premature death. There is an urgent need 
for all clinicians to better understand the epidemiology of aging in 
order to comprehensively provide high value services to optimize the 
function and health-related quality of life of older adults.1

Sociodemographics
 ▶ Population

 Our population is rapidly growing older. In 2015, 
47.8 million US residents were 65 years and older (nearly 15% 
of the total population), with projections to more than double to 
98 million by 2060.2 Almost 6.3 million people were 85 years or 
older (the �oldest-old�), and nearly 77 thousand persons were aged 
100 or older.3 Those 85+ years individuals are projected to triple 
from 6.3 million in 2015 to over 14.6 million in 2040.3 In 2015, 
older women aged 65 years and above (26.7 million) outnumbered 
older men (21.1 million), with a ratio of 100 women to 79 men; 

this ratio widens as elders age. In addition, minority elders are 
projected to increase to 21.1 million in 2020.3 With changing 
aging population demographics, surviving baby boomers will be 
disproportionally female, more ethnically/racially diverse, better 
educated, live alone, and have more financial resources than were 
elders in previous generations.

 ▶ Economics
More elders are enjoying higher economic prosperity than ever 
before, with only 10% living below the poverty line.4 However, 
major inequalities persist, with older blacks and those without 
high school diplomas reporting fewer financial resources.4

Considerable disparities exist, and may prevent less advantaged 
elders from being able to purchase all prescribed medications.

 ▶ Education and Health Literacy
By 2007, more than 75% of US elders had graduated from high 
school, and nearly 20% had a bachelor�s degree or higher. Still, 
substantial educational differences exist among racial and ethnic 
minorities. While more than 80% of non-Hispanic white elders 
had high school degrees in 2007, 72% of Asians, 58% of blacks, 
and 42% of Hispanic elders were graduates.5 Nearly 40% of 
people 75 years or older have low health literacy, more than 
any other age group.4 Despite these limitations, the Pew Trust 
reports that today, 67% of adults aged 65 years and older say they 
use the Internet,6 and large health care systems are increasingly 
offering online health information to older health consumers. 
These advances are important because communication between 
health care providers and elders is vital in providing quality care, 
supporting self-care, and in negotiating transitions of care.

Health Status
 ▶ Life Expectancy

Although Americans are living longer than ever before, an 
estimated average of 78.74 years overall in 2015, US life expectancy 
lags behind that of many other industrialized nations.5 Life 
expectancy has increased; elders who survive to age 65 can expect 
to live an average of 19.3 more years.4 Disparities in mortality 
persist, in 2014 life expectancy at birth for the white population 
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L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Define different age groups within the pediatric population.

2. Identify factors that affect selection of safe and effective drug therapy in pediatric patients.

3. Explain general pharmacokinetic and pharmacodynamic differences in pediatric versus adult patients.

4. Develop strategies for appropriate and effective medication administration to infants and young 
children.

5. Determine approaches to effectively communicate with patients and caregivers about appropriate 
medication use including expected outcomes, possible adverse effects, and appropriate administration.

INTRODUCTION

Pediatric clinical practice involves care of infants, children, 
and adolescents with the goal of optimizing health, growth, 
and development toward adulthood. Clinicians serve as 

advocates for this unique and vulnerable patient population to 
optimize their well-being. Care for pediatric patients is relevant 
in both inpatient and outpatient settings and requires additional 
considerations with regard to selection and monitoring of drug 
therapy.

 Despite the common misconception of pediatric 
patients as �smaller adults� where doses are scaled only for 
their smaller size, there are multiple factors to consider when 
selecting and providing drug therapy for patients in this specific 
population. Pediatric patients significantly differ within their 
age groups and from adults regarding drug administration, 
psychosocial development, and organ function development, 
which affect the efficacy and safety of pharmacotherapy.

FUNDAMENTALS OF PEDIATRIC PATIENTS
Classification of Pediatric Patients
Pediatric patients are those younger than 18 years, although 
some pediatric clinicians may care for patients up to age 21. Unlike 
an adult patient, whose age is commonly measured in years, a 
pediatric patient�s age can be expressed in days, weeks, months, 
and years. Patients are classified based on age and may be further 
described based on other factors, including birth weight and 
prematurity status (Table 3–1).1-3

Growth and Development
Children are monitored for physical, motor, cognitive, and 
psychosocial development through clinical recognition of 
timely milestones during routine well-child visits. As a newborn 
continues to progress to infant, child, and adolescent stages, 
different variables are monitored to assess growth compared with 
the general population of similar age and size. Growth charts 
are used to plot head circumference, weight, length or stature, 
weight-for-length, and body mass index (BMI) for a graphical 
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representation of a child�s growth compared with the general 
pediatric population. These markers of growth and development 
are both age- and gender-dependent; thus, the use of the correct 
tool for measurement is important. For children younger than 
2 years, one should use the World Health Organization (WHO) 
growth standards (Figure 3–1).4 For children 2 years and older, 
the Centers for Disease Control and Prevention (CDC) Growth 
Charts (Figure 3–2) are used.5 These tools assess whether a child 
is meeting the appropriate physical growth milestones, thereby 
allowing identification of nutritional issues such as poor weight 
and height gain (eg, failure to thrive). Failure to thrive is defined 
as inadequate physical growth with weight that falls below the 
5th percentile or decreases over time, crossing two or more major 
percentile lines. Body habitus is often evaluated at routine checkups 
or well-check visits, with definitions of underweight as BMI less 
than the 5th percentile for age, overweight as BMI between 85th 
to 94th percentile for age, and obese as BMI greater than 95th 
percentile.6 Since these charts were developed based on a general, 
healthy population, growth charts may not be accurate evaluation of 
physical development in children with congenital diseases.

Differences in Vital Signs
Normal values for heart rate and respiratory rate vary based on 
age. Normal values for blood pressure vary based on gender 
and age for all pediatric patients, and also height percentile 
for patients older than 1 year. Respiratory rates are also higher 
in neonates and infants (30�60 breaths/min), decreasing with 
age to adult rates around 15 years of age (12�20 breaths/min) 
(Table 3–2).

Normal values for blood pressure in pediatric patients can 
be found in various national guidelines and other pediatric 
diagnostic references. In general, blood pressure increases with 
age, with average blood pressures of approximately 70/50 in 
neonates, increasing throughout childhood to approximately 
110/65 in adolescents.7 Heart rates are highest in neonates and 
infants, ranging from 90 to 205 beats per minute (bpm) and 
decrease with age, reaching adult rates (60�100 bpm) around 
10 years of age.7-9
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and benzyl alcohol, careful consideration should be given to the 
active and inactive ingredients when selecting a formulation.

Decimal errors, including trailing zeroes (eg, 1.0 mg misread 
as 10 mg) and missing leading zeroes (eg, .5 mg misread as 5 mg), 
in drug dosing or body weight documentation are possible, 
resulting in several-fold overdosing. Strength or concentration 
of drug should also be clearly communicated by the clinician in 
prescription orders. Similarly, labels that look alike may lead to 
drug therapy errors (eg, mistaking a vial of heparin for insulin). 
Dosing errors of combination drug products can be prevented 
by using the right component for dose calculation (eg, dose 
of sulfamethoxazole/trimethoprim is calculated based on the 
trimethoprim component).

Use of standardized concentrations and programmable 
infusion pumps, such as smart pumps with built-in libraries, 
is encouraged to minimize errors with parenteral medications, 
especially those for continuous infusions such as inotropes. 
Electronic health records (EMR) with clinical decision support 
systems and barcoding technology, with ability for dose range 
checks by weight for pediatric medication orders and accurate 
matching of correct ordered medication to patient, respectively, 
have decreased medication errors.40

Prevention of medication errors is a joint effort between health 
care professionals, patients, and parents/caregivers. Obtaining 
a complete medication history, including over-the-counter 
(OTC) and complementary and alternative medicines (CAMs), 
simplification of medication regimen, clinician awareness 
for potential errors, and appropriate patient/parent/caregiver 
education on measurement and administration of medications 
are essential in preventing medication errors.

Complementary/Alternative and Over-the-
Counter Medication Use
Between 30% and 70% of children with a chronic illness (eg, 
asthma, attention deficit hyperactivity disorder, autism, cancer) 
or disability use CAMs.41 CAMs can include mind-body therapy 
(eg, imagery, hypnosis), energy field therapies (eg, acupuncture, 
acupressure), massage, antioxidants (eg, vitamins C and E), 
herbs (eg, St. John�s wort, kava, ginger, valerian), prayer, immune 
modulators (eg, echinacea), or other folk/home remedies. It is 
important to encourage communication about CAM use, including 
interdisciplinary discussion between CAM providers and pediatric 
health care providers.41 It is critical to appreciate that there are 
limited data establishing efficacy of various CAM therapies in 
children. For example, colic is a condition of unclear etiology in 
which an infant cries inconsolably for over a few hours in a 24-hour 
period, usually during the same time of day. Symptoms of excessive 
crying usually improve by the third month of life and often resolve 
by 9 months of age. No medication has been approved by the FDA 
for this condition. Some parents are advised by family and friends to 
use alternative treatments, such as gripe water, to treat colic. Gripe 
water is an oral solution containing a combination of ingredients, 
such as chamomile and sodium bicarbonate, not regulated by 
the FDA. In addition, some gripe water products may contain 
alcohol, which is not recommended for infants due to their limited 
metabolism ability (ie, alcohol dehydrogenase). Further, some CAM 
products (eg, St. John�s wort) can interact with prescription drugs 
and produce undesired outcomes. It is important to assess OTC 
product use in pediatric patients. For example, treatment of the 
common cold in children is similar to adults, including symptom 
control with adequate fluid intake, rest, use of saline nasal spray, and 
acetaminophen (10�15 mg/kg/dose every 6�8 hours) or ibuprofen 
(4�10 mg/kg/dose every 8 hours) for relief of discomfort and fever. 
Other products, such as a topical vapor rub or oral honey, have 

demonstrated some potential for alleviation of symptoms, such as 
cough, based on survey studies of parents for children of 2 years 
and older.42,43 Unlike adults, symptomatic relief through the use of 
pharmacologic agents, such as OTC combination cold remedies, 
is not recommended for pediatric patients younger than 4 years. 
Currently, the FDA does not recommend the use of OTC cough and 
cold medications (eg, diphenhydramine and dextromethorphan) in 
children younger than 2 years; however, the Consumer Healthcare 
Products Association, with the support of the FDA, has voluntarily 
changed product labeling of OTC cough and cold medications to 
state �do not use in children under 4 years of age.� This is due to 
increased risk for adverse effects (eg, excessive sedation, respiratory 
depression) and no documented benefit in relieving symptoms. It 
has also been noted that these medications may be less effective 
in children younger than 6 years compared with older children 
and adults.44,45 Also noteworthy is the potential for medication 
error with use of OTC products in older children, such as cold 
medications containing diphenhydramine and acetaminophen. 
A parent/caregiver may inadvertently overdose a child on one 
active ingredient, such as acetaminophen, by administering 
acetaminophen suspension for fever and an acetaminophen-
containing combination product for cold symptoms. The use of 
aspirin as an antipyretic or analgesic (eg, for a �cold�) in patients 
younger than 18 years with viral infections is not recommended due 
to the risk of Reye syndrome. Signs or symptoms of Reye syndrome, 
usually appearing several days after start of a viral infection, are 
relatively nonspecific, including diarrhea, persistent vomiting, 
increased respiratory rate, increasing lethargy, and seizure. While 
making an appropriate recommendation for an OTC product for a 
pediatric patient, the parent/caregiver should always be referred to 
their pediatrician for further advice and evaluation when severity 
of illness is a concern.

Clinicians should respect parents�/caregivers� beliefs in the use 
of CAM and OTC products and encourage open discussion with 
the intention of providing information regarding their risks and 
benefits to achieve desired health outcomes as well as optimize 
medication safety.

Medication Administration to Pediatric Patients 
and Caregiver Education
Considering the challenges in cooperation from infants and 
younger children, medication administration can become a 
difficult task for any parent or caregiver. One should also 
consider factors that may affect adherence to prescribed 
therapy including caregiver and/or patient�s personal beliefs, 
socioeconomic limitation(s), and fear of adverse drug effects. 
One common factor to consider is ease of measurement and 
administration when selecting and dosing pediatric drug therapy. 
Clinicians should check concentrations of available products 
and round doses to a measurable amount. For example, if a 
patient were to receive an oral formulation, such as amoxicillin 
400� mg/5 mL suspension, and the dose was calculated to 
be 4.9 mL, the dose should be rounded to 5 mL for ease of 
administration. Rounding the dose by 10% to the closest easily 
measurable amount is commonly practiced for most medications 
(eg, antibiotics); however, drugs with narrow therapeutic indices 
(eg, anticoagulants) are exceptions to this guideline.

The means or devices for measuring and administering 
medications should also be closely considered. Special measuring 
devices as well as clear and complete education about their use 
are essential. Oral syringes are accurate and offered at most 
community pharmacies for the measurement of oral liquid 
medications. Studies have demonstrated less error in dose 
measurement using an oral syringe compared to other devices 
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Palliative Care
Kelly R. Kroustos and Marc A. Sweeney 4

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Describe the philosophy of palliative care including hospice care and its impact on medication 

therapy management.

2. Discuss the therapeutic management of palliative care patients and how it differs from and is similar 
to traditional patient care at the end of life.

3. List the most common symptoms experienced by the terminally ill patient.

4. Explain the pathophysiology of the common symptoms experienced in the terminally ill patient.

5. Describe the pharmacologic rationale of medication therapy used for symptom management in the 
terminally ill patient.

6. Recommend nonpharmacologic and pharmacologic management of symptoms in a terminally ill patient.

7. Develop a patient-specific palliative care management plan.

8. Educate patients and caregivers regarding palliative care management plan, including rationale 
of treatment, importance of medication adherence, and assessment and monitoring of desired 
outcomes.

INTRODUCTION

According to the World Health Organization 
(WHO), �Palliative care is an approach that 
improves the quality of life of patients and 

their families facing the problem associated with life-threatening 
illness, through the prevention and relief of suffering by means 
of early identification and impeccable assessment and treatment 
of pain and other problems, physical, psychosocial and spiritual.� 
The goal of palliative care is to achieve the best quality of life 
for patients and their families.1 �Palliate� literally means �to 
cloak.� The WHO goal of achieving high quality of life depends 
on a team approach to manage disease-related symptoms while 
honoring the patient�s goals for care.2 Palliative care focuses on 
patients and their families and the challenges associated with life-
threatening illness.3 The goal is to prevent and relieve suffering by 
means of early identification, assessment, and treatment of pain 
and other physical symptoms, including associated psychosocial, 
emotional, and spiritual concerns.1 Palliative medicine is rapidly 
becoming a well-recognized medical specialty4 and is much 
needed due to the increased number of patients with chronic, 
slowly debilitating diseases.2

The term palliative care is frequently used synonymously with 
hospice, and although hospice programs provide palliative care, 
palliative care has a much broader application. In the United 
States, hospice is defined by Medicare and other third-party payers 
as a benefit available to individuals who have less than or equal 
to 6 months life expectancy if the disease runs its typical course.2 
Hospice care guidelines and regulations are primarily defined 
by federal regulations. Palliative care outside of the umbrella of 
hospice care, in contrast, is not currently regulated nor has the same 
reimbursement structure. Palliative care services may be provided 
at any point during the disease process and are not limited to the 
last 6 months of life; therefore, patients and families may receive 
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palliative care services beginning at the time of diagnosis of life-
limiting illness. Palliative care may be delivered in all care settings.5 
The foundation for providing quality palliative care centers around 
active participation of an interdisciplinary team working closely 
to meet patient and family goals.6 Palliative care team members 
include representatives from medicine, nursing, social work, 
pastoral or related counseling, pharmacy, nutrition, rehabilitation, 
and other professional disciplines providing a holistic approach 
to the patient�s care.  The goals of palliative care 
include enhancing quality of life while maintaining or improving 
functionality.6,7 Palliative care should most logically be delivered to 
patients from the onset of any chronic, life-altering disease. Before 
many of our modern medical and therapeutic advancements 
were developed, curative treatments were not normally available.8 
Provision of comfort was considered the mainstay for patient care. 
Advances in medical care, nutrition, public health, and trauma 
care resulted in fewer patient deaths and medical management 
shifted focus from comfort to a death-denying approach, with 
prolonging life as the primary goal. With this shift, palliative 
care became less emphasized until 1967 when the first modern 
hospice was established in London, England. Today the palliative 
care philosophy attempts to combine enhanced quality of life, 
compassionate care, and patient and family support with modern 
medical advances.

EPIDEMIOLOGY AND ETIOLOGY
The first hospice in the United States was founded in 1974. Since 
then, hospice acceptance and utilization has increased; currently, 
approximately 6100 hospice agencies care for patients across the 
United States.9 In 2013, approximately 59% of hospice patients 
were cared for in the home, and 84% of hospice patients were 
older than 65 years.9
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CARDIOVASCULAR DISORDERS    SECTION 1    

Hypertension
Augustus Hough, Ya-Feng Wen, Brandon Cave,  
David Parra, and Robert J. Straka 

5
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Identify guideline-based treatment goals for patients with hypertension.

2. Recognize underlying causes and contributing factors in the development of hypertension.

3. Describe the appropriate measurement of blood pressure (BP).

4. Classify BP levels after appropriate measurement.

5. Recommend appropriate lifestyle modifications.

6. Determine patient-centered pharmacotherapy for individuals with hypertension.

7. Identify specific conditions and populations requiring special consideration when designing a treatment 
plan for hypertension.

8. Construct an appropriate monitoring plan to assess hypertension treatment.

nonpharmacologic and pharmacologic approaches to managing 
hypertension. Various guidelines recognize that the lowest risk 
of adverse cardiovascular or renal outcomes is at a BP around 
115/75 mm Hg, with risk rising as BP increases. For each increase 
by 20 mm Hg in systolic BP (SBP), or approximate 10 mm Hg 
increase in diastolic BP (DBP), the risk of death from ischemic 
heart disease, stroke, and other vascular diseases increases by 
twofold in individuals aged 40 to 69 years. The risk is even greater 
in older individuals.

 The 2017 ACC/AHA guidelines classify elevations in 
BP beyond specific thresholds as elevated BP, stage 1 hypertension, 
and stage 2 hypertension (Table 5–1) to imply different levels of 
risk and the need for varying intensities of intervention with 
drug therapy.2 Specific BP thresholds for treatment and BP 
goals of therapy are established based on cardiovascular risk 
assessment or the presence of specific comorbid conditions 
(Figure 5–1 and Table 5–2).2 Recommendations for BP-lowering 
medications typically begin with one or two (in the case of stage 
2 hypertension and average BP of 20/10 mm Hg above the BP 
target) antihypertensive drugs. In addition, recommendations 
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INTRODUCTION

It is well established that reducing elevated blood pressure 
(BP) in patients at sufficient risk provides significant cardio-
vascular benefit. However, despite efforts to promote aware-

ness, treatment, and management of high BP, control remains 
suboptimal. Worldwide, approximately one-third of adults have 
controlled BP, and in the United States, slightly over one-half of 
adults experience control.1 Based on clinical evidence, national 
and international organizations continually refine recommenda-
tions on the management of patients with high BP. The purpose 
of this chapter is to: (a) provide a summary of key issues associ-
ated with the management of hypertension; (b) discuss the basic 
approach to treating hypertension and provide a functional 
summary of the prevailing themes of contemporary guidelines; 
and (c) summarize pharmacotherapeutic issues essential for cli-
nicians to consider when treating hypertension.

Various algorithms recommend nonpharmacologic and 
pharmacologic management, with the underlying premise that 
lowering elevated BP reduces target organ damage leading to 
reductions in stroke, myocardial infarction (MI), end-stage 
renal disease, and heart failure (HF). BP targets and treatment 
recommendations for a particular patient may vary based on 
different guidelines and/or position statements, depending on 
their interpretation of the clinical evidence available at the time of 
development. This chapter primarily focuses on the most recent 
comprehensive, evidence-based 2017 ACC/AHA/AAPA/ABC/
ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the 
Prevention, Detection, Evaluation, and Management of High 
Blood Pressure in Adults, put forth by the American College of 
Cardiology/American Heart Association (ACC/AHA) Task Force 
on Clinical Practice Guidelines and hereafter referred to as the 
2017 ACC/AHA guidelines.2

 The 2017 ACC/AHA guidelines classify BP and 
provide guidance on accurate assessment of BP as well as the 
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Table 5�1
Classification of Hypertension in Adultsa,2

BP Classification
Systolic BP 
(mm Hg) �

Diastolic BP 
(mm Hg)

Normal < 120 AND < 80
Elevated 120�129 AND < 80
Stage 1 hypertension 130�139 OR 80�89
Stage 2 hypertension � 140 OR � 90

aAdults with SBP and DBP in two categories should be assigned to 
the higher BP classification.

BP, blood pressure.
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Heart Failure
Orly Vardeny and Tien M. H. Ng 6

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Differentiate between the common underlying etiologies of heart failure (HF), including ischemic, 

nonischemic, and idiopathic causes.

2. Describe the pathophysiology of HF as it relates to neurohormonal activation of the renin-angiotensin-
aldosterone system and the sympathetic nervous system.

3. Identify signs and symptoms of HF and classify a given patient by New York Heart Association Functional 
Classification and American College of Cardiology/American Heart Association Heart Failure Staging.

4. Describe the goals of therapy for a patient with acute or chronic HF.

5. Develop a nonpharmacologic treatment plan that includes patient education for managing HF.

6. Develop a specific evidence-based pharmacologic treatment plan for a patient with acute or chronic HF 
based on disease severity and symptoms.

7. Formulate a monitoring plan for the nonpharmacologic and pharmacologic treatment of a patient with HF.

INTRODUCTION

H eart failure (HF) is defined as the inadequate ability 
of the heart to pump enough blood to meet the blood 
flow and metabolic demands of the body.1 More 

commonly, HF is a result of low cardiac output (CO) secondary 
to impaired cardiac function. High-output HF is characterized 
by an inordinate increase in the body�s metabolic demands that 
outpaces an increase in CO of a generally normally functioning 
heart. The term heart failure refers to low-output HF for the 
purposes of this chapter.

HF results from any structural or functional cardiac disorder 
that impairs the ability of the ventricle to fill with or eject blood, 
and can be classified based on the phase of the cardiac cycle 
leading to impaired ventricular function.1 A normal cardiac cycle 
depends on two components: systole and diastole. Expulsion 
of blood occurs during systole, or contraction of the ventricles; 
diastole relates to filling of the ventricles. Ejection fraction (EF) 
is the fraction of the volume present at the end of diastole that 
is pushed into the aorta during systole. Abnormal ventricular 
filling (diastolic dysfunction) and/or ventricular contraction 
(systolic dysfunction) can result in similar decrease in CO and 
cause HF symptoms. HF is commonly associated with evidence 
of left ventricular (LV) systolic dysfunction (evidenced by a 
reduced EF, or left ventricular ejection fraction [LVEF] � 40% 
[0.40]), and when accompanied by symptoms is also known 
as HF with reduced ejection fraction, or HFrEF. HF can occur 
with or without a component of diastolic dysfunction which 
coexists in up to two-thirds of patients. Isolated diastolic 
dysfunction, occurring in approximately one-third to one-half 
of HF patients, is diagnosed when a patient exhibits impaired 
ventricular filling without accompanying HF symptoms but 
normal systolic function, defined as LVEF 50% (0.50) or greater. 
When isolated diastolic dysfunction occurs with symptoms of 
HF, this is referred to as HF with preserved ejection fraction 

(HFpEF). Long-standing hypertension is the leading cause of 
HFpEF. Patients with symptoms of HF and an LVEF between 
41% and 49% (0.41 and 0.49) are termed to have HF with mid-
range ejection fraction (HFmrEF). Ventricular dysfunction can 
also involve either the left or right chamber of the heart or both. 
This has implications for symptomatology because predominant 
right-sided failure manifests as systemic congestion, whereas 
predominant left-sided failure results in pulmonary symptoms.

Thus, HF is a clinical syndrome characterized by a history 
of specific signs and symptoms related to congestion and 
hypoperfusion. Because HF can occur in the presence or absence 
of fluid overload, the term heart failure is preferred over the 
former term congestive heart failure. The term acute heart failure 
(AHF) is used to signify either an acute decompensation of 
a patient with a history of chronic HF or to refer to a patient 
presenting with new-onset HF symptoms. Many disorders, such 
as those of the pericardium, epicardium, endocardium, or great 
vessels, may lead to HF, but most patients develop symptoms 
due to impairment in LV myocardial function. Terms commonly 
associated with HF, such as cardiomyopathy and LV dysfunction, 
are not equivalent to HF but describe possible structural or 
functional reasons for the development of HF.

EPIDEMIOLOGY
HF is a major public health concern affecting approximately 
6.5 million people in the United States. An additional 960,000 new 
cases are diagnosed each year. HF manifests most commonly 
in adults older than 60 years.2 The growing prevalence of HF 
corresponds to (a) better treatment of patients with acute 
myocardial infarctions (MIs) who will survive to develop HF 
later in life, and (b) the increasing proportion of older adults due 
to the aging baby boomer population. The relative incidence of 
HF is lower in women compared with men, but there is a greater 
prevalence in women overall due to their longer life expectancy. 
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L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Identify risk factors for the development of ischemic heart disease (IHD).

2. Differentiate between the pathophysiology of chronic stable angina and acute coronary syndromes (ACS).

3. Recognize symptoms and diagnostic criteria of IHD in a specific patient.

4. Compare and contrast the diagnostic criteria of IHD and ACS.

5. Identify treatment goals of stable IHD (SIHD).

6. Identify appropriate lifestyle modifications and pharmacologic therapy to address each treatment goal.

7. Design an appropriate treatment regimen for the management of SIHD based on patient-specific 
information.

8. Formulate a monitoring plan to assess effectiveness and adverse effects of a SIHD drug regimen.

7 Stable Ischemic Heart 
Disease
Dejan Landup and Robert J. DiDomenico 

INTRODUCTION

Ischemic heart disease (IHD) is also called coronary heart 
disease (CHD) or coronary artery disease (CAD). The term 
ischemic refers to a decreased supply of oxygenated blood to 

the heart muscle. IHD is caused by stenosis, or narrowing, in one 
or more of the major coronary arteries that supply blood to the 
heart, most commonly by atherosclerotic plaques. Atherosclerotic 
plaques may impede coronary blood flow to the extent that cardiac 
tissue distal to the coronary artery narrowing is deprived of 
sufficient oxygen to meet oxygen demand.  IHD results 
from an imbalance between myocardial oxygen supply and oxygen 
demand (Figure 7–1). Common clinical manifestations of IHD 
include chronic stable angina and the ACS of unstable angina (UA), 
non�ST-segment elevation myocardial infarction (NSTEMI), and 
ST-segment elevation myocardial infarction (STEMI).

Angina pectoris, or simply angina, is the most common symptom 
of IHD. Angina is discomfort in the chest that occurs when the 
blood supply to the myocardium is compromised. Chronic stable 
angina is a chronic occurrence of chest discomfort due to transient 
myocardial ischemia with physical exertion or other conditions 
that increase oxygen demand. The primary focus of this chapter 
is the management of stable IHD (SIHD), the most common 
manifestation of which is chronic stable angina. However, some 
information is also provided related to acute coronary syndrome 
(ACS), given the overlap between the two disease states. The 
American College of Cardiology (ACC), the American Heart 
Association (AHA), and several other organizations have jointly 
published practice guidelines for the management of SIHD. Refer 
to these and related guidelines for further information.1-3

EPIDEMIOLOGY AND ETIOLOGY
IHD affects over 16 million Americans and is the leading cause 
of death for both men and women in the United States.4 The 
incidence of IHD is higher in middle-aged men compared 

with women. However, the rate of IHD increases twofold to 
threefold in women after menopause. Chronic stable angina 
is the initial manifestation of IHD in about 50% of patients, 
whereas ACS is the first sign of IHD in other patients. Patients 
with SIHD experience considerable morbidity and frequently 
require hospitalization for chest pain and evaluation for potential 
ACS. In addition, SIHD negatively impacts health-related quality 
of life. Thus, in patients with SIHD, it is important to optimize 
pharmacotherapy to reduce symptoms, improve quality of life, 
slow disease progression, and prevent ACS.

Conditions Associated with Angina
Figure 7–2 shows the anatomy of the coronary arteries. The 
major epicardial coronary arteries are the left main, left anterior 
descending, left circumflex, and right coronary arteries. 
Atherosclerosis leading to obstructive lesions in one or more of 
the major coronary arteries or their principal branches is the 
major cause of angina. Vasospasm at the site of an atherosclerotic 
plaque may further constrict blood flow and contribute to angina. 
Less commonly, vasospasm in coronary arteries with no or 
minimal atherosclerotic disease can produce angina and even 
precipitate ACS. This uncommon form of angina is referred to as 
variant or Prinzmetal angina. Other nonatherosclerotic conditions 
that can cause angina-like symptoms are listed in Table 7–1.1 It is 
important to differentiate the etiology of chest discomfort because 
treatment varies depending on the underlying disease process.

Risk Factors
Factors that predispose an individual to IHD are listed 
in Table 7–2. Optimization of modifiable risk factors can 
significantly reduce the risk of myocardial infarction (MI).1

Hypertension, diabetes, dyslipidemia, and cigarette smoking 
are associated with endothelial damage and dysfunction and 
contribute to the development of atherosclerosis. Physical 
inactivity and obesity independently increase the risk for 
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Acute Coronary Syndromes
Kelly C. Rogers, Shannon W. Finks,  
and Sarah A. Spinler 

8
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Define the role of atherosclerotic plaque, platelets, and the coagulation system in an acute coronary 

syndrome (ACS).

2. List key electrocardiographic (ECG), biomarker, and clinical features identifying a patient with non�
ST-segment elevation (NSTE)�ACS and ST-segment elevation myocardial infarction (STEMI).

3. Devise an initial, early pharmacotherapy treatment and monitoring plan for a patient presenting with 
either NSTE-ACS or STEMI given patient-specific data.

4. Devise an antithrombotic pharmacotherapy treatment and monitoring plan for a patient with NSTE-ACS 
or STEMI undergoing percutaneous coronary intervention (PCI) given patient-specific data.

5. Devise an antithrombotic pharmacotherapy treatment and monitoring plan for a patient with NSTE-ACS 
or STEMI not undergoing PCI given patient-specific data.

6. Develop a pharmacotherapy and risk factor modification treatment plan for secondary prevention of 
coronary heart disease (CHD) events in a patient following NSTE-ACS or STEMI.

INTRODUCTION

Cardiovascular disease (CVD) is the leading cause of death 
in the United States and one of the major causes of death 
worldwide. Acute coronary syndromes (ACSs), including 

unstable angina (UA) and myocardial infarction (MI), are a form 
of CHD that comprises the most common cause of CVD death.1 

 ACS is primarily caused by rupture of an atherosclerotic 
plaque with subsequent platelet adherence, activation, aggregation, 
and the activation of the clotting cascade. Ultimately, a thrombus 
composed of fibrin and platelets may develop, resulting in incomplete 
or complete occlusion of a coronary artery.2 ACS is a spectrum of 
disease encompassing ST-segment elevation MI (STEMI) or non-ST 
segment elevation (NSTE)-ACS, which are classified according to 
ECG changes and underlying pathophysiology.3,4 The American 
Heart Association (AHA), American College of Cardiology 
(ACC), and American College of Cardiology Foundation (ACCF) 
recommend strategies or guidelines for ACS patient care for STEMI 
and NSTE-ACS which includes both UA and non�ST-elevation MI 
(NSTEMI). In collaboration with the Society for Cardiovascular 
Angiography and Interventions (SCAI), the ACCF and AHA issue 
joint guidelines for percutaneous coronary intervention (PCI), 
including PCI in the setting of ACS. These practice guidelines 
are based on a review of available clinical evidence, have graded 
recommendations based on evidence and expert opinion, and are 
updated periodically. These guidelines form the cornerstone for 
quality care of the ACS patient.3-5

EPIDEMIOLOGY
Each year, approximately 695,000 Americans will have a new 
�coronary attack,� defined as a first hospitalization for MI or 
CHD death, while 325,000 will have a recurrent hospitalization 
event.1 The risks of CHD events, such as death, recurrent MI, and 
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stroke, are higher for patients with established CHD and a history 
of MI than for patients with no known CHD.

The incidence rate of MI in the United States has been 
decreasing since 2007.1 In particular, the number of patients 
presenting with STEMI has significantly decreased (from 133 to 50 
cases per 100,000 person-years). Nevertheless, 114,019 Americans 
died of an MI in 2014. One in seven deaths is secondary to CHD, 
which is the leading cause of hospitalization in the United States.1 
With median length of hospital stay being 3.2 days, the cost of 
CHD is high.6 Estimated direct and indirect costs are more than 
$199 billion and this figure is expected to double by 2030.1

Mortality rates have been declining since the 1990s. 
Improvements in care that may have contributed to this reduction 
include greater use of guideline-recommended drugs (eg, aspirin 
[ASA], �-blockers, angiotensin-converting enzyme [ACE] 
inhibitors, angiotensin receptor blockers [ARBs], 3-hydroxy- 
3-methylglutaryl coenzyme A (HMG CoA) reductase inhibitors 
[statins], P2Y12 inhibitors); reductions in the median times 
for administering fibrinolytics and performing primary PCI; 
and increased use of early coronary angiography and PCI for 
high-risk patients with NSTE-ACS.1 In patients with STEMI, 
in-hospital death rates are approximately 3% in patients receiving 
primary PCI, 7% for patients who are treated with fibrinolytics, 
and 16% for patients who do not receive reperfusion therapy. 
In patients with NSTEMI, in-hospital mortality is less than 
5%. Other than persistent ST-segment changes and troponin, 
predictors of in-hospital mortality include older age, elevated 
serum creatinine (SCr), tachycardia, and heart failure (HF).7

ETIOLOGY
Endothelial dysfunction, inflammation, and formation of fatty 
streaks contribute to the formation of atherosclerotic coronary 
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artery plaques, the underlying cause of coronary artery disease 
(CAD).8  The predominant cause of ACS in more than 
90% of patients is atheromatous plaque rupture, fissuring, or 
erosion of an unstable atherosclerotic plaque.2,8 This is called an 
MI type 1, which generally occurs in coronary arteries where the 
stenosis occludes less than 50% of the lumen prior to the event, 
rather than a more stable 70% to 90% stenosis of the coronary 
artery.4,9 Stable stenoses are characteristic of stable angina, are not 
considered an ACS, and are discussed in Chapter 7. MI type 2 is 
related to a reduction in myocardial oxygen supply or an increase 
in myocardial demand in the absence of a coronary artery 
process. MI type 3 is defined as MI resulting in death without 
the possibility of measuring biomarkers, while MI types 4 and 5 
occur during revascularization procedures.9

PATHOPHYSIOLOGY
The term ACS encompasses all clinical syndromes compatible 
with acute myocardial ischemia and/or MI resulting from an 
imbalance between myocardial oxygen demand and supply. 
In contrast to stable angina, an ACS results primarily from 
diminished myocardial blood flow secondary to an occlusive or 
partially occlusive coronary artery thrombus. ACSs are classified 

according to ECG changes into STEMI or NSTE-ACS (NSTEMI 
and UA) (Figure 8–1).3,4 An injury that transects the entire 
thickness of the myocardial wall results in a STEMI which will 
result in the release of biomarkers, mainly troponins T or I, 
from the necrotic myocytes into the bloodstream. An NSTEMI is 
limited to the subendocardial myocardium and is usually smaller 
and not as extensive as a STEMI. NSTEMI differs from UA in that 
ischemia is severe enough to result in the release of troponins. 
The clinical significance of serum markers is discussed in greater 
detail in later sections of this chapter.

Plaque Rupture and Clot Formation
Plaques that rupture are generally characterized by a soft lipid-
rich necrotic core, a thin fibrous cap, adventitial and perivascular 
inflammation, intraplaque hemorrhage, angiogenesis, and 
expansive vascular remodeling. The latter explains why these 
plaques only show minimal luminal obstruction, despite being 
larger than plaques that characterize stable angina which are 
associated with more severe luminal narrowing.2,8 Following plaque 
rupture, a clot (a partially or completely occlusive thrombus) 
forms on top of the ruptured plaque. The thrombogenic contents 
of the plaque are exposed to blood elements. Exposure of collagen 
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Ischemic chest discomfort symptoms, lasting at least 20 minutes;
Suspect acute coronary syndrome

ST-segment elevation Non–ST-segment elevation

No ECG changesT-wave inversionST-segment depression

Risk stratificationa; multi-lead continuous ST-segment monitoring; obtain serial troponinb,c

Initiate pharmacotherapy for non–ST-segment
elevation ACS based upon patient risk

Initiate reperfusion therapy
in appropriate candidates

(fibrinolysis or primary PCI)

Obtain serial troponin as
confirmatory; results not needed before
reperfusion therapy is initiated; multilead

continuous ST-segment monitoring

Initiate adjunctive ST-segment
elevation ACS pharmacotherapy 

Coronary angiography with
revascularization (PCI or CABG)

Diagnosis of noncardiac chest
pain syndrome

Stress test to evaluate likelihood of CAD

Positive stress test

Low risk Moderate and high risk

Obtain and interpret a
12-lead ECG within 10 minutes

Negative stress test

FIGURE 8�1. Evaluation of the acute coronary syndrome patient. aAs described in Table 8�1. b�Positive�: Above the myocardial 
infarction decision limit. c�Negative�: Below the myocardial infarction decision limit. (ACS, acute coronary syndrome; CABG, coronary 
artery bypass graft; CAD, coronary artery disease; ECG, electrocardiogram; PCI, percutaneous coronary intervention.) (Reproduced 
with permission from: Rogers KC, de Denus S, Finks SW, Spinler SA. Acute coronary syndromes. In: DiPiro JT, Talbert RL, Yee GC, et al. 
Pharmacotherapy: A Pathophysiologic Approach, 10th ed. New York, NY: McGraw-Hill; 2017:167.)
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and tissue factor induce platelet adhesion and activation, which 
promote the release of platelet-derived vasoactive substances, 
including adenosine diphosphate (ADP) and thromboxane A2
(TXA2).8 These produce vasoconstriction and potentiate platelet 
activation. Furthermore, during platelet activation, a change in the 
conformation in the glycoprotein (GP) IIb/IIIa surface receptors 
of platelets occurs that cross-links platelets to each other through 
fibrinogen bridges. This is considered the final common pathway 
of platelet aggregation. Inclusion of platelets gives the clot a white 
appearance. Simultaneously, the extrinsic coagulation cascade 
pathway is activated as a result of exposure of blood components 
to the thrombogenic lipid core and disrupted endothelium, 
which are rich in tissue factor. This leads to the production of 
thrombin (factor IIa), which converts fibrinogen to fibrin through 
enzymatic activity. Fibrin stabilizes the clot and traps red blood 
cells, which gives the clot a red appearance. Therefore, the clot is 
composed of cross-linked platelets and fibrin strands.2,8

Ventricular Remodeling Following an Acute MI
Ventricular remodeling is a process that occurs in several 
cardiovascular (CV) conditions including HF and following 
an MI. It is characterized by left ventricular dilation and 
reduced pumping function of the left ventricle, leading to cardiac 
failure.10 Because HF represents one of the principal causes of 
morbidity and mortality following an MI, preventing ventricular 
remodeling is an important therapeutic goal.

Use of ACE inhibitors, ARBs, �-blockers, and aldosterone 
antagonists can slow down or reverse ventricular remodeling 
through inhibition of the renin-angiotensin aldosterone system 
and/or through improvement in hemodynamics (decreasing 
preload or afterload).10 These agents also significantly improve 
survival in ACS patients.

At some point during hospitalization, prior to discharge, 
patients with a definite ACS should have their left ventricular 
function (LVF) evaluated.3,4 The most common way LVF is 
measured is using an echocardiogram to calculate the patient�s 
left ventricular ejection fraction (LVEF, percent of blood pumped 
out of the left ventricle with each contraction). LVF is one of 
the strongest predictors of mortality following MI. Patients 
with LVEF less than 40% (0.40) are at high risk of death. LVEF 
is an important factor to consider when contemplating the 
use of several drugs, such as ACE inhibitors and aldosterone 
antagonists.

Complications
This chapter focuses on management of the uncomplicated ACS 
patient. However, it is important for clinicians to recognize 
complications of an acute MI as these may increase the 
risk of mortality. The most serious early complication of 
MI is cardiogenic shock, occurring in approximately 7% of 
hospitalized patients presenting with STEMI.11,12 Mortality 
in cardiogenic shock patients with MI is high, approaching 
60%.12 Other complications that may result from MI are HF, 
valvular dysfunction, bradycardia, heart block, pericarditis, 
stroke secondary to left ventricular thrombus embolization, 
venous thromboembolism, left ventricular free wall rupture, 
and ventricular and atrial tachyarrhythmias.3 In fact, many 
patients die, presumably from ventricular fibrillation, prior to 
reaching the hospital. Patients with ventricular fibrillation or 
sustained ventricular tachycardia occurring more than 2 days 
following MI (which are not due to transient and reversible 
ischemia, reinfarction, or metabolic abnormalities), those with 
LVEF less than 30% (0.30; measured at least 40 days after 

STEMI) regardless of symptoms, or those with LVEF less 
than or equal to 35% (0.35) with New York Heart Association 
functional classes II to III may experience a mortality benefit 
against sudden cardiac death from placement of an implantable 
cardioverter defibrillator (ICD).3

CLINICAL PRESENTATION AND DIAGNOSIS
Symptoms and Physical Examination Findings
The classic symptom of an ACS is severe new-onset or increasing 
substernal angina that is at least 20 minutes in duration, most 
often occurring at rest. The pain may radiate to the shoulder, 
down the left arm, and to the back or jaw. Associated symptoms 
include nausea, vomiting, diaphoresis, or shortness of breath. 
Although similar to stable angina, the duration may be longer 
and the intensity may be greater.3,4 Elderly, female patients, 
and diabetics may present with a more atypical presentation, 
including epigastric pain, shortness of breath, or indigestion 
symptoms in the absence of chest pain. Patients across the 
spectrum of ACS can present with symptoms. All health care 
professionals should review these warning symptoms with 
patients at high risk for CHD. On physical examination, 
no specific features are indicative of ACS. Patients with 
suspected ACS should be referred immediately to an emergency 
department (ED).

12-Lead ECG
 There are key features of a 12-lead ECG that identify 

and risk-stratify a patient with an ACS. Within 10 minutes 
of presentation to an ED with symptoms of ischemic chest 
discomfort, a 12-lead ECG should be obtained and interpreted. 
If the first ECG is not diagnostic, additional ECGs should 
be performed every 15 to 30 minutes for the first hour if 
the patient is still symptomatic and the clinician has a high 
suspicion of ACS.4  When possible, an ECG should be 
performed by emergency medical system providers to reduce 
the delay until myocardial reperfusion. If available, a prior 
ECG should be reviewed to identify whether ischemic changes 
are new or old, with new findings being more indicative of 
an ACS. Key findings on review of an ECG that indicate 
myocardial ischemia or infarction are ST-segment elevation 
(STE), ST-segment depression, and T-wave inversion (see 
Figure 8�1).3,4 ST-segment and/or T-wave changes in certain 
groupings of ECG leads help to identify the location of the 
coronary artery that is the cause of the ischemia or infarction. 
In addition, the appearance of a new left bundle-branch 
block accompanied by chest discomfort is highly specific for 
acute STEMI. Approximately one-third of patients diagnosed 
with MI present with STE on their ECG, with the remainder 
having ST-segment depression, T-wave inversion, or in some 
instances, no ECG changes.4 According to the latest guidelines, 
the diagnosis of STE, in the absence of left bundle-branch 
block or left ventricular hypertrophy, is a new STE in at least 
two contiguous leads of greater than or equal to 2 mm in men 
and greater than or equal to 1.5 mm in women in leads V2-V3
and/or of greater than or equal to 1 mm in other leads. Some 
parts of the heart are more �electrically silent� than others, 
and myocardial ischemia may not be detected on an ECG. 
Therefore, it is important to review findings from the ECG in 
conjunction with biochemical markers of myocardial necrosis, 
such as troponin I or T, clinical symptoms, and other risk 
factors for CHD to determine the patient�s risk for experiencing 
a new MI or having other complications.
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Patient Encounter 1, Part 1

A 62-year-old, 87-kg (191-lb) Hispanic male developed 
substernal chest squeezing and left arm tingling while raking 
leaves. When it was not relieved by rest, his wife called 911. 
Local paramedics arrived and ST-segment elevation was found 
on 12-lead ECG. He was given a total of three 0.4 mg sublingual 
nitroglycerin tablets by mouth over three successive doses, 
325 mg ASA by mouth, and morphine 2-mg IV push without 
relief of discomfort upon transport to the emergency 
department (ED). He was taken to a facility with a cardiac 
catheterization laboratory with the intent of performing 
primary PCI.

PMH: Hypertension (HTN) for 7 years; dyslipidemia for 7 years; 
diabetes mellitus (DM) type 2 for 5 years; chronic kidney 
disease (CKD) for 2 years

FH: Mother with stroke at age 65 years; father with myocardial 
infarction at age 55 years; siblings with HTN and DM

SH: Nonsmoker, never smoked

Allergies: NKDA

Meds: Lisinopril 20 mg by mouth once daily; amlodipine  
10 mg by mouth once daily; ASA 81 mg by mouth once daily; 
rosuvastatin 5 mg by mouth once daily

ROS: substernal chest discomfort

PE:
HEENT: Normocephalic atraumatic

CV: Regular rate and rhythm; S
1
, S

2
, no S

3
, no S

4
; no murmurs or 

rubs

VS: BP 140/90 mm Hg; HR 88 beats/min; T 37°C (98.6°F)

Lungs: Fine crackles at the lower bases

Abd: Nontender, nondistended

GI: Normal bowel sounds

GU: Stool guaiac negative

Exts: No bruits, No peripheral edema, pulses 2+, femoral pulses 
present, good range of motion

Neuro: Alert and oriented × 3, cranial nerves intact

Labs: Sodium 139 mEq/L (mmol/L), potassium 3.7 mEq/L 
(mmol/L), chloride 103 mEq/L (mmol/L), bicarbonate 21 mEq/L 
(mmol/L), SCr 1.6 mg/dL (141 �mol/L), glucose 155 mg/dL  
(8.6 mmol/L), WBC 9.9 × 103/mm3 (9.9 × 109/L), hemoglobin 
14.7 g/dL (147 g/L or 9.12 mmol/L), hematocrit 43% (0.43), 
platelets 220 × 103/mm3 (220 × 109/L), troponin I 4.8 ng/
mL (4800 ng/L), oxygen saturation 96% (0.96) on room air, 
N-terminal proBNP 500 pg/mL (59 pmol/L)

ECG: Normal sinus rhythm, PR 0.16 seconds, QRS 0.08 seconds, 
QTc 0.38 seconds, 2-mm ST-segment elevation in 2 or more 
contiguous anterior leads

CXR: No active disease

Echo: Anterior wall dyskinesis, LVEF 40% (0.40)

What information is suggestive of acute MI?
Are any complications of MI present?

Reperfusion Strategies for ACS
 ▶ Reperfusion Strategies for STEMIs

 Early reperfusion therapy with primary PCI of the infarct 
artery within 90 minutes from the time of hospital presentation 
is the reperfusion treatment of choice for patients with STEMI 
who present within 12 hours of symptom onset (see Figure 8�2).3 
Patients may not often recognize the importance of seeking 
immediate medical care for a variety of reasons, which include 
self-treatment and preconception regarding the importance or 
presentation of a heart attack. Thus, education to patients and their 
families about the symptoms of ACS is paramount to reduce delays 
in reperfusion.

For primary PCI in STEMI, the patient is taken from the ED 
to the cardiac catheterization laboratory and undergoes coronary 
angiography with either balloon angioplasty or, preferably, 
placement of a bare metal or drug-eluting intracoronary stent 
in the artery associated with the infarct.5 Results of biochemical 
marker tests do not need to be available when the decision to 
proceed to primary PCI is made. Findings from a meta-analysis 
of trials comparing fibrinolysis with primary PCI indicate a lower 
mortality rate with primary PCI.13 One reason for the superiority 
of primary PCI compared with fibrinolysis is that more than 90% 
of occluded infarct-related coronary arteries are opened with 
primary PCI compared with fewer than 60% with fibrinolytics.3,5 
In addition, intracranial hemorrhage (ICH) and major bleeding 
risks from primary PCI are lower than the risks of severe bleeding 
events following fibrinolysis.14 An invasive strategy of primary 
PCI is generally preferred in patients presenting to institutions 

with skilled interventional cardiologists and a catheterization 
laboratory immediately available, those in cardiogenic shock, those 
with contraindications to fibrinolytics, and those with continuing 
symptoms 12 to 24 hours after symptom onset.3 Current guidelines 
indicate that the time from first medical contact-to-device should 
be less than or equal to 90 minutes, with every effort made to 
ensure the time to reperfusion is as short as possible.3

Patients presenting to facilities that do not have interventional 
cardiology services can be transferred when a protocol that 
minimizes delays has been established between institutions and if 
primary PCI can be performed within the first 120 minutes of first 
medical contact.3,14 Immediate transfer to a PCI-capable facility is 
recommended for patients who develop cardiogenic shock or 
acute severe HF, irrespective of the timing of presentation. PCI 
during hospitalization for STEMI, or transfer to a PCI-capable 
hospital, is also appropriate in those in whom fibrinolysis is not 
successful and those with persistent rest ischemia or signs of 
ischemia on stress testing following MI.3,5

 ▶ Fibrinolytic Therapy for STEMI
Administration of a fibrinolytic agent is indicated in patients 
with STEMI who present to the hospital within 12 hours of the 
onset of chest discomfort, who are initially seen at a non-PCI-
capable hospital and who have an anticipated time from first 
medical contact-to-device greater than 120 minutes if transferred 
to a PCI capable hospital (see Figure 8�2).3 The reduction in 
mortality with fibrinolysis is greatest with early administration 
and diminishes after 12 hours. The use of fibrinolytics between 
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12 and 24 hours after symptom onset should be limited to 
patients with ongoing ischemia. Fibrinolytic therapy is preferred 
over primary PCI when there is no cardiac catheterization 
laboratory in a hospital and the delay from first medical 

contact-to-device would exceed 120 minutes if the patient was 
transferred to a PCI-capable hospital.3 Guidelines recommend 
that the fibrinolytic agent be administered within 30 minutes 
of arrival.3 All hospitals should have protocols addressing 

ST-segment-elevation MI

Oxygen (if O2 saturation < 90%), aspirin,
SL NTG, IV NTG, morphine sulfate

Fibrinolysis within 30
minutes of arrival

(When PCI not available
within 120 minutes)

Primary PCIa
(FMC-device � 90 minutes)

Dual antiplatelet therapy
with ASA and clopidogrel 300

mgb

Anticoagulant therapy
with either:

1. IV UFHc

2. IV bolus, then SC
enoxaparind

3. IV bolus, then SC
fondaparinuxd

Dual antiplatelet therapy with
ASA and:

1. Clopidogrel or
2. Ticagrelor or
3. Prasugrel or
4. Cangrelore

5. +/– GPI in select patients
receiving UFH and P2Y12
inhibitor

Anticoagulant therapy with
either:

1. IV UFH
2. IV bivalirudinf

PCI capable facility Non-PCI capable facility

1. Transfer
to PCI
capable
facility for
primary PCI
within 120
minutes.
2. Immediate
transfer for
cardiogenic
shock or
failed
fibrinolysis.
3. Transfer
for PCI 3–24
hours after
successful
fibrinolysis
in stable
patients.

   

Late hospital care/
secondary prevention:

1. ASA indefinitely
2. P2Y12 inhibitorg

3. �-Blocker within 24 hours if no CI
4. High intensity statin as early as possible
5. Evaluate for ACE inhibitor/ARB
6. Evaluate for aldosterone antagonist

FIGURE 8�2. Initial pharmacotherapy for ST-segment elevation myocardial infarction. See Table 8�3 for dosing recommendations 
and contraindications to specific therapies. aOptions after coronary angiography also include medical management alone or coronary 
artery bypass graft surgery. bClopidogrel preferred P2Y

12
 when fibrinolytic therapy is utilized. No loading dose recommended if age 

older than 75 years. cGiven for up to 48 hours or until revascularization. dGiven for the duration of hospitalization, up to 8 days or until 
revascularization. eFor use as adjunct therapy during PCI only. Administer ticagrelor at any time prior to or during the cangrelor infusion. 
Administer prasugrel or clopidogrel after the cangrelor infusion. fIf pretreated with UFH, stop UFH infusion for 30 minutes prior to 
administration of bivalirudin (bolus plus infusion). gIn patients with STEMI receiving a fibrinolytic or who do not receive reperfusion 
therapy, administer clopidogrel for at least 14 days and ideally up to 1 year. (ACE, angiotensin-converting enzyme; ARB, angiotensin 
receptor blocker; ASA, aspirin; CI, contraindication; FMC, first medical contact; GPI, glycoprotein IIb/IIIa inhibitor; IV, intravenous; 
MI, myocardial infarction; NTG, nitroglycerin; PCI, percutaneous coronary intervention; SC, subcutaneous; SL, sublingual; UFH, 
unfractionated heparin.)
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Non–ST-segment elevation ACS  

Oxygen (if O2 saturation < 90%), aspirin, SL NTG, IV NTG,
morphine sulfate 

Dual antiplatelet therapy
with ASA and either:

1. Clopidogrel or
2. Ticagrelora

Anticoagulant therapy
with either:

1. IV UFH
2. SC enoxaparin
3. SC fondaparinux

Ischemia-guided strategy
(avoids early use of invasive

procedures) 

Early invasive strategy
(diagnostic angiography)

Late hospital care/
secondary prevention:

1. ASA indefinitely
2. P2Y12 inhibitor up to 12 months if no stent
    and a minimum of 12 months after DES
3. �-Blocker within 24 hours if no CI
4. High-intensity statin
5. Evaluate for ACE inhibitor/ARB
6. Evaluate for aldosterone antagonist

Dual antiplatelet therapy
with ASA and either:

1. Clopidogrel or
2. Ticagrelora

Anticoagulant therapy with
either:

1. IV UFH
2. SC enoxaparin
3. SC fondaparinuxb

4. IV bivalirudin 

Medical managementmanagement

Evaluate
cath findings to

determine
revascularization or

medical
management

Revascularization

Dual antiplatelet therapy
with ASA and either:

1. Clopidogrel or
2. Ticagrelora or
3. Prasugrelc or
4. Cangrelord
5. +/� GPI in select high-risk
    patients not treated with
    bivalirudin

Anticoagulant therapy with
either:

1. IV UFH
2. SC enoxaparine

3. IV bivalirudinf

PCI CABG

Elective

Continue ASA.
Discontinue 
clopidogrel and
ticagrelor 5
days before and
prasugrel 7
days before
elective CABG

Continue IV UFH
Discontinue:

1. SC enoxaparin 12�24 hours
2. SC fondaparinux 24 hours
3. IV bivalirudin 3 hours
    prior to CABG

Urgent

Continue ASA.
Discontinue
clopidogrel and
ticagrelor up to
24 hours.
Discontinue
eptifibatide/
tirofiban at
least 2�4 hours
and abciximab �
12 hours before
CABG

Revascularization

FIGURE 8�3. Initial pharmacotherapy for non�ST-segment elevation (NSTE) ACS. See Table 8�3 for dosing recommendations and 
contraindications to specific therapies. aReasonable to choose ticagrelor over clopidogrel for maintenance P2Y

12
 for NSTE-ACS patients 

treated with an early invasive or ischemia-guided strategy. bNot to be used as the sole anticoagulant during PCI. Give additional UFH  
85 units/kg IV without GPI and 60 units/kg IV with GPI. cReasonable to choose prasugrel over clopidogrel for maintenance P2Y

12
 for NSTE-

ACS patients undergoing PCI who are not at high risk for bleeding. Do not use if prior history of stroke/transient ischemic attack (TIA), age 
older than 75 years, or body weight less than or equal to 60 kg (132 lb). dAdjunct agent to be used during PCI only. Administer ticagrelor 
at any time prior to or during the cangrelor infusion. Administer prasugrel or clopidogrel after the cangrelor infusion. eMay require IV 
supplemental dose of enoxaparin; see Table 8�3. fIf pretreated with UFH, stop UFH infusion for 30 minutes prior to administration of 
bivalirudin bolus plus infusion. (ACE, angiotensin-converting enzyme; ACS, acute coronary syndrome; ARB, angiotensin receptor blocker; 
ASA, aspirin; CABG, coronary artery bypass graft; CI, contraindication; DES, drug-eluting stent; GPI, glycoprotein IIb/IIIa inhibitor; IV, 
intravenous; NTG, nitroglycerin; PCI, percutaneous coronary intervention; SC, subcutaneous; SL, sublingual; UFH, unfractionated heparin).
124
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 Table 8�3
Evidence-Based Pharmacotherapy for ST-Segment Elevation Myocardial Infarction and Non�ST-Segment Elevation Acute Coronary Syndrome3,4,20

Drug
Clinical Condition and  
Guideline Recommendationsa Contraindicationsb Dose and Duration of Therapy

Aspirin STEMI, class I recommendation for 
all patients.

NSTE-ACS, class I recommendation 
for all patients.

Hypersensitivity, active 
bleeding, severe bleeding 
risk.

162�325 mg orally once on hospital day 1.
81�325 mg once daily orally starting hospital day 2 and continued indefinitely in all patients. 

Aspirin dose of 81 mg is preferred.
Limit dose to < 100 mg if using ticagrelor.

Clopidogrel NSTE-ACS, class I recommendation 
added to aspirin.

STEMI, class I recommendation 
added to aspirin.

PCI in STEMI and NSTE-ACS, class I 
recommendation.

In patients with aspirin allergy, 
class I recommendation.

Hypersensitivity, active 
bleeding, severe bleeding 
risk.

300- to 600-mg oral loading dose on hospital day 1 followed by a maintenance dose of 75 mg 
once daily starting on hospital day 2 in patients with NSTE-ACS.

300-mg oral loading dose followed by 75 mg orally daily in patients receiving a fibrinolytic or who 
do not receive reperfusion therapy with a STEMI; avoid loading dose in patients � 75 years.

600-mg (class I recommendation) loading dose before or when PCI performed (unless within  
24 hours of fibrinolytic therapy, a dose of 300 mg should be given).

Discontinue at least 5 days before CABG surgery if bleeding risk outweighs benefit (class I 
recommendation).

Administer indefinitely in patients with aspirin allergy (class I recommendation).
Continue for at least 12 months (class I recommendation) and possibly beyond 12 months  

(class IIb recommendation) in patients with ACS managed with PCI/stent.
In patients with NSTE-ACS treated medically, administer for up to 12 months (class I 

recommendation).
In patients receiving a fibrinolytic or who do not receive reperfusion therapy, administer for at 

least 14 days (class I recommendation) and ideally up to 12 months.
Genetic testing might be considered to identify patients at high risk of poor response  

(class IIb recommendation). In these patients, an alternative P2Y
12

 inhibitor might be considered 
(class IIb recommendation). The routine use of genetic testing is not recommended (class III 
recommendation).

Prasugrel PCI in STE and NSTE-ACS, added to 
aspirin, class I recommendation. 
Class IIa as preference over 
clopidogrel for those not at high 
risk of bleeding and do not have 
a history of stroke/TIA.

Active bleeding, prior stroke 
or TIA.

Initiate in patients with known coronary artery anatomy only (so as to avoid use in patients 
needing CABG surgery; class I recommendation). Give no later than 1 hour after PCI.

Patients who have history of prior stroke/TIA, are 75 years of age or more, or weigh < 60 kg  
(132 lb) have higher risk of bleeding and there�s no added benefit compared with clopidogrel.

60-mg oral loading dose followed by 10 mg once daily for patients weighing 60 kg (132 lb) or 
more. Consider 5 mg once daily in patients weighing < 60 kg (132 lb) (based on limited data).

Discontinue at least 7 days prior to CABG surgery if bleeding risk outweighs benefit (class I 
recommendation).

Continue for at least 12 months (class I recommendation) and possibly beyond 12 months  
(class IIb recommendation) in patients with ACS managed with PCI/stent.

Ticagrelor PCI in STEMI and NSTE-ACS, 
added to aspirin, class I 
recommendation. Class IIa as 
preference over clopidogrel.

Active bleeding. 180-mg (class I recommendation) oral loading dose in patients undergoing PCI or ischemia-guided 
management, followed by 90 mg twice daily for at least 12 months (class I recommendation) and 
possibly beyond 12 months (class IIb recommendation) in patients with ACS managed with PCI/stent.

Current data are too limited to recommend use in patients with STEMI not undergoing primary PCI.
Discontinue at least 5 days prior to CABG surgery if bleeding risk outweighs benefit (class I 

recommendation).
Cangrelor PCI-adjunct in patients not treated 

with oral P2Y
12

 inhibitor or GPI.
Active bleeding. 30 mcg/kg IV bolus initiated prior to PCI followed by 4 mcg/kg/min IV infusion for duration of PCI 

or 2 hours, whichever is longer. To maintain platelet inhibition after infusion, initiate oral P2Y
12

 
agent as follows: ticagrelor 180 mg at any time during or immediately after infusion; prasugrel 
60 mg or clopidogrel 600 mg immediately after discontinuation of infusion. Do not administer 
prasugrel or clopidogrel during infusion of cangrelor. There is no antiplatelet effect of cangrelor 
1 hour after discontinuation of infusion.
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 Table 8�3
Evidence-Based Pharmacotherapy for ST-Segment Elevation Myocardial Infarction and Non�ST-Segment Elevation Acute Coronary Syndrome3,4,20

Drug
Clinical Condition and  
Guideline Recommendationsa Contraindicationsb Dose and Duration of Therapy

Aldosterone 
antagonists

NSTEMI and STEMI class I 
recommendation in patients with 
EF � 40% (0.40) and either DM or 
HF who are already receiving an 
ACE inhibitor and �-blocker.

Hypotension, hyperkalemia, 
serum potassium > 5.0 
mEq/L (mmol/L), SCr  
� 2.5 mg/dL (221 �mol/L) for 
men and � 2.0 mg/dL  
(177 �mol/L) for women 
and/or CrCl � 30 mL/min  
(0.50 mL/s) for spironolactone; 
SCr � 2.0 mg/dL (177 µmol/L) 
for men or 1.8 mg/dL  
(159 µmol/L) for women or 
CrCl � 50 mL/min (0.83 mL/s) 
for eplerenone.

Drug
Eplerenone
Spironolactone
Continue indefinitely.

Initial Dose (mg)
25
12.5

Target Dose (mg)
50 once daily orally
25�50 once daily orally

Morphine sulfate

Statins

STEMI and NSTE-ACS class IIb 
recommendation for patients 
whose chest pain persists despite 
treatment with maximally 
tolerated anti-anginal drugs.

NSTE-ACS and STEMI class I 
recommendation to initiate or 
continue high-intensity statin 
therapy during early hospital 
care.

Hypotension, respiratory 
depression, confusion, 
obtundation. 
 

Caution with use of fibrate 
and statin-specific drug 
interactions.

1- to 5-mg IV bolus dose.
May be repeated every 5�30 minutes as needed to relieve symptoms and  

maintain patient comfort. 
 

Atorvastatin 40�80 mg daily.
Rosuvastatin 20�40 mg daily.

aClass I recommendations are conditions for which there is evidence and/or general agreement that a given procedure or treatment is useful and effective. Class II recommendations are those 
conditions for which there is conflicting evidence and/or divergence of opinion about the usefulness/efficacy of a procedure or treatment. For Class IIa recommendations, the weight of the 
evidence/opinion is in favor of usefulness/efficacy. Class IIb recommendations are those for which usefulness/efficacy is less well established by evidence/opinion. Class III recommendations 
are those where the procedure or treatment is not useful and may be harmful.
bAllergy or prior intolerance is a contraindication for all categories of drugs listed in this chart.
cChoice of the specific agent is not as important as ensuring that appropriate candidates receive this therapy. If there are concerns about patient intolerance due to existing pulmonary 
disease, especially asthma, selection should favor a short-acting agent, such as metoprolol, or the ultra short-acting agent esmolol. Mild wheezing or a history of chronic obstructive 
pulmonary disease should prompt a trial of a short-acting agent at a reduced dose (eg, 2.5-mg IV metoprolol, 12.5-mg oral metoprolol, or 25-mcg/kg/min esmolol as initial doses) rather than 
complete avoidance of �-blocker therapy.

ACE, angiotensin-converting enzyme inhibitor; ACS, acute coronary syndrome; ACT, activated clotting time; AMI, acute myocardial infarction; aPTT, activated partial thromboplastin time; BP, 
blood pressure; CABG, coronary artery bypass graft; CAD, coronary artery disease; CKD, chronic kidney disease; CrCl, creatinine clearance; DM, diabetes mellitus; ECG, electrocardiogram; EF, 
ejection fraction; GPI, glycoprotein IIb/IIIa inhibitor; HF, heart failure; HTN, hypertension; ICH, intracranial hemorrhage; IV, intravenous; NSTE, non�ST-segment elevation; PCI, percutaneous 
coronary intervention; SC, subcutaneous; SCr, serum creatinine; SL, sublingual; STEMI, ST-segment elevation myocardial infarction; TIA, transient ischemic attack; UFH, unfractionated heparin.

Modified with permission from Rogers KC, de Denus S, Finks SW, Spinler SA. Acute coronary syndromes. In: DiPiro JT, Talbert RL, Yee GC, et al. Pharmacotherapy: A Pathophysiologic Approach, 
10th ed. New York, NY: McGraw-Hill; 2017:173�176.

(Continued)
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ECGs, and negative troponin tests who are without recurrence of 
chest discomfort (see Figure 8�3).4 An ischemia-guided strategy 
may also be the preferred approach in patients with extensive 
comorbidities in which the cumulative risks of comorbidities 
plus revascularization would outweigh the potential benefits of 
revascularization.

Stress testing (see Figure 8�1) is indicated in patients with 
NSTE-ACS when an initial ischemia-guided strategy is selected 
and for patients with STEMI where primary PCI was not 
performed and who do not have high-risk clinical characteristics 
for which earlier coronary angiography would be warranted.3,4

Following the stress test, patients experiencing recurrent 
ischemia or symptoms despite optimal medical treatment or 
who are considered high-risk (see Table 8�1) should undergo 
left heart catheterization with coronary angiography and 
revascularization as indicated.3,4 Patients with NSTE-ACS at low 
risk for recurrent CHD events following stress testing should be 
given ASA indefinitely and either clopidogrel or ticagrelor for up 
to 12 months following hospital discharge in addition to other 
secondary preventive pharmacotherapy described later in this 
chapter.4 Patients with STEMI at low risk for recurrent CHD 
events should receive ASA indefinitely and clopidogrel for at 
least 14 days and up to 12 months in addition to other secondary 
preventive pharmacotherapy (see Figure 8�2).3

Early Pharmacologic Therapy for ACS
Pharmacotherapy for early treatment of ACS is outlined in 
Figures 8�2 and 8�3 and Tables 8�2 and 8�3.3-5 
According to ACC/ACCF/AHA STEMI and NSTE ACS practice 
guidelines, additional pharmacotherapy that all patients should 
receive within the first day of hospitalization, and preferably 
in the ED, are intranasal oxygen (if oxygen saturation is low), 
sublingual (SL) nitroglycerin (NTG), ASA, a P2Y12 inhibitor 
(agent dependent on reperfusion strategy), and anticoagulation 
(agent dependent on reperfusion strategy). A GP IIb/IIIa 
inhibitor (GPI) may be administered with unfractionated 
heparin (UFH) for patients with STEMI undergoing primary 
PCI. High-risk patients with NSTE-ACS should proceed to early 
angiography (within 24 hours) and select high-risk patients may 
receive a GPI. Intravenous (IV) NTG may be given in select 
patients still experiencing pain despite SL NTG. It is reasonable 
to administer morphine to patients with refractory angina 
as an analgesic and a venodilator that lowers preload. Oral 
�-blockers should be initiated within the first day in patients 
without cardiogenic shock or other contraindications.3,4 ACE 
inhibitors (or ARB in ACE inhibitor-intolerant patients) should 
be initiated in select patients during hospitalization with ACS.3

High-intensity statin therapy should be initiated or continued 
during hospitalization in all patients without contraindications. 
Dosing and contraindications for SL and IV NTG, ASA, 
clopidogrel, �-blockers, ACE inhibitors, statins, anticoagulants, 
and fibrinolytics are listed in Table 8�3.3,4,20

 ▶ Nitrates
Nitrates promote the release of nitric oxide from the endothelium, 
which results in venous and arterial vasodilation. Venodilation 
lowers preload and myocardial oxygen demand. Arterial 
vasodilation may lower blood pressure (BP), thus reducing 
myocardial oxygen demand. Arterial vasodilation also relieves 
coronary artery vasospasm, dilating coronary arteries to improve 
myocardial blood flow and oxygenation. Randomized clinical 
trials failed to show a mortality benefit for IV nitrate therapy 
followed by oral nitrate therapy in acute MI.4

In patients presenting with ACS, one SL NTG tablet should 
be administered every 5 minutes for up to three doses to relieve 
myocardial ischemia, unless contraindicated. IV NTG may 
be initiated in patients who have persistent ischemia, HF, or 
uncontrolled high BP in the absence of contraindications.3,4 IV 
NTG is typically continued until revascularization is performed 
or for approximately 24 hours following ischemia relief.
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Patient Encounter 2, Part 1

A 56-year-old, 81-kg (178-lb) man presents to the ED by 
ambulance complaining of 5 hours of intermittent chest 
pressure while working at his office desk. His symptoms 
were not relieved with two antacid tablets. Local paramedics 
were called who gave the patient a total of three 0.4 mg 
sublingual nitroglycerin tablets over three successive doses 
and 325 mg ASA by mouth without relief of chest discomfort. 
The patient is transferred to the hospital where an early 
invasive strategy is chosen.

PMH: Dyslipidemia for 2 years

FH: Father died after myocardial infarction at age 65; mother 
and brother alive with HTN and dyslipidemia

SH: Nonsmoker

Allergies: NKDA

Meds: Atorvastatin 80 mg by mouth once daily at bedtime

ROS: Chest pressure

PE:
HEENT: Normocephalic atraumatic

CV: Regular rate and rhythm; S
1
, S

2
, no S

3
, no S

4
; no murmurs 

or rubs

VS: BP 138/88 mm Hg; HR 86 beats/min; T 37°C (98.6°F)

Lungs: Clear to auscultation and percussion

Abd: Nontender, nondistended

GI: Normal bowel sounds

GU: Stool guaiac negative

Exts: No bruits, no peripheral edema, pulses 2+, femoral 
pulses present, good range of motion

Neuro: Alert and oriented × 3, cranial nerves intact

Labs: Sodium 131 mEq/L (mmol/L), potassium 4.0 mEq/L 
(mmol/L), chloride 103 mEq/L (mmol/L), bicarbonate  
23 mEq/L (mmol/L), SCr 0.8 mg/dL (71 �mol/L), glucose 
88 mg/dL (4.9 mmol/L), WBC 4.9 × 103/mm3 (4.9 × 109/L), 
hemoglobin 14.7 g/dL (147 g/L or 9.12 mmol/L), hematocrit 
42% (0.42), platelets 226 × 103/mm3 (226 × 109/L), 
troponin I 0.8 ng/mL (800 ng/L), oxygen saturation 99% 
(0.99) on room air, BNP 8600 pg/mL (2485 pmol/L)

ECG: Normal sinus rhythm, PR 0.16 seconds, QRS 0.08 
seconds, QTc 0.38 seconds, 1-mm ST-segment depression in 
inferior leads

CXR: Normal

Echo: Inferior wall dyskinesis, LVEF 55% (0.55)

What type of ACS is this?
What information is suggestive of acute MI?
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Table 8�4
Clinical Considerations When Choosing a P2Y12 Receptor Inhibitor3-5,20

Clopidogrel Prasugrel Ticagrelor Cangrelor

Pharmacologic class Thienopyridine Thienopyridine Cyclopentyl 
triazolopyrimidine

Stabilized ATP analog

ADP receptor binding Irreversible Irreversible Reversible Reversible
Pharmacokinetics Prodrug

Converted twice to 
active metabolite 
primarily through  
CYP 2C19

Elimination half-life 
of active metabolite 
is approximately 30 
minutes after a 75-mg 
dose

Excretion is 50% urinary 
and 46% fecal 
 

No dose adjustment 
necessary in CKD

Prodrug
Converted to active 

metabolite through  
CYP 3A4 and 2B6 

Median elimination half-life 
of the active metabolite 
approximately 7.4 hours 
 

Excretion is primarily urinary 
(approximately 70%); fecal 
excretion < 30% 

Not recommended when 
eGFR < 15 mL/min/1.73 m2

Active moiety
Converted to active 

metabolite through  
CYP 3A4/5 

Median elimination half-life 
of the parent compound 
is approximately 7 hours 
and active metabolite 
approximately 9 hours

Excretion is primarily 
metabolism (84%); fecal 
excretion 58%, urinary 
excretion (26%)

Not recommended when 
eGFR < 15 mL/min/1.73 m2

Active drug
Independent of hepatic 

function; rapidly 
dephosphorylzed to 
inactive metabolite

Plasma half-life of 5�10 
minutes; elimination half-
life of 3�6 minutes 
 

Excretion is 58% renal and 
35% fecal (presumed 
biliary) 

No dose adjustment 
necessary in CKD

Dosing 300�600 mg loading 
dose; 75 mg daily

60 mg loading dose; 10 mg 
daily

180 mg loading dose; 90 
mg twice daily. After 12 
months, can use 60 mg 
twice daily in patients at 
low risk for bleeding

30 mcg/kg bolus;  
4 mcg/kg/min IV infusion 
continued for at least  
2 hours or the duration  
of PCI, whichever is longer

Onset of loading  
dose effect

Peak platelet inhibition 
occurs within 2 hours 
after 600 mg load and 
6 hours after oral  
300 mg load

Peak platelet inhibition 
reached within 1�1.5 
hours after oral 60 mg 
load

Peak platelet inhibition 
within 1 hour after oral 
180 mg load

Peak platelet inhibition 
within 2 minutes after  
30 mcg/kg bolus

Duration of effect 3�10 days 7�10 days 3�5 days 1�2 hours
Drug and disease 

considerations
Genetic polymorphisms 

may influence efficacy
Enhanced bleeding with 

NSAIDs; avoid use
Enhanced bleeding 

with warfarin; monitor 
carefully for bleeding; 
target INR to 2.0�2.5 
for most indications

Avoid use with 
moderate or strong 
CYP2C19 inhibitors 
(omeprazole, 
esomeprazole, 
chloramphenicol, 
cimetidine, efavirenz, 
etravirine felbamate, 
fluoxetine, fluconazole, 
fluvoxamine, isoniazid, 
oxcarbazepine, 
ketoconazole, 
voriconazole); select 
alternative non-
interacting P2Y

12
 

inhibitor or alternative 
non-interacting drug

Enhanced bleeding with 
warfarin and NSAIDs, 
avoid use

Enhanced bleeding with 
warfarin and NSAIDs

Use aspirin doses < 100 mg 
daily

Avoid use with 
strong CYP3A 
inhibitors (atazanavir, 
clarithromycin, 
indinavir, itraconazole, 
nefazodone, nelfinavir, 
ketoconazole, ritonavir, 
saquinavir, telithromycin, 
voriconazole)

Avoid use with potent 
CYP3A inducers 
(carbamazepine, 
dexamethasone, 
phenobarbital, phenytoin, 
rifampin)

Avoid simvastatin and 
lovastatin doses > 40 mg 
daily (ticagrelor inhibits 
CYP3A4 and increases 
statin concentration)

Monitor digoxin serum 
concentrations with 
any change in ticagrelor 
dose (ticagrelor inhibits 
P-glycoprotein)

Unique side-effects 
including dyspnea and 
bradycardia

Do not administer 
clopidogrel or 
prasugrel prior to the 
discontinuation of 
cangrelor infusion

Ticagrelor may be given 
at any time during 
cangrelor infusion or 
immediately after the 
discontinuation of 
cangrelor infusion

(Continued)
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Table 8�4
Clinical Considerations When Choosing a P2Y12 Receptor Inhibitor3-5,20

Clopidogrel Prasugrel Ticagrelor Cangrelor
Contraindications Any active pathological 

bleeding
Any active pathological 

bleeding; any history of 
TIA/stroke

Any active pathological 
bleeding; ICH or severe 
hepatic disease

Significant active bleeding 
or hypersensitivity

Surgery hold time 5 days for elective 
surgery; 24 hours for 
urgent

7 days 5 days for elective surgery; 
24 hours for urgent

1 hour

NSTE-ACS indication May be used regardless 
of treatment strategy; 
additional non-ACS 
indications

Reasonable over 
clopidogrel in patients 
treated with PCI who 
are not at high risk for 
bleeding and who have 
no history of stroke/TIA

Reasonable over 
clopidogrel for NSTE-ACS 
patients treated with 
invasive or ischemia-
guided approach

No US guideline 
recommendation; may 
be considered in P2Y

12
 

inhibitor�naïve patients 
undergoing PCI

STEMI indication Preferred when 
fibrinolytics used

Superior to clopidogrel in 
STEMI or in other high-
risk patients like DM; 
not studied in patients 
receiving fibrinolytic 
therapy

Superior to clopidogrel; 
not studied in patients 
receiving fibrinolytic 
therapy

No US guideline 
recommendation; may 
be considered in P2Y

12
 

inhibitor�naïve patients 
undergoing PCI

Risk benefit 
considerations

Gold standard for 
reducing CV death 
and stent thrombosis 
compared to placebo

Consider alternative 
if documented 
clopidogrel 
ineffectiveness (ie, 
poor metabolism, 
stent thrombosis 
during clopidogrel 
therapy)

Superior to clopidogrel 
with a significant increase 
in bleeding risk (driven 
mainly by reductions in 
MI and stent thrombosis); 
no clinical benefit when 
age � 75 years or weight 
< 60 kg (132 lb); Net harm 
in patients with history of 
TIA or stroke

Superior to clopidogrel 
with modest increase in 
major non-CABG related 
bleeding; associated with 
an all-cause mortality 
reduction; consider 
compliance with twice 
daily dosing

Demonstrated better 
efficacy than post-PCI 
clopidogrel with minor 
increases in bleeding

Has potential use as a 
bridge to CABG surgery 
in high-risk patients

ACS, acute coronary syndrome; ADP, adenosine diphosphate; ATP, adenosine triphosphate; CABG, coronary artery bypass graft; CKD, chronic 
kidney disease; CV, cardiovascular; CYP, cytochrome P-450; DM, diabetes mellitus; eGFR, estimated glomerular filtration rate; ICH, intracranial 
hemorrhage; INR, international normalized ratio; IV, intravenous; MI, myocardial infarction; NSAIDs, nonsteroidal anti-inflammatory drugs; NSTE-
ACS, non�ST-segment elevation acute coronary syndrome; PCI, percutaneous coronary intervention; STEMI, ST-segment elevation myocardial 
infarction; TIA, transient ischemic attack.

From Rogers KC, de Denus S, Finks SW, Spinler SA. Acute coronary syndromes. In: DiPiro JT, Talbert RL, Yee GC, et al. Pharmacotherapy: A 
Pathophysiologic Approach, 10th ed. New York, NY: McGraw-Hill; 2017:179�180, with permission.

of total stroke. Although no increase in study-defined major 
bleeding was noted with ticagrelor, the frequency of non-CABG 
major bleeding was increased compared with clopidogrel (4.5% 
vs 3.8%). Therefore, both of the more potent P2Y12 inhibitors are 
more efficacious than clopidogrel but are also associated with 
an increased risk of bleeding. Patients with diabetes mellitus 
(DM) or those with STEMI appear to have a greater ischemic 
benefit with prasugrel and ticagrelor without an increase in major 
bleeding compared to clopidogrel.27-30 No large randomized 
trial has directly compared ticagrelor to prasugrel. Figures 8�2 
and 8�3 and Table 8�4 outline the role of antiplatelets and 
anticoagulants in ACS.3,4

A clopidogrel loading dose of 600 mg is recommended 
over administration of 300 mg for patients undergoing PCI. 
A systematic review and meta-analysis of randomized and 
nonrandomized trials in more than 25,000 patients demonstrated 
a reduction in CV ischemic events with a loading dose of 600 mg 
compared with 300 mg in patients undergoing PCI.31 Although 
a modest benefit of using a 7-day course of clopidogrel 150 mg 
compared to 75 mg daily has been suggested, it is also associated 
with a higher risk of major bleeding.32 Thus, routine use of such 
dosing is not recommended in current clinical guidelines.3,4

In STEMI patients receiving fibrinolysis, early therapy with 
clopidogrel 75 mg once daily administered during hospitalization 
and up to 28 days (mean: 14 days) reduced mortality and 
reinfarction without increasing the risk of major bleeding.22 In 
adult patients 75 years or younger receiving fibrinolytics, a 300-mg 
loading dose (omit the load in those older than 75) of clopidogrel 
followed by 75 mg daily is recommended.3 Clopidogrel should 
be continued for at least 14 days (and up to 1 year in the absence 
of bleeding) for patients presenting with STEMI who undergo 
reperfusion therapy with fibrinolysis.3 Although prasugrel and 
ticagrelor are recommended in the setting of STEMI and primary 
PCI, no studies have evaluated their use in conjunction with 
fibrinolytics.

For patients with NSTE-ACS with an initial ischemia-guided 
approach, either clopidogrel (a 300- or 600-mg loading dose 
followed by 75 mg daily) or ticagrelor can be used (ticagrelor 
preferred). If an invasive management strategy is selected, either 
clopidogrel or ticagrelor can be used (ticagrelor may be preferred) 
either prehospital or in the ED. Following PCI, in patients 
not already treated with a P2Y12 inhibitor, either clopidogrel, 
prasugrel, or ticagrelor can be used (in patients not at high risk of 
bleeding, ticagrelor and prasugrel may be preferred) and should 
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Chisholm_Ch08_p0117-0144.indd   134 05/09/18   6:43 PM







CHAPTER 8 | ACUTE CORONARY SYNDROMES 137

remodeling and ultimately development of HF. The largest 
reduction in mortality is observed in patients with left ventricular 
dysfunction (low LVEF) or HF symptoms. Early initiation 
(within 24 hours) of an oral ACE inhibitor is recommended as 
benefit can be seen as early as 24 hours post MI, especially in 
patients with high-risk features such as HF, low LVEF, or STEMI 
in the anterior location.3,4 However, these agents should be used 
cautiously in the first 24 hours to avoid renal dysfunction or 
hypotension.4 The use of IV ACE inhibitors is not recommended 
because mortality may be increased. Administration of ACE 
inhibitors should be continued indefinitely in those patients 
without contraindications with LVEF less than 40% (0.40) and in 
those with HTN, stable CKD, or DM.4,39

To accurately assess baseline low-density lipoprotein (LDL), 
it is recommended to obtain a fasting lipid panel within  
24 hours in patients presenting with an ACS.41 The administration 
of high-intensity statins prior to PCI may reduce the risk of 
periprocedural MI, and hence statins should be initiated as early 
as possible in ACS.5 Additionally, statins reduce the risk of CV 
death, recurrent MI, stroke, and the need for revascularization 
when initiated early in the treatment of ACS.3,4,41 Although the 
primary effect of statins is to decrease LDL cholesterol, statins 
are believed to produce many non-lipid-lowering or �pleiotropic� 
effects such as anti-inflammatory and antithrombotic properties. 
Based on current evidence, the most recent guidelines for the 
treatment of cholesterol in adults recommend that patients who 
experience an ACS should receive high-intensity statin therapy 
(atorvastatin 40�80 mg daily; rosuvastatin 20�40 mg daily) if they 
are less than or equal to 75 years of age, and moderate-intensity 
statin therapy (eg, atorvastatin 10�20 mg; pravastatin 40�80 mg; 
rosuvastatin 5�10 mg; simvastatin 20�40 mg) if they are older 
than 75 years or not a candidate for high-intensity statins because 
of contraindications, at risk for statin intolerance, or have a 
history of statin-associated adverse drug reactions. Select patients 
older than 75 years may be candidates for high-intensity therapy 
to lower LDL cholesterol. High- and moderate-intensity statins 
defined as daily statin doses required to reduce LDL cholesterol 
greater than or equal to 50% and 30% to 49%, respectively.42

Thus, in the absence of contraindications and depending on age, 
moderate- to high-intensity statin therapy should be initiated 
early during hospitalization to all patients experiencing ACS.3,4

 ▶ Calcium Channel Blockers
Calcium channel blockers in the setting of ACS are used 
for relief of continued ischemia despite �-blocker and nitrate 
therapy, vasospastic angina, additional need for BP lowering (ie, 
amlodipine), or in patients with contraindications to �-blockers. 
Data suggest little benefit on clinical outcomes beyond symptom 
relief for calcium channel blockers in the setting of ACS especially 
in patients with reduced LVEF.3,4 Therefore, calcium channel 
blockers should be avoided in the acute management of ACS 
unless there is a clear symptomatic need or contraindication 
to �-blockers. Agent selection is based on presenting heart rate 
and left ventricular dysfunction (diltiazem and verapamil are 
contraindicated in patients with bradycardia, heart block, or 
reduced LVEF). Immediate-release nifedipine should be avoided 
because it has demonstrated reflex sympathetic activation, 
tachycardia, and worsened myocardial ischemia.3,4 Dosing and 
contraindications are described in Table 8�3.

Secondary Prevention Following MI
The long-term goals following ACS are to: (a) control modifiable 
CHD risk factors; (b) prevent the development of HF; (c) prevent 

new or recurrent MI and stroke; (d) prevent death, including 
sudden cardiac death; and (e) prevent stent thrombosis following 
PCI. Pharmacotherapy, which has been proven to decrease 
mortality, HF, reinfarction, stroke, and stent thrombosis should 
be initiated prior to hospital discharge for secondary prevention. 

 Secondary prevention guidelines suggest that following 
MI, all patients should receive long-term treatment with ASA, 
a �-blocker, an ACE inhibitor, and a statin for secondary 
prevention of death, stroke, or recurrent infarction.39 A P2Y12
inhibitor should be continued for at least 12 months for patients 
undergoing PCI and for patients with NSTE-ACS receiving an 
ischemia-guided treatment strategy.3-5,20 Clopidogrel should be 
continued for at least 14 days and ideally up to 1 year in patients 
with STEMI receiving thrombolytics. Other P2Y12 inhibitors have 
not been studied in combination with thrombolytics; however, 
prasugrel may be an alternative to clopidogrel in patients who 
undergo delayed PCI after thrombolytics.3 An ARB and an 
aldosterone antagonist should be given to select patients. Dosing 
and contraindications of medication therapy are described in 
detail in Table 8�3. For all patients with ACS, treatment and 
control of modifiable risk factors such as HTN, dyslipidemia, 
obesity, smoking, and DM are essential.3,4,39 Patients should 
receive proper counseling and education, both verbal and written, 
regarding these treatments and recommendations prior to 
discharge. At follow-up appointments, medication reconciliation 
and dose optimization improve drug adherence.43 Use of ICDs for 
the prevention of sudden cardiac death following MI in patients 
with reduced LVF and nonsustained ventricular arrhythmias is 
discussed in more detail in Chapter 9, �Arrhythmias.�

 ▶ Aspirin
ASA decreases the risk of death, recurrent infarction, and stroke 
following MI. All patients should receive daily ASA 81 to 162 mg  
indefinitely; those patients with a contraindication to ASA 
should receive clopidogrel.3,4,39 The risk of major bleeding from 
chronic ASA therapy is approximately 2% and is dose related. 
Higher doses of ASA, 160 to 325 mg, are not more effective than 
ASA doses of 75 to 81 mg but have higher rates of bleeding.44 
Therefore, the guidelines recommend 81 mg daily as a preferred 
strategy in ACS patients with or without PCI.3,4

 ▶ P2Y
12

 Inhibitors
For patients with either STEMI or NSTE-ACS, clopidogrel 
decreases the risk of CV events and stent thrombosis compared 
with placebo. Compared with clopidogrel, either prasugrel or 
ticagrelor lowers the risk of CV death, MI, or stroke by an 
additional 20% to 30% depending on the patient population 
studied. The frequency of stent thrombosis following PCI is also 
lower with prasugrel or ticagrelor compared with clopidogrel. 
However, the rate of bleeding not related to CABG surgery 
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Patient Encounter 2, Part 2

Is reperfusion therapy with fibrinolysis indicated at this time 
for this patient?
What adjunctive pharmacotherapy should be administered 
to this patient in the emergency department?
What additional pharmacotherapy should be initiated on the 
first day of this patient’s hospitalization following successful 
reperfusion with PCI?
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Arrhythmias
James E. Tisdale 9

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:

1. Describe the phases of cardiac action potential, compare and contrast cardiac myocyte ion currents 
corresponding to each phase, and explain the relationship between the cardiac action potential and 
the electrocardiogram (ECG).

2. Describe the modified Vaughan Williams classification of antiarrhythmic drugs, and compare and 
contrast the effects of available antiarrhythmic drugs on ventricular conduction velocity, refractory 
period, automaticity, and inhibition of ion flux through specific myocyte ion channels.

3. Compare and contrast risk factors for and features, mechanisms, etiologies, symptoms, and goals of 
therapy of (a) sinus bradycardia, (b) atrioventricular (AV) block, (c) atrial fibrillation (AF), (d) paroxysmal 
supraventricular tachycardia (PSVT), (e) premature ventricular complexes (PVCs), (f ) ventricular 
tachycardia (VT, including torsades de pointes [TdP]), and (g) ventricular fibrillation (VF).

4. Compare and contrast appropriate treatment options for sinus bradycardia and AV block.

5. Compare and contrast mechanisms of action of drugs used for ventricular rate control, conversion to 
sinus rhythm and maintenance of sinus rhythm in patients with AF.

6. Compare and contrast the advantages and disadvantages of warfarin and the non-vitamin K 
antagonist oral anticoagulants (NOACs) for prevention of stroke and systemic embolism in patients 
with AF.

7. Discuss nonpharmacologic methods for termination of PSVT, compare and contrast mechanisms of 
action of drugs used for acute termination of PSVT, and compare and contrast appropriate treatment 
options for long-term prevention of PSVT recurrence.

8. Describe the role of drug therapy for management of asymptomatic and symptomatic PVCs.

9. Compare and contrast mechanisms of action of drugs used for treatment of acute episodes of VT, and 
describe options and indications for nonpharmacologic treatment of VT and VF.

10. Design individualized drug therapy treatment plans for patients with (a) sinus bradycardia, (b) AV 
block, (c) AF, (d) PSVT, (e) PVCs, (f ) VT (including TdP), and (g) VF.

NORMAL AND ABNORMAL CARDIAC 
CONDUCTION AND ELECTROPHYSIOLOGY

The heart functions via mechanical and electrical activity. 
Mechanical activity refers to atrial and ventricular 
contraction, the mechanism by which blood is delivered 

to tissues. When deoxygenated blood returns to the heart via 
venous circulation, the blood enters the right atrium. Right 
atrial contraction and right ventricular pressure changes result 
in delivery of blood to the right ventricle through the tricuspid 
valve. Right ventricular contraction pumps blood through the 
pulmonic valve and through the pulmonary arteries to the lungs, 
where blood becomes oxygenated. The oxygenated blood then 
flows through the pulmonary veins into the left atrium. Left 
atrial contraction and left ventricle (LV) pressure changes result 
in delivery of blood through the mitral valve into the LV, 
contraction of which results in pumping of blood through the 
aortic valve and to the tissues of the body.

Mechanical activity is stimulated by the electrical activity of 
the heart. The heart possesses an intrinsic electrical conduction 
system (Figure 9–1). Normal myocardial contraction cannot 
occur without normal function of the heart�s electrical conduction 
system. Depolarization of the atria results in atrial contraction, 
and ventricular depolarization produces ventricular contraction. 
Perturbation of the heart�s electrical conduction system may 
result in dysfunctional atrial and/or ventricular contraction and 
may reduce cardiac output.

Cardiac Conduction System
The sinoatrial (SA) node (frequently referred to as the sinus node), 
located in the upper portion of the right atrium, normally serves 
as the pacemaker of the heart and generates the electrical impulses 
that subsequently result in atrial and ventricular depolarization 
(see Figure 9�1). The sinus node serves as the heart�s dominant 
pacemaker because it has the greatest degree of automaticity, 
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defined as the ability of a cardiac fiber or tissue to initiate 
depolarizations spontaneously. In adults at rest, the normal intrinsic 
depolarization rate of the sinus node is 60 to 100 per minute. 
Other cardiac fibers also possess the property of automaticity, but 
normally the intrinsic depolarization rates are slower than that 
of the sinus node. For example, the normal depolarization rate of 
the atrioventricular (AV) node and ventricular tissue are 40 to 
60 per minute and 30 to 40 per minute, respectively. Therefore, as a 
result of greater automaticity, the sinus node normally serves as the 
pacemaker of the heart. However, if the sinus node fails to generate 
depolarizations at a rate faster than that of the AV node, the AV 
node may take over as the pacemaker. If both the sinus node and 
AV node fail to generate depolarizations at a rate more than 30 to 
40 per minute, ventricular tissue may take over.

Following initiation of the electrical impulse from the sinus 
node, the impulse travels through internodal pathways of the 
specialized atrial conduction system and the Bachmann bundle. 
The atrial conducting fibers do not traverse the entire breadth of 
the left and right atria; upon excitation via the internodal pathways 
and the Bachmann bundle, atrial depolarization spreads as a 
wave, conceptually similar to that which occurs upon throwing 
a pebble into water. As the impulse is conducted across the atria, 
each depolarized cell depolarizes the surrounding connected 
cells, until both atria have been completely depolarized. Atrial 
contraction follows normal atrial depolarization.

Following atrial depolarization, impulses are conducted 
through the AV node, located in the lower right atrium (see 
Figure 9�1). The impulse then enters the bundle of His and is 
conducted through the ventricular conduction system, consisting 
of the left and right bundle branches. The LV requires a larger 
conduction system than the right ventricle due to its larger 
mass; therefore, the left bundle branch bifurcates into the left 
anterior and posterior divisions (also known as �fascicles�). The 
bundle branches further divide into the Purkinje fibers through 
which impulse conduction results in ventricular depolarization, 
initiating ventricular contraction.

Ventricular Action Potential
Ventricular action potential is depicted in Figure 9–2. 
Ventricular myocyte resting membrane potential is �70 to 
�90 mV, due to the function of the sodium�potassium adenosine 
triphosphatase (ATPase) pump, which maintains relatively 
high extracellular sodium concentrations and low extracellular 
potassium concentrations. During each action potential cycle, 
the membrane potential slowly increases due to a slow influx 
of sodium into the cell, raising the threshold to �60 to �80 mV. 
When the membrane potential reaches this threshold, the fast 
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sodium channels open, allowing rapid entry of sodium ions 
into the cell. This rapid influx of positive ions creates a vertical 
upstroke of the action potential, which reaches 20 to 30 mV. 
This is phase 0, representing ventricular depolarization. At 
this point, the fast sodium channels become inactivated, and 
ventricular repolarization begins, consisting of phases 1 through 
3. Phase 1 repolarization occurs primarily as a result of an efflux 
of potassium ions. During phase 2, potassium ions continue to 
exit the cell, but the membrane potential is balanced by an influx 
of calcium and sodium ions, transported through slow calcium 
and slow sodium channels, resulting in a plateau. During phase 
3, the efflux of potassium ions greatly exceeds calcium and 
sodium influx, resulting in the major component of ventricular 
repolarization. During phase 4, sodium ions gradually enter 
the cell, increasing the threshold again to �60 to �80 mV and 
initiating another action potential. Understanding the ion fluxes 
responsible for each phase of the action potential facilitates 
understanding of the effects of specific drugs. For example, 
drugs that primarily inhibit ion flux through sodium channels 
influence phase 0 (ventricular depolarization), whereas drugs 
that primarily inhibit ion flux through potassium channels 
influence the repolarization phases, particularly phase 3.

Electrocardiogram
The electrocardiogram (ECG) is a noninvasive means of measuring 
the heart�s electrical activity. The relationship between the 
ventricular action potential and the ECG is depicted in 
Figure 9�2. The P wave on the ECG represents atrial depolarization 
(not depicted in Figure 9�2, which shows only the ventricular 
action potential). Phase 0 of the action potential corresponds to the 
QRS complex, which therefore is a noninvasive representation of 
ventricular depolarization. The T wave on the ECG corresponds to 
phase 3 ventricular repolarization. The interval from the beginning 
of the Q wave to the end of the T wave, known as the QT interval, 
is used as a noninvasive marker of ventricular repolarization time. 
Atrial repolarization is not visible on the ECG because it occurs 
during ventricular depolarization and is obscured by the QRS 
complex.

Several ECG intervals and durations are measured routinely. 
The PR interval represents the time of impulse conduction from 
the atria to the ventricles through the AV node; normal PR interval 
in adults is 0.12 to 0.2 seconds (120�200 ms). The QRS duration 
represents the time required for ventricular depolarization, which 
is normally 0.08 to 0.12 seconds (80�120 ms) in adults. The QT 
interval, measuring 0.32 to 0.4 seconds (320�400 ms), represents 
the time required for ventricular repolarization. The QT interval 
varies with heart rate�the faster the heart rate, the shorter the QT 
interval, and vice versa. Therefore, the QT interval is corrected for 
heart rate using the Bazett formula: 

�QTc
QT
RR

where QTc is the QT interval corrected for heart rate, and RR is 
the interval from the onset of one QRS complex to the onset of 
the next QRS complex, measured in seconds (ie, the heart rate, 
expressed in different terminology). Normal QTc interval in 
adults is 0.36 to 0.47 seconds (360�470 ms) in men and 0.36 to 
0.48 seconds (360�480 ms) in women.1

Refractory Periods
After an impulse is initiated and conducted, there is a period 
during which cells and fibers cannot be depolarized again, which 

is referred to as the absolute refractory period (see Figure 9�2) 
and corresponds to phases 1, 2, and approximately one-third 
of phase 3 repolarization. The absolute refractory period also 
corresponds to the period from the Q wave to approximately the 
first half of the T wave on the ECG (see Figure 9�2). During this 
period, if there is a premature stimulus for an electrical impulse, 
this impulse cannot be conducted because the tissue is absolutely 
refractory to conduction. However, there is a period following the 
absolute refractory period during which a premature electrical 
stimulus can be conducted and is often conducted abnormally, 
which is called the relative refractory period, corresponding 
roughly to the latter two-thirds of phase 3 repolarization on the 
action potential and to the latter half of the T wave on the ECG. 
The relative refractory period is also sometimes referred to as the 
�vulnerable period.� If a premature electrical stimulus is initiated 
during the relative refractory period, it can be conducted 
abnormally, potentially resulting in an arrhythmia.

Mechanisms of Cardiac Arrhythmias
 Cardiac arrhythmias are caused by (a) abnormal 

impulse initiation, (b) abnormal impulse conduction, or (c) both.

 ▶ Abnormal Impulse Initiation
Abnormal initiation of electrical impulses occurs due to abnormal 
automaticity. A decrease in sinus node automaticity results in a 
reduced rate of impulse generation and a slow heart rate (sinus 
bradycardia). Conversely, an increase in sinus node automaticity 
results in an increased rate of impulse generation and a rapid heart 
rate (sinus tachycardia). If other cardiac fibers become abnormally 
automatic, such that the rate of spontaneous impulse initiation 
exceeds that of the sinus node, or premature impulses are 
generated, other tachyarrhythmias may occur. Many cardiac fibers 
possess the capability for automaticity, including atrial tissue, the 
AV node, the Purkinje fibers, and ventricular muscle. In addition, 
fibers with the capability of initiating and conducting electrical 
impulses are present in left atrial myocardial sleeves that extend into 
the pulmonary veins. Abnormal atrial automaticity may result in 
premature atrial depolarizations or may precipitate atrial tachycardia 
or atrial fibrillation (AF); abnormal AV nodal automaticity may 
result in �junctional tachycardia� (so named because the AV node 
is also sometimes referred to as the AV junction). Abnormal 
automaticity originating from the pulmonary veins is a precipitant 
of AF. In addition, abnormal automaticity in the ventricles may 
result in premature ventricular complexes (PVCs) or may precipitate 
ventricular tachycardia (VT) or ventricular fibrillation (VF).

Automaticity of cardiac fibers is controlled in part by activity of 
the sympathetic and parasympathetic nervous systems. Enhanced 
sympathetic nervous system activity may result in increased 
automaticity of the sinus node or other automatic cardiac fibers. 
Enhanced parasympathetic nervous system activity suppresses 
automaticity, while inhibition of parasympathetic nervous 
system activity increases automaticity. Other factors may lead to 
increases in automaticity of extra-sinus node tissues, including 
hypoxia, atrial or ventricular stretch (such as following long-
standing hypertension or during and after development of heart 
failure [HF]), and electrolyte abnormalities such as hypokalemia 
or hypomagnesemia.

 ▶ Abnormal Impulse Conduction
The mechanism of abnormal impulse conduction is referred to 
as reentry. Reentry is often triggered as a result of an abnormal 
premature electrical impulse (abnormal automaticity); therefore, 
in these situations, the mechanism of the arrhythmia is both 
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Venous Thromboembolism
Edith A. Nutescu, James C. Lee, and 
Stuart T. Haines 

10
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Identify risk factors and signs and symptoms of deep vein thrombosis (DVT) and pulmonary embolism (PE).

2. Describe the processes of hemostasis and thrombosis.

3. Determine a patient�s relative risk of developing venous thrombosis.

4. Formulate an appropriate prevention strategy for a patient at risk for DVT.

5. Select and interpret laboratory test(s) to monitor antithrombotic drugs.

6. Identify factors that place a patient at high risk of bleeding while receiving antithrombotic drugs.

7. State at least two potential advantages of newer anticoagulants (ie, low molecular weight heparins 
[LMWHs], fondaparinux, oral direct thrombin inhibitors [DTIs], and oral direct factor Xa inhibitors) over 
traditional anticoagulants (ie, unfractionated heparin and warfarin).

8. Manage a patient with toxicity secondary to warfarin (elevated international normalized ratio [INR] with 
or without bleeding).

9. Identify anticoagulant drug�drug and drug�food interactions.

10. Formulate an appropriate treatment plan for a patient who develops a DVT or PE.

INTRODUCTION

Venous thromboembolism (VTE) is one of the most 
common cardiovascular disorders in the United States. 
VTE is manifested as deep vein thrombosis (DVT; ie, 

thrombus causing obstruction of a deep vein in the leg, pelvis, or 
abdomen) and pulmonary embolism (PE; ie, thrombus causing 
obstruction of a pulmonary artery or one of its branches and 
resulting in pulmonary infarction) (Figure 10–1).1,2 A thrombus 
is a blood clot attached to the vessel wall composed of platelets, 
fibrin, and clotting factors that may partially or completely 
occlude the lumen of a blood vessel and compromise blood 
flow and oxygen delivery to distal tissue. It is often provoked by 
prolonged immobility and vascular injury and most frequently 
seen in patients hospitalized for a serious medical illness, trauma, 
or major surgery. VTE can also occur with little or no provocation 
in patients who have an underlying hypercoagulable disorder.

Although VTE may initially cause few or no symptoms, the 
first overt manifestation of the disease may be sudden death from 
PE, which can occur within minutes, before effective treatment 
can be given.2,3 A history of VTE is a significant risk factor for 
recurrent thromboembolic events.4-7 Postthrombotic syndrome 
(PTS) is a complication of VTE that occurs due to damage 
to the vein caused by a blood clot and leads to development 
of symptomatic venous insufficiency such as chronic lower 
extremity swelling, pain, tenderness, skin discoloration, and 
ulceration.

The treatment of VTE is fraught with substantial risks.8 
Antithrombotic therapies (thrombolytics and anticoagulants) 
require precise dosing and meticulous monitoring, as well as 
ongoing patient assessment and education.4,9,10 Well-organized 

anticoagulation management services improve quality of care 
and reduce overall cost. A systematic approach to drug therapy 
management reduces risks, but bleeding remains a common 
and serious complication.10,11 Therefore, preventing VTE is 
paramount to improving outcomes. When VTE is suspected, a 
rapid and accurate diagnosis is critical to making appropriate 
treatment decisions. The optimal use of antithrombotic drugs 
requires not only an in-depth knowledge of their pharmacology 
and pharmacokinetic properties but also a comprehensive 
approach to patient management.3,12

EPIDEMIOLOGY AND ETIOLOGY
The true incidence of VTE in the general population is unknown 
because many patients, perhaps more than 50%, have no overt 
symptoms or go undiagnosed.1,12,13 An estimated 2 million people 
in the United States develop VTE each year, of whom 600,000 
are hospitalized and 60,000 die. The estimated annual direct 
medical costs of managing the disease are well over $1 billion. 
The incidence of VTE nearly doubles in each decade of life 
older than 50 years of age and is slightly higher in men. As the 
population ages, the total number of DVT and PE cases continues 
to rise.1,2,13,14

 The risk of VTE is related to several factors 
including age, history of VTE, major surgery (particularly 
orthopedic procedures of the lower extremities), trauma, 
malignancy, pregnancy, estrogen use, and hypercoagulable 
states (Table 10–1).5-7 VTE risk factors can be categorized into 
one of the three elements of Virchow triad: stasis in blood flow, 
vascular endothelial injury, and inherited or acquired changes 
in blood constituents resulting in hypercoagulation states.15-17
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Stroke
Susan R. Winkler 11

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Differentiate types of cerebrovascular disease including transient ischemic attack (TIA), ischemic stroke 

(cerebral infarction), and hemorrhagic stroke.

2. Identify modifiable and nonmodifiable risk factors associated with ischemic stroke and hemorrhagic 
stroke.

3. Explain the pathophysiology of ischemic stroke and hemorrhagic stroke.

4. Describe the clinical presentation of TIA, ischemic stroke, and hemorrhagic stroke.

5. Formulate strategies for primary prevention of acute ischemic stroke.

6. Evaluate treatment options for acute ischemic stroke.

7. Determine whether fibrinolytic therapy is indicated in a patient with acute ischemic stroke.

8. Formulate strategies for secondary prevention of acute ischemic stroke.

9. Evaluate treatment options for acute hemorrhagic stroke.
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INTRODUCTION

Cerebrovascular disease, or stroke, is the second most 
common cause of death worldwide, and is the fifth leading 
cause of death in the United States. Stroke can be either 

ischemic or hemorrhagic and is an acute medical emergency. 
Rapid treatment dependent on the type of stroke is critical. 
Treatment of risk factors and preventive measures are also 
paramount in the management of stroke. Decades of progress in 
treatment and prevention of stroke have resulted in a decrease 
in both stroke incidence and stroke case fatality rates.1 Stroke 
mortality rates are higher in women than men and geographic 
variability exists, with higher mortality rates observed in the 
Southeastern United States, termed the “stroke belt.”

EPIDEMIOLOGY
Approximately 795,000 strokes occur in the United States each 
year. New strokes account for 610,000 of this total; recurrent 
strokes account for the remaining 185,000. Stroke incidence 
increases with age, especially after age 55 years, resulting in an 
increased incidence in the elderly population.2 Stroke is the 
leading cause of long-term disability in adults, with 90% of 
survivors having residual deficits. Moderate to severe disability is 
seen in 70% of survivors and 15% to 30% of stroke survivors are 
permanently disabled. The American Heart Association estimates 
there are currently over 7 million stroke survivors in the United 
States. Societal impact and economic burden is great, with total 
costs of $33.9 billion reported in the United States in 2013.

ETIOLOGY AND CLASSIFICATION
Strokes can either be ischemic (87% of all strokes) or hemorrhagic 
(13% of all strokes).  Ischemic stroke, which may be 

thrombotic or embolic, is the abrupt development of a focal 
neurological deficit that occurs due to inadequate blood supply 
to an area of the brain. A thrombotic occlusion occurs when 
a thrombus forms inside an artery in the brain. An embolic 
stroke typically occurs when a piece of thrombus, originating 
either inside or outside of the cerebral vessels, breaks loose 
and is carried to the site of occlusion in the cerebral vessels. 
An extracerebral source of emboli is often the heart, leading to 
cardioembolic stroke.

 Hemorrhagic stroke is a result of bleeding into the 
brain and other spaces within the central nervous system (CNS) 
and includes subarachnoid hemorrhage (SAH), intracerebral 
hemorrhage (ICH), and subdural hematomas. SAH results from 
sudden bleeding into the space between the inner and middle 
layers of the meninges, most often due to trauma or rupture of a 
cerebral aneurysm or arteriovenous malformation (AVM). ICH 
is bleeding directly into the brain parenchyma, often as a result of 
chronic uncontrolled hypertension. Subdural hematomas result 
from bleeding under the dura that covers the brain and most 
often occur as a result of head trauma. For hemorrhagic events 
associated with stroke, refer to the Clinical Presentation and 
Diagnosis of Stroke textbox.

Cerebral Ischemic Events
There are two main classifications of cerebral ischemic events: 
transient ischemic attack (TIA) and ischemic stroke (cerebral 
infarction). A TIA is a transient episode of neurological dysfunction 
caused by focal brain, spinal cord, or retinal ischemia without 
acute infarction. TIAs have a rapid onset and short duration, 
typically lasting less than 1 hour and often less than 30 minutes. 
The symptoms vary depending on the area of the brain affected; 
however, no deficit remains after the attack.3  TIAs are 
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L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Identify the common types of lipid disorders.

2. Identify the statin-benefit groups and intensity of statin therapy according to the American College of 
Cardiology/American Heart Association.

3. Recommend appropriate therapeutic lifestyle changes (TLC) and pharmacotherapy interventions for 
dyslipidemia.

4. Determine a patient�s atherosclerotic cardiovascular disease risk and corresponding treatment goals 
according to the National Lipid Association, American Association of Clinical Endocrinologist/American 
College of Endocrinology, and American College of Cardiology.

5. Identify patients who are indicated for nonstatin therapy according to the American College of 
Cardiology.

6. Describe components of a monitoring plan to assess effectiveness and adverse effects of 
pharmacotherapy for dyslipidemias.

7. Educate patients about the disease state, appropriate TLC, and drug therapy required for effective 
treatment.

12 Dyslipidemias
Joel C. Marrs 

217

INTRODUCTION

Hypercholesterolemia or dyslipidemia play a 
major role in atherosclerosis and plaque 
formation leading to coronary heart disease 

(CHD) as well as other forms of atherosclerotic cardiovascular 
disease (ASCVD), such as carotid and peripheral artery disease.1

CHD is the leading cause of death in adults in the United States 
and most industrialized nations. It is also the chief cause of 
premature, permanent disability in the US workforce.

EPIDEMIOLOGY AND ETIOLOGY
It is estimated that 94.6 million US adults have high cholesterol 
with a value of 200 mg/dL (5.17 mmol/L) or greater.2 Further, 
one out of every three US adults has a high level of low-density 
lipoprotein (LDL) cholesterol.2 Elevated cholesterol values are 
a major risk factor for the development of ASCVD. Annually, 
approximately 580,000 Americans experience a new heart attack 
and 210,000 will have a recurrent event.2 Lowering cholesterol 
reduces atherosclerotic progression and mortality from CHD and 
stroke. The development of CHD is a lifelong process. Except in 
rare cases of severely elevated serum cholesterol levels, years of 
poor dietary habits, sedentary lifestyle, and life-habit risk factors 
(eg, smoking, overweight/obesity) contribute to the development 
of atherosclerosis.3

PATHOPHYSIOLOGY
Cholesterol and Lipoprotein Metabolism
Cholesterol, an essential substance manufactured by most 
cells in the body, is used to maintain cell wall integrity and 

for the biosynthesis of bile acids and steroid hormones. 
Cholesterol, triglycerides, and phospholipids circulate in the 
blood as lipoproteins (Figure 12–1). The major lipoproteins 
are chylomicrons, very low-density lipoprotein (VLDL), 
intermediate-density lipoprotein (IDL), LDL, and high-density 
lipoprotein (HDL). Each lipoprotein has various proteins called 
apolipoproteins (Apos) embedded on the surface (Figure 12�1) 
that serve four main purposes: (a) required for assembly and 
secretion of lipoproteins; (b) serve as major structural components 
of lipoproteins; (c) act as ligands for binding to receptors on cell 
surfaces; and (d) can be cofactors for inhibition of enzymes 
involved in the breakdown of triglycerides from chylomicrons 
and VLDL.4

A measured total cholesterol is the total cholesterol molecules 
in all these major lipoproteins. The estimated value of LDL 
cholesterol is found using the Friedewald equation (after fasting 
for 9�12 hours):

LDL cholesterol (mg/dL) = total cholesterol � (HDL cholesterol 
+ triglycerides/5), when lipids are expressed in units of mg/dL;

or

LDL cholesterol (mmol/L) = total cholesterol � (HDL 
cholesterol + triglycerides/2.2), when lipids are expressed in 
units of mmol/L

Where triglycerides/5 or triglycerides/2.2 estimate VLDL 
cholesterol in units of mg/dL or mmol/L, respectively.

This formula becomes inaccurate if serum triglycerides are 
greater than 400 mg/dL (4.52 mmol/L), if chylomicrons are 
present, or the patient has familial dysbetalipoproteinemia. 
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lipoprotein lipase (LPL) to form VLDL remnant and IDL. IDL 
can be cleared from the circulation by hepatic LDL receptors or 
further converted to LDL (by further depletion of triglycerides) 
through the action of hepatic lipases (HLs). Approximately 50% 
of IDL is converted to LDL. LDL particles are cleared from the 
circulation primarily by hepatic LDL receptors by interaction 
with Apo B-100. They can also be taken up by extrahepatic 
tissues or enter the arterial wall, contributing to atherogenesis. 
Biosynthesis of cholesterol is directly regulated by the amount 
of cholesterol present in an individual. Therefore, higher 
ingestion of cholesterol through food consumption results in 
decreased production of endogenous cholesterol in the liver. 
In the liver, cholesterol is produced through the mevalonate 
pathway (Figure 12�4) where the production of mevalonate is 
the rate-limiting and irreversible step in cholesterol synthesis. 
3-Hydroxy-3-methylglutaryl coenzyme A (HMG-CoA) is 
converted to mevalonate by HMG-CoA reductase (site of action 
for statins).

Cholesterol is transported from the arterial wall or other 
extrahepatic tissues back to the liver by HDL (Figure 12�3). 
Triglyceride-rich HDL is hydrolyzed by HL, generating fatty 
acids (FA) and nascent (immature) HDL particles, or mature 
HDL can bind to scavenger receptors (SR-BI) on hepatocytes and 
transfer their cholesterol ester content for excretion in the bile.

A variety of genetic mutations can occur during lipoprotein 
synthesis and metabolism that cause lipid disorders. The major 
genetic disorders and their effect on serum lipids are presented 
in Table 12–1. Disorders that increase serum cholesterol 
are generally those that affect the number or affinity of LDL 
receptors and are known as familial hypercholesterolemia 
(FH). These patients commonly present with corneal arcus 
of the eye, xanthomas of extensor tendons of the hand 
and Achilles tendon, premature CHD, and/or have a first 

or second degree relative with raised cholesterol and/or 
premature CHD. Elevations in triglycerides are generally 
associated with overproduction of triglyceride-rich VLDL, 
mutations in Apo E, or lack of LPL or Apo CII, which 
causes hyperchylomicronemia. Most individuals have mild 
to moderate elevations in cholesterol known as polygenic 
hypercholesterolemia, thought to be caused by various more 
subtle genetic defects as well as environmental factors such as 
diet, sedentary lifestyle, and overweight/obesity.3

Pathophysiology of Clinical Atherosclerotic 
Cardiovascular Disease
Lipoproteins are the �root cause� of atherosclerosis. The process 
begins when lipoproteins migrate between the endothelial cells 
into the arterial wall where they are modified by oxidation 
(Figure 12–5). Oxidized lipoproteins promote endothelial 
dysfunction by disturbing the production of nitric oxide, an 
endogenous vasodilator that maintains vasomotor tone, as well 
as increasing expression of cell-adhesion molecules on vascular 
endothelial cells leading to recruitment of monocytes (a variety 
of white blood cells) into the intima (inner layer of the wall of an 
artery or vein). Monocytes differentiate into macrophages (large 
scavenger cells) and express SR-BI, allowing enhanced uptake 
of these oxidized lipoproteins. The macrophages continue to 
accumulate lipoproteins and ultimately develop into lipid-laden 
foam cells. Accumulation of foam cells leads to formation of a 
lipid-rich core, which marks the transition to a more complicated 
atherosclerotic plaque. Such plaques may result in ischemic 
heart disease and acute coronary syndromes, further discussed 
in Chapters 7 and 8, respectively. Aggressive lipid lowering 
can restore endothelial function, decrease cardiovascular 
disease (CVD) risk, and improve patient cardiovascular (CV) 
outcomes.3,5
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FIGURE 12�3. Reverse cholesterol transport. Cholesterol is transported from the arterial wall or other extrahepatic tissues back to the 
liver by HDL. Esterified cholesterol from HDL can be transferred to Apo B�containing particles in exchange for triglycerides. Cholesterol 
esters transferred from HDL to VLDL and LDL are taken up by hepatic LDL receptors or delivered back to extrahepatic tissue. (ABCA1, 
ATP-binding cassette A1; ABCG1, ATP-binding cassette G1; Apo, apolipoprotein; C, cholesterol; CE, cholesterol ester; CETP, cholesterol 
ester transfer protein; CM, chylomicrons; HDL, high-density lipoprotein; HL, hepatic lipase; LCAT, lecithin-cholesterol acyltransferase;  
LDL, low-density lipoprotein; SR-B1, scavenger receptors; TG, triglyceride; VLDL, very low-density lipoprotein.)
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Hypovolemic Shock
Bradley A. Boucher and G. Christopher Wood 13

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. List the most common etiologies of decreased intravascular volume in hypovolemic shock patients.

2. Describe the major hemodynamic and metabolic abnormalities that occur in patients with hypovolemic 
shock.

3. Describe the clinical presentation including signs, symptoms, and laboratory test measurements for the 
typical hypovolemic shock patient.

4. Prepare a treatment plan with clearly defined outcome criteria for a hypovolemic shock patient that 
includes both fluid management and pharmacologic therapy.

5. Compare and contrast relative advantages and disadvantages of crystalloids, colloids, and blood 
products in the treatment of hypovolemic shock.

6. Outline the elements of damage control resuscitation in traumatic hemorrhagic shock patients.

7. Formulate a stepwise monitoring strategy for a hypovolemic shock patient.

INTRODUCTION

The primary function of the circulatory system is to supply 
oxygen and vital metabolic compounds to cells throughout 
the body, as well as removal of metabolic waste products. 

Circulatory shock is a life-threatening condition whereby this 
principal function is compromised resulting in inadequate 
cellular oxygen utilization.1,2 When circulatory shock is caused 
by a severe loss of blood volume or body water, it is called 
hypovolemic shock.  By definition, hypovolemic shock 
occurs as a consequence of inadequate intravascular volume to 
meet the oxygen and metabolic needs of the body. Rapid and 
effective restoration of circulatory homeostasis using fluids, 
pharmacologic agents, and/or blood products is imperative to 
prevent complications of untreated shock and ultimately death.

ETIOLOGY AND EPIDEMIOLOGY
Practitioners must have a good understanding of cardiovascular 
physiology to diagnose, treat, and monitor circulatory problems 
in critically ill patients. The interrelationships among the major 
hemodynamic variables are depicted in Figure 13–1.3 These 
variables include mean arterial pressure (MAP), cardiac output 
(CO), systemic vascular resistance (SVR), heart rate (HR), 
stroke volume (SV), left ventricular size, afterload, myocardial 
contractility, and preload. Although an oversimplification, 
Figure 13�1 is beneficial in conceptualizing where the major 
abnormalities occur in patients with circulatory shock as well as 
predicting the body�s compensatory responses.

Hypovolemic shock is caused by a loss of intravascular volume 
either by hemorrhage or fluid loss (eg, dehydration). There 
is a profound deficit in preload, defined as the volume in the 
left ventricle at the end of diastole. Decreased preload results 
in subsequent decreases in SV, CO, and eventually, MAP. As 
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such, restoration of preload becomes an overarching goal in the 
management of hypovolemic shock.

The prognosis of shock patients depends on several variables, 
including severity, duration, underlying etiology, preexisting 
organ dysfunction, and reversibility.4 Data are not readily 
available on the incidence of hypovolemic shock, although 
hypovolemia due to hemorrhage is a major factor in 40% to 50% 
of trauma deaths annually.5

PATHOPHYSIOLOGY
The total amount of water in a typical 70-kg (154-lb) adult is 
approximately 42 L (Figure 13–2). About 28 of the 42 L are inside 
the cells of the body (intracellular fluid); the remaining 14 L are 
in the extracellular fluid space (fluid outside of cells, ie, interstitial 
fluid and plasma). Circulating blood volume for a normal adult is 
roughly 5 L (70 mL/kg) and is composed of 2 L of red blood cell 
fluid (intracellular) and 3 L of plasma (extracellular).

 Regardless of etiology, the most distinctive clinical 
manifestations of hypovolemic shock are arterial hypotension, 
clinical signs of hypoperfusion, and metabolic acidosis.2 
Metabolic acidosis is a consequence of an accumulation of lactic 
acid resulting from tissue hypoxia and anaerobic metabolism. If 
the decrease in MAP is severe and protracted, such hypotension 
will inevitably lead to severe hypoperfusion and organ 
dysfunction. Diminished intravascular volume can result from 
severe external or internal bleeding, profound fluid losses from 
gastrointestinal (GI) sources such as diarrhea or vomiting, or 
urinary losses such as diuretic use, diabetic ketoacidosis, or 
diabetes insipidus (Table 13–1).1 Other sources of intravascular 
fluid loss can occur through damaged skin, as seen with burns, 
or via capillary leak into the interstitial space or peritoneal 
cavity, as seen with edema or ascites. This latter phenomenon 

L
O
1

L 
O
2

L 
O

Chisholm_Ch13_p0239-0250.indd   239 05/09/18   3:06 PM

























251

 RESPIRATORY DISORDERS    SECTION 2 

Asthma
Lori Wilken and Amanda Eades 14

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Describe the pathophysiology and clinical presentation of acute and chronic asthma.

2. List the treatment goals for asthma.

3. Identify environmental factors associated with worsening asthma control.

4. Select inhaled drug delivery devices based upon patient characteristics.

5. List the steps to use a metered-dose inhaler correctly.

6. Recommend an asthma medication regimen for an adult patient based on symptoms.

7. Describe the purpose of an individualized asthma action plan.

atopy, nasal polyps, aspirin sensitivity, occupational exposure, or 
recurrence of childhood asthma.

PATHOPHYSIOLOGY
 Asthma is characterized by airway narrowing and 

inflammation primarily in medium-sized bronchi. A key feature 
of the pathophysiology is airway hyperresponsiveness, which is 
exaggerated narrowing of the airways in response to a trigger or 
allergen such as cold air, strong odors, pollen, or dust. Airway 
narrowing results from contraction of airway smooth muscle, 
increased mucus secretion, airway edema, and remodeling.1

Airway inflammation is initiated by an inhaled allergen or 
trigger such as dust, pollen, or animal dander inducing a type 2 
T-helper CD4+ (TH2) response. This leads to B-cell production 
of antigen-specific immunoglobulin E (IgE), pro-inflammatory 
cytokines (eg, interleukin-5), and chemokines that recruit and 
activate eosinophils, neutrophils, and alveolar macrophages.2 
Further exposure to the antigen results in cross-linking of 
cell-bound IgE in mast cells and basophils, causing release of 
preformed inflammatory mediators such as histamine, cysteinyl 
leukotrienes, and prostaglandin D2.

1

Activation and degranulation of mast cells and basophils result 
in an early-phase response involving acute bronchoconstriction 
that lasts approximately 1 hour after allergen exposure. In 
the late-phase response, activated airway cells release 
inflammatory cytokines and chemokines, thereby recruiting 
more inflammatory cells into the lungs. The late-phase response 
occurs 4 to 6 hours after the initial allergen challenge and results 
in less intense bronchoconstriction as well as increased airway 
hyperresponsiveness and airway inflammation.2

CLINICAL PRESENTATION AND DIAGNOSIS
See accompanying box for the clinical presentation and diagnosis 
of asthma. Diagnosis is based on a detailed medical history, 
physical examination of the upper respiratory tract and skin, 
and spirometry. The clinician determines if episodic symptoms 
of airflow obstruction are present, whether airflow obstruction 
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INTRODUCTION

Asthma is a complex disorder and has been 
defined as �a heterogeneous disease, usually 
characterized by chronic airway inflammation.�1 

Airflow limitation results in wheezing, breathlessness, chest 
tightness, and coughing, particularly at night or early in the 
morning.1 Severity of chronic asthma ranges from mild intermittent 
symptoms to a severe and disabling disease. Despite variability in 
the severity of chronic asthma, all patients with asthma are at risk 
of acute severe disease. International guidelines emphasize the 
importance of treating underlying airway inflammation to control 
asthma and reducing asthma-associated risks.1�3

EPIDEMIOLOGY AND ETIOLOGY
 Asthma is the most prevalent chronic disease of 

childhood, and it causes significant morbidity and mortality in 
both adults and children. About 235 million adults and children 
worldwide have asthma.4 In the United States, asthma affects 8.3% 
of adults (20.4 million) and 8.3% of children (6.1 million).5 Asthma 
is the primary diagnosis for 6.3 million physician office visits, 
2 million emergency department visits, and 3651 deaths annually.5

Asthma is also a significant economic burden in the United 
States, with costs totaling nearly $60 billion annually.6 Prescription 
medications are the single largest direct medical expenditure and 
account for 71% of direct medical costs.6

Asthma results from a complex interaction of genetic and 
environmental factors. There appears to be an inherited component 
because the presence of asthma in a parent is a strong risk factor 
for developing asthma in a child. This risk increases when a family 
history of atopy is also present. The presence of atopy is a strong 
prognostic factor for continued asthma as an adult.

Environmental exposure also appears to be an important 
etiologic factor. Although asthma occurs early in life for most 
patients, those with occupational asthma develop the disease 
later upon exposure to specific allergens in the workplace. 
Exposure to secondhand smoke after birth increases the risk 
of childhood asthma.7 Adult-onset asthma may be related to 
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Chronic Obstructive 
Pulmonary Disease
Jon P. Wietholter and Tara R. Whetsel 

15
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Describe the pathophysiology of chronic obstructive pulmonary disease (COPD).

2. Identify signs and symptoms of COPD.

3. List the treatment goals for a patient with COPD.

4. Design an appropriate COPD maintenance treatment regimen based on patient-specific data.

5. Design an appropriate COPD exacerbation treatment regimen based on patient-specific data.

6. Develop a monitoring plan to assess effectiveness and adverse effects of pharmacotherapy for COPD.

7. Formulate an appropriate education plan for a patient with COPD.

INTRODUCTION

Chronic obstructive pulmonary disease (COPD) is a 
progressive disease characterized by airflow limitation 
that is not fully reversible. Previous definitions of 

COPD included chronic bronchitis and emphysema. Chronic 
bronchitis is defined clinically as a chronic productive cough 
for at least 3 months in each of two consecutive years in a 
patient in whom other causes have been excluded.1 Emphysema 
is defined pathologically as destruction of alveoli.1 The major 
risk factor for both conditions is cigarette smoking, and many 
patients share characteristics of each one. Therefore, current 
guidelines focus instead on chronic airflow limitation.

The Global Initiative for Chronic Obstructive Lung Disease 
(GOLD) is an expert panel of health professionals who developed 
consensus guidelines for the diagnosis and care of patients with 
COPD that are updated annually.1

EPIDEMIOLOGY AND ETIOLOGY
COPD is a major cause of morbidity and mortality and a 
significant cause of disability worldwide. In 2013, 15.7 million US 
adults were estimated to have COPD.2 Chronic lower respiratory 
diseases are the third leading cause of death in the United 
States. In 2014, more than 151,000 adults died from COPD.3

Personal health care spending in the United States on COPD was 
estimated to be $53.8 billion in 2013.4

COPD is caused by repeated inhalation of noxious particles 
or gases, most commonly cigarette smoke. Marijuana and other 
forms of tobacco, including secondhand smoke, are also risk 
factors.1 Not all smokers develop clinically significant COPD, 
which suggests that genetic susceptibility plays a role. The best 
documented genetic factor is a rare hereditary deficiency of 
�1-antitrypsin (AAT). Severe deficiency of this enzyme results 
in premature and accelerated development of emphysema. 
Factors that potentially reduce maximal attained lung function 
(eg, maternal smoking, preterm birth, early childhood lung 
infections, air pollution, childhood asthma, and active smoking 
during adolescence) increase the risk of COPD.1,5 Other COPD 

risk factors include occupational exposure to dusts and chemicals 
(vapors, irritants, and fumes), biomass smoke inhalation, asthma, 
and bronchial hyperresponsiveness. Outdoor air pollution has 
been implicated as a cause, but its exact role is unclear.

PATHOPHYSIOLOGY
Repeated exposure to noxious particles and gases causes chronic 
inflammation, resulting in pathologic changes in the central 
and peripheral airways, lung parenchyma, and pulmonary 
vasculature that lead to obstruction.1,6,7 An imbalance between 
proteases and antiproteases in the lungs and oxidative stress are 
also important in the pathogenesis of COPD (Figure 15–1).

Inflammation is present in the lungs of all smokers, yet 
not all smokers develop COPD. In patients with COPD the 
inflammatory response is amplified, likely due to a genetic 
predisposition, although the exact mechanisms are unknown. 

 The inflammation of COPD differs from that seen 
in asthma, so the use of and response to anti-inflammatory 
medications is different. The inflammation of asthma is mainly 
mediated through eosinophils and mast cells. In COPD, the 
primary inflammatory cells are neutrophils, macrophages, and 
CD8+ T lymphocytes.6,7 A subset of patients with COPD also 
have increased eosinophils, which appears to predict a more 
favorable response to bronchodilators and corticosteroids and 
may indicate co-existing asthma.6 Activated inflammatory 
cells release mediators (eg, interleukin-1, interleukin-8 
[CXCL8], tumor necrosis factor-�) and secrete proteases 
(eg, elastase, proteinase-3, matrix metalloproteinase-9) 
which sustain and amplify inflammation and damage lung 
structures.1,6

Proteases and antiproteases are part of the normal protective 
and repair mechanisms in the lungs. An imbalance of protease-
antiprotease activity in COPD results from either increased 
production or activity of destructive proteases or inactivation 
or reduced production of protective antiproteases. AAT (an 
antiprotease) inhibits trypsin, elastase, and several other 
proteolytic enzymes. Deficiency of AAT results in unopposed 
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Table 15�2
Maintenance Medications for COPD

� Medication Onset Peak Duration Usual Dose

Short-Acting 
�2-Agonists

Albuterola

Nebulization 5�8 min 1�2 hours 2�6 hours 1.25�5 mg every 4�8 hours as 
needed

 Inhalation 5�8 min 0.5�1 hour 2�6 hours MDI (90 mcg/puff ) one to two puffs 
every 4�6 hours as needed

 Oral 30 min 2�3 hours 4�6 hours
ER: Up to 12 hours

2�4 mg three to four times a day as 
needed

ER: 4�8 mg every 12 hours (max:  
32 mg/day)

 Levalbuterola     
Nebulization 10�17 min 1.5 hours 5�8 hours 0.63�1.25 mg three times per day, 

6�8 hours apart as needed
 Inhalation 5�10 min 1�1.5 hours 3�6 hours MDI (45 mcg/puff ) one to two puffs 

every 4�6 hours as needed
Long-Acting 

�2-Agonists
Formoterol
Inhalation 1�3 min 1�3 hours 8�12 hours Only in combination inhalers

 Nebulization 1�3 min 1�3 hours 8�12 hours 20 mcg every 12 hours
Salmeterol

 Inhalation 10 min to  
1 hour

2�3 hours 12 hours Powder (50 mcg/inhalation) one 
inhalation every 12 hours

 Indacaterol     
 Inhalation 5 min 1�4 hours 24 hours Powder (75 mcg/inhalation) one 

inhalation every 24 hours
Olodaterol

 Inhalation 5 min 10�20 minutes 24 hours 2.5 mcg/inhalation two inhalations 
every 24 hours

 Vilanterol     
 Inhalation 15�30 min 2 hours 24 hours Only in combination inhalers

Arformoterol
 Nebulization 7�20 min 1�3 hours 12 hours 15 mcg every 12 hours
Short-Acting 

Muscarinic 
Antagonists

Ipratropium
Nebulization 15 min 1�2 hours 4�8 hours 500 mcg every 6�8 hours as 

needed
 Inhalation 15 min 1�2 hours 2�4 hours MDI (17 mcg/puff ) two puffs four 

times/day as needed
Long-Acting 

Muscarinic 
Antagonists

Tiotropium
Inhalation 60 min 1.5�3 hours 24 hours Powder (18 mcg/inhalation) one 

inhalation every 24 hours
Aerosol solution (2.5 mcg/

inhalation) two inhalations every 
24 hours

 Aclidinium     
 Inhalation 30 min 2�3 hours 12 hours Powder (400 mcg/inhalation) one 

inhalation every 12 hours
 Umeclidinium     

Inhalation 60 min 1�3 hours 24 hours Powder (62.5 mcg/inhalation) one 
inhalation every 24 hours

 Glycopyrrolate     
 Inhalation 5 min 5 minutes 12�24 hours Powder (15.6 mcg/inhalation) one 

inhalation every 12 hours
 Nebulization 5 min < 20 minutes 12�24 hours 25 mcg every 12 hours
Methylxanthine Theophylline
 Oral 15�30 min Up to 24 hours, 

depending on 
formulation

6�24 hours 400�600 mg/day divided every  
6�24 hours based on formulation 
(max: 600 mg/day)b

Adjust dose to serum concentrations 
of 5�15 mcg/mL (mg/L;  
28�83 �mol/L)

      
Phosphodiesterase-4 

Inhibitor
Roflumilast
Oral

4 wks � � 500 mcg dailyc

(Continued )
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medications with different mechanisms, which can lower the 
risk of side effects versus increasing the dose of a single 
agent.1 Combining a LABA with a LAMA produces a greater 
change in spirometry, reduces symptoms and exacerbations, 
and has a lower pneumonia risk when compared to a LABA/ICS 
combination.1,23,24

Triple therapy with ICS, LABA, and LAMA is commonly used 
in patients who remain symptomatic on dual therapy. Adding a 
LAMA to existing LABA/ICS therapy appears to improve lung 
function and patient reported outcomes including exacerbation 
risk, while adding ICS to existing LABA/LAMA did not show 
similar benefits.1,25 Recent data suggest that ICS may not decrease 
exacerbation rates more than LABA monotherapy after an 
exacerbation. Additionally, while spirometry could potentially 
worsen in the short term, exacerbation rates may not increase 
when ICS are withdrawn from patients with moderate to severe 
COPD.26,27,28 Based on these results, a step-down in therapy can be 
considered in patients with stable COPD.29 Potential benefits and 
risks of any combination therapy should be considered on a case-
by-case basis. When combination therapy is indicated, multi-
ingredient inhalers should be selected over single-ingredient 
inhalers to reduce medication administration and cost burden to 
the patient (Table 15�3).

 ▶ Vaccinations
COPD exacerbations, serious illness, and death in COPD patients 
can be reduced with annual influenza vaccination. The optimal 
time for vaccination is usually from early October through 
mid-November.

Pneumococcal polysaccharide vaccine (PPSV23) should be 
administered to all adults with COPD. Patients older than 65 years 
should be revaccinated if it has been more than 5 years since initial 
vaccination and they were younger than 65 years at the time. 
Pneumococcal conjugate vaccine (PCV13) is recommended for all 
persons 65 years old and older who have not previously received 
PCV13. PCV13 should be administered first, with PPSV23 
administered at least 12 months after PCV13 and at least five years 
after the most recent PPSV23 dose.30

 ▶ �
1
-Antitrypsin Augmentation Therapy

Augmentation therapy consists of weekly transfusions of pooled 
human AAT with the goal of maintaining adequate plasma levels 
of the enzyme. It is recommended for nonsmokers with AAT 
deficiency and an FEV1 less than or equal to 65% predicted. In 
these patients, augmentation therapy appears to minimize the 
progression of lung disease and slow decline in FEV1, although 
large randomized controlled trials are limited. Augmentation 
therapy appears to be most beneficial in patients with an FEV1 of 
35% to 49% predicted and can be considered even in those with 
an FEV1 greater than 65%. It is not recommended for individuals 
with AAT deficiency who do not have lung disease.1,31

 ▶ Other Pharmacologic Therapies
N-acetylcysteine has antioxidant and mucolytic activity, and it 
may reduce exacerbations and improve health status.1 While 
the exact COPD patient population that may benefit from 
N-acetylcysteine has not been defined, it may offer benefits in 
select patients.9,32

Prophylaxis with daily macrolides (eg, azithromycin) 
significantly reduced exacerbations in select subgroups of COPD 
patients.33 However, they are associated with cardiovascular adverse 
effects, hearing loss, and bacterial resistance. Electrocardiography 
should be considered prior to starting therapy to detect a prolonged 
QTc interval, which may predispose to cardiac arrhythmias with 
macrolide therapy.34 Their ideal utility appears to be in former 
smokers with continued exacerbations while on appropriate 
inhaled therapy.1,9,34

Opioids may be effective for dyspnea in severe COPD and may 
be used to manage symptoms in terminal patients potentially by 
reducing air hunger. Serious adverse effects are possible, so close 
monitoring is necessary.1

Traditionally, �-blockers were avoided in patients with COPD 
due to concerns of worsening respiratory status. However, 
�-blocker use may actually be beneficial in COPD patients 
because they have been associated with reduced mortality and 
exacerbation rates without negatively impacting pulmonary 
function even in patients without overt cardiovascular disease.35

Table 15�3
FDA-Approved Combination Inhalers for Management of COPD

Inhaled Corticosteroid/Long-acting �2-Agonist (ICS/LABA)  
Brand Name Corticosteroid �2-Agonist Dosage Strengths Frequency  

Advair Diskus Fluticasone 
propionate

Salmeterol 100, 250, 500 mcg/50 
mcg

Twice daily  

Symbicort Budesonide Formoterol 80, 160 mcg/4.5 mcg Twice daily
Breo Fluticasone furoate Vilanterol 100 mcg/25 mcg Daily  

Long-acting Muscarinic Antagonist/Long-acting �2-Agonist (LAMA/LABA)  
Brand Name Antimuscarinic �2-Agonist Dosage Strengths Frequency  

Anoro Umeclidinium Vilanterol 62.5 mcg/25 mcg Daily
Stiolto Tiotropium Olodaterol 2.5 mcg/2.5 mcg Daily  
Bevespi Glycopyrrolate Formoterol 9 mcg/4.8 mcg Twice daily  
Utibron Glycopyrrolate Indacaterol 15.6 mcg/27.5 mcg Twice daily  

Short-acting Muscarinic Antagonist/Short-acting �2-Agonist (SAMA/SABA)
Brand Name Antimuscarinic �2-Agonist Dosage Strengths Frequency  

Combivent Ipratropium Albuterol 20 mcg/100 mcg Four times daily  

Long-acting Muscarinic Antagonist/Long-acting �2-Agonist/Inhaled Corticosteroid (LAMA/LABA/ICS)
Brand Name Antimuscarinic �2-Agonist Corticosteroid Dosage Strengths Frequency

Trelegy Umeclidinium Vilanterol Fluticasone furoate 62.5 mcg/25 mcg/100 mcg Daily
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Cystic Fibrosis
Kimberly J. Novak 16

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Explain the pathophysiology of cystic fibrosis (CF) and its multiorgan system involvement.

2. Describe the common clinical presentation and diagnosis of CF.

3. Consider long-term treatment goals with respect to clinical course and prognosis of CF.

4. Identify nonpharmacologic therapies for CF management.

5. Recommend appropriate pharmacologic therapies for chronic CF management.

6. Design appropriate antibiotic regimens for acute pulmonary exacerbations of CF.

7. Apply pharmacokinetic principles when calculating drug doses in CF patients.

8. Formulate monitoring plans for acute and chronic CF pharmacotherapy.

INTRODUCTION

Cystic fibrosis (CF) is an inherited multiorgan system 
disorder affecting children and, increasingly, adults. It is 
the most common life-shortening genetic disease among 

whites and the major cause of severe chronic lung disease and 
pancreatic insufficiency in children. Disease generally manifests 
as mucosal obstruction of exocrine glands caused by defective 
ion transport within epithelial cells. Due to the array of affected 
organ systems and complicated medical therapies, appropriate 
CF treatment necessitates interprofessional team collaboration.

EPIDEMIOLOGY AND ETIOLOGY
In the United States, CF most commonly occurs in whites, 
affecting approximately 1 in 3200 individuals. CF is less common 
in Hispanics (1 in 9200 to 13,500), African Americans (1 in 
15,000), and Asian Americans (1 in 35,000).1 CF is inherited as 
an autosomal recessive trait, and approximately 1 in 25 whites are 
heterozygous carriers. Offspring of a carrier couple (each parent 
being heterozygous) have a 1 in 4 chance of having the disease 
(homozygous), a 1 in 2 chance of being a carrier (heterozygous), 
and a 1 in 4 chance of receiving no trait. The CFTR gene mutation 
is found on the long arm of chromosome 7 and encodes for the 
CF transmembrane regulator (CFTR) protein, which functions 
as a chloride channel to transport water and electrolytes. Over 
2000 mutations have been described in the CFTR gene; however, 
the Phe508del mutation (also known as F508del or �F508) is 
most common and is present in approximately 70% to 90% of 
CF patients.1-5

PATHOPHYSIOLOGY
CF is a disease of exocrine gland epithelial cells where CFTR 
expression is prevalent. Normally, these cells transport chloride 
through CFTR chloride channels with sodium and water 
accompanying this flux across the cell membrane (Figure 16–1). 
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CFTR is regulated by protein kinases in response to varying levels 
of the intracellular second messenger cyclic-3�,5�-adenosine 
monophosphate (cAMP). CFTR also downregulates the epithelial 
sodium channel and regulates calcium-activated chloride 
and potassium channels, and it may function in exocytosis 
and formation of plasma membrane molecular complexes and 
proteins important in inflammatory responses and mucociliary 
clearance.2,6  In CF, the CFTR chloride channel is 
dysfunctional and usually results in decreased chloride secretion 
and increased sodium absorption, leading to altered viscosity of 
fluid excreted by the exocrine glands and mucosal obstruction. 
CFTR gene mutations are assigned to classes (I�VI) based on 
degree of residual CFTR protein function. Class I (absent CFTR 
synthesis), II (blocked CFTR trafficking), and III (blocked CFTR 
regulation or gating) mutations result in no CFTR function. 
Class IV (altered CFTR conductance), Class V (reduced CFTR 
synthesis), and Class VI (shortened CFTR life span) mutations 
have some remaining functional protein.1,2,5

Pulmonary System
Chronic lung disease leads to death in 90% of patients.  

 Pulmonary disease is characterized by thick mucus 
secretions, impaired mucus clearance, chronic airway infection 
and colonization, obstruction, and an exaggerated neutrophil-
dominated inflammatory response.1,4 This process leads to air 
trapping, atelectasis, mucus plugging, bronchiectasis, cystic 
lesions, pulmonary hypertension, and eventual respiratory 
failure. Pulmonary function declines approximately 1% to 2% 
per year; an individual�s rate of decline depends on severity of 
CFTR dysfunction and comorbidities.7 Sinusitis and nasal polyps 
are also common, and microbial colonization is similar to that of 
the lungs.

Bacterial pathogens are often acquired in age-dependent 
sequence. Early infection is most often caused by Staphylococcus 
aureus (usually methicillin sensitive) and nontypeable 
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Gastroesophageal Reflux 
Disease
Jeremy J. Prunty and Leesa M. Prunty 

17
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Explain the underlying causes of gastroesophageal reflux disease (GERD).

2. Understand the difference between typical, atypical, and alarm symptoms.

3. Determine when diagnostic tests should be recommended based on the clinical presentation.

4. Identify the desired therapeutic outcomes for patients with GERD.

5. Recommend appropriate nonpharmacologic and pharmacologic interventions for patients with GERD.

6. Educate patients on appropriate lifestyle modifications and drug therapy issues including adherence, 
adverse effects, and drug interactions.

7. Formulate a monitoring plan to assess the effectiveness and safety of pharmacotherapy for GERD.

of gastric contents into the esophagus. Other physiologic and 
mucosal defense mechanisms may also become compromised 
and affect the refluxate composition and development of GERD. 
Such mechanisms include slowed esophageal clearance, decreased 
salivary buffering, impaired mucosal resistance, delayed gastric 
emptying, and increased intraabdominal pressure.

Lower Esophageal Sphincter Pressure
In the normal state, the LES maintains a tonic pressure that 
separates gastric contents from the esophagus, relaxing during 
swallowing to allow esophageal contents to pass into the 
stomach. Decreased LES pressure can occur via spontaneous 
relaxation, increased intraabdominal pressure, and an atonic 
LES. Spontaneous relaxation of the LES occurs during vomiting, 
belching, retching, and esophageal distention. Transient increases 
in intraabdominal pressure may occur during straining, exercise, 
bending over, or Valsalva maneuver. An atonic LES allows 
unopposed passage of refluxate from stomach into the esophagus. 
A hiatal hernia may cause or worsen GERD symptoms by 
increasing intragastric pressure and decreasing LES tone. Some 
foods and medications may worsen LES dysfunction, whereas 
others can directly irritate the esophageal mucosa (Table 17–1).

Esophageal and Mucosal Protection
Several normal processes protect the esophageal tissue and 
mucosal barrier from irritants such as refluxed gastric fluid. 
Swallowing enhances esophageal clearance by increasing salivary 
flow, which contains bicarbonate that buffers the acidic gastric 
contents. This usually maintains a neutral esophageal pH; 
however, salivary production decreases during sleep and in older 
persons, which may contribute to GERD symptoms. Mucus-
secreting glands in the esophageal mucosa and submucosa also 
help neutralize acidic refluxate by releasing bicarbonate. Most 
patients with GERD do not produce abnormally large amounts 

INTRODUCTION

Gastroesophageal reflux is the retrograde, effortless 
movement of stomach contents into the esophagus. 
When troublesome symptoms or mucosal damage occurs 

as a result of this process, this is defined as gastroesophageal 
reflux disease (GERD).1,2 Treatment is usually initiated based on 
symptom presentation rather than laboratory tests or invasive 
monitoring and consists of various lifestyle interventions and 
pharmacotherapy. Lack of response to empiric therapies may 
require further evaluation to identify potential underlying 
complicating conditions.1,3

EPIDEMIOLOGY AND ETIOLOGY
GERD is one of the most common gastrointestinal conditions. 
Up to 40% of Americans report intermittent GERD symptoms, 
with 10% to 20% of the US population reporting at least 
weekly symptoms.1 GERD symptoms can result in morbidity 
and decreased work productivity. The incidence of erosive 
esophagitis and Barrett esophagus increases with age, especially 
in Caucasian men over 50 years of age with symptoms for more 
than 10 years.3,4

The precise etiology of GERD is difficult to determine in most 
patients. Increased intraabdominal pressure or decreased lower 
esophageal sphincter (LES) tone may allow gastric refluxate to 
enter the esophagus causing GERD symptoms in some patients. 
These processes can be transient and are often due to physical 
activity, food, or medications.

PATHOPHYSIOLOGY
Retrograde movement of gastric contents into the esophagus, oral 
cavity, or lungs is the origin of symptoms or complications that 
define GERD. Reflux is normally prevented through muscle tone 
of the LES. Reduction in LES function or tone may allow reflux 
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Peptic Ulcer Disease
Catherine Bourg Rebitch and  
Michael L. Thiman 

18
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Recognize differences between ulcers induced by Helicobacter pylori, nonsteroidal anti-inflammatory 

drugs (NSAIDs), and stress-related mucosal damage (SRMD) in terms of risk factors, pathogenesis, signs 
and symptoms, clinical course, and prognosis.

2. Identify desired therapeutic outcomes for patients with H. pylori–associated ulcers and NSAID-induced ulcers.

3. Identify factors that guide selection of an H. pylori eradication regimen and improve adherence with 
these regimens.

4. Determine the appropriate management for a patient taking a nonselective NSAID who is at high risk 
for ulcer-related gastrointestinal (GI) complications (eg, GI bleed) or who develops an ulcer.

5. Employ an algorithm for evaluation and treatment of a patient with signs and symptoms suggestive of 
an H. pylori–associated or NSAID-induced ulcer.

6. Given patient-specific information and the prescribed treatment regimen, formulate a monitoring plan for 
drug therapy either to eradicate H. pylori or to treat an active NSAID-induced ulcer or GI complication.

INTRODUCTION

Peptic ulcer disease (PUD) refers to a defect in the gastric or 
duodenal mucosal wall that extends through the muscularis 
mucosa into the deeper layers of the submucosa.1 PUD is a 

significant cause of morbidity and is associated with substantial 
health care costs.2,3 Although there are many etiologies of PUD, 
the three most common are (a) H. pylori infection, (b) use of 
nonsteroidal anti-inflammatory drugs (NSAIDs), and (c) stress-
related mucosal damage (SRMD).

Complications of PUD include gastrointestinal (GI) bleeding, 
perforation, and obstruction. Complications of untreated or 
undiagnosed H. pylori infection include gastric cancer and PUD. 
This chapter focuses mainly on pharmacotherapy of PUD related 
to H. pylori infection or NSAID use. Prophylaxis of SRMD in 
hospitalized patients is also discussed briefly.

EPIDEMIOLOGY AND ETIOLOGY
PUD affects approximately 10% of women and 12% of men in the 
United States, resulting in 4 million cases annually.4 The mean direct 
medical cost (including pharmacy, inpatient, and outpatient costs) 
was $23,819 per patient per year in one study evaluating workplace 
absences, short-term medical disability, worker’s compensation, and 
medical and pharmacy claims for six large US employers.5

The prevalence of H. pylori infection in the United States and 
Canada is about 30%, whereas the global prevalence is greater 
than 50%. Factors that influence the incidence and prevalence 
of H. pylori infection include age, ethnicity, sex, geography, and 
socioeconomic status.

Helicobacter Pylori
H. pylori is usually contracted in the first few years of life 
and tends to persist indefinitely unless treated. The infection 
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normally resides in the stomach and is transmitted through 
ingestion of fecal-contaminated water or food. The organism 
causes gastritis in all infected individuals, but fewer than 10% 
actually develop symptomatic PUD.

Nonsteroidal Anti-Inflammatory Drugs
Chronic NSAID ingestion causes nausea and dyspepsia in nearly 
half of patients. Peptic ulceration occurs in up to 30% of chronic 
NSAID (including aspirin) users, with GI bleeding or perforation 
occurring in 1.5% of patients who develop an ulcer.2 Ulcer-related 
complications result in 100,000 hospitalizations and more than 
20,000 deaths in the United States each year.2

Risk factors for NSAID-induced PUD and complications are 
presented in Table 18–1. Risk factors are generally additive. 
Corticosteroid therapy is not an independent risk factor for 
ulceration but increases PUD risk substantially when combined 
with NSAID therapy.6 Whether H. pylori infection is a risk 
factor for NSAID-induced ulcers remains controversial; however, 
H. pylori and NSAIDs act independently to increase ulcer risk 
and ulcer-related bleeding and also appear to have synergistic 
effects.7,8

Stress-Related Mucosal Damage
SRMD occurs most frequently in critically ill patients due 
to mucosal defects caused by gastric mucosal ischemia and 
intraluminal acid.9 The ulcers are usually superficial, but SRMD 
may also penetrate into the submucosa and cause significant GI 
bleeding. Physiologically stressful situations that lead to SRMD 
include sepsis, organ failure, prolonged mechanical ventilation, 
thermal injury, and surgery. Critical care patients with the 
specific characteristics listed above are at highest risk.10
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Inflammatory Bowel 
Disease
Brian A. Hemstreet 

19
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Characterize the pathophysiologic mechanisms underlying inflammatory bowel disease (IBD).

2. Recognize the signs and symptoms of IBD, including major differences between ulcerative colitis (UC) 
and Crohn disease (CD).

3. Identify appropriate therapeutic outcomes for patients with IBD.

4. Describe pharmacologic treatment options for patients with acute or chronic symptoms of UC and CD.

5. Create a patient-specific drug treatment plan based on symptoms, severity, and location of UC or CD.

6. Recommend appropriate monitoring parameters and patient education for drug treatments for IBD.

INTRODUCTION

The term inflammatory bowel disease (IBD) 
encompasses ulcerative colitis (UC) and Crohn 
disease (CD). Both disorders are associated 

with acute and chronic inflammation of the gastrointestinal 
(GI) tract. Differences exist between UC and CD with regard to 
regions of the GI tract that may be affected and the distribution 
and depth of intestinal inflammation. Patients with IBD may also 
develop inflammation involving organs other than the GI tract, 
known as extraintestinal manifestations. Symptoms of IBD are 
associated with significant morbidity, reduction in quality of life, 
and costs to the health care system.1�6

EPIDEMIOLOGY AND ETIOLOGY
IBD is most common in Western countries such as the United 
States and Northern Europe. The age of initial presentation is 
bimodal, with patients typically diagnosed between the ages of 20 
and 40 or 60 and 80 years. Approximately 1.6 million Americans 
have UC or CD. Up to 70,000 new cases of IBD are diagnosed in 
the United States each year.3

Men and women are approximately equally affected by IBD 
in Western countries.6 In general, whites are affected more often 
than blacks, and persons of Jewish descent are also at higher risk. 
The incidence of IBD is 10 to 40 times greater in individuals 
with a first-degree relative who has IBD compared with the 
general population.4,5,7 A positive family history may be more of 
a contributing factor for development of CD than UC.7�9

The cause of IBD is not fully understood. Dysregulation 
of the inflammatory response within the GI tract in response 
to environmental or microbiologic factors is thought to be 
the prevailing mechanism.3,4 The fact that a positive family 
history is a strong predictor of IBD supports the theory that 
genetic predisposition is involved in many cases. Many potential 
candidate genes have been identified.

An alteration in the inflammatory response regulated by 
intestinal epithelial cells may also contribute to development 

of IBD. This may involve inappropriate processing of antigens 
presented to the GI epithelial cells.3-5,10,11 The inflammatory 
response in IBD may be directed at bacteria that normally 
colonize the GI tract. Products derived from these bacteria may 
translocate across the mucosal layer of the GI tract and interact 
with various cells involved in immunologic recognition. The 
result is T-cell stimulation, excess production of proinflammatory 
cytokines, and persistent inflammation within the GI tract. 
Drugs such as nonsteroidal anti-inflammatory drugs (NSAIDs) 
that disrupt the integrity of the GI mucosa may facilitate mucosal 
entry of intestinal antigens and lead to IBD flares.12

Use of oral contraceptives has been associated with increased 
development of CD in white patients in some cohort studies, 
but a strong causal relationship has not been proven.5 Use of 
antibiotics in childhood and low levels of vitamin D have also 
been reported to increase risk of UC and CD.5

Smoking has protective effects in UC, leading to reductions 
in disease severity.5 The opposite is true in CD because smoking 
may lead to increases in symptoms or worsening of the disease 
in Caucasian and Middle Eastern migrants.5 Tea or coffee 
consumption is protective in Asian patients.5

PATHOPHYSIOLOGY
Ulcerative Colitis
The inflammatory response in UC is propagated by atypical type 
2 helper T cells that produce proinflammatory cytokines such as 
interleukin (IL)-1, IL-6, and tumor necrosis factor-� (TNF-�).3,4,9 
The potential role of environmental factors in development of 
UC implies that the immune response is directed against an 
unknown antigen. The findings that development and severity 
of UC are reduced in patients who smoke, those who have had 
appendectomies, and patients who were breastfed may support the 
theory that these factors may somehow modify either the genetic 
component or phenotypic response to immunologic stimuli.3,4,5

The inflammatory process within the GI tract is limited to 
the colon and rectum in patients with UC (Figure 19–1). Most 
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L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Identify common causes of nausea and vomiting.

2. Describe the pathophysiologic mechanisms of nausea and vomiting.

3. Distinguish between simple and complex nausea and vomiting.

4. Create goals for treating nausea and vomiting.

5. Describe attributes of available antiemetic therapies.

6. Recommend treatment regimens for nausea and vomiting associated with cancer chemotherapy, 
surgery, pregnancy, or motion sickness.

7. Outline a monitoring plan to evaluate treatment outcomes for nausea and vomiting.

Nausea and Vomiting
Sheila Wilhelm and Melissa Lipari 20

INTRODUCTION

Nausea and vomiting result from complex interactions of the 
gastrointestinal (GI) system, the vestibular system, and the 
brain and have a variety of causes. Preventing and treating 

nausea and vomiting requires pharmacologic and nonpharmacologic 
measures tailored to individual patients and situations.

EPIDEMIOLOGY AND ETIOLOGY
 Nausea and vomiting are symptoms that can be due 

to many different causes such as GI, cardiac, neurologic, and 
endocrine disorders and various medications (Table 20–1).1,2 
Cancer chemotherapy agents are rated according to their 
emetogenic potential, and antiemetic therapy is prescribed based on 
these ratings. Radiation therapy can induce nausea and vomiting, 
especially when it is used to treat abdominal malignancies.3

Oral contraceptives, hormone therapy, and opioids can cause 
nausea and vomiting.1 Some medications, such as digoxin, cause 
nausea and vomiting in a dose-related fashion, which may 
indicate excessive drug concentrations. Ethanol and other toxins 
also cause nausea and vomiting.

Postoperative nausea and vomiting (PONV) occurs in 30% of 
surgical patients overall and in up to 70% of high-risk patients.4

Risk factors for PONV include female sex, history of motion 
sickness or PONV, nonsmoking status, and use of opioids 
postoperatively.5 The choice of anesthetic agents and duration of 
surgery may also contribute to PONV.4,5

Nausea and vomiting of pregnancy (NVP) affects 70% to 85% 
of pregnant women, especially early in pregnancy.6 In 0.3% to 
3% of pregnancies, this can lead to hyperemesis gravidarum, 
a potentially life-threatening condition of prolonged nausea, 
vomiting, and resultant malnutrition.6

PATHOPHYSIOLOGY
Nausea is the unpleasant subjective feeling of the need to vomit.1,2

Autonomic symptoms of pallor, tachycardia, diaphoresis, and 
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salivation often accompany nausea. Vomiting (or emesis) is a 
forceful oral expulsion of upper GI contents due to sustained 
contractions in the abdominal and thoracic musculature.1
Specific areas in the central nervous system (CNS) and GI tract 
are stimulated when the body is exposed to noxious stimuli 
or GI irritants: the chemoreceptor trigger zone (CTZ) in the 
area postrema of the fourth ventricle of the brain, the vestibular 
apparatus, visceral afferents from the GI tract, and the cerebral 
cortex.1 These in turn stimulate regions of the reticular areas 
of the medulla within the brainstem. This area is the central 
vomiting center, which coordinates the impulses sent to the 
salivation and respiratory centers, and the pharyngeal, GI, and 
abdominal muscles that lead to vomiting (Figure 20–1).7

The CTZ, located outside the blood–brain barrier, is exposed to 
cerebrospinal fluid and blood.1 Therefore, it is easily stimulated by 
uremia, acidosis, and circulating toxins such as chemotherapeutic 
agents. The CTZ has many 5-hydroxytryptamine (serotonin) 
type 3 (5-HT3), neurokinin-1 (NK1), and dopamine (D2) 
receptors.8 Visceral vagal nerve fibers are rich in 5-HT3 receptors. 
They respond to GI distention, mucosal irritation, and infection.

Motion sickness is caused by stimulation of the vestibular system, 
rich in histaminic (H1) and muscarinic cholinergic receptors.9 The 
cerebral cortex is affected by sensory input such as sights, smells, 
or emotions that can lead to vomiting. This area is involved in 
anticipatory nausea and vomiting associated with chemotherapy.

Nausea and vomiting can be classified as either simple or 
complex.10 Simple nausea and vomiting occurs occasionally 
and is either self-limiting or relieved by minimal therapy. 
It does not detrimentally affect hydration status, electrolyte 
balance, or weight. Alternatively, complex nausea and vomiting 
requires more aggressive therapy because electrolyte imbalances, 
dehydration, and weight loss may occur.

CLINICAL PRESENTATION AND DIAGNOSIS
Refer to the accompanying box for the clinical presentation and 
diagnosis of nausea and vomiting.
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Constipation, Diarrhea, and 
Irritable Bowel Syndrome
Beverly C. Mims 

21
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Identify the causes of constipation.

2. Compare the features of constipation with those of irritable bowel syndrome with constipation (IBS-C).

3. Recommend lifestyle modifications and pharmacotherapy for treatment of constipation.

4. Distinguish between acute and chronic diarrhea.

5. Compare diarrhea caused by different infectious agents.

6. Explain how medication use can cause diarrhea.

7. Discuss nonpharmacologic strategies for treating diarrhea.

8. Identify the signs and symptoms of IBS.

9. Contrast IBS with diarrhea (IBS-D) and IBS-C.

10. Establish treatment goals for IBS.

11. Evaluate the effectiveness of pharmacotherapy for IBS.

INTRODUCTION

Constipation and diarrhea are common gastrointestinal 
(GI) complaints that have various etiologies. Thorough 
patient assessment is important to accurately identify the 

underlying cause and implement safe and effective treatment. 
Functional gastrointestinal disorders (FGIDs) have received 
increasing attention in recent years.1 FGIDs are characterized by 
persistent and recurring GI symptoms due to abnormal GI tract 
function but without structural or biochemical abnormalities. 
As a result, many diagnostic tests (eg, x-rays, endoscopic 
examinations) are often negative. The most common FGID is 
irritable bowel syndrome (IBS). This chapter will focus on the 
evaluation and management of constipation, diarrhea, and IBS.

CONSTIPATION
 Constipation, when not associated with symptoms 

of IBS, is a syndrome characterized by infrequent bowel 
movements (< 3 stools per week) or difficult passage of stools, 
hard stools, or a feeling of incomplete evacuation. Occasional 
constipation usually does not require medical evaluation or 
treatment.

EPIDEMIOLOGY AND ETIOLOGY
Constipation affects people of all ages and occurs in approximately  
16% of all adults and in one-third of adults age 60 and older. 
Although it is rarely life threatening, constipation results in 
over 8 million physician visits, 1.1 million hospitalizations, 
and 5.3 million prescriptions annually. In 2016, US sales 
of nonprescription laxative products totaled more than $1.3 
billion.2

Constipation can be due to primary and secondary causes 
(Table 21–1). Functional constipation is defined as constantly 
problematic, infrequent, or seemingly incomplete defecation 
that does not meet criteria for diagnosis of IBS. Opioid-induced 
constipation (OIC) is defined as a change from baseline bowel 
habits and patterns of defecation after initiating opioid therapy 
that is characterized by reduced bowel movement frequency, 
development or worsening of straining to pass bowel movements, 
a sense of incomplete bowel evacuation, or the patient�s perception 
of stress related to bowel habits.3 OIC is an opioid-induced 
adverse effect that can overlap with and worsen functional 
constipation.4 OIC constipation is associated with significant 
economic burden. In cancer patients taking opioids for pain the 
incidence of OIC constipation approached 94%.5 Constipation is 
associated with significant socioeconomic costs and considerable 
quality-of-life ramifications.5,6 Physiological, environmental, and 
demographic factors may play roles in the development of 
constipation. Some diseases and many medications are associated 
with constipation.7,8

PATHOPHYSIOLOGY
Primary or idiopathic constipation is categorized as normal-
transit constipation (NTC), slow-transit constipation (STC), 
or defecatory or rectal evacuation disorders. In NTC, colonic 
motility is unchanged, and patients experience hard stools 
despite normal movements. In STC, motility is decreased or 
caloric intake is inadequate, resulting in infrequent, harder, drier 
stools. Dyssynergic defecatory or rectal evacuation disorders 
involve prolonged rectal storage of fecal residue or disorders of 
evacuation with normal or delayed colonic transit resulting in 
incomplete expulsion of feces from the rectum. Underlying causes 
may include inadequate relaxation of muscles or paradoxical 
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Portal Hypertension  
and Cirrhosis
Laurajo Ryan 

22
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Explain the pathophysiology of cirrhosis and portal hypertension.

2. Identify signs and symptoms of cirrhosis.

3. Identify laboratory abnormalities that result from liver disease and describe the associated 
pathophysiology.

4. Describe the consequences associated with decreased hepatic function.

5. Identify treatment goals for a patient with complications of cirrhosis.

6. Recommend a specific treatment regimen for a patient with cirrhosis that includes lifestyle changes, 
nonpharmacologic measures, and pharmacologic therapy.

INTRODUCTION

Cirrhosis involves replacement of normal hepatic 
architecture with fibrous scar tissue. Scarring is 
accompanied by loss of viable hepatocytes, which are 

the functional cells of the liver. Cirrhosis is characterized by 
progressive damage and deterioration of liver function, but even 
with extensive scarring some patients remain asymptomatic. 

 Advanced cirrhosis is irreversible and leads to portal 
hypertension, which in turn is responsible for the complications 
that define decompensated cirrhosis. Complications of cirrhosis 
include ascites, spontaneous bacterial peritonitis (SBP), hepatic 
encephalopathy (HE), hepatorenal syndrome (HRS), and variceal 
bleeding.1 These complications all carry high mortality rates and 
are signs of disease progression.

EPIDEMIOLOGY AND ETIOLOGY
Cirrhosis is the 12th leading cause of death in the United States. 
It places an enormous economic and social burden on society 
from hospitalizations, lost wages, decreased productivity, and 
emotional strain of the disease on both patients and their families.

Cirrhosis is the result of long-term insult to the liver, and 
damage usually doesn�t become clinically evident until the fourth 
decade of life. Infection with one or more strains of viral hepatitis 
causes acute, potentially reversible hepatic inflammation, whereas 
chronic infection with hepatitis B (HBV) or C (HCV) can lead 
to cirrhosis. Alcohol ingestion and HCV are the most common 
causes of cirrhosis in the United States, whereas HBV accounts 
for the majority of cases worldwide.2 HCV therapies that provide 
sustained virologic response (SVR) essentially cure the disease, 
and are expected to dramatically decrease new cases of cirrhosis. 
Even patients who have already developed HCV cirrhosis can 
benefit from antiviral therapy, and recent guidelines recommend 
treatment for nearly all patients (see Chapter 24, Viral Hepatitis, 
for more details).3

Alcoholic cirrhosis usually develops only after decades of 
heavy drinking. It develops more quickly in women than men, 
even after taking body weight into account. Estimates vary, but 
alcoholic cirrhosis can develop after as few as two to three daily 
drinks in women and three to four drinks in men, although five 
to eight daily drinks is more typical.4 Differences in metabolism 
may account for the gender disparity; women metabolize less 
alcohol in the gastrointestinal (GI) tract, allowing delivery of 
more ethanol (which is directly hepatotoxic) to the liver.5 Genetic 
factors also play a role in disease progression; some patients 
develop cirrhosis with much less cumulative alcohol intake than 
is typical (either fewer drinks per day or faster disease onset), 
while others with much greater intake never develop cirrhosis.

Alcoholic Liver Disease
Alcoholic liver disease progresses through several distinct 
phases�from fatty liver to alcoholic hepatitis and finally to 
cirrhosis. Changes in metabolism account for the fatty liver, 
hypertriglyceridemia, and acidemia observed in alcoholic liver 
disease. Fatty liver and alcoholic hepatitis are often reversible 
with cessation of alcohol intake, and even though the scarring of 
cirrhosis is usually permanent, stopping drinking can decrease 
complications and slow progression to end-stage liver disease.6

Ethanol metabolism begins prior to absorption; alcohol 
dehydrogenase in the gastric mucosa oxidizes a portion of alcohol 
to acetaldehyde. The remaining alcohol is rapidly absorbed from 
the GI tract and readily enters body tissues because it is highly 
lipid soluble.  Alcohol dehydrogenase oxidizes ethanol 
to acetaldehyde primarily in the liver, which causes inflammation 
and fibrosis.7 Acetaldehyde exerts direct toxic effects on the liver 
by damaging hepatocytes, inducing fibrosis, and directly coupling 
to proteins, interfering with their intended function. High 
ethanol levels saturate the alcohol dehydrogenase enzyme system. 
Once it is overwhelmed, the microsomal ethanol oxidizing 
system takes over the detoxification process. This is an inducible 
cytochrome P-450 (CYP450) enzyme system; it participates in 
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Pancreatitis
Janine E. Then and Heather M. Teufel 23

LEARNING OBJEC TIVES
Upon completion of the chapter, the reader will be able to:
1. Describe the pathophysiology of acute pancreatitis and chronic pancreatitis.

2. Differentiate acute pancreatitis from chronic pancreatitis.

3. Formulate care plans for managing acute and chronic pancreatitis.

4. Choose appropriate pancreatic enzyme supplementation for patients with chronic pancreatitis.

INTRODUCTION

The pancreas is a gland in the abdomen lying in the 
curvature of the stomach as it empties into the duodenum. 
It functions primarily as an exocrine gland but also has 

endocrine function. The exocrine cells of the pancreas are 
called acinar cells that produce and store digestive enzymes that 
mix with a bicarbonate-rich solution released from duct cells 
to produce pancreatic juice. This juice is released through the 
ampulla of Vater into the duodenum to aid in digestion and 
buffer acidic fluid released from the stomach (Figure 23–1).1

Pancreatic enzymes are produced and stored as inactive 
proenzymes within zymogen granules to prevent autolysis and 
digestion of the pancreas. Amylase and lipase are released from 
the zymogen granules in the active form, whereas the proteolytic 
enzymes are activated in the duodenum by enterokinase. 
Enterokinase triggers the conversion of trypsinogen to the active 
protease trypsin, which then activates the other proenzymes to 
their active enzymes. The pancreas contains a trypsin inhibitor 
to prevent autolysis.

ACUTE PANCREATITIS
EPIDEMIOLOGY AND ETIOLOGY

 In the Western Hemisphere, acute pancreatitis (AP)  
is caused mainly by ethanol use/abuse and gallstones 
(cholelithiasis). Ethanol use accounts for about 30% of AP 
cases and gallstones about 30% to 40% of cases. Other common 
causes include hypertriglyceridemia, endoscopic retrograde 
cholangiopancreatography (ERCP), pregnancy, and autodigestion 
due to early activation of pancreatic enzymes. Numerous 
medications have been implicated as causes of AP, but other 
causes should be ruled out before discontinuing a medication 
indefinitely (Table 23–1).2

PATHOPHYSIOLOGY
Ethanol abuse may cause precipitation of pancreatic enzymes in 
pancreatic ducts, leading to chronic inflammation and fibrosis 
resulting in loss of exocrine function. Ethanol may be directly 
toxic to the pancreatic cells and may lead to an upregulation 
of enzymes that produce toxic metabolites leading to further 
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damage.3 Gallstones can obstruct the ampulla of Vater causing 
pancreatic enzymes or bile to move in a retrograde fashion into 
the pancreas. This retrograde movement may be responsible for 
pancreatic autolysis.1

Autolysis of the pancreas can occur when zymogens are 
activated in the pancreas before being released into the 
duodenum. AP can result from the initial injury to the zymogen-
producing cells, which is followed by neutrophil, lymphocyte, 
and macrophage invasion of the pancreas and further activation 
of enzymes within the pancreas.

AP can progress to peripancreatic fluid collections in or 
around the pancreas; they usually require no intervention and 
resolve spontaneously.4,5 Pancreatic pseudocysts are walled-off 
fluid collections that form 4 weeks or longer after the onset of 
AP. Many pseudocysts resolve spontaneously, but some require 
surgical or percutaneous drainage. Rupture of a pancreatic 
pseudocyst is a serious complication and can lead to peritonitis 
and gastrointestinal (GI) bleeding.4

Pancreatic enzyme damage may lead to pancreatic necrosis, 
which is diffuse inflammation of the pancreas containing both 
necrotic tissue and fluid.  Pancreatic necrosis occurs 
within the first 2 weeks of AP and affects 10% to 20% of patients. 
Infected necrotic fluid collections occur in 16% to 47% of 
patients, usually due to bacteria normally present in the GI 
tract (Escherichia coli, Enterobacteriaceae, Enterococcal species, 
viridans group streptococci, and anaerobes). Disseminated 
infection may result from pancreatic necrosis.4,6 Pancreatic 
abscess is pancreatic necrosis that is walled-off by granulation 
tissue and occurs weeks after AP.

CLINICAL PRESENTATION AND DIAGNOSIS
Patients with AP may develop severe local and systemic 
complications. Multiorgan failure is a poor prognostic indicator. 
Disease severity can be predicted using the Ranson criteria, 
Glasgow severity scoring system, Acute Physiology and Chronic 
Health Evaluation II (APACHE II), and sequential organ failure 
assessment (SOFA). Awareness of risk factors for severe disease, 
including age greater than 55 years, comorbid conditions, 
laboratory findings, and presence of systemic inflammatory 
response syndrome (SIRS), may be more beneficial than scoring 
systems.7
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Viral Hepatitis
Juliana Chan 24

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Differentiate the five types of viral hepatitis by epidemiology, etiology, pathophysiology, clinical 

presentation, and natural history.

2. Identify modes of transmission and risk factors among the major types of viral hepatitis.

3. Evaluate hepatic serologies to understand how the type of hepatitis is diagnosed.

4. Create treatment goals for a patient infected with viral hepatitis.

5. Recommend appropriate pharmacotherapy for prevention of viral hepatitis.

6. Develop a care plan for treatment of chronic viral hepatitis.

7. Formulate a monitoring plan to assess adverse effects of pharmacotherapy for viral hepatitis.

INTRODUCTION

The most common types of viral hepatitis include hepatitis A 
(HAV), B (HBV), C (HCV), D (HDV), and E (HEV). Acute 
hepatitis may be associated with all five types of hepatitis 

and rarely exceeds 6 months in duration. Chronic hepatitis (disease 
lasting longer than 6 months) is usually associated with hepatitis 
B, C, and D.  Chronic viral hepatitis may lead to the 
development of cirrhosis and may result in end-stage liver disease 
(ESLD) and hepatocellular carcinoma (HCC). Complications of 
ESLD include ascites, edema, hepatic encephalopathy, infections 
(eg, spontaneous bacterial peritonitis), hepatorenal syndrome, 
and esophageal varices. Therefore, prevention and treatment of 
viral hepatitis may prevent ESLD and HCC.

Viral hepatitis may occur at any age and is one of the most 
common causes of liver disease in the world. The true prevalence 
and incidence may be underreported because most patients are 
asymptomatic. The epidemiology, etiology, and pathogenesis 
vary depending on the type of hepatitis and are considered 
separately below.

EPIDEMIOLOGY AND ETIOLOGY
Hepatitis A (HAV)
HAV affects 1.4 million people yearly worldwide.1 The prevalence 
is highest in economically challenged and underdeveloped 
countries, including Central and South America, Africa, the 
Middle East, Asia, and the Western Pacific.2 The numbers 
of acute HAV infections and hospitalizations have decreased 
since the introduction of the HAV vaccine in 1995.3 However, 
outbreaks may still occur, as observed in 292 confirmed HAV 
cases in Hawaii in 2016 that was linked to scallops.4

HAV is primarily detected in contaminated feces and infects 
people via the fecal�oral route.1,2 Outbreaks occur in areas 
of poor sanitation.2 About 45% of the cases reported have no 
identifiable risk factors; individuals at greatest risk of acquiring 
HAV are listed in Table 24–1.2
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There are no documented cases of chronic hepatitis A.2 Death 
from HAV is rare and mostly associated with fulminant hepatitis; 
approximately 100 people in the United States die each year from 
HAV-related causes.2

Hepatitis B (HBV)
Approximately 2 billion people worldwide have evidence of past 
or present HBV infection, and more than 240 million people have 
chronic hepatitis B (CHB).5 Globally, more than 680,000 deaths 
are associated with HBV annually.5 Despite having an effective 
vaccine against HBV since 1982, it is estimated that there were 
21,900 new HBV infections in 2015 in the United States.3 Fewer 
than 1% of individuals in North America and Western Europe 
are chronically infected, compared with greater than 5% in 
developing areas in parts of Africa, South America, East Asia, 
and Pacific Islands.5

The primary modes of transmission of HBV are by blood 
and body fluids through perinatal, sexual, or percutaneous 
exposure (Table 24�1).5,6 Infants born to mothers who are 
infected with actively replicating HBV have a 90% risk of 
becoming infected.6

Hepatitis C (HCV)
Up to 3.9 million Americans and 80 million people worldwide have 
chronic HCV.5,7 The prevalence is highest in injection drug users, 
who account for 60% of newly diagnosed acute HCV infections.8

HCV is categorized by genotypes, which are geographically 
specific. There are seven genotypes (numbered 1�7) and 67 
subtypes (eg, genotypes 1a, 1b, 2a, 3b), with the newest genotype 
recently identified, genotype 7.9 Genotype 1 is the most common 
in the United States, whereas genotype 4 is most common in the 
Middle East and North Africa.10 Approximately 75% of patients 
with HCV in the United States have genotype 1, and about 15% 
and 9% have genotypes 2 and 3, respectively.11 Genotype does not 
indicate disease severity but is used to determine the duration of 
therapy and the likelihood of therapeutic response.12
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Acute Kidney Injury
Mary K. Stamatakis 25

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Assess a patient�s kidney function based on clinical presentation, laboratory results, and urinary indices.

2. Identify pharmacotherapeutic outcomes and endpoints of therapy in a patient with acute kidney 
injury (AKI).

3. Apply knowledge of the pathophysiology of AKI to development of a treatment plan.

4. Develop strategies to minimize the occurrence of drug- and radiocontrast-induced AKI.

5. Monitor and evaluate the safety and efficacy of the therapeutic plan.

depletion due to conditions such as hemorrhage, dehydration, or 
gastrointestinal (GI) fluid losses. Early volume restoration can 
prevent progression and improve recovery because it can restore 
renal blood flow before structural damage to the kidney has 
occurred.5 Conditions of reduced cardiac output (eg, congestive 
heart failure [CHF], myocardial infarction), septic shock, and 
hypotension can also reduce renal blood flow, resulting in 
decreased glomerular perfusion and prerenal AKI. With a mild to 
moderate decrease in renal blood flow, intraglomerular pressure 
is maintained by dilation of afferent arterioles (arteries supplying 
blood to the glomerulus), constriction of efferent arterioles 
(arteries removing blood from the glomerulus), and redistribution 
of renal blood flow to the oxygen-sensitive renal medulla.

Drugs may cause a functional AKI when they interfere 
with these autoregulatory mechanisms. Nonsteroidal anti-
inflammatory drugs (NSAIDs) impair prostaglandin-mediated 
dilation of afferent arterioles. Angiotensin-converting enzyme 
(ACE) inhibitors and angiotensin II receptor blockers (ARBs) 
inhibit angiotensin II�mediated efferent arteriole vasoconstriction 
and cause prerenal AKI in 6% to 38% of treated patients.6 The 
calcineurin inhibitors cyclosporine and tacrolimus, particularly 
in high doses, are potent renal vasoconstrictors. All of these 
agents can reduce intraglomerular pressure, with a resultant 
decrease in GFR. Prompt discontinuation of the offending drug 
can often return kidney function to normal.

Other causes of prerenal AKI are renovascular obstruction 
(eg, renal artery stenosis), hyperviscosity syndromes (eg, multiple 
myeloma), and systemic vasoconstriction (eg, hepatorenal 
syndrome).

Intrinsic AKI
Intrinsic renal failure is caused by diseases that can affect the 
structure of the nephron, such as the tubules, glomerulus, 
interstitium, or blood vessels. Acute tubular necrosis (ATN) is 
a term that is often used synonymously with intrinsic AKI, but 
ATN relates more specifically to necrosis of tubular epithelial 
cells resulting from nephrotoxins (eg, aminoglycosides, contrast 
agents, amphotericin B), sepsis, or ischemia. ATN accounts for 

INTRODUCTION

Acute kidney injury (AKI) is a potentially life-threatening 
syndrome that occurs primarily in hospitalized patients 
and frequently complicates the course of those who 

are critically ill. It is characterized by a rapid decrease in 
glomerular filtration rate (GFR) and the resultant accumulation 
of nitrogenous waste products (eg, creatinine), with or without a 
decrease in urine output.

The term acute kidney injury has replaced the name acute 
renal failure because it more completely encompasses the entire 
spectrum of acute injury to the kidney, from mild changes in 
kidney function to end-stage kidney disease requiring renal 
replacement therapy (RRT).

 AKI is defined as an increase in serum creatinine 
(SCr) of at least 0.3 mg/dL (27 �mol/L) within 48 hours, a 50% 
increase in baseline serum creatinine within 7 days, or a urine 
output of less than 0.5 mL/kg/h for at least 6 hours. Only one 
criterion needs to be met for diagnosis of AKI.1

EPIDEMIOLOGY AND ETIOLOGY
Approximately 7% to 18% of all hospitalized patients develop 
AKI.2 More than half of those who are critically ill develop 
AKI,3 and 30% to 40% of survivors of AKI develop chronic 
kidney disease (CKD).3 Despite improvements in the medical 
care of individuals with AKI, mortality remains high. About 4% 
of hospital admissions are community-acquired AKI4 with an 
incidence of 20 to 200 cases per million population.2

PATHOPHYSIOLOGY
There are three categories for the causes of AKI: prerenal, 
intrinsic, and postrenal AKI. The pathophysiologic mechanisms 
differ for each of the categories.

Prerenal AKI
Prerenal AKI occurs in approximately 10% to 25% of patients 
diagnosed with AKI and is characterized by reduced blood 
delivery to the kidney. A common cause is intravascular volume 
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420 SECTION 4 | RENAL DISORDERS

must be taken 1 hour after doxycycline and alendronate.28 This 
product was not studied in patients on PD, with significant liver 
or GI disease, or following major GI surgery.28

CCPBs, including calcium carbonate and calcium acetate, 
are effective in decreasing serum phosphate levels, as well as in 
increasing serum calcium levels. Calcium acetate binds more 
phosphorus than the carbonate salt, making it a more potent agent 
for binding dietary phosphate. Calcium carbonate can also aid 
in the correction of metabolic acidosis, another complication of 
kidney failure. Calcium citrate is usually not used as a phosphate-
binding agent because the citrate salt can increase aluminum 
absorption. The dose of CCPBs should be limited because 
cardiovascular events and progression to dialysis are increased if 
calcium intake exceeds calcium losses.27 In general, CCPBs should 
not be used if corrected serum calcium levels are near or above 
the upper end of the normal range or if arterial calcifications are 
present. Some evidence suggests that the use of CCPBs in CKD 
G3a-4 affects calcium balance, but does not decrease phosphorus 
balance.29 Therefore, current guidelines recommend restricting 
the dose of CCPBs in all stages of CKD.27 The most common 
adverse effects of CCPBs are constipation and hypercalcemia.

Aluminum-containing phosphate-binding agents are not 
recommended for chronic use in patients with CKD to avoid 
aluminum accumulation, leading to encephalopathy, bone 
disease, and anemia. These agents may be used for a short course 
of therapy (< 4 weeks) for significantly elevated phosphorus levels 
in AKI.
Vitamin D Therapy. Vitamin D regulates many processes in 
the body, including calcium and phosphorus absorption from 
the GI tract and kidney, PTH secretion, maintaining muscle, 
cardiovascular, immune and brain function, and glucose control. 
Vitamin D is activated in various tissues, with the liver and kidney 
being primary sites. In CKD, a decrease in renal metabolism of 
vitamin D decreases circulating concentrations of the activated 
form of vitamin D, calcitriol (1,25-dihydroxyvitamin D) and its 
precursor 25-hydroxyvitamin D. Vitamin D deficiency begins 
early in CKD and increases as kidney function declines.30

PTH levels rise as early as CKD G3 as a result of low calcitriol 
concentrations.

Exogenous vitamin D compounds that mimic the activity 
of calcitriol act directly on the parathyroid gland to decrease 

Table 26�6
Available Treatments for Secondary Hyperparathyroidism

Generic Name Trade Name Dosage Range Dosage Forms Frequency of Administration

Vitamin D (prohormone)
Ergocalciferol Vitamin D

2
400�50,000 IU PO Daily (doses of 400�2000 IU)

Weekly or monthly for higher doses (50,000 IU)
Cholecalciferol Vitamin D

3
  

Calcifediol Rayaldeefi 30�60 mcg PO Daily
Active vitamin D
Calcitriol Calcijexfi 0.5�5 mcg IV Three times per week

Rocaltrolfi 0.25�5 mcg PO Daily, every other day, or three times per week
Vitamin D analogs
Paricalcitol Zemplarfi 1�4 mcg PO Daily or three times per week

 2.5�15 mcg IV Three times per week
Doxercalciferol Hectorolfi 5�20 mcg PO Daily or three times per week

 2�8 mcg IV Three times per week
Calcimimetics
Cinacalcet Sensipar� 30�180 mg PO Daily
Etelcalcitide Parsabiv� 2.5�15 mg IV Three times per week

PTH secretion by upregulation of the vitamin D receptor 
in the parathyroid gland, which decreases parathyroid gland 
hyperplasia and PTH synthesis and secretion. This is particularly 
useful when reduction of serum phosphorus levels does not 
sufficiently reduce PTH levels.

Vitamin D supplements (Table 26–6) can be used to lower 
serum PTH levels in patients with CKD. Ergocalciferol, 
cholecalciferol, and calcifediol have been shown to be effective in 
lowering PTH secretion in patients with CKD G3, and are useful 
in later stages of CKD to maintain adequate 25-hydroxyvitamin 
D levels for extrarenal functions.27,30 In CKD G4 and G5, activated 
vitamin D analogs must be used to decrease PTH secretion 
in severe hyperparathyroidism.27 Synthetic calcitriol has the 
same biologic activity as endogenous calcitriol. Doxercalciferol 
(1-�-hydroxyvitamin D2) is another vitamin D analog that is 
hydroxylated in the liver to 1,25-dihydroxyvitamin D2, which 
has the same biologic activity as calcitriol. Both calcitriol and 
doxercalciferol upregulate vitamin D receptors in the intestines, 
which increase calcium and phosphorus absorption, increasing 
the risk of hypercalcemia and hyperphosphatemia. It is important 
that serum calcium and phosphorus levels are within the normal 
range for the stage of CKD prior to starting either of these 
therapies. Paricalcitol (19-nor-1,25-dihydroxyvitamin D2) is a 
vitamin D analog that has equal efficacy to calcitriol. Alfacalcidol 
(1-�-hydroxyvitamin D3), falecalcitriol, and 22-oxacalcitriol 
(maxacalcitol) are only available outside the United States.
Calcimimetics. Cinacalcet and etelcalcetide are calcimimetics 
that increase the sensitivity of receptors on the parathyroid gland 
to serum calcium levels to reduce PTH secretion, but have no 
effect on intestinal absorption of calcium or phosphorus, and 
lower serum calcium levels.25,31 Thus, calcimimetics are beneficial 
for patients with elevated PTH levels who have increased 
calcium or phosphorus levels or cannot use vitamin D therapy. 
Calcimimetics should also be used with caution in patients with 
seizure disorders because low serum calcium levels can lower 
the seizure threshold. Cinacalcet is an oral calcimimetic that is 
most widely used for sHPT. GI side effects, including nausea 
and vomiting, can decrease tolerability of cinacalcet for some 
patients. Etelcalcetide is an injectable agent that was recently 
developed to reduce GI side effects. It is administered as an IV 
three times a week after HD, which may improve adherence.31
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▶ Outcome Evaluation
KDIGO guidelines recommend monitoring serum calcium, 
phosphorus and PTH levels early in CKD, with increasing 
frequency as renal function declines. Calcium and phosphorus 
levels should be monitored every 6 to 12 months in CKD G3a-
G3b; every 3 to 6 months in CKD G4, and every 1 to 3 months in 
CKD G5. PTH levels should be monitored every 6 to 12 months 
for CKD G3�G4 and every 3 to 6 months in CKD G5.27

Monitor serum calcium and phosphorus levels regularly in 
patients receiving phosphate-binding agents. When initiating 
therapy, monitor serum levels every 1 to 4 weeks, depending on 
the severity of hyperphosphatemia. Titrate doses of phosphate 
binders to maintain phosphorus levels near normal. Once target 
levels are achieved, monitor serum calcium and phosphorus 
levels every 1 to 3 months. Monitor intact PTH levels monthly 
while initiating vitamin D therapy, then every 3 months once 
stable iPTH levels are achieved. When starting or increasing 
the dose of cinacalcet, monitor serum calcium and phosphorus 
levels within 1 week; iPTH levels should be monitored within 
1 to 4 weeks. Once target levels are achieved, decrease monitoring 
to every 3 months.

Impaired Electrolyte and Acid�Base Homeostasis
The kidney is responsible for regulating homeostasis for sodium, 
potassium, water, and acid�base. Reductions in the number of 

Patient Encounter 3

A 58-year-old Caucasian man with a history of diabetes 
presents to your clinic for a routine follow-up. He has no 
complaints at this time.

PMH: Diabetes, diagnosed 5 years ago; hypertension, 
diagnosed 6 years ago; hyperlipidemia

Current meds: Aspirin 81 mg orally daily; atorvastatin 40 mg 
orally daily; carvedilol 12.5 mg orally twice daily; lisinopril  
20 mg orally daily; glipizide 5mg orally twice daily; sitagliptin 
25 mg orally daily

ROS: Unremarkable

PE:
VS: BP 136/84 mm Hg; P 70 beats/min; T 96.3°F (35.7°C);  
ht 6�1� (185 cm); wt 277 lb (125.9 kg)

CV: RRR, normal S
1
, S

2

Abd: No organomegaly, bruits, tenderness; (+) bowel sounds; 
heme (�) stool

Ext: 2+ edema bilaterally

Labs: Sodium 139 mEq/L (mmol/L); potassium 5.2 mEq/L 
(mmol/L); chloride 109 mEq/L (mmol/L); carbon dioxide  
18 mEq/L (mmol/L); BUN 42 mg/dL (15 mmol/L urea);  
SCr 3.4 mg/dL (301 �mol/L); glucose 124 mg/dL (6.9 mmol/L); 
calcium 9.1 mg/dL (2.3 mmol/L); phosphate 7.2 mg/dL  
(2.33 mmol/L); intact parathyroid hormone (iPTH) 357 pg/mL 
(ng/L; 38.2 pmol/L); WBC 5.6 × 103 cells/mm3 (5.6 × 109/L); RBC 
3.9 × 106 cells/mm3 (3.9 × 1012/L); Hgb 9.8 g/dL (98 g/L;  
6.08 mmol/L); Hct 29% (0.29); platelets 272 × 103 cells/mm3 
(272 × 109/L)

What signs are consistent with CKD mineral and bone 
disorder (MBD)?
What treatment would you recommend for CKD-MBD?

functioning nephrons decrease glomerular filtration regulation 
of electrolytes and acid secretion.

 ▶ Pathophysiology
As the number of functioning nephrons decreases, the remaining 
nephrons are able to increase excretion of sodium, water, 
potassium, and hydrogen ions. However, this is limited and as the 
number of functioning nephrons decreases as CKD progresses, 
total excretion of electrolytes and fluid eventually decreases.

Sodium and water balance is maintained by natriuretic 
peptides, namely atrial natriuretic peptide (ANP), which increases 
sodium excretion in the kidneys. The relative increase in sodium 
excretion by a smaller number of functioning nephrons results 
in an osmotic diuresis that promotes water excretion, but 
impairs the ability of the kidneys to concentrate and dilute urine. 
Thus, urine becomes fixed at an osmolality close to that of the 
plasma, approximately 300 mOsm/kg (mmol/kg), and presents 
as nocturia. Sodium and fluid retention increases intravascular 
volume and raises systemic blood pressure, which can present as 
early as CKD G3a-G3b.32

Potassium excretion occurs in both the distal tubules of the 
kidney and in the GI tract, which is mediated by aldosterone 
stimulation. Aldosterone increases in response to rising serum 
potassium, which then increases potassium excretion in both 
the functioning nephrons and GI tract. This maintains serum 
potassium concentrations within the normal range through CKD 
G1 to G4. Hyperkalemia begins to develop when GFR falls below 
20% of normal, when the number of functioning nephrons and 
renal potassium secretion is so low that the capacity of the GI 
tract to excrete potassium has been exceeded.33

Medications can increase the risk of hyperkalemia in patients 
with CKD, including ACEI and ARBs, used for the treatment of 
proteinuria and hypertension. Potassium-sparing diuretics, used 
for the treatment of edema and chronic heart failure, can also 
exacerbate the development of hyperkalemia, and they should be 
used with caution in patients with CKD G3 or higher.

Hydrogen ions are excreted at the same rate of production 
by the kidney via buffers in the urine created by ammonia 
generation and phosphate excretion to maintain the pH of 
body fluids within a very narrow range. As kidney function 
declines, bicarbonate reabsorption is maintained, but hydrogen 
excretion is decreased because the ability of the kidney to 
generate ammonia is impaired. The positive hydrogen balance 
leads to metabolic acidosis, which is characterized by a serum 
bicarbonate level of 15 to 20 mEq/L (mmol/L), and an elevated 
anion gap greater than 17 mEq/L (mmol/L), resulting in a pH 
less than 7.35. Metabolic acidosis generally presents when the 
GFR declines below 25 mL/min/1.73 m2 (0.24 mL/s/m2).34

Metabolic acidosis contributes to various complications 
associated with CKD. Metabolic acidosis can directly cause bone 
disease, particularly in children, and contribute significantly to 
the bone disease induced by secondary hyperparathyroidism, as 
discussed previously. Metabolic acidosis also decreases hepatic 
albumin synthesis, which contributes to hypoalbuminemia and 
muscle wasting. Furthermore, metabolic acidosis can accelerate 
progression of CKD by causing tubular injury. Reversal of 
metabolic acidosis has been demonstrated to decrease progression 
of CKD, improve bone disease, and increase serum albumin 
concentrations.34

 ▶ Treatment
Nonpharmacologic treatment The kidney is unable to adjust 
to abrupt changes in sodium and potassium intake in patients 
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with severe CKD. Electrolyte disorders resulting from an acute 
increase in intake can be more severe and prolonged.
Sodium and Water. Patients with CKD should be advised to 
refrain from adding salt to their diet but should not restrict 
sodium intake. Changes in sodium intake should occur slowly 
over a period of several days to allow adequate time for the kidney 
to adjust urinary sodium content. Sodium restriction produces a 
negative sodium balance, which causes fluid excretion to restore 
sodium balance. The resulting volume contraction can decrease 
perfusion of the kidney and hasten the decline in GFR. Saline-
containing IV solutions should be used cautiously in patients with 
CKD because the salt load may precipitate volume overload.

Fluid restriction is generally unnecessary as long as sodium 
intake is controlled. The thirst mechanism remains intact in CKD 
to maintain total body water and plasma osmolality near normal 
levels. Fluid intake should be maintained at the rate of urine 
output to replace urine losses, usually fixed at approximately 2 L/day 
as urine concentrating ability is lost. Significant increases in free 

Clinical Presentation and Diagnosis of 
Electrolyte and Acid�Base Abnormalities

General
Alterations in sodium and water balance in CKD manifest as 
increased edema.

Hyperkalemia is generally asymptomatic in patients with 
CKD until serum potassium levels are greater than 5.5 mEq/L 
(mmol/L), when cardiac abnormalities present.

Metabolic acidosis is generally asymptomatic in patients with 
CKD.

Symptoms
Nocturia can present in CKD G3a-G3b.

Edema generally presents in CKD G4 or later.

Mild hyperkalemia and metabolic acidosis are generally not 
associated with overt symptoms.

Symptoms of hyperkalemia generally appear when GFR falls 
below 20 mL/min/1.73 m2 (0.19 mL/s/m2), such as muscle 
weakness, fatigue, nausea, and paresthesias.

Symptoms of chronic metabolic acidosis present as bone 
abnormalities and growth retardation in children.

Signs
Cardiovascular:

Sodium: Worsening hypertension, edema

Potassium: ECG changes (peaked T waves, widened QRS 
complex, loss of P wave)

Genitourinary: Sodium abnormalities result in change in 
urine volume and consistency.

Laboratory Tests
Sodium: Increased blood pressure; sodium levels remain 
within the normal range; urine osmolality is generally fixed at 
300 mOsm/kg (mmol/kg)

Potassium: Increased serum potassium levels

Metabolic acidosis: Decreased serum bicarbonate levels 
(CO

2
); decreased pH

water intake orally or IV can precipitate volume overload and 
hyponatremia. Patients with CKD G5 require RRT to maintain 
normal volume status. Fluid intake is often limited in patients 
receiving HD to prevent fluid overload between dialysis sessions.

Diuretic therapy is often necessary to prevent volume overload 
in patients with CKD in those who still produce urine. When 
GFR falls below 30 ml/min/1.73 m2 (0.29 mL/s/m2), thiazide 
diuretics alone may not be effective in reducing fluid retention.19

Loop diuretics are most frequently used to increase sodium and 
water excretion. As CKD progresses, higher doses, as much as 
80 to 1000 mg/day of oral furosemide, or continuous infusion of 
loop diuretics may be needed, or combination therapy with loop 
and thiazide diuretics to increase sodium and water excretion.19

Potassium. Patients who develop hyperkalemia should restrict 
dietary intake of potassium to 50 to 80 mEq (mmol) per day. 
Potassium concentrations can also be altered in the dialysate for 
patients receiving HD and PD to manage hyperkalemia. Because 
GI excretion of potassium plays a large role in potassium homeo-
stasis in patients with CKD G5, a good bowel regimen is essential 
to minimize constipation. Severe hyperkalemia is most effectively 
managed by HD.

Acute hyperkalemia can be managed medically until dialysis 
can be initiated. Diuretics, sodium polystyrene sulfonate, and 
fludrocortisone are useful in the management of hyperkalemia 
in patients with CKD. Acute hyperkalemia that results in cardiac 
abnormalities can be managed with calcium, insulin, and 
dextrose. The management of hyperkalemia is discussed in more 
detail in Chapter 27. Patiromer is a nonabsorbed potassium-
binding polymer that is used for the treatment of hyperkalemia. 
Patiromer exerts its effect by exchanging calcium for potassium 
in the GI tract to enhance GI secretion of potassium. Serum 
potassium levels are significantly lowered within 7 hours of 
dosing.35 Patiromer should be taken with food to enhance its 
effect and should be separated from all other oral medications 
by 3 hours.

Metabolic Acidosis. Pharmacologic therapy with sodium bi-
carbonate or citrate/citric acid preparations may be needed 
in patients with CKD G3 or higher to replenish body stores 
of bicarbonate. Calcium carbonate, used to bind phosphorus in 
sHPT, also aid in increasing serum bicarbonate levels, in conjunc-
tion with other agents. The management of acidosis is discussed 
in more detail in Chapter 28.

 ▶ Outcome Evaluation
Monitor serum electrolytes and bicarbonate levels regularly. 
Monitor edema after initiation of diuretic therapy. Monitor 
fluid intake to ensure obligatory losses are being met and avoid 
dehydration. If adequate diuresis is not attained with a single 
agent, consider combination therapy with another diuretic, 
such as a loop plus thiazide diuretic. In patients with cardiac 
abnormalities due to elevated potassium levels, monitor ECG 
continuously until serum potassium levels drop below 5 mEq/L 
(mmol/L) or cardiac abnormalities resolve. Evaluate serum 
potassium and glucose levels within 1 hour in patients who 
receive insulin and dextrose therapy. Evaluate serum potassium 
levels within 2 to 4 hours after treatment with patiromer, sodium 
polystyrene sulfonate (SPS), or diuretics. Repeat doses of diuretics 
or SPS if necessary until serum potassium levels fall below  
5 mEq/L (mmol/L). Monitor blood pressure and serum potassium 
levels in 1 week after starting fludrocortisone. Correct metabolic 
acidosis slowly to prevent the development of metabolic alkalosis 
or other electrolyte abnormalities.
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Fluids and Electrolytes
Mark A. Malesker and Lee E. Morrow 27

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Estimate the volumes of various body fluid compartments.

2. Calculate the daily maintenance fluid requirement for patients given their weight and gender.

3. Differentiate among currently available fluids for volume resuscitation.

4. Identify the electrolytes primarily found in the extracellular and intracellular fluid compartments.

5. Describe the unique relationship between serum sodium concentration and total body water (TBW).

6. Review the etiology, clinical presentation, and management for disorders of sodium, potassium, 
calcium, phosphorus, and magnesium.

BODY FLUID COMPARTMENTS

A thorough understanding of the fundamentals of fluid 
and electrolyte homeostasis is essential, given the 
frequency with which clinical disturbances are seen and 

the profound effects these disturbances can have on various 
aspects of patient care. However, the interplay of body fluids, 
serum electrolytes, and clinical monitoring is complex, and a 
thorough command of these issues is a challenging task even 
for advanced practitioners.1 Practitioners must be familiar with 
the key concepts of body compartment volumes, calculation of 
daily fluid requirements, and the various types of fluid available 
for replacement. The management of disorders of sodium, 
potassium, calcium, phosphorus, and magnesium integrates 
these concepts with issues of dose recognition and patient safety.

The most fundamental concept to grasp is an assessment 
of total body water (TBW), which is directly related to body 
weight.  TBW constitutes approximately 50% of lean 
body weight in healthy females and 60% of lean body weight 
in males. For clinical purposes, most clinicians generalize that 
TBW accounts for 60% of lean body weight in adults, regardless 
of gender. The percentage of TBW decreases as body fat increases 
and/or with age (75%�85% of body weight is water for newborns). 
Unless the patient is obese (body weight > 120% of ideal body 
weight [IBW]), clinicians typically use a patient�s actual body 
weight when calculating TBW.2 In obese patients, it is customary 
to estimate TBW using lean body weight or IBW as calculated 
by the Devine�Devine method: males� lean body weight = 50 kg +  
(2.3 kg/in × [height in inches � 60]) and females� lean body 
weight = 45.5 kg + (2.3 kg/in × [height in inches � 60]).3�5 Note 
that 1 kg is equivalent to 2.2 lb, 1 in is equivalent to 2.54 cm, and 
1 L of water weighs 1 kg (2.2 lb).

The intracellular fluid (ICF) represents the water contained 
within cells and is rich in electrolytes such as potassium, 
magnesium, phosphates, and proteins.  The ICF is 
approximately two-thirds of TBW regardless of gender. For a 
70-kg person, this would mean that the TBW is 42 L and the ICF 
is approximately 28 L. Note that ICF represents approximately 
40% of total body weight.
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The extracellular fluid (ECF) is the fluid outside the cell and 
is rich in sodium, chloride, and bicarbonate.  The ECF 
is approximately one-third of TBW (14 L in a 70-kg person) 
and is subdivided into two compartments: the interstitial 
fluid and the intravascular fluid. The interstitial fluid represents 
the fluid occupying the spaces between cells and is about 25% 
of TBW (10.5 L in a 70-kg person). The intravascular fluid (also 
known as plasma) represents the fluid within the blood vessels 
and is about 8% of TBW (3.4 L in a 70-kg person). Because the 
exact percentages are cumbersome to recall, many clinicians 
accept that the ECF represents roughly 20% of body weight 
(regardless of gender) with 15% in the interstitial space and 
5% in the intravascular space.6 Note that serum electrolytes are 
routinely measured from the ECF.

The transcellular fluid includes the viscous components of 
the peritoneum, pleural space, and pericardium, as well as the 
cerebrospinal fluid, joint space fluid, and the gastrointestinal 
(GI) digestive juices. Although the transcellular fluid normally 
accounts for about 1% of TBW, this amount can increase 
significantly during various illnesses favoring fluid collection 
in one of these spaces (eg, pleural effusions or ascites in the 
peritoneum). The accumulation of fluid in the transcellular space 
is often referred to as �third spacing.� To review the calculations 
of the body fluid compartments in a representative patient, see 
Patient Encounter 1.

Fluid balance is assessed by several means each of which 
has its limitations. Blood pressure (BP) measurements estimate 
fluid status relative to the amount of blood volume pumped 
by the heart, but are affected by cardiac function and vascular 
pliability. Patients with significant volume deficiency may appear 
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Patient Encounter 1: Body Fluid 
Compartments

Calculate the TBW, ICF, and ECF in an 82-kg male.
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Acid�Base Disturbances
Lee E. Morrow and Mark A. Malesker 28

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Compare and contrast the four primary acid�base disturbances within the human body.

2. Apply simple formulas in a systematic manner to determine the etiology of simple acid�base 
disturbances and the adequacy of compensation.

3. Integrate the supplemental concepts of the anion gap and the excess gap to further assess for complex 
acid�base disturbances.

4. Discuss the most common clinical causes for each primary acid�base abnormality.

5. Describe the potential clinical complications of altered acid�base homeostasis.

6. Propose an appropriate treatment plan for patients with deranged acid�base physiology.

INTRODUCTION

Given its reputation for complexity and the need to 
memorize innumerable formulas, acid�base analysis 
intimidates many health care providers. In reality, 

acid�base disorders always obey well-defined biochemical and 
physiological principles. The pH determines a patient�s acid�base 
status and an assessment of the bicarbonate (HCO3

�) and arterial 
carbon dioxide (PaCO2) values identifies the underlying process. 
Rigorous use of a systematic approach to arterial blood gases 
(ABGs) increases the likelihood that derangements in acid�base 
physiology are recognized and correctly interpreted. This chapter 
outlines a clinically useful approach to acid�base abnormalities 
and then applies this approach in a series of increasingly complex 
clinical scenarios.

Disturbances of acid�base equilibrium occur in a wide variety 
of illnesses and are among the most frequently encountered 
disorders in critical care medicine. The importance of a 
thorough command of this content cannot be overstated given 
that acid�base disorders are remarkably common and may 
result in significant morbidity and mortality. Although severe 
derangements may affect virtually any organ system, the most 
serious clinical effects are cardiovascular (arrhythmias, impaired 
contractility), neurologic (coma, seizures), pulmonary (dyspnea, 
impaired oxygen delivery, respiratory fatigue, respiratory failure), 
and/or renal (hypokalemia). Changes in acid�base status also 
affect multiple aspects of pharmacokinetics (clearance, protein 
binding) and pharmacodynamics.

PHYSIOLOGY OF ACID�BASE HOMEOSTASIS
Acid�base homeostasis is responsible for maintaining blood 
hydrogen ion concentration [H+] near normal despite the daily 
acidic and/or alkaline loads derived from the intake and metabolism 
of foods. Acid�base status is traditionally represented in terms 
of pH, the negative logarithm of [H+]. Because [H+] is equal to 
24 times the ratio of PaCO2 to HCO3

�, the pH can be altered by 

a change in either the bicarbonate concentration or the dissolved 
carbon dioxide (CO2). A critically important concept is that [H+] 
depends only on the ratio of PaCO2 to HCO3

� and not the absolute 
amount of either. As such, a normal PaCO2 or HCO3

� alone does 
not guarantee that the pH will be normal. Conversely, a normal pH 
does not imply that either the PaCO2 or HCO3

� will be normal.1
 Acid�base homeostasis is tightly regulated by the 

complex, but predictable, interactions of the kidneys, the lungs, 
and various buffer systems. The kidneys control serum HCO3

�

concentration through the excretion or reabsorption of filtered 
HCO3

�, the excretion of metabolic acids, and synthesis of new 
HCO3

�. The lungs control arterial CO2 concentrations through 
changes in the depth and/or rate of respiration. The net result 
is tight regulation of the blood pH by these three distinct 
mechanisms working in harmony: extracellular HCO3

� and 
intracellular protein buffering systems; pulmonary regulation of 
PaCO2, effectively allowing carbonic acid to be eliminated by the 
lungs as CO2; and renal reclamation or excretion of HCO3

� and 
excretion of acids such as ammonium.

Because the kidneys excrete less than 1% of the estimated 
13,000 mEq (mmol) of H+ ions generated in an average day, 
renal failure can be present for prolonged periods before life-
threatening imbalances occur. Conversely, cessation of breathing 
for minutes results in profound acid�base disturbances.1

The best way to assess a patient�s acid�base status is to review 
the results of an ABG specimen. ABG analyzers directly measure 
the pH and PaCO2, while the HCO3

� value is calculated using the 
Henderson�Hasselbalch equation. A more direct measure of serum 
HCO3

� is obtained by measuring the total venous carbon dioxide 
(tCO2). Because dissolved CO2 is almost exclusively in the form 
of HCO3

�, tCO2 is essentially equivalent to the measured serum 
HCO3

� concentration. This value (HCO3
�) is routinely reported 

on basic chemistry panels. In the remainder of this chapter, the pH 
and PaCO2 values should be assumed to come from an ABG while 
HCO3

� values should be considered to be the measured serum 
concentration.
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BASIC PATHOPHYSIOLOGY
Under normal circumstances, the arterial pH is tightly regulated 
between 7.35 and 7.45. Acidemia is an abnormally low arterial 
blood pH (< 7.35) while acidosis is a pathologic process that 
acidifies body fluids. Similarly, alkalemia is an abnormally high 
arterial blood pH (> 7.45) while alkalosis is a pathologic process 
that alkalinizes body fluids. As such, although a patient can 
simultaneously have acidosis and alkalosis, the end result will be 
acidemia or alkalemia.

Changes in the arterial pH are driven by changes in the PaCO2
and/or the serum HCO3

�. CO2 is a volatile acid regulated by the 
depth and rate of respiration. Because CO2 can be either �blown 
off � or �retained� by the respiratory system, it is referred to as 
being under respiratory control.  Respiratory acidosis 
and alkalosis result from primary disturbances in the arterial 
CO2 concentration. Metabolic compensation for respiratory 
disturbances is a slow process, often requiring days for the 
serum HCO3

� to reach the steady state.  Respiratory 
acidosis is caused by respiratory insufficiency resulting in an 
increased arterial CO2 concentration. The compensation for 
respiratory acidosis (if present for prolonged periods) is an 
increase in serum HCO3

�.  Respiratory alkalosis is 
caused by hyperventilation resulting in a decreased arterial CO2
concentration. The compensation for respiratory alkalosis (if 
present for prolonged periods) is a decrease in serum HCO3

�.
A respiratory acid�base disorder is a pH disturbance caused 

by pathologic alterations of the respiratory system or its central 
nervous system (CNS) control. Such an alteration may result in 
the accumulation of PaCO2 beyond normal limits (> 45 mm Hg  
[6.0 kPa]), a situation termed respiratory acidosis, or it may result 
in the loss of PaCO2 beyond normal limits (< 35 mm Hg or 
4.7 kPa), a condition termed respiratory alkalosis. Variations in 
respiratory rate and/or depth allow the lungs to achieve changes 
in the PaCO2 very quickly (within minutes).

HCO3
� is a base regulated by renal metabolism via the enzyme 

carbonic anhydrase. As such, HCO3
� is often referred to as 

being under metabolic control.  Metabolic acidosis 
and alkalosis result from primary disturbances in the serum 
HCO3

� concentration. Respiratory compensation of metabolic 
disturbances begins within minutes and is complete within  
12 hours.  Metabolic acidosis is characterized by a 
decrease in serum HCO3

�. The anion gap is used to narrow the 
differential diagnosis because metabolic acidosis may be caused 
by the addition of acids (increased anion gap) or loss of HCO3

�

(normal anion gap). The compensation for metabolic acidosis 
is an increase in ventilation with a decrease in arterial CO2.

 Metabolic alkalosis is characterized by an increase in 
serum HCO3

�. This disorder requires loss of fluid that is low in 
HCO3

� from the body or addition of HCO3
� to the body. The 

compensation for metabolic alkalosis is a decrease in ventilation 
with an increase in arterial CO2.

A metabolic acid�base disorder is a pH disturbance caused 
by derangement of the pathways responsible for maintaining a 
normal HCO3

� concentration. This may result in a pathologic 
accumulation of HCO3

� (> 26� mEq/L [mmol/L]), a condition 
termed metabolic alkalosis, or it may result in the loss of HCO3

�

beyond normal (< 22 mEq/L [mmol/L]), a condition termed 
metabolic acidosis. In contrast to the lungs� rapid effects on CO2, 
the kidneys change the HCO3

� very slowly (hours to days).
Respiratory and metabolic derangements can occur in isolation 

or in combination. If a patient has an isolated primary acid�base 
disorder that is not accompanied by another primary acid�base 
disorder, a simple (uncomplicated) disorder is present. The most 
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Table 28�1
The Six Simple Acid�Base Disorders

Type of 
Disorder pH PaCO2

a HCO3
�

1.  Metabolic 
acidosis

� Decreasedb

PaCO
2
 = (1.5 × 

HCO
3

�) + 8

Decreasedc

2.  Metabolic 
alkalosis

� Increasedb

PaCO
2
 = (0.9 × 

HCO
3

�) + 15

Increasedc

3.  Acute 
respiratory 
acidosis

� Increasedc Approximately normal 
�HCO

3
�= 0.1 × �PaCO

2
a

4.  Chronic 
respiratory 
acidosis

� Increasedc Increasedd

�HCO
3

� = 0.35 × �PaCO
2

a

5.  Acute 
respiratory 
alkalosis

� Decreasedc Approximately normal
�HCO

3
� = 0.2 × �PaCO

2
a

6.  Chronic 
respiratory 
alkalosis

� Decreasedc Decreasedd

�HCO
3
 = 0.4 × �PaCO

2
a

aPaCO
2
 in mm Hg and is calculated from kPa by dividing by 0.133.

bRespiratory compensation: If inappropriate, see Table 28�2.
cPrimary disorder.
dMetabolic compensation: If inappropriate, see Table 28�2.

common clinical disturbances are simple acid�base disorders. 
If two or three primary acid�base disorders are simultaneously 
present, the patient has a mixed (complicated) disorder. More 
complex clinical situations lead to mixed acid�base disturbances. 
Because CO2 is a volatile acid, it can rapidly be changed by the 
respiratory system. If a respiratory acid�base disturbance is present 
for minutes to hours, it is considered an acute disorder, while if it 
is present for days or longer, it is considered a chronic disorder. By 
definition, the metabolic machinery that regulates HCO3

� results 
in slow changes, and all metabolic disorders are chronic.

Changes that follow the primary disorder and attempt to 
restore the blood pH to normal are referred to as compensatory 
changes. It should be stressed that compensation never 
normalizes the pH. Because all metabolic acid�base disorders 
are chronic and the normal respiratory system can quickly alter 
the PaCO2, essentially all metabolic disorders are accompanied 
by some degree of respiratory compensation.2,3 Similarly, chronic 
respiratory acid�base disorders are typically accompanied by 
attempts at metabolic compensation.4,5 However, with acute 
respiratory acid�base disorders there is insufficient time for the 
metabolic pathways to compensate significantly.6 As such, acute 
respiratory derangements are essentially uncompensated.

The amount of compensation (metabolic or respiratory) can 
be reliably predicted based on the degree of derangement in 
the primary disorder. Table 28–1 outlines the simple acid�base 
disorders and provides formulas for calculating the expected 
compensatory responses.7 Although it is not mandatory 
to memorize these formulas in order to interpret acid�base 
problems, they can be helpful tools. If the measured values differ 
markedly from the calculated values (the measured serum HCO3

�

is > 2 mEq/L [mmol/L] from the calculated value or the measured 
PaCO2 is > 4 mm Hg [0.5 kPa] from the calculated value), a 
second acid�base disorder is present as outlined in Table 28–2.
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Table 28�2
Diagnosis of Concurrent Acid�Base Disturbances When 
Compensation Is Inappropriate

Primary Acid�Base 
Disturbance

Assessment of 
Compensation

Concurrent Acid�
Base Disturbance

Metabolic acidosis PaCO
2
 too lowa

PaCO
2
 too higha

Respiratory alkalosis
Respiratory acidosis

Metabolic alkalosis PaCO
2
 too lowa

PaCO
2
 too higha

Respiratory alkalosis
Respiratory acidosis

Respiratory acidosis HCO
3

� too lowb

HCO
3

� too highb

Metabolic acidosis
Metabolic alkalosis

Respiratory alkalosis HCO
3

� too lowb

HCO
3

� too highb

Metabolic acidosis
Metabolic alkalosis

aMeasured PaCO
2
 more than 4 mm Hg (0.5 kPa) from the calculated 

value.
bMeasured HCO

3
� more than 2 mEq/L (mmol/L) from the calculated 

value.

DIAGNOSIS
When given an ABG for interpretation, it is essential to use 
an approach that is focused yet comprehensive.8 An algorithm 
illustrating this concept is shown in Figure 28–1. Using this 
algorithm, step 1 is to identify all abnormalities in the pH, 
PaCO2, and/or HCO3

� and then decide which abnormal values 
are primary and which are compensatory. This is best done by 
initially looking at the pH. Whichever side of 7.40 the pH is 
on, the process that caused it to shift to that side is the primary 
abnormality. If the arterial pH is lower than 7.40 (acidemia), an 
elevated PaCO2 (> 45 mm Hg [6.0 kPa], respiratory acidosis) or 
a lowered HCO3

� (< 22 mEq/L [mmol/L], metabolic acidosis) 
would be the primary abnormality. If the arterial pH is higher than  
7.40 (alkalemia), a decreased PaCO2 (< 35 or 4.7 kPa, respiratory 
alkalosis) or an increased HCO3

� (> 25 mEq/L [mmol/L], metabolic 
alkalosis) would be the primary abnormality. Once the primary 
disorder is established, step 2 is to apply the formulas from Table 28�1 
to assess whether the observed compensation is appropriate for the 
primary disorder and to look for concurrent processes.7

An alternative to a diagnostic algorithm is use of a graphic 
nomogram.9 Nomograms are plots of the pH, PaCO2, and 
HCO3

� that allow the user to rapidly determine whether ABG 
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Patient Encounter 1

An unconscious 27-year-old Afghanistan war veteran is 
brought to the emergency department by his wife who 
found him unconscious when she returned home from work. 
She reports that he is on disability and that the pain clinic 
has been making �lots of changes to all his pain pills� for the 
veteran�s chronic low back pain. The initial ABG has a pH 
of 7.20 with a PaCO

2
 of 65 mm Hg (8.6 kPa), and the serum 

HCO
3
 is 27 mEq/L (mmol/L).

What is the primary acid–base disorder?
Is there a mixed disorder?
Given the clinical history, what is the most likely explanation 
for the ABG findings?

Patient Encounter 2

The next patient is a 39-year-old man with advanced 
emphysema due to �

1
 antitrypsin deficiency who is undergoing 

evaluation for lung transplantation. An ABG drawn as a routine 
part of the transplant workup shows a pH of 7.34, a PaCO

2
 of 

70 mm Hg (9.3 kPa), and an HCO
3

� of 35 mEq/L (mmol/L).

What is the primary acid–base disorder?
Is there a mixed disorder?
Given the clinical history, what is the most likely explanation 
for the ABG findings?

Patient Encounter 3

A healthy 19-year-old undergraduate student is having an 
ABG drawn as part of a clinical trial she is participating in as 
a control. Her ABG shows a pH of 7.50, a PaCO

2
 of 29 mm Hg 

(3.9 kPa), and an HCO
3

� of 22 mEq/L (mmol/L).

What is the primary acid–base disorder?
Is there a mixed disorder?
Given the clinical history, what is the most likely explanation 
for the ABG findings?

Patient Encounter 4

An 87-year-old man has small vessel ischemic cardiomyopathy 
and chronic congestive heart failure as a complication of 
mantle field radiation he received for lymphoma in the early 
1960s. He requires daily furosemide (Lasix) therapy to remain 
euvolemic. An ABG was drawn for increasing dyspnea and 
shows the following: pH of 7.50, a PaCO

2
 of 47 mm Hg (6.3 kPa), 

and an HCO
3

� of 36 mEq/L (mmol/L).

What is the primary acid–base disorder?
Is there a mixed disorder?
Given the clinical history, what is the most likely explanation 
for the ABG findings?

Patient Encounter 5

The final patient in this section is a 46-year-old woman with 
end-stage renal disease who was sent to the emergency 
room (ER) from the dialysis center for evaluation of 
hypotension. Upon arrival to dialysis she complained of 
several days of diarrhea and dizziness when standing. When 
her physical examination confirmed orthostatic changes in 
her blood pressure, she was sent to the ER without initiation 
of dialysis. Her ABG in the ER shows a pH of 7.20, a PaCO

2
 of 

20 mm Hg (2.7 kPa), and an HCO
3

� of 8 mEq/L (mmol/L).

What is the primary acid–base disorder?
Is there a mixed disorder?
Given the clinical history, what is the most likely explanation 
for the ABG findings?
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Respiratory
acidosis

Metabolic
acidosis

Step 2: Assess Adequacy of Compensation

Step 3: Calculate the Anion Gap

Anion gap less than 12:
No anion gap metabolic acidosis

Anion gap 12 or more:
Anion gap metabolic acidosis

Step 4: Calculate the Excess Gap

Excess gap = Calculated anion gap � 12

Measured HCO �
3 � Excess gap less than 22:

Concurrent nonanion gap metabolic acidosis
Measured HCO �

3 � Excess gap greater than 26:
Concurrent metabolic alkalosis

Anion gap � Na����(Cl����HCO �
3 )

Acute

Expected �HCO �
3 =

(0.1 ���PaCO2 )
Expected �HCO �

3 =
(0.35 ���PaCO2 )

Expected �HCO �
3 =

(0.2 ���PaCO2 )
Expected �HCO �

3 =
(0.4 ���PaCO2 )

Chronic Acute Chronic

 Expected PaCO2 =
(1.5 � HCO �

3 ) � 8
 Expected PaCO2 =

(0.9 � HCO �
3 ) � 15

Respiratory
alkalosis

Metabolic
alkalosis

Step 1: Establish the Primary Disorder

pH less than 7.35
(acidemia)

PaCO2 greater than
45 mm Hg

Respiratory
acidosis

Metabolic
acidosis

Respiratory
alkalosis

Metabolic
alkalosis

HCO �
3 less than

22 mmol/L
PaCO2 less than

35 mm Hg
HCO �

3 greater than
26 mmol/L

pH greater than 7.45
(alkalemia)

FIGURE 28�1. An algorithmic approach to acid�base disorders. Normal values: pH 7.35 to 7.45, PaCO
2
 35 to 45 mm Hg (4.7 to  

6.0 kPa), HCO
3

� 22 to 26 mEq/L (mmol/L), anion gap less than 12 mEq/L (mmol/L). Note that PaCO
2
 should be in units of mm Hg to  

use the equations in the figure. To convert PaCO
2
 in units of kPa to mm Hg, divide by 0.133. (Cl�, chloride ion; HCO

3
�, bicarbonate;  

Na+, sodium ion; PaCO
2
, partial pressure of arterial carbon dioxide.)

values are consistent with one of the six simple primary acid�
base disturbances. Although nomograms are commonly used 
to identify acid�base disturbances in clinical practice, only 
individuals who fully comprehend the fundamental concepts 
of acid�base assessment should use these tools. Also, appreciate 
that nomograms have limited utility when dealing with complex 
acid�base derangements.

Acid�base disturbances are always manifestations of underlying 
clinical disorders. It is useful to specifically define the primary 
acid�base abnormality because each disorder is caused by a 

limited number of disease processes. Establishing the specific 
disease process responsible for the observed acid�base disorder 
is clinically important because treatment of a given disorder will 
only be accomplished by correcting the underlying disease process.

ADVANCED PATHOPHYSIOLOGY
The concepts in this section are used to further expand on steps 
3 and 4 of the diagnostic algorithm shown in Figure 28�1. Under 
normal circumstances, the serum is in the isoelectric state. This 
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Table 28�3
Mnemonics for the Differential Diagnoses of Metabolic 
Acidosis

Elevated Anion Gapa Normal Anion Gapa

M�Methanol, metformin
U�Uremia
D�Diabetic (or alcoholic) 

ketoacidosis
P�Paraldehyde, phenformin
I�Isoniazid, iron
L�Lactic acidosis
E�Ethylene glycol, ethanol
S�Salicylates

U�Ureteral diversion
S�Saline infusion
E�Exogenous acid
D�Diarrhea
C�Carbonic anhydrase 

inhibitors
A�Adrenal insufficiency
R�Renal tubular acidosis

aAnion gap = serum sodium concentration � (serum chloride 
concentration + serum bicarbonate concentration). Under normal 
circumstances, the anion gap should be 10 mEq/L (mmol/L) or less.

means that the positively charged entities reported in a standard 
chemistry panel (cations: sodium [Na+] and potassium [K+]) 
should be exactly balanced by the negatively charged entities 
(anions: chloride [Cl�] and bicarbonate [HCO3

�]). However, this 
relationship is consistently incorrect because the measured cations 
are higher than the measured anions by 10 to 12 mEq/L (mmol/L). 
This discrepancy results from the presence of unmeasured anions 
(eg, circulating proteins, phosphates, and sulfates). This apparent 
difference in charges, the serum anion gap, is calculated as 
follows: 

Anion gap = Na+ � (Cl� + HCO3
�)

Because the serum K+ content is relatively small and is very 
tightly regulated, it is generally omitted from the calculation.10

It is important to realize that the serum HCO3
� concentration 

may be affected by the presence of unmeasured endogenous 
acids (lactic acid or ketoacids). HCO3

� will attempt to buffer 
these acids, resulting in a 1 mEq (mmol) loss of serum HCO3

�

for each 1 mEq (mmol) of acid titrated. Because the cation side 
of the equation is not affected by this transaction, the loss of 
serum HCO3

� results in an increase in the calculated anion 
gap. Identification of an increased anion gap is very important 
because a limited number of clinical scenarios lead to this 
unique acid�base disorder. A mnemonic to recall the differential 
diagnosis for an anion gap acidosis is shown in Table 28–3. The 
concept of the increased anion gap is applied later in Patient 
Encounters 6 through 10.

Step 3 in Figure 28�1 suggests that any time an ABG is 
analyzed it is wise to concurrently inspect the serum chemistry 
values and to calculate the anion gap. The body does not generate 
an anion gap to compensate for a primary disorder. As such, 
if the calculated anion gap exceeds 12 mEq/L (mmol/L), there 
is a primary metabolic acidosis regardless of the pH or the 
serum HCO3

� concentration. The anion gap may be artificially 
lowered by decreased serum albumin, multiple myeloma, lithium 
intoxication, or a profound increase in the serum potassium, 
calcium, or magnesium.11

Step 4 in Figure 28�1 shows how calculation of the anion gap 
also facilitates determination of the excess gap or the degree to 
which the calculated anion gap exceeds the normal anion gap. 
The excess gap is calculated as follows:

Excess gap = calculated anion gap � normal anion gap 
= [Na+ � (Cl� + HCO3

�)] � 12
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The excess gap represents the amount of HCO3
� that has been 

lost due to buffering unmeasured cations. The excess gap can 
be added back to the measured HCO3

� to determine what the 
patient�s HCO3

� would be if these endogenous acids were not 
present. This is a very valuable tool that can be used in narrowing 
the differential diagnosis of certain acid�base disorders as well as 
in uncovering occult or mixed acid�base disorders.

In summary, the approach to assessment of acid�base status 
involves four key steps as outlined in Figure 28�1: step 1 = initial 
inspection of the pH, PaCO2, and HCO3

�; step 2 = assessment of 
the adequacy of compensation; step 3 = calculation of the anion 
gap; and step 4 = calculation of the excess gap.

ETIOLOGY AND TREATMENT
 ABGs, serum electrolytes, physical examination 

findings, the clinical history, and the patient�s recent medications 
must be reviewed in order to establish the etiology of a given 
acid�base disturbance. Tables 28�3 through 28�7 outline the 
most commonly encountered causes for each of the primary 
acid�base disorders. The therapeutic approach to each of these 
acid�base derangements should emphasize a search for the cause, 
as opposed to immediate attempts to normalize the pH.

 It is critical to treat the underlying causative 
process to effectively resolve most observed acid�base disorders. 
However, supportive treatment of the pH and electrolytes is often 
needed until the underlying disease state is improved.12,13

All patients with significant disturbances in their acid�base 
status require continuous cardiovascular and hemodynamic 
monitoring. Because frequent assessment of the patient�s 
response to treatment is critical, an arterial line is often placed 
to minimize patient discomfort with serial ABG collections. 
If the anion gap was initially abnormal, serial chemistries 
should be followed to ensure that the anion gap resolves with 
treatment. Specific treatment decisions depend on the underlying 
pathophysiologic state (eg, dialysis for renal failure, insulin 
for diabetic ketoacidosis, or improving tissue perfusion and 
oxygenation for lactic acidosis).

Metabolic Acidosis
Metabolic acidosis is characterized by a reduced arterial pH, a 
primary decrease in the HCO3

� concentration, and a compensatory 
reduction in the PaCO2. The etiologies of metabolic acidosis are 
divided into those that lead to an increase in the anion gap and 
those associated with a normal anion gap and are listed in 
Table 28–4. Although there are numerous mnemonics to recall 
the differential diagnosis of the metabolic acidosis, two simple 
ones are shown in Table 28�3. High anion gap metabolic acidosis 
is most frequently caused by lactic acidosis, ketoacidosis, and/
or renal failure. Although there is considerable variation, the 
largest anion gaps are caused by ketoacidosis, lactic acidosis, and 
methanol or ethylene glycol ingestion.14

Symptoms of metabolic acidosis are attributable to changes 
in cardiovascular, musculoskeletal, neurologic, or pulmonary 
functioning. Respiratory compensation requires marked 
increases in minute ventilation and may lead to dyspnea, 
respiratory fatigue, and respiratory failure. Acidemia predisposes 
to ventricular arrhythmias and reduces cardiac contractility, 
each of which can result in pulmonary edema and/or systemic 
hypotension.15 Neurologic symptoms range from lethargy to 
coma and are usually proportional to the severity of the pH 
derangement. Chronic metabolic acidosis leads to a variety of 
musculoskeletal problems including impaired growth, rickets, 
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osteomalacia, or osteopenia. These changes are believed to be 
caused by the release of calcium and phosphate during bone 
buffering of excess H+ ions.

As previously discussed, in anion gap metabolic acidosis, 
the isoelectric state is maintained because unmeasured anions 
are present. With a normal anion gap metabolic acidosis, the 
isoelectric state is maintained by an increase in the measured 
chloride. Because of this, normal anion gap metabolic acidosis is 
often referred to as hyperchloremic acidosis.

Patient Encounter 6

A 19-year-old woman with Prader-Willi Syndrome and 
hyperphagia is admitted to the intensive care unit after 
ingesting an unknown quantity of aspirin tablets. Her 
presenting labs show a pH of 7.50, a PaCO

2
 of 20 mm Hg  

(2.7 kPa), an HCO
3

� of 16 mEq/L (mmol/L), a sodium 
concentration of 140 mEq/L (mmol/L), and a chloride level of 
103 mEq/L (mmol/L).

What is the primary acid–base disorder?
Is there a mixed disorder?
Given the clinical history, what is the most likely explanation 
for the ABG findings?

Patient Encounter 7

A 56-year-old man is brought to the emergency room by 
his family. Because he has not felt well for the past week, 
he skipped his last three routine hemodialysis sessions. 
He had the onset of vomiting and confusion 2 days ago 
but consistently refused medical evaluation. When family 
members found him unresponsive today they called 911. 
Lab analyses show: pH of 7.40, PaCO

2
 of 40 mm Hg (5.3 kPa), 

HCO
3

� of 24 mEq/L (mmol/L), sodium concentration of  
145 mEq/L (mmol/L), and chloride level of 100 mEq/L (mmol/L).

What is the primary acid–base disorder?
Is there a mixed disorder?
Given the clinical history, what is the most likely explanation 
for the ABG findings?

Patient Encounter 8

A boisterous, intoxicated 44-year-old woman is brought to 
the ER by rescue squad after police found her disrupting 
traffic by blocking multiple lanes of a very busy city street 
with her bicycle and personal belongings. Shortly after arrival 
in the ER she has multiple episodes of bloody emesis with an 
obvious aspiration event. She is transferred to the ICU where 
she becomes progressively hypoxic and requires intubation 
and mechanical ventilation during the ensuing hours. Her 
ABG immediately postintubation shows a pH of 7.50, a PaCO

2
 

of 20 mm Hg (2.7 kPa), an HCO
3

� of 15 mEq/L (mmol/L), a 
sodium concentration of 145 mEq/L (mmol/L), and a chloride 
level of 100 mEq/L (mmol/L).

What is the primary acid–base disorder?
Is there a mixed disorder?
Given the clinical history, what is the most likely explanation 
for the ABG findings?

Patient Encounter 9

A frail, 69-year-old man is being evaluated for altered mental 
status. His wife says he has suffered from �stomach flu� for 
several days and has experienced frequent bouts of bilious 
emesis. He is a poorly controlled diabetic and his wife states 
that she stopped giving him his insulin since he has not 
been able to eat. He became more somnolent yesterday 
but she was unable to bring him to the ER because she was 
hosting a bridge party. She called an ambulance today when 
she noticed his breathing was very slow and shallow. The 
blood work drawn prior to urgent intubation shows a pH of 
7.10, a PaCO

2
 of 50 mm Hg (6.7 kPa), an HCO

3
� of 15 mEq/L 

(mmol/L), a sodium concentration of 145 mEq/L (mmol/L), 
and a chloride level of 100 mEq/L (mmol/L).

What is the primary acid–base disorder?
Is there a mixed disorder?
Given the clinical history, what is the most likely explanation 
for the ABG findings?

Table 28�4

Common Causes of Metabolic Acidosis

Elevated Anion Gapa Normal Anion Gapa

Intoxications Bowel fistula
 Methanol Diarrhea
 Ethylene glycol Dilutional acidosis
 Salicylates Drugs
 Paraldehyde   Acetazolamideb

 Isoniazid   Ammonium chlorideb

Ketoacidosis   Amphotericin Bb

 Diabetic   Arginine hydrochloridec

 Ethanol   Cholestyramineb

 Starvation   Hydrochloric acidb

Lactic acidosis   Lithiumb

Carbon monoxide poisoning   Parenteral nutritionb

Drugs   Topiramateb

 IV lorazepam (due to vehicle)c   Zonisamideb

 Metforminb Lead poisoning
 Nitroprusside (due to cyanide  
 accumulation)b

Renal tubular acidosis
Surgical drains
Ureteral diversion
Villous adenomas (some)
 

 Nucleoside reverse transcriptase  
 inhibitorsb

 Propofolc

Seizures
Severe hypoxemia
Shock  
Renal failure  

aAnion gap = serum sodium concentration � (serum chloride 
concentration + serum bicarbonate concentration). Under normal 
circumstances, the anion gap should be 10 mEq/L (mmol/L) or less.
bMay be observed with therapeutic doses or overdoses.
cTypically observed with overdoses or prolonged, high-dose 
infusions (the so-called propofol infusion syndrome).
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In patients with a normal anion gap metabolic acidosis, it is 
often helpful to calculate the urine anion gap (UAG).16 The UAG 
is calculated as follows:

UAG = (Urine Na+ + Urine K+) � Urine Cl�

The normal UAG ranges from 0 to 5 mEq/L (mmol/L) 
and represents the presence of unmeasured urinary anions. 
In metabolic acidosis, the excretion of NH4

+ and concurrent 
Cl� should increase markedly if renal acidification capacity 
is intact. This results in UAG values from �20 to �50 mEq/L 
(mmol/L). This occurs because the urinary Cl� concentration 
now markedly exceeds the urinary Na+ and K+ concentrations. 
Diagnoses consistent with an excessively negative UAG 
include proximal (type 2) renal tubular acidosis, diarrhea, or 
administration of acetazolamide or hydrochloric acid (HCl). 
Excessively positive values of the UAG suggest a distal (type 1) 
renal tubular acidosis.

In order to effectively treat metabolic acidosis, the causative 
process must be identified and treated.17 The precise role of 
adjunctive therapy with sodium bicarbonate (NaHCO3) is not 
universally agreed upon. However, most practitioners accept that 
NaHCO3 is indicated when renal dysfunction precludes adequate 
regeneration of HCO3

� or when severe acidemia (pH < 7.15) is 
present. The metabolic acidosis seen with lactic acidosis and 
ketoacidosis generally resolves with therapy targeted at the 
underlying cause, and NaHCO3 may be unnecessary regardless 
of the pH. The metabolic acidosis of renal failure, renal tubular 
acidosis, or intoxication with ethylene glycol, methanol, or 
salicylates is much more likely to require NaHCO3 therapy.

If NaHCO3 is used, the plasma HCO3
� should not be corrected 

entirely. Instead, aim at increasing HCO3
� above an absolute value 

of 10 mEq/L (mmol/L). The total HCO3
� deficit can be calculated 

from the current bicarbonate concentration (HCO3
�

curr), the 
desired bicarbonate concentration (HCO3

�
post), and the body 

weight (in kilograms) as follows: 

 HCO3
� deficit = [(2.4/HCO3

�
curr) + 0.4] 

  × weight × (HCO3
�

curr � HCO3
�

post)

No more than half of the calculated HCO3
� deficit should 

be given initially to avoid volume overload, hypernatremia, 
hyperosmolarity, overshoot alkalemia, hypocalcemia, and/or 
hypokalemia. The calculated HCO3

� deficit reflects only the 
present situation and does not account for ongoing H+ production 
and HCO3

� loss. When giving HCO3
� therapy, serial blood gases 

are needed to monitor therapy.
Historically, another option for patients with severe acidemia 

has been tromethamine (tris-hydroxymethyl aminomethane 
or THAM).18 This inert amino alcohol buffers acids and CO2 
through its amine (�NH2) moiety: 

THAM � NH2 + H+ = THAM � NH3
+

THAM � NH2 + H2O + CO2 = THAM � NH3
+ + HCO3

Protonated THAM (with Cl� or HCO3
�) is excreted in the 

urine at a rate that is slightly higher than creatinine clearance. 
As such, THAM augments the buffering capacity of the blood 
without generating excess CO2. THAM is less effective in patients 
with renal failure, and toxicities may include hyperkalemia, 
hypoglycemia, and possible respiratory depression. THAM is 
particularly useful in patients with volume overload because it 
does not contain sodium.

THAM is often administered as an empiric dose of 18 g 
(150 mEq [mmol]) in 500 mL water via slow intravenous (IV) 
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Table 28�5
Common Causes of Metabolic Alkalosis

Urine Cl� < 10 mEq/L  
(mmol/L)

Urine Cl� > 10 mEq/L 
(mmol/L)

Alkali administration Drugsa

 IV bicarbonate therapy   Corticosteroid therapy
 Oral alkali therapy  Diuretics

Parenteral nutrition with acetate Hypokalemia
�Contraction alkalosis� postdiuretic 

use
Mineralocorticoid excess
  Hyperaldosteronism

Decreased chloride intake   Bartter syndrome
Loss of gastric acid  Cushing syndrome

 Vomiting  
 Nasogastric suction  

Posthypercapnia  
Villous adenomas (some)

aMay be observed with therapeutic doses or overdoses.

infusion. Additional infusions are given as dictated by the 
severity and progression of acidosis. Unfortunately, the only US 
manufacturer of THAM discontinued its production in 2016 and 
no future production is anticipated.

Chronic metabolic acidosis can successfully be managed using 
potassium citrate/citric acid (Polycitra-K, Cytra-K) or sodium 
citrate/citric acid (Bicitra, Oracit).

Metabolic Alkalosis
Metabolic alkalosis is characterized by an increased arterial 
pH, a primary increase in the HCO3

� concentration, and a 
compensatory increase in the PaCO2. Patients will always 
hypoventilate to compensate for metabolic alkalosis�even if 
it results in profound hypoxemia. For a metabolic alkalosis to 
persist there must concurrently be a process that elevates serum 
HCO3

� concentration (gastric or renal loss of acids) and another 
that impairs renal HCO3

� excretion (hypovolemia, hypokalemia, 
or mineralocorticoid excess). The etiologies of metabolic alkalosis 
are listed in Table 28–5.

Patients with metabolic alkalosis rarely have symptoms 
attributable to alkalemia. Rather, complaints are usually related to 
volume depletion (muscle cramps, positional dizziness, weakness) 
or to hypokalemia (muscle weakness, polyuria, polydipsia).

In order to effectively treat metabolic alkalosis, the causative 
process must be identified and treated. The major causes of 
metabolic alkalosis are often readily apparent after carefully 
reviewing the patient�s history and medication list. In hospitalized 
patients, always look for administration of compounds such 
as citrate in blood products and acetate in parenteral nutrition 
that can raise the HCO3

� concentration. If the etiology of the 
metabolic alkalosis is still unclear, measurement of the urinary 
chloride may be useful. Some processes leading to metabolic 
alkalosis (eg, vomiting, nasogastric suction losses, factitious 
diarrhea) will have low urinary Cl� concentrations (< 25 mEq/L 
[mmol/L]) and are likely to respond to administration of saline. 
Other causes (eg, diuretics, hypokalemia, and mineralocorticoid 
excess) will have higher urinary Cl� concentrations (> 40 mEq/L 
[mmol/L]) and are less likely to correct with saline infusion.

In general, contributing factors such as diuretics, nasogastric 
suction, and corticosteroids should be discontinued if possible. 
Any fluid deficits should be treated with IV normal saline. Again, 
patients with metabolic alkalosis and high urine Cl� (while relatively 
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uncommon) are generally resistant to saline loading. Potassium 
supplementation should always be given if it is also deficient.

In patients with mild or moderate alkalosis who require 
ongoing diuresis but have rising HCO3

� concentrations, the carbonic 
anhydrase inhibitor acetazolamide can be used to reduce the  
HCO3

� concentration. Acetazolamide is typically dosed at 250 mg  
every 6 to 12 hours as needed to maintain the pH in a clinically 
acceptable range. This agent results in gradual changes in the 
serum HCO3

� and is not used to acutely correct a patient�s 
acid�base status. If alkalosis is profound and potentially life 
threatening (due to seizures or ventricular tachyarrhythmias), 
hemodialysis or transient HCl infusion can be considered. The 
hydrogen ion deficit (in mEq or mmol) can be estimated from 
the current bicarbonate concentration (HCO3

�
curr), the desired 

bicarbonate concentration (HCO3
�

post), and the body weight (in 
kg) as follows: 

H+ deficit = 0.4 × weight × (HCO3
�

curr � HCO3
�

post)

After estimating the H+ deficit, 0.1 to 0.2 N HCl is infused 
at 20 to 50 mEq/h (mmol/h) into a central vein. Arterial pH 
must be monitored at least hourly and the infusion stopped as 
soon as clinically feasible. Ammonium chloride and arginine 
hydrochloride, agents that result in the formation of HCl, are 
not commonly prescribed because they may lead to significant 
toxicity. Ammonium chloride may cause accumulation of 
ammonia leading to encephalopathy while arginine hydrochloride 
can induce life-threatening hyperkalemia through unclear 
mechanisms.

Respiratory Acidosis
Respiratory acidosis is characterized by a reduced arterial pH, 
a primary increase in the arterial PaCO2 and, when present for 
sufficient time, a compensatory rise in the HCO3

� concentration. 
Because increased CO2 is a potent respiratory stimulus, respiratory 
acidosis represents ventilatory failure or impaired central control 
of ventilation as opposed to an increase in CO2 production. 
As such, most patients will have hypoxemia in addition to 
hypercapnia. The most common etiologies of respiratory acidosis 
are listed in Table 28–6.

Severe, acute respiratory acidosis produces a variety of 
neurologic abnormalities. Initially these include headache, 
blurred vision, restlessness, and anxiety. These may progress to 
tremors, asterixis, somnolence, and/or delirium. If untreated, 
terminal manifestations include peripheral vasodilation leading 
to hypotension and cardiac arrhythmias. Chronic respiratory 
acidosis is typically associated with cor pulmonale and peripheral 
edema.

In order to effectively treat respiratory acidosis, the causative 
process must be identified and treated. If a cause is identified, 
specific therapy should be started. This may include naloxone 
for opiate-induced hypoventilation or bronchodilator therapy 
for acute bronchospasm. Because respiratory acidosis represents 
ventilatory failure, an increase in alveolar ventilation is required. 
This can often be achieved by controlling the underlying disease 
(eg, bronchodilators and corticosteroids in asthma) and/or 
physically augmenting ventilation.

Although their precise role and mechanisms of action are 
unclear, agents such as medroxyprogesterone, theophylline, and 
doxapram stimulate respiration and have been used to treat mild 
to moderate respiratory acidosis. Of these, only doxapram is 
approved by the US Food and Drug Administration (FDA) for 
this indication. Doxapram is administered IV, typically 0.5 to  
1 mg/kg repeated every 5 minutes to a maximum dose of 3 g per 
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Table 28�6
Common Causes of Respiratory Acidosis

CNS disease Pneumonia
 Brainstem lesions Pneumonitis
 Central sleep apnea Pulmonary edema
 Infection Restrictive lung disease
 Intracranial hypertension   Ascites
 Trauma   Chest wall disorder
 Tumor   Fibrothorax
 Vascular  Kyphoscoliosis

Drugsa   Obesity
 Aminoglycosides   Pleural effusion
 Anesthetics   Pneumoconiosis
 �-Blockers  Pneumothorax
 Botulism toxin   Progressive systemic sclerosis
 Hypnotics   Pulmonary fibrosis

  Spinal arthritis
Smoke inhalation
Upper airway obstruction
  Foreign body
  Laryngospasm
  Obstructive sleep apnea
Others
  Abdominal distention
  Altered metabolic rate
  Congestive heart failure
  Hypokalemia
  Hypothyroidism
   Inadequate mechanical  

 ventilation

 Narcotics
Neuromuscular blocking 

agents
 Organophosphates
 Sedatives

Neuromuscular disease
 Guillain-BarrØ syndrome
 Muscular dystrophy
 Myasthenia gravis
 Polymyositis

Pulmonary disease
 Lower airway obstruction
 Foreign body
 Status asthmaticus
Chronic obstructive 

pulmonary disease

aMay be observed with therapeutic doses or overdoses.

24 hours. Patients given doxapram required monitoring of their 
blood pressure, pulse, and deep tendon reflexes as this drug 
can cause cardiac excitation and spasticity. Moderate or severe 
respiratory acidosis requires assisted ventilation. This can be 
provided to spontaneously breathing patients via bilevel positive 
airway pressure (BiPAP) delivered via a tight-fitting mask or by 
intubation followed by mechanical ventilation. In mechanically 
ventilated patients, respiratory acidosis is treated by increasing 
the minute ventilation. This is achieved by increasing the 
respiratory rate and/or tidal volume.

As with the treatment of metabolic acidosis, the role of 
NaHCO3 therapy is not well defined for respiratory acidosis. 
Realize that administration of NaHCO3 can paradoxically result 
in increased CO2 generation (HCO3

� + H+ � H2O + CO2) and 
worsened acidemia. Careful monitoring of the pH is required 
if NaHCO3 therapy is started for this indication. The use of 
tromethamine in respiratory acidosis (see Metabolic Acidosis 
section earlier) has unproven safety and benefit.

The goals of therapy in patients with chronic respiratory 
acidosis are to maintain oxygenation and to improve alveolar 
ventilation if possible. Because of the presence of metabolic 
compensation it is usually not necessary to treat the pH, even in 
patients with severe hypercapnia. Although the specific treatment 
varies with the underlying disease, excessive oxygen and sedatives 
should be avoided because they can worsen CO2 retention.

Respiratory Alkalosis
Respiratory alkalosis is characterized by an increased arterial 
pH, a primary decrease in the arterial PaCO2 and, when 
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pH Logarithm of the hydrogen ion concentration
PaCO2 Partial pressure of arterial carbon dioxide
tCO2 Total venous carbon dioxide
THAM Tromethamine
UAG Urine anion gap
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Alzheimer Disease
Megan J. Ehret and Kevin W. Chamberlin 29

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Describe the epidemiology of Alzheimer disease (AD) and its effects on society.

2. Describe the pathophysiology, including genetic and environmental factors that may be associated 
with AD.

3. Detail the clinical presentation of the typical patient with AD.

4. Describe the clinical course of the disease and typical patient outcomes.

5. Explain how nonpharmacologic therapy is combined with pharmacologic therapy for patients with AD.

6. Recognize and recommend treatment options for disease-specific symptoms as well as behavioral/
noncognitive symptoms associated with AD.

7. Educate patients and/or caregivers about the expected outcomes for patients with AD, and provide 
contact information for support/advocacy agencies.

a threefold increase in prevalence due to a population increase in 
persons older than 65 years.2 The severity of AD also correlates 
with increasing age and is classified as mild, moderate, or 
severe. Other risk factors for AD include family history, female 
gender, and vascular risk factors such as diabetes, hypertension, 
heart disease, and current smoking.4 It is unknown how factors 
such as environment contribute and interact with the genetic 
predisposition for AD.

The mean survival time of persons with AD is approximately 
4 to 8 years from symptom onset. However, age at diagnosis, 
severity of AD, and other medical conditions affect survival 
time.5 Although AD does not directly cause death, it is associated 
with an increase in risk factors that often contribute to death, 
such as senility, sepsis, stroke, pneumonia, dehydration, and 
decubitus ulcers.

The etiology of AD is unknown; however, genetic factors may 
contribute to errors in protein synthesis resulting in the formation 
of abnormal proteins involved in pathogenesis.6 Early onset (AD 
prior to age 60) accounts for approximately 1% of all AD. This 
type is usually familial and follows an autosomal dominant 
pattern in approximately 50% of cases. Mutations in three genes, 
presenilin 1 on chromosome 14, amyloid precursor protein 
(APP) on chromosome 21, and presenilin 2 on chromosome 1, 
lead to an increase in the accumulation of amyloid beta (A�) in 
the brain, resulting in oxidative stress, neuronal destruction, and 
the clinical syndrome of AD.7,8

In late-onset AD, genetic susceptibility is more sporadic, 
and it may be more dependent on environmental factors.6 The 
apolipoprotein E (apo E) gene on chromosome 19 has been 
identified as a strong risk factor for late-onset AD. Of the three 
variants of apo E, carriers of two or more of the apo E4 allele 
have an earlier onset of AD (�6 years earlier) compared with 
noncarriers.6 Only 50% of AD patients have the apo E4 allele, 
thus indicating it is only a susceptibility marker.

INTRODUCTION

Alzheimer disease (AD) is characterized by 
progressive cognitive decline including 
memory loss, disorientation, and impaired 

judgment and learning. Currently, it is diagnosed by exclusion of 
other potential causes for dementias. There is no single symptom 
unique to AD; therefore, diagnosis relies on a thorough patient 
history. The exact pathophysiologic mechanism underlying AD is 
not entirely known, although certain genetic and environmental 
factors may be associated with the disease. There is no cure for 
AD; however, drug treatment can slow symptom progression.

Family members of AD patients can be profoundly affected 
by the increased dependence of their loved ones as the disease 
progresses. Advocacy organizations, such as the Alzheimer 
Association, can provide early education and social support 
for both the patient and family. The Alzheimer Association 
has developed a list of common warning signs, which include 
memory loss, difficulty completing familiar tasks, disorientation, 
problems with word finding, misplacing things, impaired 
judgment, social withdrawal, and changes in mood.1

EPIDEMIOLOGY AND ETIOLOGY
AD is the most common type of dementia, affecting an estimated 
5.5 million Americans in 2017.2 The majority (5.3 million) 
are 65 years and older. Various classifications of dementia 
include dementia of the Alzheimer type, vascular dementia, and 
dementia due to human immunodeficiency virus (HIV) disease, 
head trauma, Parkinson disease, Huntington disease, Pick 
disease, or Creutzfeldt-Jakob disease.3 This chapter addresses 
only Alzheimer type dementia.

The prevalence of AD increases with age. Of those affected, 
one in ten are 65 years of age or older, and one in three are  
85 years of age or older.2 It is projected that by 2050, there will be 
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Multiple Sclerosis
Melody Ryan 30

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Identify risk factors for multiple sclerosis (MS).

2. Distinguish between forms of MS based on patient presentation and disease course.

3. Compare and contrast MS disease-modifying treatment choices for a given patient.

4. Determine appropriate symptomatic treatment choices for a given patient.

5. Develop a monitoring plan for a patient placed on specific medications.

INTRODUCTION

Multiple sclerosis (MS) is an inflammatory disease of 
the central nervous system (CNS). Multiple describes 
the number of CNS lesions, and sclerosis refers to the 

demyelinated lesions, today called plaques.

EPIDEMIOLOGY AND ETIOLOGY
Epidemiology
Approximately 2.3 million people worldwide have MS.1 Diagnosis 
usually occurs between 20 and 50 years, affecting at least twice as 
many women as men.1 Whites and people of northern European 
heritage are more likely to develop MS.1 Risk factors include 
family history of MS, autoimmune diseases, or migraine; personal 
history of autoimmune diseases or migraine; and cigarette smoke 
exposure.

Etiology
The cause of MS is unknown, but may be genetic, environmental, 
or both. Genetic risks may explain up to 35% of cases.2

Environmental theories involve infectious agents or decreased 
patient or maternal vitamin D serum concentrations or other 
infectious exposures.2,3

PATHOPHYSIOLOGY
While the causative agent of MS is unclear, the result is the 
development of an autoimmune disorder with areas of CNS 
inflammation and degeneration.

Inflammation
An unknown antigen presented by the major histocompatibility 
complex (MHC) class II molecules causes T-cells to become 
autoreactive (Figure 30–1). Autoreactive T-cells enter lymphatic 
tissues to expand. Upon a signal involving sphingosine-1-
phosphate, T-cells reenter the circulation.4 Once activated, T-cells 
cause blood�brain barrier breakdown and enter the CNS. These 
T-cells come into contact with antigen-presenting cells (APCs) 
and proliferate and differentiate. Th1 cells secrete cytokines that 
enhance macrophage and microglial cells that attack myelin.4
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B-cells cross damaged sections of the blood�brain barrier where 
autoreactive T-cells trigger B-cells to form myelin autoantibodies. 
These inflammatory processes probably cause relapses.4

Degeneration
Axonal injury and transection disrupts nerve signals. Growing 
evidence suggests cytotoxic T-cells cause axonal injury early in 
disease.4 Axonal loss is likely responsible for MS progression.4

CLINICAL PRESENTATION AND DIAGNOSIS
Diagnosis
Clinically isolated syndrome (CIS) is a focal demyelinating event 
in the CNS, often optic neuritis or myelopathy, in a patient not 
known to have MS.7 CIS has approximately 60% rate of conversion 
to clinically definite MS over 4 years.8 This definite diagnosis is 
made when dissemination in time and space is demonstrated. 

 The McDonald criteria are used to show dissemination 
in time by more than one clinical attack and dissemination in 
space by an attack at a different body site.9 Evidence from magnetic 
resonance imaging (MRI) and/or oligoclonal immunoglobulin 
G bands can help fulfill these time and space criteria and facilitate 
earlier diagnosis and treatment (Figure 30–2).9  MS is 
classified into relapsing and progressive disease (Figure 30–3). 
Progressive MS diagnosis is more difficult because there are often 
no clinical attacks. Diagnosis requires 1 year of disease progression 
and two of the following: dissemination in space on MRI of the 
brain, dissemination in space on MRI of the spinal cord, and 
positive cerebrospinal fluid (CSF) (oligoclonal immunoglobulin 
G bands or elevated immunoglobulin G index).9 MS is the most 
common cause of young adult disability (impaired walking, fine 
motor movements, sight, cognitive dysfunction, mood disorders, 
pain) and reduces life expectancy by 10 to 12 years.10

TREATMENT
Desired Outcomes and General Approach to 
Treatment
The goal of treatment is preventing permanent neurologic 
damage. There are three approaches to treatment.  
First, treat acute relapses with corticosteroids to speed recovery. 
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Epilepsy
Timothy E. Welty and Edward Faught 31

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:

1. Describe the epidemiology and social impact of epilepsy.

2. Define terminology related to epilepsy, including seizure, convulsion, and epilepsy.

3. Describe the basic pathophysiology of seizures and epilepsy.

4. Differentiate and classify seizure types given a description of the clinical presentation of the seizure and 
electroencephalogram.

5. Identify key therapeutic decision points and therapeutic goals in the treatment of epilepsy.

6. Discuss nonpharmacologic treatments for epilepsy.

7. Recommend an appropriate pharmacotherapeutic regimen with monitoring parameters for the 
treatment of epilepsy.

8. Devise a plan for switching a patient from one antiepileptic regimen to a different regimen.

9. Manage potential drug interactions with antiepileptic drugs (AEDs).

10. Determine when and how to discontinue AED therapy.

11. Educate a patient or caregiver on epilepsy and pharmacotherapy for this disorder.

EPIDEMIOLOGY

Epilepsy is a disorder that afflicts approximately 2 million 
individuals in the United States, with an age-adjusted 
prevalence of approximately 4 to 7 cases per 1000 persons.1

The incidence of epilepsy in the United States is estimated at 35 to 
75 cases per 100,000 persons per year.2,3 In developing countries, 
the incidence is higher at 100 to 190 cases per 100,000 persons 
per year. About 8% of the US population will experience a seizure 
during their lifetime. New-onset seizures occur most frequently 
in infants younger than 1 year and in adults after age 55.2

SOCIAL IMPACT
Epilepsy has a profound impact on a patient�s life. Due to restrictions 
on driving, individuals who have recently had a seizure face major 
impediments to engaging in simple activities.4 Fifty percent of 
patients with epilepsy report cognitive and learning difficulties.5,6 
Underemployment and unemployment are major concerns for 
individuals with epilepsy, due to limited transportation options, 
cognitive and learning difficulties, and seizures, resulting in 
problems paying for health care. Additionally, the social stigma 
of embarrassment or injury due to seizures in public results in 
isolation of the patient.7

Patients with epilepsy often depend on caregivers to assist with 
medications, transportation, and ensuring the patient�s safety, so 
they should be informed about treatments and managing seizures.

ETIOLOGY
In approximately 80% of patients with epilepsy, the underlying 
etiology is unknown.8 The most common causes of epilepsy are 
head trauma and stroke. Developmental and identifiable genetic 
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defects cause about 5% of cases. Genetic causes are presumed 
in up to 25% of patients but are often unproven. Brain tumors, 
central nervous system (CNS) infections, and neurodegenerative 
diseases are other common causes. Human immunodeficiency virus 
infection and neurocysticercosis infection are also important causes.

Isolated seizures can be caused by stroke, CNS trauma, 
CNS infections, metabolic disturbances (eg, hyponatremia, 
hypoglycemia), and hypoxia. Failure to correct these causes may 
lead to the development of epilepsy. Drugs commonly associated 
with causing seizures are tramadol, bupropion, theophylline, 
select antidepressants and antipsychotics, amphetamines, cocaine, 
imipenem, lithium, excessive doses of penicillins or cephalosporins, 
and sympathomimetics or stimulants.

PATHOPHYSIOLOGY
Seizures
Regardless of the underlying etiology, all seizures involve a 
sudden electrical disturbance of the cerebral cortex. A population 
of neurons fires rapidly and repetitively for seconds to minutes. 
Cortical electrical discharges become excessively rapid, rhythmic, 
and synchronous. This phenomenon is presumably related to 
an excess of excitatory neurotransmitter action, a failure of 
inhibitory neurotransmitter action, or a combination of the two. 
In individual patients, it is usually impossible to identify which 
neurochemical factors are responsible.

Neurotransmitters
The primary excitatory neurotransmitter is glutamate.9 When 
glutamate is released from a presynaptic neuron, it attaches 
to postsynaptic receptors. The result is opening of membrane 
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Status Epilepticus
Eljim P. Tesoro and Gretchen M. Brophy 32

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Describe the pathophysiology of status epilepticus.

2. Explain the urgency of diagnosis and treatment of status epilepticus.

3. Recognize the signs and symptoms of status epilepticus.

4. Identify the treatment goals for a patient in status epilepticus.

5. Formulate an initial treatment strategy for a patient in generalized convulsive status epilepticus.

6. Compare the pharmacotherapeutic options for refractory status epilepticus.

7. Describe adverse drug events associated with the pharmacotherapy of status epilepticus.

8. Recommend monitoring parameters for a patient in status epilepticus.

INTRODUCTION

S tatus epilepticus (SE) is a neurologic emergency 
that can lead to permanent brain damage or 
death.  SE is defined as continuous 

seizure activity lasting more than 5 minutes or two or more 
seizures without complete recovery of consciousness.1 Refractory 
status epilepticus (RSE) is unresponsive to emergent (first-line) 
or urgent (second-line) therapy.

SE can present as nonconvulsive status epilepticus (NCSE) 
or generalized convulsive status epilepticus (GCSE). NCSE is 
characterized by persistent impaired consciousness without clinical 
seizure activity and is diagnosed with electroencephalography 
(EEG). GCSE is characterized by full-body motor seizures and 
involves the entire brain.

EPIDEMIOLOGY AND ETIOLOGY
The incidence of SE in the United States is 12.5/100,000/year, with 
an in-hospital mortality rate of 9.2%,2 and an estimated annual 
direct cost for inpatient admissions of $4 billion.3 It occurs most 
frequently in males, African Americans, children, and the elderly.

 It is important to evaluate etiologies of SE for timely 
and optimal seizure control. Causes of SE include metabolic 
disturbances (eg, hyponatremia, hypernatremia, hyperkalemia, 
hypocalcemia, hypomagnesemia, hypoglycemia); central nervous 
system (CNS) disorders, infections, injuries; hypoxia; and drug 
toxicity (eg, theophylline, isoniazid, cyclosporine, cocaine). 
Chronic causes of SE include preexisting epilepsy, chronic 
alcoholism (withdrawal seizures), CNS tumors, and strokes.4 
In epileptics, the common causes of SE are anticonvulsant 
withdrawal or subtherapeutic levels.

PATHOPHYSIOLOGY
Status epilepticus occurs when the brain fails to stop isolated 
seizures, due to a mismatch of neurotransmitters. Glutamate, 
the primary excitatory neurotransmitter, stimulates postsynaptic 
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N-methyl-�-aspartate (NMDA) receptors, causing neuronal 
depolarization. Sustained depolarization causes neuronal injury and 
death.5 The primary inhibitory neurotransmitter, �-aminobutyric 
acid (GABA), opposes excitation by stimulating GABAA receptors, 
producing hyperpolarization and inhibition of the postsynaptic cell 
membrane. GABA-mediated inhibition diminishes with continuous 
seizure activity, causing a decreased response to GABA-receptor 
agonists.6 Seizures lasting more than 30 minutes cause significant 
injury and neuronal loss because of excessive electrical activity and 
cerebral metabolic demand. Decreased GABAA-receptor response 
and increasing neuronal injury with prolongation of seizure activity 
necessitates rapid control of SE.

Systemic changes appear in two phases during SE. Phase I 
occurs during the first 30 minutes, and phase II occurs after 30 
to 60 minutes.7

Phase I
During phase I, autonomic activity increases, resulting in 
hypertension, tachycardia, hyperglycemia, hyperthermia, 
sweating, and salivation. Cerebral blood flow increases to 
preserve oxygen supply to the brain. Increases in sympathetic 
and parasympathetic stimulation with muscle hypoxia can cause 
ventricular arrhythmias, severe acidosis, and rhabdomyolysis 
which can lead to hypotension, shock, hyperkalemia, and acute 
kidney injury.

Phase II
After 30 to 60 minutes of continuous seizure activity, loss of 
cerebral autoregulation, decreased cerebral blood flow, increased 
intracranial pressure (ICP), and systemic hypotension occur. 
Cerebral metabolic demand remains high; however, the body is 
unable to compensate, resulting in hypoglycemia, hyperthermia, 
respiratory failure, hypoxia, respiratory and metabolic acidosis, 
hyperkalemia, hyponatremia, and uremia. Motor activity may 
not be clinically evident during prolonged seizures, but electrical 
activity may still exist (ie, NCSE) requiring prompt recognition 
and aggressive treatment.
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Parkinson Disease
Thomas R. Smith and Mary L. Wagner 33

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Describe the pathophysiology of Parkinson disease (PD) related to neurotransmitter involvement and 

targets for drug therapy.

2. Recognize the cardinal motor symptoms of PD and determine a patient�s clinical status and disease 
progression based on the Movement Disorder Society Unified Parkinson Disease Rating Scale (MDS 
UPDRS).

3. For a patient initiating therapy for PD, recommend appropriate drug therapy and construct patient-
specific treatment goals.

4. Recognize and recommend appropriate treatment for nonmotor symptoms.

5. Formulate a plan to minimize patient �off-time� and maximize �on-time� including timing, dosage, and 
frequency of medications.

6. Recognize and treat various motor complications in PD.

7. Construct appropriate patient counseling regarding medications and lifestyle modifications for PD.

8. Develop a monitoring plan to assess effectiveness and adverse effects of treatment.

INTRODUCTION
 Parkinson disease (PD) is a slow, progressive 

neurodegenerative disease of the extrapyramidal motor system. 
Dopamine neurons in the substantia nigra are primarily affected, 
and degeneration of these neurons causes a disruption in smooth 
motor control. Cardinal features of PD include tremor at rest, 
rigidity, akinesia/bradykinesia, and postural instability. There 
is no cure, and treatment aims at controlling symptoms and 
maintaining quality of life (QOL) or functioning.

EPIDEMIOLOGY AND ETIOLOGY
PD affects approximately 1 million Americans, and a lifetime 
risk of developing the disease is 1.5%. Median age of the onset 
is 60 years, but about 10% of people with PD are younger than 
45 years. The average time span from diagnosis to death is about 
15 years. Approximately 15% of patients with PD have a first-
degree relative with the disease.1,2

The etiology of neuron degeneration in PD remains unknown, 
but aging is a primary risk factor. Thus, as the fraction of the 
population that is elderly continues to increase, this disease 
may see a subsequent increase in prevalence. Cell death may be 
caused by oxidative stress, mitochondrial dysfunction, increased 
excitotoxic amino acids and inflammatory cytokines, immune 
system disorders, signal-mediated apoptosis, and environmental 
toxins. Oxidative stress may result from increased monoamine 
oxidase-B (MAO-B) metabolism or decreased glutathione 
clearance of free radicals.2�5

Genetic mutations such as those in LRRK2 have been linked to 
PD, and particular mutations may predict early versus late onset of 
the disease.2,3 Most likely, a combination of inducers of cell death 
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and genetic mutations are involved in PD.2 Pigmented cells in the 
substantia nigra that make and store dopamine are lost. At the time 
of diagnosis, 50% to 60% of dopamine neurons located here may 
be dysfunctional. Neurons have lost about 80% of their activity 
in the striatum at the onset of PD. Cortical Lewy bodies along 
with Lewy neurites in the central nervous system (CNS) and the 
gastrointestinal (GI) system may explain some of the nonmotor 
symptoms (e.g., psychiatric, autonomic symptoms) of PD.2,4,5

Interestingly, patients with a history of smoking or who drink 
coffee or tea have demonstrated decreased risk of PD through 
unknown mechanisms.2

PATHOPHYSIOLOGY
The extrapyramidal motor system controls muscle movement 
through pathways and nerve tracts that connect the cerebral 
cortex, basal ganglia, thalamus, cerebellum, reticular formation, 
and spinal neurons. The substantia nigra, where dopamine 
neurons in PD are lost, sends nerve fibers to the corpus 
striatum. The corpus striatum is composed of the caudate 
nucleus and the lentiform nuclei that consist of the pallidum 
(globus pallidus) and putamen (Figure 33–1). As dopamine 
neurons die, dopamine-relayed messages cannot communicate 
to other motor centers of the brain, and patients develop motor 
symptoms. A variety of other neurotransmitters active in the 
basal ganglia lose concentration as well. These deficits possibly  
explain specific nonmotor symptoms seen in PD as loss of 
dopamine and norepinephrine in the limbic system correlates 
with depression and anxiety, while losses of neurotransmitters, 
acetylcholine and serotonin in the limbic system are associated 
with cognitive impairment.2,3,5,6 
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Pain Management
Christine Karabin O’Neil 34

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Identify characteristics of the types of pain: nociceptive, inflammatory, neuropathic, and functional.

2. Explain the mechanisms involved in pain transmission.

3. Select an appropriate method of pain assessment.

4. Recommend an appropriate choice of analgesic, dose, and monitoring plan for a patient based on type 
and severity of pain and other patient-specific parameters.

5. Perform calculations involving equianalgesic doses, conversion of one opioid to another, rescue doses, 
and conversion to a continuous infusion.

6. Educate patients and caregivers about effective pain management, dealing with chronic pain, and the 
use of nonpharmacologic measures.

INTRODUCTION
Pain is defined by the International Association for the Study of 
Pain (IASP) as �an unpleasant sensory and emotional experience 
associated with actual or potential tissue damage, or described 
in terms of such damage.�1  Pain is an unpleasant 
subjective experience that is the net effect of a complex interaction 
of the ascending and descending neurons involving biochemical, 
physiologic, and psychological processes. Pain can affect all areas 
of a person�s life including sleep, thought, emotion, and activities 
of daily living. There are no reliable objective markers for pain, 
thus the patient is the only person who can describe the intensity 
and quality of their pain.

EPIDEMIOLOGY AND ETIOLOGY
Prevalence of Pain
Most people experience pain at some time in their lives, and pain 
is a symptom of a variety of diseases. Thus identifying the exact 
prevalence of pain is a difficult task. Prevalence rates for a variety 
of different types of pain have been described (Table 34–1). 
Patients 65 years and older bear a significant burden of pain. The 
prevalence of pain in people older than 60 years is twice that in 
those younger than 60 years.8 Studies suggest that 25% to 50% of 
community-dwelling elderly suffer pain. Pain is quite common 
among nursing home residents. It is estimated that 45% to 80% of 
nursing home patients and 25% of those with daily pain received 
neither analgesic medication nor nonpharmacologic treatment 
for their pain, contributing to functional impairment and a 
decreased quality of life.8

The financial impact of pain is considered to be significant. 
The total cost of pain in the United States has been estimated 
at $560�$635 billion annually, about half of this cost is due to 

direct costs of health care while the other half is due to lost 
productivity.9

Challenges in Pain Management
Despite the growing emphasis on pain management, pain often 
remains undertreated and continues to be a problem in hospitals, 
long-term care facilities, and the community. In one series of 
reports, 50% of seriously ill hospitalized patients reported pain; 
however, 15% were dissatisfied with pain control, and some 
remained in pain after hospitalization.10

Barriers to adequate pain management may be due to fear of 
becoming addicted to opioids or cultural beliefs. Elderly patients 
might not report pain for a variety of reasons including belief 
that pain is something they must live with, fear of consequences 
(eg, hospitalization, loss of independence), fear that the pain 
might be forecasting impending illness, inability to understand 
terminology used by health care providers, or a belief that 
showing pain is unacceptable behavior.

Concerns about adequate pain management must be balanced 
with concerns about opioid misuse, abuse, and diversion to achieve 
optimal pain management. Opioid use, abuse, and adverse effects 
have risen to epidemic proportions since the 1990s. While the 
United States has 4.6% of the global population, the country used 
69% of the world�s opioid supply.11 Over the last 15 years, there 
has been an increase in deaths related to prescription opioids 
and increase in overdoses due to illicit opioids.12 Several recent 
guidelines have been published by the Centers for Disease Control 
and Prevention (CDC) and American Society of Interventional 
Pain Physicians (ASIPP) to provide guidance for the use of opioids 
to ensure patients have access to safer, more effective chronic pain 
treatment while reducing the number of people who misuse, abuse, 
or overdose from these drugs.13,14
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An�understanding of these new mechanisms of pain transmission 
might lead to improvement in pain management as pharmacologic 
management of pain becomes more mechanism specific. Use 
of NSAIDs for inflammatory types of pain is an example of a 
mechanistic approach. Because several mechanisms of pain often 
coexist, a multimodal approach seems rational to target each 
mechanism.

Nonpharmacologic Therapy
Nonpharmacologic therapies (psychological interventions and 
physical therapy) might be used in both acute and chronic pain. 
Psychological interventions can reduce pain as well as the anxiety, 
depression, fear, and anger associated with pain. Psychological 
interventions helpful in management of acute pain are imagery 
(picturing oneself in a safe, peaceful place) and distraction 
(listening to music or focusing on breathing). Chronic pain 
patients might benefit from relaxation, biofeedback, cognitive 
behavioral therapy, psychotherapy, support groups, and spiritual 
counseling.

Physical therapy is an essential part of many types of pain 
situations. Treatment modalities include heat, cold, water, 
ultrasound therapy, TENS, massage, and therapeutic exercise. 
Heat and cold therapy are utilized in a variety of musculoskeletal 
conditions (muscle spasms, low back pain, fibromyalgia, sprains, 
and strains).

Pharmacologic Therapy
 ▶ Nonopioid Analgesics

Acetaminophen APAP, an analgesic and antipyretic, is often 
selected as initial therapy for mild to moderate pain and is 
considered first line in several pain situations such as low back 
pain and osteoarthritis.35 Mechanistically, APAP is believed 
to inhibit prostaglandin synthesis in the CNS and block pain 
impulses in the periphery. APAP is well tolerated at usual 
doses and has few clinically significant drug interactions except 
causing increased hypoprothrombinemic response to warfarin 
in patients receiving APAP doses of more than 2000 mg/day.36

The maximum recommended dose for patients with normal 
renal and hepatic function is 4000 mg/day. Hepatotoxicity has 
been reported with excessive use and overdose, and the risk of 
this adverse effect increases in those with hepatitis or chronic 
alcohol use, as well as those who binge drink or are in a fasting 

state. Due�to concerns of unintentional overuse and hepatoxicity, the 
FDA requires warning labels on OTC APAP products and limited 
the APAP component of narcotic analgesic combination to 325 mg 
per dosing unit. For these reasons, the maximum dose should be 
reduced by 50% to 75% in patients with renal dysfunction or hepatic 
disease and in those who engage in excessive alcohol use.
Aspirin and Other Salicylates Aspirin, nonacetylated 
salicylates, and other NSAIDs have analgesic, antipyretic, and 
anti-inflammatory actions. These agents inhibit cyclooxygenase 
(COX-1 and COX-2) enzymes, thereby preventing prostaglandin 
synthesis, which results in reduced nociceptor sensitization and 
an increased pain threshold.

Aspirin is effective for mild to moderate pain; however, the risk 
of gastrointestinal (GI) irritation and bleeding limits frequent use 
of this drug for pain management. Direct effects of aspirin on 
the GI mucosa and irreversible platelet inhibition contribute to 
this risk, which can occur even at low doses. Hypersensitivity 
reactions are also possible and might occur in 25% of patients 
with coexisting asthma, nasal polyps, or chronic urticaria. Of 
additional concern is the potential for cross-sensitivity of other 
NSAIDs in this group of patients. Nonacetylated salicylates 
(choline magnesium salicylate and sodium salicylate) have a 
reduced risk of GI effects and platelet inhibition and might be 
used in aspirin-sensitive patients.
Nonsteroidal Anti-inflammatory Drugs NSAIDs are the 
preferred agents for mild to moderate pain in conditions that 
are mediated by prostaglandins (rheumatoid arthritis, menstrual 
cramps, and postsurgical pain) and in the management of 
pain from bony metastasis, but they are of minimal use in 
neuropathic pain. NSAIDs provide analgesia equal to or better 
than that of aspirin or APAP combined with codeine, and they 
are very effective for inflammatory pain and pain associated 
with bone metastasis.16 These agents are classified by their 
chemical structures (fenamates, acetic acids, propionic acids, 
pyranocarboxylic acids, pyrrolizine carboxylic acids, and COX-2 
inhibitors). Although only some members of this class have 
approval for treatment of pain, it is likely that all of them have 
similar analgesic effects. All members of this class appear to 
be equally effective, but there is great intrapatient variability in 
response. After an adequate trial of 2 to 3 weeks with a particular 
oral agent, it is reasonable to switch to another member of the 
class. Ketorolac and ibuprofen are available in parenteral and oral 
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Table 34�2
Selection of Analgesics Based on Intensity of Pain34,35,38

Pain Intensity
Corresponding 
Numerical Rating

WHO Therapeutic 
Recommendations

Examples of  
Initial Therapy Comments

Mild 1�3/10 Nonopioid analgesic; 
regular scheduled  
dosing

Acetaminophen 1000 mg  
every 6 hours; ibuprofen  
600 mg every 6 hours

Consider adding an 
adjunct or using an 
alternate regimen if  
pain is not reduced in 
1�2 days

Moderate 4�6/10 Add an opioid to the 
nonopioid for moderate 
pain; regular scheduled 
dosing

Acetaminophen 325 mg + 
codeine 60 mg every  
4 hours; acetaminophen  
325 mg + oxycodone  
5 mg every 4 hours

Consider step-up therapy 
if pain is not relieved by 
two or more different 
drugs

Severe 7�10/10 Switch to a high-potency 
opioid; regular scheduled 
dosing

Morphine 10 mg every  
4 hours; or hydromorphone  
4 mg every 4 hours
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Headache
Joshua W. Fleming, Leigh Ann Ross, and  
Brendan S. Ross 

35
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Differentiate types of headache syndromes based on clinical features.

2. Recommend nonpharmacologic measures for headache treatment and prevention.

3. Determine when the pharmacologic treatment of headache is indicated.

4. Construct individualized treatment regimens for the acute and chronic management of headache 
syndromes.

5. Monitor headache treatment to ensure its safety, tolerability, and efficacy.

INTRODUCTION

Headache is a common medical complaint with 
approximately 50% of the adult population experiencing 
at least one headache per year.1 Even when 

persistent or recurrent, headaches are usually a benign primary 
condition; secondary headaches are caused by an underlying 
medical disorder and may be medical emergencies. Primary 
headache syndromes are the focus of this chapter. Patients may 
seek headache care from multiple providers. All clinicians should 
be familiar with the various types of headache, clinical indicators 
suggesting the need for urgent medical attention or specialist 
referral, and nonpharmacologic and pharmacologic options for 
treatment. The International Headache Society (IHS) 
classifies primary headaches as migraine, tension-type, or cluster 
and other trigeminal autonomic cephalalgias.2

EPIDEMIOLOGY OF HEADACHE DISORDERS
Migraine Headache
Migraine is a primary headache disorder with an estimated 
3-month prevalence rate in the United States of 14.2% in adults 
over 18. Prevalence is higher in females at 19.1% compared to 
9%. Highest prevalence was in females 18 to 44 years of age at 
23.5%.3 In pediatric patients, there is also a higher incidence in 
females after the age of 10.4 The difference in gender distribution 
is thought to be due to hormonal differences.

Tension-Type Headache
Tension-Type Headache (TTH) is the most common 

primary headache disorder and can be further divided into 
episodic or chronic.2 The term TTH is used to describe all 
headache syndromes in which sensitization to pericranial 
nociception, noxious stimuli, is the most significant factor in 
the pathogenesis of pain.5 Overall reported prevalence of TTH 
is approximately 86%, and incidence is more common in women 
than men. Episodic TTH is the most common type followed by 
frequent episodic TTH, and chronic TTH. Incidence of TTH 
increases until approximately age 40, then incidence begins to 

slowly decline.6 Environmental factors, as opposed to genetic 
predisposition, play a central role in the development of TTH. 
The mean frequency of attacks is 3 days per month in episodic 
disorders; chronic TTH is defined as 15 or more attacks in a 
1-month period.2

Cluster Headache and Other Trigeminal 
Autonomic Cephalalgias
Cluster headache disorders are uncommon and severe primary 
headache syndromes.2 The lifetime prevalence is estimated to be 
124 per 100,000.7 Unlike migraine and TTH, cluster headaches 
are more frequently found in men. Onset most commonly 
occurs between 20 and 40 years.2 A genetic predisposition 
is apparent, although affected individuals often provide the 
additional history of tobacco use, caffeine intake, and alcohol 
abuse.7 Attacks consist of debilitating, unilateral head pains that 
occur in series lasting up to months at a time but may abate 
for extended periods, resulting in months or years between 
occurrences. In rare instances, cluster headache can be a 
chronic disorder without remission.2

ETIOLOGY AND PATHOPHYSIOLOGY OF 
HEADACHE DISORDERS
Migraine Headache
The exact mechanism by which migraines occur remains 
obscure, but the belief that only vascular changes are 
responsible for the pain is no longer accepted.8 The vascular 
hypothesis suggested that intracerebral vasoconstriction led 
to neural ischemia, which was followed by reflex extracranial 
vasodilation and pain. Negative neuroimaging evidence for 
such vascular changes and the effectiveness of medications 
with no vascular properties make this contention untenable.5

A neuronal etiology has emerged as the leading mechanism for 
the development of migraine pain.9 It is believed that depressed 
neuronal electrical activity spreads across the brain, producing 
transitory neural dysfunction.8 Headache pain is likely due to 
compensatory overactivity in the trigeminovascular system 
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PSYCHIATRIC DISORDERS    SECTION 6    

Substance-Related 
Disorders
Chris Paxos and Christian J. Teter 

36
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Identify the prevalence of use for alcohol, opioids, central nervous system (CNS) stimulants, 

cannabinoids, and tobacco in the US population.

2. Explain the commonalities of action of substances of abuse on the reward system in the brain.

3. Determine when a patient meets criteria for substance use disorder.

4. Identify the typical signs and symptoms of intoxication and withdrawal associated with the use of 
alcohol, opioids, CNS stimulants, cannabinoids, and tobacco.

5. Determine the appropriate treatment measures to produce a desired outcome after episodes of 
intoxication and withdrawal.

6. Choose specific pharmacotherapeutic options based on patient-specific factors.

7. Recommend a comprehensive medication treatment and monitoring program to help maintain 
recovery and prevent relapse to substance use.

on 5 or more occasions). Approximately one-quarter (23.9%; 
64.0 million) of Americans were current users of tobacco. Past 
month cigarette use declined in 2015; however, this may be due 
in part to electronic cigarettes. Regarding illicit drug use, 1 in 
10 Americans (10.1%; 27.1 million) reported current use, with 
marijuana and prescription pain relievers being most common 
(Figure 36–1). Americans reporting current CNS stimulant 
use varied by substance (ie, 0.7% with cocaine, 0.6% with 
prescription stimulants, and 0.3% with methamphetamine). 
While uncommon by comparison, past month heroin use 
was 0.1% (0.3 million).1 The NSDUH findings indicate that 
substance use is wide ranging and continues to be a major public 
health concern.

Reward Pathway
 Virtually all substances of abuse appear to activate the 

same brain reward pathway, which is highlighted by dopaminergic 
neurotransmission arising in the ventral tegmental area (VTA) 
and projecting to the nucleus accumbens (NA) and prefrontal 
cortex (PFC).

Figure 36–2 depicts the mesocorticolimbic dopamine (DA) 
pathway. Key components are DA projections from the VTA 
to the NA and PFC.2,3 Many studies support mesolimbic DA 
system involvement in natural rewards and drug reinforcement; 
however, there is also evidence that reinforcement independent 
of DA exists.4,5 The initial pleasurable experiences secondary 
to drug use appear to be primarily attributable to activation of 
primary reward circuits in the brain. These same reward circuits 
operate under normal circumstances to reinforce activities that 
promote survival, such as food and water consumption, social 
affiliation, or sexual activity. However, these systems appear to 
be disrupted, especially after repeated drug use in susceptible 
individuals.
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INTRODUCTION

Substance use disorders (SUDs) are highly prevalent 
worldwide. In the United States, patterns of substance use 
and abuse have been cyclical. For example, cocaine was first 

isolated from coca leaves in 1860. Its use was advocated by many 
in the medical establishment until the mid-1890s when it became 
evident chronic use might be addictive in some individuals and 
could have deleterious physiologic effects. Its use decreased 
after prescribing and dispensing restrictions in the early 20th 
century. In the 1980s, a smokeable formulation (ie, crack) 
became available, and cocaine use again became epidemic. This 
historically cyclic nature of substance abuse is common to many 
substances of abuse.

 Pharmacotherapy has a role in treatment of some 
substance-related disorders, including intoxication, withdrawal, 
and/or long-term relapse prevention. These substances include 
alcohol, opioids, central nervous system (CNS) stimulants, 
cannabinoids, and tobacco. This chapter focuses on 
pharmacotherapy for these common substance-related disorders. 
Although other substances are misused (eg, prescription sedatives 
and tranquilizers), they are not the focus of this chapter.

EPIDEMIOLOGY AND ETIOLOGY
The National Survey on Drug Use and Health (NSDUH) uses 
a representative sample of individuals 12 years or older to 
determine the annual prevalence of licit and illicit substance 
use.1 In 2015, more than half (51.7%; 138.3 million) of 
Americans reported current (ie, past month) alcohol use. 
In the 30 days prior to the survey, nearly 1 in 4 Americans 
(24.9%; 66.7 million) reported binge drinking (ie, 5 or more 
drinks for men and 4 or more drinks for women), and 6.5% 
(17.3 million) reported heavy drinking (ie, binge drinking 
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 ▶ Alcohol Use Disorder
The FDA-approved medications to treat alcohol use disorder 
are naltrexone (oral and depot), acamprosate, and disulfiram. 
Practice guidelines recommend naltrexone and acamprosate 
as first-line agents.25,29 However, in motivated patients or with 
supervised administration to ensure adherence, disulfiram is 
another option.30

Naltrexone Naltrexone is a competitive opioid receptor 
antagonist that decreases alcohol intake, craving for alcohol, and 
alcohol-induced euphoria (ie, reduces positive reinforcement 
of drinking).3 Naltrexone is more efficacious than placebo for 
a variety of drinking measures.29 According to a recent meta-
analysis, it significantly improves abstinence rates, decreases 
relapse rates, and has a safety profile similar to placebo.31 Predictors 
of naltrexone efficacy may include family history of alcohol use 
disorder and a specific �-opioid receptor gene polymorphism.32

In the landmark COMBINE study, which assessed the efficacy 
of behavioral intervention, medical management, medications, 
and their combinations for treatment of alcohol use disorder, 
naltrexone with medical management was associated with a 
higher percent of days abstinent than other interventions.33 An 
oversimplified interpretation of this complex study suggests that 
naltrexone is effective (eg, higher percent of days abstinent), but 
acamprosate offers no discernable advantage.33

Naltrexone is available as an oral tablet and long-acting IM 
injection. Naltrexone is dosed 50 mg once daily, with a range 
from 25 to 100 mg. A 25 mg test-dose is commonly given, 
then increased to 50 mg/day as tolerated. While specific dosage 
adjustments are unavailable, caution is warranted in patients with 
severe hepatic or renal impairment.16 Adherence to naltrexone 
strongly affects drinking outcomes; therefore, a long-acting IM 
formulation is available. Administered as 380 mg once monthly, 
the injection results in significantly greater reductions in heavy 
drinking days compared with placebo injection.34

Common side effects include nausea, headache, insomnia, and 
nervousness. Injectable naltrexone is associated with injection 
site reactions. Because naltrexone can precipitate withdrawal in 
patients who are opioid dependent, withhold the first dose for  
7 to 10 days after last opioid use and give only when the 
urine drug screen for opioids is negative. Naltrexone can be 
hepatotoxic, albeit typically not at oral doses less than 250 mg/day 
or at recommended injectable dose of 380 mg once monthly. 
Baseline and periodic LFTs are recommended.16

Naltrexone can block effects of opioid receptor agonists, 
rendering them therapeutically ineffective (Table 36�5). Given 
that opioid agonists are a mainstay of pain management, 
alternative pain treatment (eg, conscious sedation) may be 
required in patients receiving naltrexone maintenance.

Educate patients taking naltrexone to carry a pocket warning 
card or wear a medical bracelet. In the event that emergency pain 
management is needed, the patient will be insensitive to opioid 
analgesia unless potentially toxic doses are administered. Warn 
patients of the potential for opioid overdose under two conditions. 
First, dosing with opioids to reverse opioid insensitivity (ie, 
naltrexone�s competitive blockade of opioid receptors) requires 
high doses of opioids that can cause respiratory depression and 
death. Second, following chronic opioid receptor antagonist 
therapy, patients are likely to have reduced tolerance to opioids, 
thereby increasing risk of respiratory depression and death when 
previously tolerated doses of opioids are used.16

Acamprosate Acamprosate appears to be a glutamatergic 
N-methyl-D-aspartate receptor antagonist and may affect 

GABA.3 Alcohol acutely inhibits glutamatergic function. During 
acute and postacute alcohol withdrawal, increased activity of the 
glutamate system is caused by upregulation of receptors combined 
with absence of alcohol-related inhibition. Thus, acamprosate 
may correct glutamate/GABA imbalances that occur following 
chronic alcohol use (eg, reduce negative reinforcement associated 
with craving and withdrawal).3,16

Generally, trials assessing efficacy of acamprosate have shown 
mixed results. This may be partly attributable to differences in 
research methodologies, such as varying levels of abstinence 
required in trials before acamprosate initiation.29 Notably, in the 
aforementioned COMBINE study, acamprosate appeared to offer 
no treatment advantage,33 but a recent meta-analysis suggests 
it is more efficacious than placebo.35 Another meta-analysis 
suggests that acamprosate may be more effective at maintaining 
abstinence, whereas naltrexone may more effectively reduce 
heavy drinking and craving.36 Despite variable methodologies 
and results, sufficient evidence demonstrates that acamprosate 
is more effective than placebo, although differences may be 
modest.

The dose of acamprosate is 666 mg orally three times daily. 
It is not metabolized by the liver and is excreted unchanged by 
the kidneys. Consequently, it is contraindicated in patients with 
severe renal impairment (creatinine clearance less than or equal 
to 30 mL/min [0.50 mL/s]), and dose reduction is necessary 
when creatinine clearance is between 30 and 50 mL/min (0.50 
and 0.83 mL/s). Closely monitor renal function in elderly patients 
to ensure proper dosing. Common side effects are nausea, 
diarrhea, and CNS effects, including insomnia, anxiety, and 
depressive symptoms.16

Disulfiram Disulfiram irreversibly blocks the enzyme aldehyde 
dehydrogenase, a step in the metabolism of alcohol.16 This results 
in increased blood levels of the toxic metabolite, acetaldehyde. As 
acetaldehyde levels increase, patients experience the disulfiram-
ethanol reaction consisting of the following symptoms: 
decreased blood pressure, increased heart rate, chest pain, 
palpitations, dizziness, flushing, sweating, weakness, nausea, 
vomiting, shortness of breath, blurred vision, and syncope. 
Symptom severity increases with amount of alcohol consumed, 
and emergency treatment may be warranted. Psychologically, 
disulfiram works to deter drinking due to the knowledge 
that the aversive disulfiram�ethanol reaction occurs if alcohol 
is consumed.30 Efficacy of disulfiram directly depends on 
medication adherence and can be effective when procedures for 
enhancing adherence are used.30,37

The usual starting dose of disulfiram is 250 mg once daily. 
It can be started at 500 mg once daily for the first 1 to 2 weeks, 
and the range is 125 to 500 mg/day.16 Compared with 250 mg, 
the larger dose is recommended if a patient does not experience 
a disulfiram�ethanol reaction after alcohol consumption. The 
smaller dose is given when intolerable side effects are experienced 
at higher doses or for elderly patients. Use disulfiram with 
caution in patients with renal and hepatic impairment. Dosing 
begins only after the BAC reaches zero (ie, 12�24 hours after the 
last drink) and after the patient is educated on the consequences 
of drinking with disulfiram.

Disulfiram is contraindicated in patients with cardiovascular 
or cerebrovascular disease, hypersensitivity to thiuram 
derivatives, and the anti-infective, metronidazole. Common 
side effects are rash, drowsiness, and metallic or garlic-like 
taste. Less common, but concerning, adverse effects include 
neuropathies, psychosis, and hepatotoxicity.16 Given the serious 
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nature of these adverse effects, baseline and periodic monitoring 
is recommended. If LFTs are greater than three times the upper 
limit of normal values, withhold disulfiram and repeat testing 
every 1 to 2 weeks. When LFTs return to normal, they may be 
repeated every 1 to 6 months.38 Although elevated LFTs may 
signal disulfiram-induced hepatotoxicity, it may also indicate 
the patient was nonadherent to treatment and resumed alcohol 
consumption. Psychosis has been reported with doses exceeding 
500 mg/day and may be related to disulfiram�s inhibition of DA 
�-hydroxylase, resulting in increased DA activity. Nevertheless, 
patients with schizophrenia or other co-occurring psychiatric 
disorders have received disulfiram at usual doses without 
difficulties.39

The disulfiram�ethanol interaction serves as disulfiram�s 
mechanism of action. Depending on the dose of disulfiram, 
sensitivity to disulfiram, amount of alcohol consumed, and 
metabolism, patients may be at risk for an adverse interaction 
with alcohol for 2 to 14 days after stopping disulfiram (5 days 
on average) and should be educated accordingly. Table 36�5 lists 
relevant disulfiram interactions.

Universally accepted treatment algorithms for alcohol use 
disorder treatment are lacking. Table 36–8 lists patient-specific 
factors that can guide medication selection.38

 ▶ Opioid Use Disorder
After conclusion of withdrawal, patients may not feel their 
usual selves for some time and could relapse to using opioids, 
just to �feel normal.� Long-term use of opioids results in brain 
changes, and the brain might not readily return to its prior 
homeostasis. The goal of treatment is to encourage stability, 
both in the body and in the patient�s life. If an individual is 
not successful in quitting opioids (eg, because of withdrawal 
symptoms or postacute craving), then maintenance treatment 
should be considered.

Opioid Agonists Methadone and buprenorphine are first-line 
medications for maintenance treatment, also called medication-
assisted treatment, of opioid use disorder. Methadone is a 
full µ-opioid receptor agonist, and methadone maintenance 

treatment can only be provided in federally approved OTPs.27

The other first-line agent for maintenance treatment, which will 
be the focus of this chapter, is buprenorphine. Alternatively, the 
long-acting naltrexone injection is FDA approved for prevention 
of opioid relapse, but its place in long-term treatment of opioid 
use disorder remains to be established.

The more widely available office-based opioid treatment 
(OBOT) exclusively uses buprenorphine, a partial µ-opioid 
receptor agonist, typically in formulations also containing 
naloxone.8 Recently, the FDA approved a subcutaneous injection 
given every month and subdermal implants that deliver 
medication continuously for up to 6 months.16 Under the Drug 
Addiction Treatment Act of 2000 and the Comprehensive 
Addiction and Recovery Act of 2016, clinicians may 
prescribe buprenorphine in the outpatient office-based setting 
once requirements (eg, training) are met. When these criteria are 
met, qualified providers obtain a separate �X� Drug Enforcement 
Administration number.8

Patients receiving buprenorphine maintenance should 
sign a treatment contract requiring full adherence, financial 
responsibility for treatment, adherence to office policies, and 
agreement to provide random urine samples for drug screens. 
Instruct patients to bring their prescribed medication for pill 
counts at every visit. In the event of OBOT failure, the alternative to 
buprenorphine maintenance is referral to an OTP for methadone 
administration. A recent meta-analysis indicates that methadone 
may offer an advantage over buprenorphine for select outcomes 
(eg, retention in treatment).40 Therefore, there are circumstances 
under which referral to methadone maintenance remains the 
preferred treatment option.

Although there are no treatment algorithms to guide 
medication selection, there are protocols for some medications 
that assist with dosing and titration. For example, the extensive 
buprenorphine treatment protocol available from SAMHSA 
provides guidelines on how to dose buprenorphine from 
induction to maintenance treatment.8 The effective maintenance 
dose of buprenorphine (with or without naloxone) is usually 
between 8 and 24 mg/day.16 Initiate buprenorphine at the low 
end of the dosing range for elderly patients. Reduce initial and 
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Table 36�8
Alcohol Use Disorder Medication Decision Grid38

Pretreatment Indicator Acamprosate Disulfiram Oral Naltrexone Injectable Naltrexone

Renal failure X A A A
Significant liver disease A C C C
Coronary artery disease A C A A
Chronic pain A A C C
Current opioid use A A X X
Psychosis A C A A
Unwilling or unable to sustain total abstinence A X A A
Risk factors for poor medication adherence C C C A
Diabetes A C A A
Obesity that precludes intramuscular injection A A A X
Family history of alcohol use disorders A A + +
Bleeding or other coagulation disorders A A A C
High level of craving A A + +
Opioid use disorder in remission A A + +
History of postacute withdrawal syndrome + A A A
Cognitive impairment A X A A

+ = particularly appropriate; A = appropriate to use; C = use with caution; X = contraindicated.
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Schizophrenia
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L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Recognize signs and symptoms of schizophrenia and be able to distinguish among positive, negative, 

and cognitive impairments associated with the illness.

2. Explain potential pathophysiologic mechanisms that are thought to underlie schizophrenia.

3. Identify treatment goals for a patient with schizophrenia.

4. Recommend appropriate antipsychotic medications based on patient-specific data.

5. Compare side-effect profiles of individual antipsychotics.

6. Educate patients and families about schizophrenia, treatments, and the importance of adherence to 
antipsychotic treatment.

7. Describe components of a monitoring plan to assess the effectiveness and safety of antipsychotic 
medications.

INTRODUCTION

Schizophrenia is a challenging disorder often requiring life-long 
treatment. The disorder may have many pathophysiological 
pathways that ultimately manifest with psychotic symptoms, 

including positive symptoms such as hallucinations and delusions, 
as well as disordered thinking. Commonly, these symptoms are 
accompanied by cognitive impairment (abnormalities in thinking, 
reasoning, attention, memory, and perception), impaired 
insight and judgment, and negative symptoms including loss 
of motivation (avolition), loss of emotional range (restricted 
affect), and a decrease in spontaneous speech (poverty of speech). 
Cognitive impairments and negative symptoms account for much 
of the poor social and functional outcomes. Schizophrenia is the 
fourth leading cause of disability among adults and is associated 
with substantially lower rates of employment, marriage, and 
independent living compared with population norms. However, 
earlier diagnosis, treatment, advances in research, and newer 
treatment developments have led to better outcomes with the 
potential for remission and recovery.

EPIDEMIOLOGY AND ETIOLOGY
Approximately 0.7% of the world population suffers from 
schizophrenia, with symptoms typically presenting in late 
adolescence or early adulthood.1 Prevalence is equal in men 
and women, but symptoms appear earlier in men with first 
hospitalization typically occurring at 15 to 24 years compared to 
25 to 34 years in women.

The etiology of schizophrenia remains unknown. A genetic 
basis is supported by the fact that first-degree relatives of patients 
with schizophrenia carry a 10% risk of developing the disorder, 
and when both parents have the diagnosis, the risk to their 
offspring is 40%. For monozygotic twins, the concordance rate 
is about 50%. Many genes have been weakly associated with 
the development of schizophrenia; however, there is probably 
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no single �schizophrenia gene.� Research continues to explore 
candidate genes, loci, and copy number variants, hoping to 
better understand the genetic contribution.2 Possibly, when a 
genetic liability is present, environmental stimuli may trigger 
expression of the illness. Some data suggest intrauterine exposure 
to significant stress, viral or bacterial infections may be a risk 
factor; however, more research is needed.

PATHOPHYSIOLOGY
The dopamine hypothesis, the oldest pathophysiologic theory, 
proposes that psychosis is caused by excessive dopamine in the brain. 
This hypothesis followed the discovery that chlorpromazine, the first  
antipsychotic medication, was a postsynaptic dopamine antagonist. 
Drugs that cause an increase in dopamine (eg, cocaine and 
amphetamines) worsen or cause psychotic symptoms, and 
medications that decrease dopamine (eg, antipsychotics) improve 
psychotic symptoms. However, data reveal a more complicated 
picture with both hyperdopaminergic and hypodopaminergic 
brain regions in schizophrenia. Hyperdopaminergic activity 
in the mesolimbic pathway contributes to positive symptoms 
of psychosis, while hypoactivity of the mesocortical pathway 
in the prefrontal cortex may contribute to negative symptoms. 
Thus, a more modern reworking of the dopamine hypothesis is 
the �dysregulation hypothesis,� which takes these findings into 
account and also focuses primarily on presynaptic dopamine.3

It is possible, however, that the hypothesized dopamine 
abnormalities may represent changes occurring secondary 
to other pathophysiologic abnormalities. Other implicated 
neurotransmitter systems include a combined dysfunction of 
the dopamine and glutamate neurotransmitter systems. It is 
hypothesized that glutamate, possibly through malfunctioning 
N-methyl-�-aspartate (NMDA) receptors, impacts dopaminergic 
activity in the mesolimbic and mesocortical pathways. NMDA 
antagonists such as phencyclidine (PCP) and ketamine can elicit 
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Major Depressive Disorder
J. Michael McGuire, Cherry W. Jackson,  
and Marshall E. Cates 
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L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Explain the etiology and pathophysiology of major depressive disorder (MDD).

2. Identify the signs and symptoms of MDD.

3. Outline the treatment goals for a patient with MDD.

4. Recommend pharmacotherapy given a specific patient with MDD.

5. Develop a monitoring plan for a specific patient with MDD which includes the assessment of efficacy as 
well as adverse effects.

6. Predict, prevent, identify, and resolve potential drug-related problems.

7. Educate patients and caregivers on the proper use of antidepressant therapy.

INTRODUCTION

Major depression is a common, seriously disabling, 
disorder nonresponsive to volitional efforts to feel 
better. Individuals with major depressive disorder 

(MDD) experience pervasive symptoms affecting mood, 
thinking, physical health, work, and relationships. Suicide often 
results when MDD is inadequately diagnosed and treated.1

Over and under detection of MDD is an important 
consideration. Primary care providers have become increasingly 
involved in the management of MDD. Studies show that over 
detection of MDD can outnumber missed cases.1 Antidepressants 
account for 15 of the top 200 prescription drugs dispensed in the 
United States.2 Inadequate treatment remains a serious concern.3

EPIDEMIOLOGY AND ETIOLOGY
The lifetime and 12-month prevalence estimates for MDD are 
16.2% and 6.6%, respectively.4 Women are twice as likely as men 
to experience MDD.5 In the United States, incidence peaks in the 

twenties. Many patients with MDD have comorbid psychiatric 
disorders, especially anxiety and substance use disorders.5

According to the World Health Organization (WHO), 
depression is the leading cause of disability worldwide and a 
major contributor to the overall global burden of disease.6

The etiology of depression is complex and is hypothetically 
due to a change in the brain neurotransmitters, primarily 
norepinephrine (NE), serotonin (5-HT), and dopamine (DA).7

PATHOPHYSIOLOGY
The cause of MDD is unknown but is probably multifactorial. 
Multiple theories abound, and practitioners suggest that 
development of depression likely involves a complex interaction 
of genetic predisposition, psychological stressors, and underlying 
pathophysiology. There are no currently accepted unifying 
theories to adequately explain the pathophysiology of depression.7

Genetics
First-degree relatives of MDD patients are about two to four times 
more likely to develop MDD compared with controls.5 Adoption 
and twin studies also suggest that MDD is due to genetic 
influences.8 Major depression has been associated with four 
different genes including polymorphisms in the glucocorticoid 
receptor gene NR3C1, the monoamine oxidase A gene, the gene 
for glycogen synthase kinase-3�, and a group-2 metabotropic 
glutamate receptor gene (GRM3).9

Stress
Major life stressors do not always cause depression. Nevertheless, 
there is an undeniable association between life stressors and 
depression, and there appears to be a significant causative 
interaction between life stressors and genetic predisposition. 
Although acute stressors may precipitate depression, chronic 
stressors cause longer episodes and are more likely to lead to 
relapse and recurrence.10
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Patient Encounter Part 1

A 43-year-old woman presents to the psychiatry clinic with 
complaints of depressed mood, poor sleep, and decreased 
appetite. She has lost 25 pounds (11.4 kg) in the last 2 months. 
She also has been isolating herself from other people, and has 
had crying spells. She says that she has been thinking about 
committing suicide, but she does not have a specific plan.

What symptoms of MDD does she have?
What medical or psychiatric issues could be contributing to 
her symptoms?
What additional information do you need to know before 
creating a treatment plan for this patient?

L 
O

Chisholm_Ch38_p0583-0598.indd   583 05/09/18   3:33 PM

































599

Bipolar Disorder
Opal M. Bacon, Brian L. Crabtree,  
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L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Explain the pathophysiologic mechanisms underlying bipolar disorder.

2. Recognize the symptoms of a manic episode and in patients with bipolar disorder.

3. Identify common psychiatric comorbidities of bipolar disorder.

4. Recognize the Diagnostic and Statistical Manual of Mental Disorders, 5th edition (DSM-5), criteria for 
bipolar disorder as well as the subtypes of bipolar I disorder, bipolar II disorder, and cyclothymic 
disorder.

5. List the desired therapeutic outcomes for patients with bipolar disorder.

6. Identify the optimal use of medications as first-line therapy in bipolar disorder, including appropriate 
dosing.

7. Recommend drug therapy for acute treatment of mania and depressive episodes.

8. Recommend baseline and routine monitoring for assessment of adverse effects of medications used in 
the treatment of bipolar disorder.

9. Identify general treatment differences for agents used to treat bipolar disorder in the pediatric population.

10. Explain why medication education is important for patients with bipolar disorder.

INTRODUCTION

Bipolar disorder is characterized by one or more episodes 
of mania or hypomania, often with a history of one or 
more major depressive episodes.1 It is chronic, with 

recurrent episodes and remissions. Mood episodes can be 
manic, hypomanic, or depressed. Mood episodes can be further 
classified with features, like mixed mood features. They can be 
separated by periods of long stability or cycle rapidly. They occur 
with or without psychosis. Disability and other consequences 
(eg, increased risk of suicide) can be devastating to patients 
and families. Correct and early diagnosis and treatment are 
essential to prevent complications and maximize response to 
treatment.

EPIDEMIOLOGY
Bipolar disorders are categorized into bipolar I disorder, bipolar II 
disorder, and other specified and unspecified bipolar and related 
disorders. Bipolar I disorder is characterized by one or more 
manic episodes, whereas bipolar II disorder is characterized by at 
least one hypomanic episode. Both disorders also typically have 
major depressive episodes.

The lifetime prevalence of bipolar I disorder is estimated at 
0.6% of US adults. The lifetime prevalence of bipolar II disorder 
is about 0.4%. When including the entire spectrum of bipolar 
disorders, the prevalence is approximately 3%.2

Bipolar I disorder affects men and women equally. Bipolar II, 
rapid cycling and mixed mood features are more common in 
women. In all, 78% to 85% of individuals with bipolar disorder 

report having another Diagnostic and Statistical Manual of 
Mental Disorders, 5th edition (DSM-5), diagnosis during their 
lifetime. The most common comorbid conditions are anxiety, 
substance use disorder, and impulse control disorders. Medical 
comorbidities are also common.2

The mean age of onset is 20 years, although onset may 
occur in early childhood to the mid-40s.1 If onset occurs after 
age 60, it is probably due to medical causes. An early onset is 
associated with greater comorbidities, more mood episodes, 
a greater proportion of days depressed, and greater lifetime 
risk of suicide attempts compared with later onset. Substance 
use and anxiety disorders are more common in patients with 
early onset. Patients with bipolar disorder have higher rates of 
suicidal thoughts, attempts, and completed suicides than the 
general population.

ETIOLOGY
The precise etiology is unknown. Thought to be genetically 
based, bipolar disorder is influenced by a variety of factors 
that may enhance gene expression. These include trauma, 
environmental factors, anatomical abnormalities, and exposure 
to chemicals or drugs.3,4

PATHOPHYSIOLOGY
Neurochemical
The pathophysiology of bipolar disorder remains incompletely 
understood. Imaging techniques such as positron emission 
tomography (PET) scans and functional magnetic resonance 
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Generalized Anxiety 
Disorder, Panic Disorder, 
and Social Anxiety Disorder
Sheila R. Botts, Sallie H. Charles,  
and Douglas A. Newton 

40

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Explain the pathophysiologic mechanisms underlying anxiety disorders.

2. Recognize common presenting symptoms of generalized anxiety, panic, and social anxiety disorder 
(SAD).

3. List treatment goals for patients with generalized anxiety, panic, and SAD.

4. Identify appropriate lifestyle modifications and over-the-counter medication use in these patients.

5. Compare the efficacy and tolerability profiles of psychotherapy and pharmacotherapy interventions for 
anxiety disorders.

6. Design a patient-specific pharmacotherapy treatment plan for patients with generalized anxiety, panic, 
and SAD.

7. Develop a monitoring plan for patients with anxiety placed on specific medications.

8. Formulate appropriate educational information to be provided to a patient receiving pharmacotherapy 
for generalized anxiety, panic, and SAD.

INTRODUCTION

Anxiety disorders are among the most frequent mental 
disorders encountered by clinicians.1-3 All anxiety 
disorders are highly comorbid and share features of fear 

and anxiety that differ from developmentally normative fear or 
anxiety by being excessive, persistent, and resulting in behavioral 
disturbances.1 Anxiety disorders are associated with significant 
patient and family burden, functional impairment, and increased 
risk of developing comorbid major depressive disorder (MDD).1-4

Initial detection and diagnosis generally falls to primary care 
clinicians, to whom most patients present in the context of other 
complaints.4 Anxiety disorders are often missed or attributed 
incorrectly to other medical illnesses, and most patients are 
treated inadequately.4 Untreated anxiety disorders are associated 
with increased health care utilization, morbidity and mortality, 
and a poorer quality of life.1-4

EPIDEMIOLOGY AND ETIOLOGY
Epidemiology

 ▶ Prevalence
The lifetime prevalence of anxiety disorders collectively is 28.8% 
with specific phobia (12.5%) and social anxiety disorder (SAD; 
12.1%) being the most common.2,3 Data from the National 
Comorbidity Survey, Revised (NCS-R) estimate the lifetime 
prevalence of generalized anxiety disorder (GAD) for those 
18 years of age and older to be 5.7%, closely followed by panic 
disorder (PD) at 4.7%.2,3

Anxiety disorders are more prevalent among women than men 
(2:1).2 Prevalence rates across the anxiety spectrum increase from 
the younger age group (18�29 years) to older age groups (30�44 
and 45�59 years); however, rates are substantially lower for those 
older than age 59 years.2

 ▶ Course of Illness
PD and GAD have median ages of onset of 24 and 31 years, 
respectively, whereas SAD develops earlier (median age 13 years).3

Although GAD and PD may not fully manifest until adulthood, 
as many as half of adult patients with anxiety report subthreshold 
symptoms during childhood.5

Anxiety disorders are chronic, and symptoms tend to wax 
and wane, with fewer than one-third of patients experiencing 
spontaneous symptom remission.6 As such, the risk for relapse 
and recurrence of symptoms is high. In a 12-year follow-up study 
of anxiety disorder patients, recurrence rates ranged from 58% of 
PD and GAD patients to 39% of SAD patients.7

Remission, if achieved with treatment, is most likely to occur 
within the first 2 years of an index episode.6 Similarly, the highest 
rates of relapse are within the same time frame. This suggests 
that many patients need ongoing maintenance treatment. Rates 
of remission and relapse do not appear to vary by sex.6 Patients 
with anxiety disorders spend a significant portion of time 
�being ill� during a particular episode, ranging from 41% 
to 80% of the time.7 Anxiety disorders are associated with 
impaired psychosocial functioning and a compromised quality 
of life.8 Appropriate treatment improves overall quality of life and 
psychosocial functioning.8
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Sleep Disorders
John M. Dopp and Bradley G. Phillips 41

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. List the sequelae of undiagnosed or untreated sleep disorders and appreciate the importance of 

successful treatment of sleep disorders.

2. State the incidence and prevalence of sleep disorders.

3. Describe the pathophysiology and characteristic features of the sleep disorders covered in this chapter, 
including insomnia, narcolepsy, restless legs syndrome (RLS), obstructive sleep apnea (OSA), and 
parasomnias.

4. Assess patient sleep complaints, conduct sleep histories, and evaluate sleep studies to recognize 
daytime and nighttime symptoms and characteristics of common sleep disorders.

5. Recommend and optimize appropriate sleep hygiene and nonpharmacologic therapies for the 
management and prevention of sleep disorders.

6. Recommend and optimize appropriate pharmacotherapy for sleep disorders.

7. Describe the components of the patient care process to implement and assess safety and efficacy of 
pharmacotherapy for common sleep disorders.

8. Educate patients about preventive behavior, appropriate lifestyle modifications, and drug therapy 
required for effective treatment and control of sleep disorders.

INTRODUCTION

Individuals with normal sleep patterns sleep up to one-third 
of their lives and spend more time sleeping than in any 
other single activity. Despite this, our understanding of 

the full purpose of sleep and the mechanisms regulating sleep 
homeostasis remains incomplete. Sleep is necessary to enable one 
to maintain wakefulness and good health. Disruption of normal 
sleep is a major cause of societal morbidity, lost productivity, and 
reduced quality of life.1 Sleep disturbances may contribute to the 
development and progression of comorbid medical conditions.1

Sleep is governed and paced by the suprachiasmic nucleus in 
the brain that regulates circadian rhythm. Environmental cues 
and amount of previous sleep also influence sleep on a daily 
basis. There are two main types of sleep: rapid eye movement 
(REM) sleep, during which eye movements and dreaming occur 
but the body is mostly paralyzed, and non–rapid eye movement 
(NREM) sleep, which consists of four substages (stages 1�4). 
Stage 1 serves as a transition between wake and sleep. Most of the 
time being asleep is spent in stage 2 NREM sleep. Stage 3 sleep is 
referred to as deep sleep, or delta sleep, because prominent delta 
waves are seen on the electroencephalogram (EEG) during this 
stage of sleep.

EPIDEMIOLOGY AND ETIOLOGY
Approximately 50% of adults will report a sleep complaint over 
the course of their lives.2 In general, sleep disturbances increase 
with age, and each disorder may have gender differences. The full 
extent and impact of disordered sleep on our society are not known 
because many patients� sleep disorders remain undiagnosed. 
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Normal sleep, by definition, is �a reversible behavioral state 
of perceptual disengagement from and unresponsiveness to 
the environment.�3 Individuals with sleep disorders exhibit or 
complain about consequent symptoms (eg, daytime sleepiness) 
or a bed partner often observes hallmark characteristics of the 
sleep disorder. Insomnia, restless legs syndrome (RLS), and sleep-
related breathing disorders are the most common sleep disorders.

Insomnia
The prevalence of insomnia increases with age and is nearly  
1.5 times greater in women than in men. Approximately one-third 
of patients older than age 65 years have persistent insomnia.4,5 
About 10% of adults experience chronic insomnia, and slightly 
more experience short-term insomnia.  Diagnostic 
criteria for insomnia specify difficulty initiating sleep, maintaining 
sleep or early morning awakenings occur at least three times per 
week for a minimum duration of at least 3 months. Forty percent 
of patients with psychiatric conditions have accompanying 
insomnia.6 Insomnia is frequently triggered by acute stress and 
resolves when the stress resolves. Numerous coexisting medical 
conditions, such as pain, thyroid abnormalities, asthma, and 
gastroesophageal reflux, and medications, including selective 
serotonin reuptake inhibitors (SSRIs), steroids, stimulants, and 
�-agonists, can cause insomnia.

Narcolepsy
Although difficult to estimate, the prevalence of narcolepsy 
is between 0.03% and 0.06%.7 Significant differences have 
been reported for various ethnic groups. Narcolepsy has a 
higher prevalence in Japanese and a lower prevalence in Israeli 
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Attention-Deficit/
Hyperactivity Disorder
Julia Boyle, Kevin W. Cleveland,  
and John Erramouspe 

42
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Explain accepted criteria necessary for the diagnosis of attention-deficit/hyperactivity disorder (ADHD).

2. Recommend a therapeutic plan, including drug selection, initial doses, dosage forms, and monitoring 
parameters, for a patient with ADHD.

3. Differentiate among the available pharmacologic agents used for ADHD with respect to pharmacology 
and pharmaceutical formulation.

4. Recommend second-line and/or adjunctive agents that can be effective alternatives in the treatment of 
ADHD when stimulant therapy is less than adequate.

5. Address potential cost�benefit issues associated with pharmacotherapy of ADHD.

6. Recommend strategies for minimizing adverse effects of ADHD medications.

Attention-deficit/hyperactivity disorder (ADHD) is character-
ized by a persistent pattern of inattention and/or 
hyperactivity-impulsivity. It can have a severe impact 

on a patient�s ability to function in both academic and social 
environments. Early diagnosis and appropriate treatment are 
essential to compensate for areas of deficit.

EPIDEMIOLOGY AND ETIOLOGY
 This disorder usually begins in young children and 

must occur before 12 years of age to meet current diagnostic 
criteria. In the United States, ADHD is the most common 
neurobehavioral disorder that affects children.1 ADHD has 
been diagnosed in approximately 11% of school-aged children.2

ADHD occurs more than twice as often in school-aged boys than 
girls.3

Although ADHD generally is considered a childhood disorder, 
symptoms can persist into adolescence and adulthood. The 
prevalence of adult ADHD is estimated to be 2.5%; majority 
of adults with ADHD have symptoms that manifested in 
childhood.3,4 Furthermore, problems associated with ADHD (eg, 
social, marital, academic, career, anxiety, depression, smoking, 
and substance abuse problems) increase with the transition of 
patients into adulthood. Untreated adults with ADHD have 
high rates of psychopathology, substance abuse, and social and 
occupational dysfunction.

PATHOPHYSIOLOGY
 The exact pathologic cause of ADHD has not been 

identified. ADHD is generally thought of as a disorder of self-
regulation or response inhibition and cognitive deficits.5 Patients 
who meet the criteria for ADHD have difficulty maintaining self-
control, resisting distractions, concentrating on ideas, and often 
alternate between inattentiveness to overexcitement.3,6

 Dysfunction of the neurotransmitters is thought 
to be key in the pathology of ADHD. Norepinephrine is 
responsible for maintaining alertness and attention; dopamine 
is responsible for regulating learning, motivation, goal setting, 
and memory. Both of these neurotransmitters predominate in 
the frontal subcortical system, an area of the brain responsible 
for maintaining attention and memory. Genetics appears to play 
a role because a child who has a parent with ADHD has a 50% 
chance of developing ADHD. An association has been made 
between the development of ADHD and fetal alcohol syndrome, 
lead poisoning, maternal smoking, and hypoxia.3,6

CLINICAL PRESENTATION AND DIAGNOSIS
 ADHD is rarely encountered without comorbid 

conditions such as oppositional defiant and conduct disorder 
and often is misdiagnosed.1 It is important to identify and 
appropriately treat coexisting conditions in patients with ADHD.

According to most recent diagnostic guidelines, all patients 
4 to 18 years of age presenting with inattention, hyperactivity, 
impulsivity, academic, and/or behavioral problems should be 
evaluated for ADHD. Additional behavior information from 
various settings should be gathered from the patient, family, and 
teachers. The age of onset, frequency, severity, and duration of 
symptoms should be documented.3,6

The most useful diagnostic criteria for ADHD is the Diagnostic 
and Statistical Manual of Mental Disorders, 5th edition (DSM-5).3 
The DSM-5 defines three presentations of ADHD: (a) predominately 
inattentive; (b) predominantly hyperactive-impulsive; and (c) 
combined, in which both inattentive and hyperactive or impulsive 
symptoms are evident.3,6 It is recommended that parents and 
teachers complete a standardized rating scale based on the DSM-5 
criteria.3 Rating scales are not by themselves diagnostic but are 
diagnostic aids when added to a careful history and interview.7
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ENDOCRINOLOGIC DISORDERS    SECTION 7    

Diabetes Mellitus
Julie Sease 43

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Discuss the incidence of diabetes mellitus (DM).

2. Distinguish clinical differences in type 1, Latent Autoimmune Diabetes of Adulthood, type 2, and 
gestational diabetes.

3. List screening and diagnostic criteria for DM.

4. Discuss therapeutic goals for blood glucose (BG) and blood pressure (BP) for a patient with diabetes.

5. Recommend nonpharmacologic therapies, including meal planning and physical activity, for patients 
with diabetes.

6. Compare oral agents used in treating diabetes by their mechanisms of action, time of action, side 
effects, contraindications, and effectiveness.

7. Select appropriate insulin therapy based on onset, peak, and duration of action.

8. Discuss the signs, symptoms, and treatment of hypoglycemia.

9. Define diabetic ketoacidosis and discuss treatment goals.

10. Develop a comprehensive therapeutic monitoring plan for a patient with diabetes based on patient-
specific factors.

by the Centers for Disease Control and Prevention (CDC) 
and persons living in the American South are less likely to be 
physically active than those living in other areas of the country.3

Ethnicity
Certain ethnic groups are at a disproportionately high risk for 
developing type 2 DM (T2DM). The prevalence of DM is 15.1% 
among American Indians/Alaska Natives, 12.7% among non-
Hispanic blacks, and 12.1% among persons of Hispanic ethnicity; 
whereas, among non-Hispanic whites, the prevalence is only 
7.4%.1 Socioeconomic status, when examined as a function of 
education level, also plays a role in the development of DM. The 
rate of DM is 12.6% for persons with less than a high school 
education versus 7.2% for those with education beyond high 
school.

Age
The third factor contributing to the increased prevalence of 
T2DM is age. In 2015, 9.9 million people in the United States 
who were 65 years of age or older had been diagnosed with DM 
compared with only 3 million between the ages of 18 and 44.1

As the population ages, the incidence of T2DM is expected to 
increase.

 Type 1 DM (T1DM) is usually diagnosed before 
age 30 years but can develop at any age. As a result, patients over 
30 years of age who newly develop T1DM may be misdiagnosed 
as having T2DM. Autoimmune destruction of the �-cells causes 
insulin deficiency. T2DM accounts for approximately 90% to 95% 
of all diagnosed cases of DM, is progressive in its development, 
and is often preceded by an increased risk for diabetes (previously 

INTRODUCTION

Diabetes mellitus (DM) describes a group of chronic 
metabolic disorders.  DM is characterized by 
hyperglycemia that may result in long-term microvascular 

and neuropathic complications. These complications contribute 
to DM being the leading cause of (a) new cases of blindness 
among adults, (b) end-stage renal disease, and (c) nontraumatic 
lower limb amputations. Macrovascular complications (coronary 
artery disease, peripheral vascular disease, and stroke) are also 
associated with DM.

EPIDEMIOLOGY
DM affects an estimated 30.3 million persons in the United 
States, or 9.4% of the population.1 Although an estimated  
23.1 million persons have been diagnosed, another 7.2 million 
have DM but are unaware they have the disease.

DM is characterized by a complete lack of insulin, a relative 
lack of insulin, or insulin resistance as well as disorders of other 
hormones. These defects result in an inability to use glucose for 
energy. The increasing prevalence of DM is partly caused by three 
influences: lifestyle, ethnicity, and age.

Lifestyle
A sedentary lifestyle coupled with greater consumption of 
high-fat, high-carbohydrate foods, and larger portion sizes have 
resulted in increasing rates of obesity. Current estimates indicate 
that 36.5% of the US population is obese when obesity is defined 
as a body mass index (BMI) of greater than 30 kg/m2.2 Only 1 
in 5 adults currently meet physical activity guidelines set forth 
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 Table 43�7
Oral Agents for the Treatment of Type 2 Diabetes Mellitus (T2DM)19,21,24 

Drugs Adjustment for Renal Impairment

Drug Class Trade

Generic/
Commercially 
Available Target Area

Blood 
Glucose 
Affected

Dosing Strategy  
(All Agents Are 
Taken Orally)

CrCl 30–50 mL/min 
(0.50–0.83 mL/s)

CrCl < 30 mL/min 
(0.50 mL/s)

Adjustment 
for Hepatic 
Impairment

Common 
Adverse Drug 
Reactions

�-Glucosidase 
Inhibitors

Precose Acarbose/Y Brush border of 
small intestine

Postprandial 25 mg three times 
daily with first bite 
of each main meal

Advance at 4�8 week 
intervals to a 
maximum of  
100 mg three  
times daily

SCr > 2 mg/dL 
(177 �mol/L): Not 
recommended

SCr > 2 mg/
dL (177 
�mol/L): Not 
recommended

No specific dose 
adjustment 
recommended

GI (flatulence, 
diarrhea)

Glyset Miglitol/Y 25 mg three times 
daily with first bite 
of each main meal

Advance at  
4�8 week intervals 
to a maximum of 
100 mg three times 
daily

SCr > 2 mg/dL 
(177 �mol/L): Not 
recommended

SCr > 2 mg/
dL (177 
�mol/L): Not 
recommended

No adjustment 
necessary

GI (flatulence, 
diarrhea)

         

Meglitinides (should 
not be used in 
combination 
with other insulin 
secretagogues)

Prandin Repaglinide/Y Pancreas Postprandial 0.5 mg 15�30 minutes 
before each meal

Double preprandial 
dose every 7 days 
to a maximum of  
4 mg/dose or  
16 mg/day

(To be taken only if 
eating)

20�40 mL/min (0.33�
0.67 mL/s): Initial 
dose: 0.5 mg with 
careful titration

< 20 mL/min 
(0.33 mL/s): Not 
studied

Use conservative 
initial and 
maintenance 
doses and use 
longer intervals 
between dose 
adjustments

Hypoglycemia 
(although less 
risk than with 
sulfonylureas)

Starlix Nateglinide/Y 120 mg three times 
daily before meals

(To be taken only if 
eating)

No specific dose 
adjustment 
recommended

Use with caution 
in severe 
dysfunction

No dose 
adjustment 
needed in mild 
impairment; 
use with 
caution in 
moderate 
to severe 
dysfunction

Hypoglycemia 
(although less 
risk than with 
sulfonylureas)

Second-generation 
sulfonylureas

Micronase Glyburide/Y Pancreas Fasting and 
postprandial

1.5�3 mg/day with 
breakfast

Not recommended Not 
recommended

Use conservative 
dosing and 
avoid in severe 
disease

Hypoglycemia, 
weight gain
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Thyroid Disorders
Michael D. Katz 44

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Discuss the prevalence of common thyroid disorders, including mild and overt hypothyroidism and 

hyperthyroidism.

2. Explain the major components of the hypothalamic�pituitary�thyroid axis and interaction among these 
components.

3. Discuss the relationship between serum thyroid-stimulating hormone (TSH) levels and primary thyroid 
disease, and the advantages for use of TSH levels over other tests such as serum T

4
 (thyroxine) and T

3
(triiodothyronine) levels.

4. Identify typical signs and symptoms of hypothyroidism and the consequences of suboptimal treatment.

5. Describe clinical use of levothyroxine (LT
4
) in the treatment of hypothyroidism.

6. Discuss the issues regarding LT
4
 product bioequivalence and reasons for maintaining patients on the 

same product.

7. Describe the management of hypothyroidism and hyperthyroidism in pregnant women.

8. Identify typical signs and symptoms of Graves disease and consequences of inadequate treatment.

9. Discuss the pharmacotherapy of Graves disease, including advantages and disadvantages of antithyroid 
drugs versus radioactive iodine, adverse effects, and patient monitoring.

10. Describe the potential effects of selected drugs, including amiodarone, lithium, interferon-�, and 
tyrosine kinase inhibitors (TKIs) on thyroid function.

INTRODUCTION

Thyroid disorders are common. More than 2 billion people, 
or 38% of the world�s population, have iodine deficiency, 
resulting in 74 million people with goiter. Although overt 

iodine deficiency is not a significant problem in developed 
countries, a number of common thyroid conditions exist. The most 
common are hypothyroidism and hyperthyroidism, which often 
require long-term pharmacotherapy. Undetected or improperly 
treated thyroid disease can result in long-term adverse sequelae, 
including increased mortality. It is important that clinicians 
are aware of the prevalence of thyroid disorders, methods of 
identifying thyroid disorders, and appropriate therapy. This 
chapter focuses on the most common pharmacologically treated 
thyroid disorders.

EPIDEMIOLOGY
Among 4392 people 12 years of age and older in a sample 
representing the geographic and ethnic distribution of the US 
population, hypothyroidism was found in 3.7% (3.4% mild) and 
hyperthyroidism in 0.5%.1 The prevalence of hypothyroidism 
correlated with age and was higher in older age groups, whites, 
and Hispanics, but was lower in blacks. Compared with the total 
population, people aged 50 to 79 years had an almost twofold 
higher prevalence, and those aged 80 years and older had a 
fivefold higher prevalence. Pregnant women also had a higher 
prevalence of hypothyroidism than nonpregnant women across 
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all races and ethnicities. The Colorado Thyroid Health Survey 
assessed thyroid function in 25,862 subjects attending a health 
fair.2 Overall prevalence of an abnormal thyroid-stimulating 
hormone (TSH; thyrotropin) level was 11.7% of the study 
population, with 9.4% hypothyroid (9% subclinical) and 2.2% 
hyperthyroid (2.1% subclinical). Of the 916 subjects taking 
thyroid medication, 60% were euthyroid (had normal thyroid 
function or hormone activity), with an equal distribution between 
subclinical hypothyroidism and hyperthyroidism. The National 
Health and Nutrition Examination Survey (NHANES) study also 
found that many patients receiving thyroid medications had an 
abnormal TSH level. These findings imply that many patients 
who are receiving thyroid medications are not being managed 
successfully.

PATHOPHYSIOLOGY
The thyroid gland is the largest endocrine gland in the body, 
residing in the neck anterior to the trachea between the cricoid 
cartilage and suprasternal notch. The thyroid gland produces two 
biologically active hormones, thyroxine (T4) and triiodothyronine 
(T3). Thyroid hormones are essential for proper fetal growth 
and development, particularly of the central nervous system 
(CNS). After delivery, the primary role of thyroid hormone is in 
regulation of energy metabolism. These hormones can affect the 
function of virtually every organ in the body. The parafollicular 
C cells of the thyroid gland produce calcitonin.
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Adrenal Gland Disorders
Devra K. Dang, Christina M. Polomoff,  
and Judy T. Chen 

45
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Explain the regulation and physiologic roles of hormones produced by the adrenal glands.

2. Recognize the clinical presentation of adrenal insufficiency.

3. Describe the pharmacologic management of acute and chronic adrenal insufficiency.

4. Recommend therapy monitoring parameters for adrenal insufficiency.

5. Recognize the clinical presentation of Cushing syndrome and the physiologic consequences of cortisol 
excess.

6. Describe the pharmacologic and nonpharmacologic management of Cushing syndrome.

7. Recommend strategies to prevent the development of hypercortisolism and hypocortisolism.

8. Recommend therapy monitoring parameters for Cushing syndrome.

INTRODUCTION

The adrenal glands are important in the synthesis and 
regulation of key human hormones. They play a crucial role 
in water and electrolyte homeostasis, as well as regulation 

of blood pressure, carbohydrate and fat metabolism, physiologic 
response to stress, and sexual development and differentiation. 
This chapter focuses on pharmacologic and nonpharmacologic 
management of the two most common conditions associated 
with adrenal gland dysfunction: glucocorticoid insufficiency 
(eg, Addison disease) and glucocorticoid excess (Cushing 
syndrome). Other adrenal disorders such as congenital adrenal 
hyperplasia, pheochromocytoma, hypoaldosteronism, and 
hyperaldosteronism are beyond the scope of this chapter.

PHYSIOLOGY, ANATOMY, AND BIOCHEMISTRY 
OF THE ADRENAL GLAND
The adrenal gland is located on the upper segment of the kidney. 
It consists of an outer cortex and an inner medulla. The adrenal 
medulla secretes the catecholamines epinephrine (also called 
adrenaline) and norepineprhine (also called noradrenaline), 
which are involved in the regulation of the sympathetic nervous 
system. The adrenal cortex consists of three histologically distinct 
zones: the outer zona glomerulosa, the zona fasciculata, and 
an innermost layer called the zona reticularis. Each zone is 
responsible for production of different hormones (Figure 45–1).

The zona glomerulosa is responsible for the production of 
the mineralocorticoids aldosterone, 18-hydroxy-corticosterone, 
corticosterone, and deoxycorticosterone. Aldosterone promotes 
renal sodium retention and potassium excretion. Its synthesis and 
release are regulated by renin in response to decreased vascular 
volume and renal perfusion. Adrenal aldosterone production is 
regulated by the renin-angiotensin-aldosterone system.

The zona fasciculata is the middle layer and produces the 
glucocorticoid hormone cortisol. Cortisol is responsible for 
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maintaining homeostasis of carbohydrate, protein, and fat 
metabolism. Its secretion follows a circadian rhythm, generally 
beginning to rise at approximately 3 to 4 AM and peaking 
around 6 to 8 AM. Thereafter, cortisol levels decrease throughout 
the day, approach 50% of the peak value by 4 PM, and reach 
their nadir around midnight. The normal rate of cortisol 
production is approximately 8 to 25 mg/day. Cortisol plays a 
key role in the body’s response to stress. Its production increases 
markedly during physiologic stress, such as during acute illness, 
surgery, or trauma. In addition, certain conditions such as 
alcoholism, depression, anxiety disorder, obsessive-compulsive  
disorder, poorly controlled diabetes, morbid obesity, starvation, 
anorexia nervosa, and chronic renal failure are associated with 
increased cortisol levels. High total cortisol levels are also 
observed in the presence of increased cortisol binding globulin 
(the carrier protein for 80% of circulating cortisol molecules), 
which is seen in pregnancy or other high-estrogen states (eg, 
exogenous estrogen administration). Cortisol is converted in the 
liver to an inactive metabolite known as cortisone.1

The zona reticularis produces the androgens androstenedione, 
dehydroepiandrosterone (DHEA), and the sulfated form of 
dehydroepiandrosterone (DHEA-S). Only a small amount of 
testosterone and estrogen is produced in the adrenal glands. 
Androstenedione and DHEA are converted in the periphery, 
largely to testosterone and estrogen.

Adrenal hormone production is controlled by the 
hypothalamus and pituitary. Corticotropin-releasing hormone 
(CRH) is secreted by the hypothalamus and stimulates 
secretion of adrenocorticotropic hormone (ACTH; also known 
as corticotropin) from the anterior pituitary. ACTH in turn 
stimulates the adrenal cortex to produce cortisol. When sufficient 
or excessive cortisol levels are reached, a negative feedback is 
exerted on the secretion of CRH and ACTH, thereby decreasing 
overall cortisol production. The control of adrenal androgen 
synthesis also follows a similar negative feedback mechanism. 
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Pituitary Gland Disorders
Judy T. Chen and Devra K. Dang 46

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. List the mediators and primary effects of pituitary hormones.

2. Identify clinical features of patients with acromegaly.

3. Discuss the role of surgery and radiation therapy for patients with acromegaly.

4. Select appropriate pharmacotherapy for patients with acromegaly based on patient-specific factors.

5. Identify clinical features of children and adults with growth hormone (GH) deficiency and select 
appropriate pharmacotherapy for these patients.

6. Recommend monitoring parameters necessary to assess therapeutic outcomes and adverse effects in 
patients receiving GH therapy.

7. List common etiologies of hyperprolactinemia.

8. Identify clinical features of patients with hyperprolactinemia.

9. Select appropriate pharmacologic and nonpharmacologic treatments for patients with 
hyperprolactinemia based on patient-specific factors.

PHYSIOLOGY OF THE PITUITARY GLAND

The pituitary, referred to as the �master gland,� is a small 
endocrine gland located at the base of the brain and is 
responsible for the regulation of many other endocrine 

glands and body systems. Growth, development, metabolism, 
reproduction, and stress homeostasis are among the functions 
influenced by the pituitary. Functionally, the gland consists of 
two distinct sections: the anterior pituitary lobe and the posterior 
pituitary lobe. The pituitary receives neural and hormonal input 
from the inferior hypothalamus via blood vessels and neurons.

The posterior pituitary is innervated by nervous stimulation 
from the hypothalamus, resulting in the release of specific 
hormones to exert direct tissue effects. The hypothalamus 
synthesizes two hormones, oxytocin and vasopressin. These 
hormones are stored and released from the posterior pituitary 
lobe. The anterior pituitary lobe is under the control of 
several releasing and inhibiting hormones secreted from the 
hypothalamus via a portal vein system. It synthesizes and secretes 
six major hormones. Figure 46–1 summarizes the physiologic 
mediators and effects of each of these hormones.

Hormonal Feedback Regulatory Systems
The hypothalamus is responsible for the synthesis and release 
of hormones that regulate the pituitary gland. Stimulation or 
inhibition of the pituitary hormones elicits a specific cascade of 
responses in peripheral target glands. In response, these glands 
secrete hormones that exert a negative feedback on other hormones 
in the hypothalamic�pituitary axis (see Figure 46�1). This negative 
feedback serves to maintain body system homeostasis. In general, 
high circulating hormone concentrations inhibit the release of 
hypothalamic and anterior pituitary hormones.
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Damage and destruction of the pituitary gland may result in 
secondary hypothyroidism, hypogonadism, adrenal insufficiency, 
growth hormone (GH) deficiency, hypoprolactinemia, or 
panhypopituitarism. A tumor (adenoma) located in the pituitary 
gland may result in excess secretion of a hormone or may physically 
compress the gland and suppress adequate hormone release. 
The type, location, and size of a pituitary tumor often determine 
a patient�s clinical presentation. This chapter discusses the 
pathophysiology and role of pharmacotherapy in the treatment 
of acromegaly, GH deficiency, and hyperprolactinemia. The 
following hormones are discussed elsewhere in this textbook: 
adrenocorticotropic hormone (ACTH), thyroid-stimulating 
hormone (TSH), luteinizing hormone (LH), follicle-stimulating 
hormone (FSH), antidiuretic hormone (or vasopressin; ADH), 
and oxytocin.

GROWTH HORMONE (SOMATOTROPIN)
Somatotropin or GH, the most abundant hormone produced 
by the anterior pituitary lobe, is regulated primarily by the 
hypothalamic�pituitary axis. The hypothalamus releases growth 
hormone�releasing hormone (GHRH) to stimulate GH synthesis 
and secretion, whereas somatostatin inhibits it.1 Release of GH 
into the circulation stimulates the liver and other peripheral 
target tissues to produce insulin-like growth factors (IGFs). 
These IGFs are the peripheral GH targets. There are two types 
of IGFs, IGF-I and IGF-II. IGF-I is responsible for growth of 
bone and other tissues, whereas IGF-II is primarily responsible 
for regulating fetal growth. High concentrations of IGF-I inhibit 
GH secretion through somatostatin, thereby inhibiting GHRH 
secretion at the hypothalamus.1 The hypothalamus also may 
stimulate the release of somatostatin to inhibit GH secretion. 
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Contraception
Julia M. Koehler and Kathleen B. Haynes 48

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Discuss the physiology of the female reproductive system.

2. Compare the efficacy of oral contraceptives with that of other methods of contraception.

3. State the mechanism of action of hormonal contraceptives.

4. Discuss adverse effects, risks, and contraindications associated with the use of contraceptives, and 
recommend strategies for minimizing or eliminating such risks.

5. Describe advantages and disadvantages of various contraceptives, including oral and nonoral 
formulations.

6. Cite important drug interactions that may occur with oral contraceptives.

7. Provide appropriate patient education regarding the use of oral and barrier methods of contraception.

8. Discuss how emergency contraception may be employed to prevent unintended pregnancy.

INTRODUCTION

Historically, the 1950s was an important time in the 
control of human fertility. It was during that decade 
that the first combination hormonal contraceptives 

(CHCs) were developed. Shortly after the discovery that the 
exogenous administration of hormones such as progesterone 
successfully blocked ovulation, the use of hormonal steroids 
quickly became the most popular method of contraception 
worldwide. CHCs are the most commonly used reversible form 
of contraception in the United States today, with an estimated 
9.7 million women users.1 Studies of women of childbearing age 
(15�44 years) in the United States estimate that 62% are currently 
using a contraceptive method.1 Since the introduction of oral 
contraceptives, many additional contraceptive forms have been 
developed and are available for use in the United States, including 
transdermal systems, transvaginal systems, and intrauterine 
devices (IUDs). These additional forms of contraception offer 
women effective and potentially more convenient alternatives to 
oral contraceptives.

EPIDEMIOLOGY
According to the National Survey of Family Growth, approximately 
6.37 million pregnancies occur annually in the United States.2 It 
is estimated that nearly half of all pregnancies that occur each 
year in the United States are unintended.2,3 A survey of women 
who had unintended births in the United States between 1998 
and 2002 revealed that approximately 60% were not using any 
form of contraception.1 In addition, many women who do 
use contraceptives use their chosen method of contraception 
imperfectly, and this also increases the risk of unintended 
pregnancy. For patients with certain medical conditions, such as 
epilepsy, hypertension, ischemic heart disease, sickle cell disease, 
lupus, or thromboembolic mutations, unintended pregnancy can 

further increase the risk for adverse health events.4,5 The provision 
of appropriate and adequate instruction to patients regarding how 
to use contraceptive methods effectively is essential in order to 
reduce the risk of unintended pregnancy and, for some women, 
the associated increase in risk for adverse health-related events.

Exposure to sexually transmitted infections (STIs) is also 
a concern for women who are sexually active. It is estimated 
that 20 million people in the United States become newly 
infected annually with an STI.6 Given that not all methods of 
contraception protect the user against STIs, the provision of 
proper patient education by health care professionals regarding 
this risk is absolutely essential.

PHYSIOLOGY
The female menstrual cycle is divided into four functional phases: 
follicular, ovulatory, luteal, and menstrual.4 The follicular phase 
begins the cycle, and ovulation generally occurs around day 14. 
The luteal phase then begins and continues until menstruation 
occurs.4 The menstrual cycle is regulated by a negative-feedback 
hormone loop between the hypothalamus, anterior pituitary 
gland, and ovaries4 (Figure 48–1).

Initially, the hypothalamus releases gonadotropin-releasing 
hormone (GnRH), which stimulates the anterior pituitary to 
produce follicle-stimulating hormone (FSH) and luteinizing 
hormone (LH). The levels of FSH and LH released vary 
depending on the phase of the menstrual cycle. Just prior 
to ovulation, FSH and LH both are at their peak levels. The 
FSH helps to promote growth of the follicle in preparation for 
ovulation by causing granulosa cells lining the follicle to grow 
and produce estrogen. LH promotes androgen production 
by theca cells in the follicle, promotes ovulation and oocyte 
maturation, and converts granulosa cells to cells that secrete 
progesterone after ovulation.

L 
O
1

L 
O

Chisholm_Ch48_p0757-0770.indd   757 05/09/18   4:31 PM









CHAPTER 48 | CONTRACEPTION 761

of EE. In addition, to reduce side effects and improve tolerability 
associated with oral contraceptive use, newer progestins and 
different routes of administration have been explored. In an 
attempt to minimize the undesirable androgenic side effects 
associated with the progestins of CHCs, the original synthetic 
progestins were modified to create �third generation� progestins 
(eg, desogestrel and norgestimate), and �fourth generation� 
progestins with antiandrogenic properties (eg, drospirenone). 
Overall, the synthetic progestins found in today�s CHCs are 
extremely potent in their ability to inhibit ovulation and prevent 
pregnancy.

CHCs are available in monophasic, biphasic, triphasic, and 
quadriphasic preparations. Monophasic preparations contain 
fixed doses of estrogen and progestin in each active pill. Although 
all four preparations contain both estrogens and progestins, 
biphasic, triphasic, and quadriphasic preparations contain 
varying proportions of one or both hormones during the pill 
cycle. These preparations were introduced to reduce a patient�s 
cumulative exposure to progestins, as well as to mimic more 
closely the hormonal changes of the menstrual cycle. However, 
there is no evidence to suggest that the multiphasic preparations 
offer any significant clinical advantage over monophasic pills.7

Most traditional CHCs are packaged as 21/7 cycles (ie, 21 days 
of active pills and 7 days of placebo). However, newer regimens 
offer either fewer hormone-free days per traditional, 28-day pill 
cycle or extended (or in some cases continuous) cycles (84- or 
365-day pill cycle), which may allow for fewer withdrawal bleeds 
per year and fewer menstrual-related side effects (eg, menstrual 
pain, bloating, headaches) for some women.

 ▶ Noncontraceptive Benefits of Combination Hormonal 
Contraceptives

In addition to preventing pregnancy, there are several 
noncontraceptive benefits associated with the use of CHCs.
Reduction in the Risk of Endometrial Cancer The risk 
of endometrial cancer among women who have used oral 
contraceptives for at least 1 and 10 years is approximately 40% 
and 80% less than the risk in women who have never used oral 
contraceptives, respectively.4,8 There is additional evidence to 
suggest that this reduced risk may persist for up to 20 years 
following discontinuation of oral contraceptives.4,8

Reduction in the Risk of Ovarian Cancer When compared 
with women who have never used oral contraceptives, women 
who have used oral contraceptives for at least 1 year are less likely 
to develop ovarian cancer than those who have never used oral 
contraceptives. While there is evidence to suggest the reduced risk 
of ovarian cancer may persist for years following discontinuation 
of oral contraceptives,9-11 a recent study suggested possible 
attenuation of the protective effect of CHCs against ovarian 
cancer with use after 35 years of age.12 Thus, further study may 
be needed to determine the influence of age of user on potential 
protection against this type of cancer.
Improved Regulation of Menstruation and Reduction in 
the Risk of Anemia Women who take oral contraceptives 
typically experience more regular menstrual cycles. In general, 
oral contraceptive use is associated with less cramping and 
dysmenorrhea.4,7 Also, women who take oral contraceptives 
have a smaller volume of menstruum and experience fewer 
days of menstruation each month and consequently experience 
less blood loss with each menstrual period.4,13 Some studies 
suggest that oral contraceptive use decreases overall monthly 
menstrual flow by 60% or more and conserves hemoglobin and 

ferritin levels, which may be particularly beneficial in women 
who are anemic or at risk for anemia.4 In addition, some CHC 
formulations contain iron, which may also minimize the risk for 
anemia. (See Unique Oral Contraceptives section.)
Reduction in the Risk of Fetal Neural Tube Defects While 
CHCs are not 100% effective at preventing pregnancy, it is 
possible that a woman may conceive while taking a CHC. In 
addition, many women may become pregnant very soon after 
discontinuing a CHC. In order to decrease the risk of neural tube 
defects in the fetuses associated with such pregnancies, CHC 
formulations that contain a source of folate in every pill are also 
available.4

Relief from Symptoms Associated with Premenstrual 
Dysphoric Disorder CHCs have been widely used for the 
treatment of premenstrual dysphoric disorder (PMDD). 
Current evidence suggests that these agents are most effective 
at targeting the physical symptoms associated with the disorder 
and less effective in treating mood-related symptoms.14 Although 
multiphasic CHCs have been used effectively in the treatment 
of PMDD, monophasic preparations may yield fewer mood 
swings and are generally easier to manage. Several drospirenone-
containing CHCs now carry a US Food and Drug Administration 
(FDA)-approved indication for PMDD, including Yaz, Gianvi, 
Loryna, Nikki, and Vestura.7

Relief of Benign Breast Disease Women who use oral 
contraceptives are less likely to develop benign breast cysts or 
fibroadenomas and are less likely to experience progression of 
such conditions.4,7

Prevention of Ovarian Cysts Because oral contraceptives 
suppress ovarian stimulation, women who take them are less 
likely to develop ovarian cysts.7

Decrease in Symptoms Related to Endometriosis CHC 
use has been linked to a decreased incidence of symptomatic 
endometriosis. In women who suffer from endometriosis, the 
extended-cycle CHCs may provide the most effective relief from 
menstrual pain by reducing the total number of painful episodes 
per year.4

Improvement in Acne Control All CHCs can improve acne 
by increasing the quantity of sex hormone�binding globulin 
and thereby decreasing free testosterone concentrations.7 Third-
generation progestins, such as desogestrel and norgestimate, are 
believed to have less androgenic activity compared with older 
progestins, and drospirenone is considered to be antiandrogenic.7

However, it is not clear that CHCs containing any of these 
progestins confer any advantage over other CHCs with respect to 
their ability to improve acne control. Ortho Tri-Cyclen, TriNessa, 
and Tri-Sprintec (EE and norgestimate); Estrostep Fe, Tilia 
Fe, and Tri-Legest Fe (EE and norethindrone acetate); Yaz, Beyaz, 
and Safyral (EE and drospirenone) each carry an FDA-approved 
indication for the treatment of acne.4,7

 ▶ Potential Risks of Combination Hormonal 
Contraceptives

Although there are many noncontraceptive benefits associated 
with the use of CHCs, their use is not without risk or potential 
for adverse effects.
Sexually Transmitted Infections Because the use of CHCs 
may decrease the use of selected barrier contraceptive methods 
(eg, latex condoms) that do protect against STIs, one of the 
most common potential risks associated with the use of oral 
contraceptives is the increased risk of acquiring an STI.5 However, 
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L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Describe the underlying etiology and pathophysiology of dysmenorrhea, amenorrhea, anovulatory 

bleeding, and abnormal uterine bleeding and how they relate to selecting effective treatment 
modalities.

2. Describe the clinical presentation of dysmenorrhea, amenorrhea, anovulatory bleeding, and abnormal 
uterine bleeding.

3. Recommend appropriate nonpharmacologic and pharmacologic interventions for patients with 
dysmenorrhea, amenorrhea, anovulatory bleeding, and abnormal uterine bleeding.

4. Identify the desired therapeutic outcomes for patients with dysmenorrhea, amenorrhea, anovulatory 
bleeding, and abnormal uterine bleeding.

5. Design a monitoring plan to assess the safety and effectiveness of pharmacotherapy for dysmenorrhea, 
amenorrhea, anovulatory bleeding, and abnormal uterine bleeding.

INTRODUCTION

Problems related to the menstrual cycle are common 
among women of reproductive age. The most common 
menstruation-related disorders include dysmenorrhea, 

amenorrhea, anovulatory bleeding, and abnormal uterine bleeding. 
These disorders can negatively affect quality of life, reproductive 
health, and productivity; they may also lead to adverse long-term 
health consequences, such as increased risk for osteoporosis with 
amenorrhea.

DYSMENORRHEA
Dysmenorrhea is pelvic pain, generally described as painful 
cramping, occurring during or just prior to menstruation. 
Primary dysmenorrhea occurs with normal pelvic anatomy and 
physiology, whereas secondary dysmenorrhea is associated with 
underlying pelvic pathology.1

Epidemiology and Etiology
Dysmenorrhea is the most commonly reported menstrual 
complaint, with more than one-half of menstruating women 
reporting pain for at least 1 or 2 days each month.2 Of women 
with dysmenorrhea, around 51% report limited daily activities 
or missing work or school.3 Risk factors include irregular or 
heavy menses, age less than 30, menarche prior to age 12, body 
mass index (BMI) less than 20 kg/m2, history of sterilization or 
sexual abuse, and smoking.1,4 Causes of secondary dysmenorrhea 
may include endometriosis, pelvic inflammatory disease (PID), 
uterine or cervical polyps, and uterine fibroids.4-5

Pathophysiology
 In primary dysmenorrhea, elevated arachidonic acid 

levels in the menstrual fluid lead to increased concentrations 
of prostaglandins and leukotrienes in the uterus. This induces 
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uterine contractions, stimulates pain fibers, reduces uterine 
blood flow, and causes uterine hypoxia.3

Treatment
 ▶ Desired Outcomes

Desired treatment outcomes (Figure 49–1) are reduction of 
pelvic pain, improved quality of life, and fewer missed days from 
school and work.

 ▶ Nonpharmacologic Therapy
Exercise may reduce dysmenorrhea by increasing pelvic blood 
flow and stimulating the release of beta-endorphins which act 
as analgesics.1,3,6 In addition, a low-fat vegetarian diet has been 
shown to lessen the intensity and duration of dysmenorrhea. 
Evidence supporting acupuncture, heat therapy, transcutaneous 
nerve stimulation, yoga, and massage therapy is insufficient to 
recommend as standards of care.

 ▶ Pharmacologic Therapy
Medication management options are summarized in Table 49–1.

Nonsteroidal Anti-inflammatory Drugs
 Nonsteroidal anti-inflammatory drugs (NSAIDs) are 

first-line therapy for dysmenorrhea, and up to 80% of patients 
will respond to them.7 By inhibiting prostaglandin production, 
they exert analgesic properties, decrease uterine contractions, 
and reduce menstrual blood flow. Choice of one agent over 
another is based on effectiveness, tolerability, and patient 
preference, as no NSAID has been proven more effective than 
others.1,3,4 The most commonly used nonprescription NSAIDs 
utilized in the United States are naproxen and ibuprofen. Of note, 
aspirin is not used for the treatment of dysmenorrhea as it is not 
potent enough in usual dosages.
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Table 49�1
Therapeutic Agents for Selected Menstrual Disorders

Specific Menstrual 
Disorders(s) Agent(s) Dose Recommended Common Adverse Effects

Amenorrhea (primary 
or secondary)

CEEa 0.625–1.25 mg by mouth daily on cycle days 
1–269

Thromboembolism, breast 
enlargement, breast tenderness, 
bloating, nausea, GI upset, 
headache, peripheral edema

Ethinyl estradiol patcha 50–100 mcg/24 hours9  
Oral CHCa 30–40 mcg formulations  

Amenorrhea 
(secondary)

Oral medroxyprogesterone 
acetatea

10 mg by mouth on cycle days 14–269 Edema, anorexia, depression, 
insomnia, weight gain or 
loss, elevated total and LDL 
cholesterol, may reduce HDL 
cholesterol

Amenorrhea 
(hyperprolactinemia)

Bromocriptine
Cabergoline

2.5 mg by mouth two to three times daily15

0.25 mg by mouth twice weekly15
Hypotension, nausea, constipation, 

anorexia, Raynaud phenomenon
Anovulatory bleeding Oral CHCa Optimal dose unknown19

For acute or severe bleeding, product 
containing 35 mcg ethinyl estradiol;  
take one tablet by mouth three times  
daily × 1 week; then one tablet by mouth 
daily × 3 weeks.19 Therapy continuation  
may be necessary to prevent future 
occurrences

As noted above for CEE, ethinyl 
estradiol, and oral CHC 
(progesterone side effects with 
the CHC depend on agent 
chosen)

Oral medroxyprogesterone 
acetatea

For acute bleeding, 20 mg by mouth three 
times daily × 1 week; then 20 mg by  
mouth once daily × 3 weeks19

As noted above for oral 
medroxyprogesterone acetate

Dysmenorrhea Oral CHC38,a < 35 mcg formulations + norgestrel or 
levonorgestrel39; use of extended-cycle 
formulations is beneficial for this  
indication

As noted above for CEE, ethinyl 
estradiol, and oral CHC 
(progesterone side effects with 
the CHC depend on agent 
chosen)

Depot medroxyprogesterone 
acetatea

150 mg intramuscularly every 12 weeks Irregular menses, amenorrhea

Levonorgestrel IUD10,a 20 mcg released daily Irregular menses, amenorrhea
NSAIDs—any are acceptable 

except aspirin or salicylates; 
the most commonly 
studied/ cited are included 
in this table1,3–5,38

Ibuprofen 800 mg by mouth three times 
dailya

Naproxen 550-mg loading dose by mouth 
started 1–2 days prior to menses, followed 
by 275 mg by mouth every 6–12 hours as 
neededc

GI upset, stomach ulcer, nausea, 
vomiting, heartburn, indigestion, 
rash, dizziness

Mefenamic acid 500 mg by mouth as a 
loading dose, then 250 mg by mouth up to 
four times daily as neededb

 

Diclofenac 50 mg by mouth three times 
dailyb

Treatment should begin 1–2 days prior to the 
expected onset of menses

 

Abnormal uterine 
bleeding

Oral CHCa

Levonorgestrel IUDa
Optimal dose unknown
20 mcg released daily

As noted above
As noted above

 Medroxyprogesterone acetate 
(oral)a

5–10 mg by mouth on days 5–26 of the  
cycle or during the luteal phase32

As noted above

NSAIDs Doses as recommended for above; therapy 
should be initiated with the onset of 
menses32

As noted above

 Tranexamic acid 1300 mg (650 mg × 2) by mouth three times 
days × 5 days35–37

Fatigue, abdominal, back, or 
muscle pain

(Continued)
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Patient Encounter 1, Part 2

Additional workup reveals:

PMH: Seasonal allergic rhinitis

PSH: Appendectomy at age 15

FH: Mother and father alive and well; two younger siblings 
(ages 8 and 13), both alive and well

SH: (–) tobacco use; (–) illicit drug use; (–) alcohol use

Medications: Cetirizine 10 mg once daily as needed for allergies

Past Gynecologic History: Menarche at age 11; never pregnant; 
(–) sexual activity; (+) history of painful menses beginning at 
age 12; (+) heavy menstrual flow; menstrual cycle 27–30 days

ROS: (+) fatigue with menses; (–) headaches; (+) mild acne on 
face, chest, and upper back; (+) moderate to severe pelvic pain 
radiating to lower back with menses

PE:
General: Thin, white woman, in no acute distress

VS: BP 112/72, P 68, RR 14, Wt 126 lbs (57.2 kg), Ht 5’8” (173 cm), 
BMI: 19.2 kg/m2

HEENT: (–) hirsutism

Breasts: (–) galactorrhea

Pelvic examination: Normal appearance of external genitalia and 
vagina, cervix without lesions, uterus midposition without masses

Labs: (–) hCG

Given this information, what is your assessment of this patient’s 
condition?
Identify the treatment goals for this patient.
What nonpharmacologic therapies are recommended for this 
patient?
Is the patient’s self-treatment with acetaminophen 
appropriate? Why or why not?
What pharmacologic therapies are recommended for this patient?

have had vaginal intercourse due to high risk of PID. Adolescents 
who have never had vaginal intercourse do not require a 
pelvic examination.4 NSAIDs are the preferred initial treatment 
in adolescents, followed by hormonal treatment. 
Adolescents with symptoms unresponsive to NSAID therapy 

for three menstrual periods should be offered hormonal 
therapy.5 If symptoms do not improve within 6 months of 
NSAIDs and CHC, further evaluation through laparoscopy is 
indicated. CHC also provides effective contraception, which 
may be desired for sexually active adolescents.

Table 49�1
Therapeutic Agents for Selected Menstrual Disorders

Specific Menstrual 
Disorders(s) Agent(s) Dose Recommended Common Adverse Effects
PCOS-related 

amenorrhea and/or 
anovulatory bleeding

If pregnancy is an immediate 
goal:

Clomiphene6 plus insulin-
sensitizing agent

Or
Letrozole plus insulin-

sensitizing agent

Clomiphene: 50 mg by mouth daily × 5 days 
starting 3–5 days after the start of menses; 
doses up to 100 mg by mouth daily have 
been used in significantly obese patients

Letrozole: 2.5–7.5 mg by mouth cycle days 
3–723

Metformina,c: 1500–2000 mg by mouth daily 
in 2–3 divided doses

Clomiphene: Hot flashes, ovarian 
enlargement, thromboembolism, 
blurred vision, breast discomfort

Letrozole: Hot flashes, fatigue, 
dizziness, edema

Metformin: Anorexia, nausea, 
vomiting, diarrhea, flatulence, 
lactic acidosis

If pregnancy is not an 
immediate goal:

Insulin sensitizing agent 
+/- use of CHC containing 
an anti-androgenic 
progesterone or 
levonorgestrel IUD

Metformina,c: 1500–2000 mg by mouth daily 
in 2–3 divided doses

Oral CHC: 35 mcg or less ethinyl estradiol and 
progesterone with antiandrogenic effects 
(eg, drospiernone)

Levonorgestrel IUD: 20 mcg released daily

As noted above

Women with side effects or 
contraindications to estrogen:

Medroxyprogesterone acetate 
(oral)a

Depot medroxyprogesterone 
acetatea

10 mg by mouth × 10 days17

150 mg intramuscularly every 12 weeks

As noted above

aUse is contraindicated in patients with severe hepatic impairment.
bNot recommended in patients with severe renal impairment.
cUse is contraindicated with creatinine clearance < 30 mL/min (0.5 mL/s).
CEE, conjugated equine estrogen; CHC, combination hormonal contraceptive; GI, gastrointestinal; HDL, high-density lipoprotein;  
IUD, intrauterine device; LDL, low-density lipoprotein; NSAIDs, nonsteroidal anti-inflammatory drugs; PCOS, polycystic ovary syndrome.

(Continued )
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Table 49�2
Pathophysiology of Selected Menstrual Bleeding Disorders9,17,19,25,40

Organ System Condition Pathophysiology/Laboratory Findings

Amenorrhea9,40

Uterus Asherman syndrome Postcurettage/postsurgical uterine adhesions
Congenital uterine abnormalities Abnormal uterine development

Ovaries Turner syndrome Lack of ovarian follicles
Gonadal dysgenesis Other genetic anomalies
Premature ovarian failure Early loss of follicles
Chemotherapy/radiation Gonadal toxins

Anterior pituitary Pituitary prolactin-secreting adenoma � Prolactin suppresses HPO axis
Hypothyroidism TRH causing � prolactin, other abnormalities
Medications—antipsychotics, verapamil � Prolactin suppresses HPO axis

Hypothalamus “Functional” hypothalamic amenorrhea � Pulsatile GnRH secretion in the absence of other abnormalities
Disordered eating � Pulsatile GnRH secretion, � FSH and LH secondary to weight loss
Excessive exercise � Pulsatile GnRH secretion, � FSH and LH secondary to low body fat
Anovulation/PCOS Asynchronous gonadotropin and estrogen production, abnormal 

endometrial growth

Anovulatory Bleeding17,19

Physiologic causes Adolescence
Perimenopause

Immature HPO axis: no LH surge
Declining ovarian function

Pathologic causes Hyperandrogenic anovulation (PCOS, 
congenital adrenal hyperplasia, androgen-
producing tumors)

Hyperandrogenism: high testosterone, high LH, hyperinsulinemia, 
and insulin resistance

Hypothalamic dysfunction (physical or 
emotional stress, exercise, weight loss, 
anorexia nervosa)

Suppression of pulsatile GnRH secretion and estrogen deficiency:  
low LH, low FSH

Hyperprolactinemia (pituitary gland tumor, 
psychiatric medications)

High prolactin

Hypothyroidism High TSH
Premature ovarian failure High FSH

Abnormal Uterine Bleeding25

Hematologic von Willebrand disease Factor VII defect causing impaired platelet adhesion and increased 
bleeding time

Idiopathic thrombocytopenic purpura Decrease in circulating platelets—can be acute or chronic

Hepatic Cirrhosis Decreased estrogen metabolism, underlying coagulopathy

Endocrine Hypothyroidism Alterations in HPO axis

Uterine Fibroids Alteration of endometrium, changes in uterine contractility
Adenomyosis Alteration of endometrium, changes in uterine contractility
Endometrial polyps Alteration of endometrium
Gynecologic cancers Various dysplastic alterations of endometrium, uterus, cervix

�, high; �, low; FSH, follicle-stimulating hormone; GnRH, gonadotropin-releasing hormone; HPO, hypothalamic-pituitary-ovarian axis;  
LH, luteinizing hormone; PCOS, polycystic ovary syndrome; TRH, thyrotropin-releasing hormone; TSH, thyroid-stimulating hormone.

fractures are unknown. The effects on BMD appear to be 
reversible; therefore, CHCs are recommended in the adolescent 
population.18 Ensuring adequate dietary or supplemental calcium 
and vitamin D intake in this population is imperative.

ANOVULATORY BLEEDING
Anovulatory uterine bleeding (AUB) is irregular menstrual 
bleeding from the endometrium ranging from light spotting to 
heavy blood flow.19  It includes noncyclic menstrual 
bleeding due to ovulatory dysfunction (AUB-O), including 
anovulation or oligo-ovulation.19 AUB-O is secondary to the 
effects of unopposed estrogen and does not include bleeding due 
to an uterine anatomic lesion. Many women pursue medical care 
to regulate menstrual cycles or improve fertility.

Epidemiology and Etiology
AUB is the most common form of noncyclic uterine bleeding. 
PCOS is the most common cause, occurring in 5% to 10% 
of women, and is responsible for 55% to 91% of ovulatory 
dysfunction cases.17,19 It typically presents with irregular menstrual 
bleeding, hirsutism, obesity, and/or infertility. Anovulation 
results from dysfunction at any level of the hypothalamic-
pituitary-ovarian (HPO) axis which can be due to physiologic 
life stages such as adolescence, perimenopause, pregnancy, and 
lactation or pathologic causes (see Table 49–2).10,19 Anovulation 
may also occur at any time during the reproductive years due to 
a pathologic cause. The most common causes of nonphysiologic 
ovulatory dysfunction are PCOS, hypothalamic amenorrhea, 
hyperprolactinemia, and premature ovarian failure.
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contraception or hormonal therapy.21 They can be taken only 
during menses, and result in up to a 40% reduction in blood 
loss.31  This reduction is directly proportional to the 
amount of pretreatment blood loss.32 NSAIDs are also beneficial 
if the patient is experiencing dysmenorrhea with the abnormal 
uterine bleeding.

Combination Hormonal Contraceptives CHCs are beneficial 
to women with abnormal uterine bleeding who do not desire 
pregnancy, and considered first-line for patients with known 
or suspected bleeding disorders.19 Blood loss can be reduced 
by up to 40% to 50% with use of cyclic CHCs.8 Continuous 
and extended cycle options may also reduce the number of 
menstrual cycles, and may achieve amenorrhea in some women.8

 As with NSAIDs, the reduction in blood loss is 
proportional to pretreatment blood loss.
Progestins Abnormal uterine bleeding may also be treated with 
progestin-only contraceptives. The levonorgestrel IUD reduces 
menstrual flow by up to 86% after 3 months, and up to 97% after 
12 months of use. Additionally, 20% to 80% of women experience 
amenorrhea by month 12.8,21,32,33 In a small open-label study, the 
levonorgestrel IUD resulted in a greater blood loss reduction 
and number of days missed at work or school when compared 
to oral CHCs.34 When compared to endometrial ablation, the 
levonorgestrel IUD causes similar reductions in menstrual blood 
loss and improved quality of life after 6, 12, and 24 months.8 Its 
use may also help postpone or cancel the need for endometrial 
ablation or hysterectomy.

Cyclic progestin therapy, either during the luteal phase or for 
21 days of the menstrual cycle, leads to regulation of the menstrual 
cycle in 50% of women.31 A comparison of oral norethindrone 
and the levonorgestrel IUD concluded that IUD therapy is more 
effective, and had higher patient satisfaction rates.8 Oral progestin 
use has also not been shown to be superior to NSAIDs.

Menorrhagia present

Contraception desired?

NSAIDs or tranexamic
Acid × 5 days

Consider levonorgestrel-
releasing IUD

Continue
levonorgestrel-
releasing IUD

Consider
oral CHC

Continue
therapy

Continue oral
CHC

Consider conservative
endometrial ablation

surgeryConsider use of
levonorgestrel
IUD, oral CHC,

OR conservative
endometrial

ablation surgery

EFFECTIVE?

EFFECTIVE?

EFFECTIVE?

Yes No Yes No

Yes No

Yes No

No Yes

EFFECTIVE?

Continue
therapy

Consider luteal
phase progesterone
× 21 days starting

on day 5

FIGURE 49�4. Treatment algorithm for abnormal uterine bleeding. (CHC, combination hormonal contraceptive; IUD, intrauterine 
device; NSAID, nonsteroidal anti-inflammatory drug.) (Data from Umland EM, Klootwyk J. Menstruation-related disorders. In: 
Pharmacotherapy: A Pathophysiologic Approach, 9th ed. New York, NY: McGraw-Hill, 2014, with permission.)

Patient Encounter 3

A 15-year-old adolescent girl presents reporting moderate 
pelvic pain and cramping during menses. She notes her 
periods are “heavy” and require a change in super-size tampon 
every 2–3 hours. She reports issues with flow containment, 
and associated embarrassment. She has noticed over the last 
few months, she feels tired and her hair has thinned. Her last 
menstrual cycle was 10 days ago, and she entered menarche 
at age 10. She is not sexually active and she does not take 
any medications. She plays basketball for the high school 
team, and runs during the off season.

What diagnostic tests should be considered for the patient?
What nonpharmacologic and pharmacologic therapies are 
recommended for this patient?
What monitoring parameters are recommended to assess 
efficacy and safety of the therapeutic options?
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Hormone Therapy in 
Menopause
Nicole S. Culhane and Regine Beliard 

50
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Explain the physiologic changes associated with menopause.

2. Identify the signs and symptoms associated with menopause.

3. Determine the desired therapeutic outcomes for a patient taking hormone therapy (HT).

4. Explain how to evaluate a patient for the appropriate use of HT.

5. Recommend nonpharmacologic therapy for menopausal symptoms.

6. Explain the risks, benefits, and contraindications associated with HT.

7. Describe the circumstances by which nonhormonal therapies should be recommended.

8. Describe the monitoring parameters for a patient taking HT.

INTRODUCTION

Menopause is the permanent cessation of menses following 
the loss of ovarian follicular activity. The clinical diagnosis 
of menopause is made after a woman experiences 

amenorrhea for 12 consecutive months. The loss of ovarian follicular 
activity leads to an increase in follicle-stimulating hormone (FSH), 
which on laboratory examination may confirm the diagnosis.

The role of hormone therapy (HT) has changed dramatically. HT 
has long been prescribed for relief of menopausal symptoms and, 
until recently, has been purported to protect women from coronary 
heart disease (CHD). Recommending HT in postmenopausal 
women revolved around a simple theory: hormones lost during 
menopause could be replaced through drug therapy and protect 
women from both menopausal symptoms and sequelae of 
menopause. Recent studies have disproved this theory.

In 1996, the United States Preventive Services Task Force 
published its recommendations that not all postmenopausal 
women should be prescribed HT, but that therapy should be 
individualized based on risk factors. This recommendation was 
supported with publication of the Heart and Estrogen/Progestin 
Replacement Study (HERS) in 1998, which demonstrated that 
women with established CHD were at an increased risk of 
experiencing a myocardial infarction within the first year of HT 
use compared with similar women without CHD risk factors. 
As a result, the authors concluded that HT should not be 
recommended for secondary prevention of CHD.1 In 2002, the 
Women’s Health Initiative (WHI) study was published. This trial 
demonstrated that HT was not protective against CHD but rather 
could increase the risk in women with underlying CHD risk 
factors. The risk of breast cancer was also increased after a woman 
was on combination estrogen and progestogen for approximately 
3 years. Notably, this was not the case with estrogen alone. As a 
result of this study, the US Food and Drug Administration (FDA) 
issued a statement that HT, in general, should not be initiated or 
continued for primary prevention of CHD.2,3

This trial led to changes in how HT is prescribed and greater 
understanding of the associated risks. Systemic HT should be used 
primarily to reduce the frequency and severity of moderate to 
severe vasomotor symptoms (VMS) associated with menopause 
in women without risk factors for CHD or breast cancer.

EPIDEMIOLOGY AND ETIOLOGY
Menopause is a period of time marked by loss of ovarian follicular 
activity, inadequate estradiol production, and the subsequent cessation 
of menses. The median age for women to experience menopause is 
52 years. However, women who have undergone a total abdominal 
hysterectomy with bilateral salpingo-oophorectomy experience 
menopause earlier compared with women who experience natural 
menopause. Other factors associated with early menopause include 
low body weight, increased menstrual cycle length, nulliparity, and 
smoking. Smokers generally experience menopause approximately 
2 years earlier than nonsmokers.4

Perimenopause, known as the climacteric, is the transitional 
period prior to menopause when hormonal and biologic changes 
begin. These changes may begin 2 to 8 years prior to menopause 
and eventually lead to irregular menstrual cycles, an increase 
in cycle interval, and a decrease in cycle length. During this 
time, women also may experience physical symptoms similar to 
menopausal symptoms, which may require treatment depending 
on symptom severity.4

Because the perimenopausal and postmenopausal periods 
are marked by many biologic changes, women should inform 
their health care provider when they experience any signs and 
symptoms in order to discuss the most appropriate therapy.

PHYSIOLOGY
Reproductive physiology is regulated primarily by the 
hypothalamic–pituitary–ovarian axis. The hypothalamus secretes 
gonadotropin-releasing hormone (GnRH), which stimulates the 
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UROLOGIC DISORDERSSECTION 9

Erectile Dysfunction
Cara Liday 51

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Explain the pathophysiology of erectile dysfunction (ED).

2. Recognize risk factors and medications associated with the development of ED.

3. Identify the goals of therapy when treating ED.

4. Describe current nonpharmacologic and pharmacologic options for treating ED, and determine an 
appropriate first- and second-line therapy for a specific patient.

5. Identify patients with significant cardiovascular risk and recommend an appropriate treatment approach 
for their ED.

6. Compare and contrast the benefits and risks for the current phosphodiesterase type 5 (PDE5) inhibitors.

7. Assess reasons for PDE5 failure and determine an optimal approach to improve treatment efficacy.

and the sinusoidal spaces, leading to smooth muscle relaxation 
and increased blood flow. As the spaces become engorged, 
pressure increases, subtunical venules are compressed by the 
tunica albuginea, and the penis becomes rigid and elongated 
(Figure 51–1).

Detumescence, or return of the penis to a flaccid state, occurs 
with sympathetic discharge after ejaculation. Norepinephrine 
contracts smooth muscle leading to a reduction in blood inflow, 
decompression of the sinusoidal spaces, and enhanced outflow.

Testosterone also plays a significant albeit complex role in 
erectile function. In addition to stabilization of intracavernosal 
levels of NO synthase, the enzyme responsible for triggering 
the NO cascade, testosterone is responsible for much of a man�s 
libido. In general, there is not a strong association between 
normal or low serum testosterone levels and erectile function.4

Normal penile erections are complex events that require 
the full function of the vascular, neurologic, hormonal, and 
psychogenic systems. Anything that affects the function of 
these systems may lead to ED.  ED can be classified 
as organic, psychogenic, or a mixture of these. Organic 
dysfunction includes abnormalities in the vascular, hormonal, 
or neurologic systems or may be medication-induced 
(Tables 51–1 and 51–2). It is estimated that 10% to 25% 
of ED cases are due to medications. Note that many of the 
risk factors for ED are the same as those for cardiovascular 
(CV) disease, including hypertension, diabetes, dyslipidemia, 
smoking, obesity, metabolic syndrome, and sedentary behavior. 
In many patients, ED is the first indication of the endothelial 
dysfunction associated with CV, with a time between onset of ED 
and a CV event of 2 to 5 years.6 The presence of ED risk factors 
leads to the assumption that the patient has organic dysfunction. 
Most commonly, medical conditions that impair arterial flow 
into or out of the erectile tissue or affect the innervation will be 
strongly associated with ED. Patients with diabetes mellitus have 
exceptionally high rates of ED as a result of vascular disease and 
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INTRODUCTION

Erectile dysfunction (ED) is defined as the persistent inability 
to achieve or maintain an erection sufficient for sexual 
intercourse. ED is the most prominent sexual problem 

in men, and it can lead to lower quality of life and self-esteem.1

Patients may also develop libido or ejaculatory disorders, but 
these are not considered ED.

EPIDEMIOLOGY AND ETIOLOGY
ED increases with age. Few men report erection problems before 
age 40, but ED increases to 61% in men aged 40 to 69 years and 
77% in men older than 70 years.2 The increase in incidence could 
be due to physiologic changes that occur with aging, the onset of 
chronic disease states associated with ED, increased medication 
use, lifestyle factors, or a combination of the above.

PATHOPHYSIOLOGY
The penis consists of three components, two dorsolateral corpora 
cavernosa and a ventral corpus spongiosum that surrounds the 
penile urethra and distally forms the glans penis.

In the flaccid state, a balance exists between blood flow into 
and out of the corpora cavernosa. With sexual stimulation, 
nerve impulses from the brain travel down the spinal cord 
triggering a reduction in sympathetic tone and an increase in 
parasympathetic activity. This leads to an increased production 
of nitric oxide (NO), which enhances the activity of guanylate 
cyclase. This results in increased production of cyclic guanosine 
monophosphate (cGMP). The enzyme phosphodiesterase type 
5 (PDE5) is responsible for the catabolism of cGMP within 
the cavernosal tissue. Vasoactive peptide and prostaglandins 
E1 and E2 stimulate increased production of cyclic adenosine 
monophosphate (cAMP). Both cAMP and cGMP reduce calcium 
concentrations within smooth muscle cells of the penile arteries 
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IMMUNOLOGIC DISORDERS    SECTION 10    

Drug Hypersensitivity 
Reactions
J. Russell May, Desha Jordan, 
and Kathleen May 

54
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Describe the potential incidence of immunoglobulin-E (IgE)- and non-IgE-mediated (immune and 

nonimmune) drug hypersensitivity reactions and why it is difficult to obtain accurate estimates.

2. Describe the Gell and Coombs categories of reactions.

3. Identify the classes of drugs most commonly associated with IgE- and non-IgE-mediated drug 
hypersensitivity reactions.

4. Recommend specific treatment for a patient experiencing anaphylaxis.

5. Recommend an approach to drug selection in patients with multiple drug allergies.

6. Describe how drug desensitization procedures for selected drugs may be useful.

Coombs classification, used for decades, remains a framework 
for considering mechanisms of immunologic drug reactions 
(Table 54–1).6,7

With advances in immunologic understanding, the underlying 
mechanisms for many drug hypersensitivity reactions have been 
found to be more complex and interrelated than suggested by 
the Gell and Coombs classification.8 However, even with its 
shortcomings, this classification remains the most commonly 
used method to initially describe drug reactions resulting from 
hypersensitivity.  Immediate or Type I reactions are 
those allergic reactions mediated by IgE antibodies specific to 
the drug; Type II reactions are cytotoxic reactions mediated by 
drug-specific IgG or IgM antibodies; Type III reactions result 
from immune complexes circulating in the serum; and Type IV 
reactions are mediated by cellular mechanisms. Type IV reactions 
are further subdivided into Type IVa involving recruitment of 
monocytes, Type IVb with predominantly eosinophils, Type IVc 
composed of CD4+ or CD8+ T cells, and Type IVd showing 
neutrophils.9

Immune Mechanisms
The cellular immune mechanisms involved in drug 
hypersensitivity are quite complex.10 The immune system must 
first recognize non-self material, or antigens. This recognition is 
predominantly controlled by T lymphocytes, which have specific 
surface receptors to accept signals from specialized antigen 
presenting cells (APCs). Two different signals are typically 
required for T-cell activation. The presentation of the foreign 
substance by APC to the T-cell constitutes the first signal. 
The APC must then concomitantly provide a second signal in 
addition to the antigen to fully activate the T-cell. If the second 
signal is not provided, the T-cell becomes nonresponsive or 
anergic. Thus, the second signal controls the type of immune 
response that will be initiated by the T-cell.

Depending on the exposure to antigens and the cytokines 
involved, naïve T-helper cells (CD4+ T-cells) can differentiate 

INTRODUCTION

Drug hypersensitivity reactions collectively encompass 
immunoglobulin E (IgE)- and non-IgE-mediated (immune 
and nonimmune, or pseudoallergic) drug hypersensitivity 

reactions. These reactions are rarely confirmed by testing and 
subject to both over-reporting and under-reporting, making 
statistical analysis imprecise.  Approximately 5% to 10% 
of adverse drug reactions occur on an allergic or immunologic 
basis. However, these represent a disproportionate 24% of reported 
adverse drug reactions in hospitalized patients and are costly, with 
accompanying morbidity and mortality.1,2 Between 10% and 20% 
of hospital inpatients experience drug adverse events versus 7% 
in the general population, with about one-third possibly due to 
hypersensitivity; however, many such reactions may not be reported, 
especially in pediatrics.1,3,4 Costs of inpatient drug hypersensitivity 
reactions are estimated to be $275 to $600 million annually.5 This 
financial burden includes indirect costs: time and lost labor, use of 
more expensive alternative medications, and treatment failures, in 
addition to direct reaction treatment costs. Accurate data regarding 
outpatient reaction rates are even more difficult to collect. The 
term �drug allergy� in a patient record/electronic medical record 
(EMR) often conveys little medical meaning, as such information 
is self-reported, and may not delineate symptoms or incorporate 
provider assessment of probable causality (eg, adverse effect vs 
IgE-mediated). Potential clinical outcomes might therefore range 
from inappropriately excessive treatment to lack of recognition 
of anaphylaxis risk. Clearly, an understanding of mechanisms of 
drug hypersensitivity reactions and how these might be accurately 
identified, documented, managed, and ideally prevented is of vital 
importance.

PATHOPHYSIOLOGY
Drug hypersensitivity reactions are a result of diverse 
mechanisms of immune recognition and activation, resulting 
in a broad array of clinical findings. The fundamental Gell and 
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Solid Organ 
Transplantation
Steven Gabardi, Spencer T. Martin,  
and Ali J. Olyaei 

55
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Describe the reasons for solid organ transplantation.

2. Differentiate between the functions of cell-mediated and humoral immunity and how they relate to 
organ transplant.

3. Describe the roles of antigen-presenting cells (APCs) in initiating the immune response.

4. Compare and contrast the types of rejection including hyperacute, acute, chronic, and humoral 
rejection.

5. Define the terms �host�graft adaptation� and �tolerance,� paying close attention to their differences.

6. Discuss the desired therapeutic outcomes and appropriate pharmacotherapy utilized to avoid allograft 
rejection.

7. Compare and contrast currently available immunosuppressive agents in terms of mechanisms of 
action, adverse events, and drug�drug interactions (DDI).

8. Develop a therapeutic drug-monitoring plan to assess effectiveness of the immunosuppressive drugs.

9. Design an appropriate therapeutic regimen for the management of immunosuppressive drug 
complications based on patient-specific information.

10. Write appropriate patient education instructions and identify methods to improve medication 
adherence following transplantation.

INTRODUCTION

The earliest recorded attempts at organ transplant date 
back thousands of years.1 More than a few apocryphal 
descriptions exist from ancient Egypt, China, India, and 

Rome describing experimentation with transplantation. However, 
it was not until the early 1900s that French surgeon, Alexis Carrel, 
pioneered the art of surgical techniques for transplantation.1

Together with Charles Guthrie, Carrel experimented in artery 
and vein transplantation. Using revolutionary methods in 
anastomosis operations and suturing techniques, Carrel laid the 
groundwork for modern transplant surgery. He was one of the 
first to identify the dilemma of rejection, an issue that remained 
insurmountable for nearly half a century.1

Prior to the work of Alexis Carrel, malnourishment was 
the prevailing theory regarding the mechanism of allograft 
rejection.1 However, in 1910, Carrel noted that tissue damage in 
the transplanted organ was likely caused by multiple, circulating 
biological factors. It was not until the late 1940s with the 
work of Peter Medawar that transplant immunology became 
better understood. Medawar defined the immunologic nature of 
rejection using skin allografts. In addition, George Snell observed 
that grafts shared between inbred animals were accepted but 
were rejected when transplanted between animals of different 
strains.1

The seminal work by early transplant researchers eventually led 
to the concept of histocompatibility.1 Histocompatibility describes 
the process by which polymorphic genes encode cell membrane 

antigens that serve as targets for immune response, even within 
a species. Further research in transplant immunobiology led to 
more accurate understanding of the alloimmune response.1

Joseph Murray performed the first successful organ transplant 
in 1954, a kidney transplant between identical twins.1 This 
was a success largely because no immunosuppression was 
necessary as donor and recipient were genetically identical. 
Murray�s achievement laid the groundwork for modern-day 
transplantation. Organ transplants performed in the United 
States reached a record high of 34,770 in 2017, an almost 25% 
increase from 2012.

EPIDEMIOLOGY AND ETIOLOGY
Heart
Nearly 6 million Americans are afflicted with heart failure. 
Cardiac transplantation is the treatment of choice for patients 
with severe end-stage heart failure. Candidates for cardiac 
transplantation generally present with New York Heart 
Association (NYHA) class III or IV symptoms and have an 
ejection fraction of less than 20% (0.20). General indications 
for cardiac transplantation include rapidly declining cardiac 
function, requirement of intravenous (IV) inotropes, and a 
projected 1-year mortality rate of greater than 75%. Mechanical 
support with an implantable left ventricular assist device may 
be appropriate as bridge therapy while patients await a viable 
organ.1 Most heart transplants are orthotopic; however, in certain 
situations, heterotopic cardiac transplants have been performed. 
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an important role in prevention of immune-mediated allograft 
injuries. The introduction of pretransplant cross-matching 
and the use of ABO-compatible donors has largely eliminated 
hyperacute rejection episodes. However, these immunologic 
barriers are present in several potential recipients with willing 
organ donors, and patients are left to wait for a deceased donor 
or undergo pretransplant immunomodulation in an attempt to 
prevent these antibodies from affecting the allograft.4

 ▶ ABO Incompatibility
The expanding deceased donor waiting list encouraged some 
centers to evaluate the use of ABO desensitization protocols 
to transplant patients with ESRD that had willing but ABO-
incompatible donors.4 The desensitization protocol most 
commonly used in the United States involves reducing ABO 
antibody titers through plasmapheresis with IV immunoglobulin 
(IVIG). Use of plasma exchange to achieve an ABO antibody titer 
of less than 1:8 to 1:32 has resulted in long-term renal transplant 
results that are comparable to those of ABO-compatible 
transplants, despite an incidence of acute AMR that approaches 
10% to 30%.4

TREATMENT
Desired Outcomes

 The major focus of pharmacotherapy in 
transplantation is to achieve long-term patient and allograft 
survival while avoiding major adverse drug reactions.1,3,5,6 Short-
term outcomes (eg, acute rejection rates, 1-year graft survival) 
have improved significantly since the first successful transplant 
due to an improved understanding of the immune system 
and enhancements in surgical techniques, organ procurement, 
immunosuppression, and posttransplant care. However, the 
frequency of graft loss remains higher than desired in kidney and 
heart transplantation.1,3,5,6

It is imperative that transplant practitioners be aware 
of the specific advantages and disadvantages of available 
immunosuppressants, as well as adverse reactions and drug�drug 
interaction (DDI) profiles. There are generally three stages 
of medical immunosuppression: (a) induction therapy, (b) 
maintenance therapy, and (c) treatment of rejection. 
Immunosuppressive regimens utilize multiple medications 
working on different targets of the immune system. Refer to 
Table 55–2 for a list of all available immunosuppressive agents.1,5,6
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Table 55�2
Currently Available Immunosuppressive Agents1,5,6

Generic Name  
(Brand Name) Common Dosage Common Adverse Effects

Induction Therapy Agents
Alemtuzumab (Campath) 20�30 mg × single doses Flu-like symptoms, chills, rigors, fever, rash, 

myelosuppression
Antithymocyte globulin equine 

(ATGAM)
15 mg/kg IV × 5�14 days Flu-like symptoms, chills, rigors, fever, rash, 

myelosuppression
Antithymocyte globulin rabbit 

(Thymoglobulin)
1.5 mg/kg IV × 3�7 days Flu-like symptoms, chills, rigors, fever, rash, 

myelosuppression
Basiliximab (Simulect) 20 mg IV × 2 doses None reported compared to placebo

Maintenance Immunosuppressants
Cyclosporine (Sandimmune,  

Neoral, Gengraf )
4�5 mg/kg/day by mouth twice a day Neurotoxicity, gingival hyperplasia, hirsutism, 

hypertension, hyperlipidemia, glucose intolerance, 
nephrotoxicity, electrolyte abnormalities

Tacrolimus (Prograf, Astagraf  
XL, Envarsus XR)

0.05�0.075 mg/kg by mouth twice a day  
or once daily if using Astagraf XL or  
Envarsus XR

Neurotoxicity, alopecia, hypertension, hyperlipidemia, 
glucose intolerance, nephrotoxicity, electrolyte 
abnormalities

Azathioprine (Imuran) 1�2.5 mg/kg by mouth once a day Myelosuppression, GI disturbances, pancreatitis
Mycophenolate mofetil  

(CellCept)
0.5�1.5 gm by mouth twice a day Myelosuppression, GI disturbances

Enteric-coated MPA (Myfortic) 720 mg by mouth twice a day Myelosuppression, GI disturbances
Sirolimus (Rapamune) 1�10 mg by mouth once a day Hypertriglyceridemia, myelosuppression, mouth sores, 

hypercholesterolemia, GI disturbances, impaired 
wound healing, proteinuria, lymphocele, pneumonitis

Everolimus (Zortress) 0.75 mg by mouth twice daily Hypertriglyceridemia, myelosuppression, mouth sores, 
hypercholesterolemia, GI disturbances, impaired wound 
healing, proteinuria, lymphocele, pneumonitis

Prednisone (Deltasone) Maintenance: 2.5�20 mg by mouth  
once a day

Mood disturbances, psychosis, cataracts, hypertension, 
fluid retention, peptic ulcers, osteoporosis, muscle 
weakness, impaired wound healing, glucose 
intolerance, weight gain, hyperlipidemia

Belatacept (Nulojix) 10 mg/kg on postop days 1 and 4
10 mg/kg at the end of postop  

weeks 2, 4, 8, and 12
5 mg/kg at the end of postop  

week 16 and every 4 weeks thereafter

GI disturbances, electrolyte abnormalities, headache

GI, gastrointestinal; IV, intravenous; MPA, mycophenolic acid.
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BONE AND JOINT DISORDERSSECTION 11

Osteoporosis
Beth Bryles Phillips and Elizabeth A. Price 56

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Explain the association between osteoporosis and morbidity and mortality.

2. Identify risk factors that predispose patients to osteoporosis.

3. Describe the pathogenesis of fractures in patients with osteoporosis.

4. List the criteria for diagnosis of osteoporosis.

5. Recommend appropriate lifestyle modifications to prevent bone loss.

6. Compare and contrast the effect of available treatment options on reduction of fracture risk.

7. Recommend an appropriate treatment regimen for a patient with osteoporosis and develop a 
monitoring plan for the selected regimen.

8. Educate patients on osteoporosis and drug treatment, including appropriate use, administration,  
and adverse effects.

often found in postmenopausal women and aging men, but it can 
occur in other age groups as well.1,2

The prevalence of osteoporosis varies by age, gender, and 
race/ethnicity and increases exponentially after age 50.4 As 
a group, African Americans have the highest BMD, while 
Asian Americans have the lowest.4 Most hip fractures occur 
in postmenopausal white women, who also have the highest 
incidence of fracture when adjusted for age. The frequency 
of fracture in African American and Hispanic women trail 
far behind that of Caucasians, although hip fracture-related 
mortality may be higher.5 Although both men and women lose 
bone as they age, postmenopausal women have accelerated 
bone loss due to loss of estrogen. Men have some protection 
from osteoporosis due to their larger initial bone mass and size 
and lack of accelerated bone loss associated with menopause.6

Secondary causes of osteoporosis, such as hypogonadism, are 
found more commonly in men with fragility fractures.6

PATHOPHYSIOLOGY
The human skeleton contains both cortical and trabecular bone. 
Cortical bone comprises approximately 80% of the skeleton, 
and its density and compactness account for much of bone 
strength. It is generally found on the surfaces of long and 
flat bones. Trabecular (or cancellous) bone has a sponge-like 
appearance and is found along the inner surfaces of long bones 
and throughout the vertebrae, pelvis, and ribs. This type of bone 
is more susceptible to osteoporotic fractures.

Under normal circumstances, the skeleton undergoes a 
dynamic and constant process of bone remodeling, responding to 
stress and injury through continuous replacement and repair. This 
process is completed by the basic multicellular unit, including 
both osteoblasts and osteoclasts. Osteoclasts are involved with 
resorption or breakdown of bone and continuously create 
microscopic cavities in bone tissue. Osteoblasts are involved in 
bone formation and continuously mineralize new bone in the 

INTRODUCTION

Osteoporosis is a common and often silent disorder 
causing significant morbidity and mortality and reduced 
quality of life. It is characterized by low bone density and 

loss of strength in bone tissue resulting in an increased risk and 
rate of bone fracture. Osteoporosis is responsible for more than 
2 million fractures in the United States annually. Approximately 
10 million Americans have osteoporosis, and an additional  
43 million are classified as having low bone density.1,2 The cost 
of care is expected to rise to $25.3 billion by 2025. It is estimated 
that postmenopausal white women have a 50% lifetime chance of 
developing an osteoporosis-related fracture, whereas men have a 
20% lifetime chance.1 Common sites of fracture include the spine, 
hip, and wrist, although almost all sites can be affected.

The fractures associated with osteoporosis have an enormous 
impact on individual patients, not only causing initial pain, but 
also chronic pain, loss of mobility, depression, nursing home 
placement, and death. Patients with vertebral fractures may also 
experience height loss, kyphosis, and decreased mobility due 
to limitations in bending and reaching. These patients are also 
at greater risk of having a future vertebral fracture. Multiple 
vertebral fractures may lead to restrictive lung disease and altered 
abdominal anatomy, while patients with hip fractures have added 
risks associated with surgical intervention to repair the fracture. 
More than 50% of patients never fully recover or regain preinjury 
independence, and death may occur in up to 20% of patients 
within 2 years after fracture.2

EPIDEMIOLOGY AND ETIOLOGY
Osteoporosis is the most common skeletal disorder, but only a 
fraction of patients are evaluated and diagnosed, and less than 
one in four receives treatment after a fracture.2,3 Osteoporosis can 
be classified as either primary (no known cause) or secondary 
(caused by drugs or other diseases). Primary osteoporosis is most 

L 
O

Chisholm_Ch56_p0875-0886.indd   875 28/08/18   2:12 PM















882 SECTION 11 | BONE AND JOINT DISORDERS

Table 56�6
Prescription Drug Therapy for Osteoporosis

Drug Product Size Indication/Usual Dose Administration

Bisphosphonates
Alendronate 

(Fosamax)
5-, 10-, 35-, 70-mg tablets; 

70-mg with cholecalciferol 
2800 IU; 70-mg with 
cholecalciferol 5600 IU; 
70-mg oral solution

Prevention of PM osteoporosis: 5 mg orally 
daily or 35 mg orally once weekly

Osteoporosis (men and women): 10 mg 
orally once daily or 70 mg orally once 
weekly

Glucocorticoid-induced osteoporosis:  
10 mg once daily

Avoid when CrCl < 35 mL/min (0.58 mL/s)

Take after an overnight fast with 6�8 oz  
(180�240 mL) plain water while sitting 
or standing upright at least  
30 minutes prior to morning meal.

Do not lie down for 30 minutes after 
administration.

Do not take with other medications  
or fluids.

Do not crush, chew, or suck on the tablet.
Ibandronate  

(Boniva)
150-mg tablets;
3-mg/3 mL injection

PM osteoporosis: 150 mg orally  
once monthly; 3 mg IV push over  
15�30 seconds every 3 months

Avoid when CrCl < 30 mL/min (0.5 mL/s)

Same as alendronate except administer 
at least 1 hour prior to morning meal 
and refrain from lying down for  
1 hour after administration.

Risedronate  
(Actonel, Atelvia)

5-, 30-, 35-, 75-, 150-mg tablets; 
35-mg delayed release 
tablets

PM osteoporosis: 5 mg orally daily,  
35 mg orally once weekly, 75 mg on  
2 consecutive days each month,  
or 150 mg once monthly

Male osteoporosis: 35 mg orally weekly or 
150 mg orally monthly

Glucocorticoid-induced osteoporosis:  
5 mg orally daily

Avoid when CrCl < 30 mL/min (0.50 mL/s)

Same as alendronate.
Delayed release tablets may be taken 

with food.

Zoledronic acid 
(Reclast)

5 mg/100 mL IV infusion Prevention of PM osteoporosis: 5 mg 
infused IV over 15 minutes or longer 
every 24 months

Treatment of osteoporosis (men and 
women), glucocorticoid-induced 
osteoporosis: 5 mg infused IV over  
15 minutes or longer every 12 months

Avoid when CrCl < 35 mL/min (0.58 mL/s)

Infuse over at least 15 minutes.
May premedicate with acetaminophen.

Monoclonal Antibody
Denosumab (Prolia) 60 mg/mL SC prefilled syringe PM or male osteoporosis, glucocorticoid-

induced osteoporosis: 60 mg SC every  
6 months

Inject in the upper arm, upper thigh,  
or abdomen.

Keep refrigerated.

Osteoanabolic Agents
Abaloparatide 

(Tymlos)
3120 mcg/1.56 mL pen injector 

(30 doses)
PM osteoporosis: 80 mcg SC daily Inject into abdomen. Keep refrigerated.

Teriparatide (Forteo) 250 mcg/mL, 2.4-mL prefilled 
pen

Osteoporosis (men and women), 
glucocorticoid-induced osteoporosis:  
20 mcg SC daily

Inject into thigh or abdominal wall. 
Keep pen refrigerated.

Estrogen Agonists/Antagonists
Raloxifene (Evista) 60-mg tablets PM osteoporosis: 60 mg daily May be taken with or without food.
Bazedoxifene/

conjugated 
estrogens (Duavee)

20 mg/0.45 mg PM osteoporosis + menopausal  
symptoms: one tablet daily

Only for short duration.

Calcitonin
Calcitonin salmon 

(Miacalcin)
200 IU/0.9 mL, 3.7-mL nasal 

spray
PM osteoporosis: Nasal spray: 200 IU daily Nasal spray: Alternate nostrils on a daily 

basis.

CrCl, creatinine clearance; PM, postmenopausal; SC, subcutaneously.

the lumbar spine and 6.8% in the hip without additional safety 
concerns.28 Sustained reductions in fracture risk have also been 
shown with 6 years of use.29

Common adverse effects include back pain, arthralgias, fatigue, 
headache, dermatologic reactions, diarrhea, and nausea. Serious 
adverse reactions, including hypophosphatemia, hypocalcemia, 
dyspnea, and skin and other infections, can also occur. Patients 
should seek medical attention if they experience any symptoms of 
infection. Denosumab can worsen hypocalcemia in predisposed 

patients, such as those with severe kidney disease, and preexisting 
hypocalcemia should be corrected before initiating therapy. 
Suppression of bone turnover has been associated with 
denosumab therapy, and ONJ has also been reported.2 Drug 
holidays are not recommended for denosumab therapy because, 
unlike the bisphosphonates, the beneficial effects on bone and 
fracture risk are lost once the drug is discontinued.2

Denosumab has a Risk Evaluation and Mitigation Strategy 
(REMS) program, in which the manufacturer is required by 
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its activity. Canakinumab is not indicated for treatment of adult 
RA. Canakinumab is indicated for the treatment of systemic JIA 
in patients 2 years and older. The recommended dose is 4 mg/kg 
(maximum 300 mg) subcutaneously every 4 weeks.24

Costimulation Modulators Abatacept interferes with T-cell 
signaling, ultimately blocking T-cell activation and leading to 
anergy, or lack of response to an antigen. Abatacept is indicated 
as monotherapy or in combination with nonbiologic DMARDs 
following inadequate response to methotrexate or anti-TNF 
agents. Abatacept is FDA approved for the treatment of moderate 
to severe JIA; it is recommended as an option for patients who did 
not respond to an adequate trial of methotrexate, leflunomide, or 
anakinra.19,23

Anti-CD20 Monoclonal Antibody Rituximab is a genetically 
engineered chimeric anti-CD20 monoclonal antibody that causes 
B-lymphocyte depletion in bone marrow and synovial tissue. 
Rituximab is indicated for patients with moderate to severe 
RA and a history of inadequate response to one or more 
TNF antagonist therapies. Patients with RF-positive RA tend 
to respond more favorably to rituximab than patients with 
RF-negative disease. Rituximab carries a black-box warning of 
fatal infusion reactions, severe mucocutaneous reactions, hepatitis 
B reactivation, and progressive multifocal leukoencephalopathy. 
The benefits of rituximab must be tempered against the safety 
concerns reported with use of rituximab in the oncology setting. 
The role of rituximab in JIA is unclear, and the medication is not 
FDA approved for this purpose.19,23

Interleukin-6 Antagonists Interleukin-6 (IL-6) production 
is increased in patients with RA. High levels are indicative 
of joint damage and disease activity. In addition, IL-6 plays a 
significant role in the pathogenesis of anemia associated with RA. 
Tocilizumab, an anti�IL-6 receptor monoclonal antibody, inhibits 
the binding of IL-6 to the IL-6 receptor.25 Tocilizumab is FDA 
approved for the treatment of moderate to severe RA and JIA. 
In JIA, it is recommended for patients with inadequate response 
to glucocorticoid monotherapy, methotrexate, leflunomide, or 
anakinra.19

Sarilumab is an IL-6 receptor antagonist that binds to soluble 
and membrane-bound IL-6 receptors. It is indicated for treatment 
of moderate to severe RA following inadequate response or 
intolerance to one or more DMARDs. It is not FDA approved 
for JIA.24

 ▶ Janus-Kinase (JAK) Inhibitors
Tofacitinib selectively inhibits Janus kinases, with greatest affinity 
for JAK3.26 Tofacitinib is indicated for the treatment of moderate 
to severe RA as monotherapy or in combination with nonbiologic 
DMARDs. Combination administration with biologic DMARDs 
is inappropriate due to increased immunosuppression and 
subsequent increased infection risk. One distinct advantage 
of tofacitinib over biologic DMARDs is that it is given orally 
because it is a synthetic small molecule rather than a large protein 
produced by recombinant DNA techniques. It may be initiated if 
a patient does not have an adequate response to or is otherwise 
unable to receive nonbiologic or biologic DMARDs.26 Baricitinib 
is an inhibitor of JAK 1 and 2 undergoing review by the FDA for 
treatment of RA.

 ▶ Selecting Disease-Modifying Therapy
The decision to select a particular agent generally is based on the 
prescriber�s comfort level with monitoring medication safety and 
efficacy, severity of disease activity, presence of factors suggestive 

of poor prognosis, the frequency and route of administration, 
the patient�s comfort level or manual dexterity to self-administer 
subcutaneous injections, the cost, and the availability of insurance 
coverage. Table 57–4 highlights dosing, safety, monitoring, and 
patient counseling information for DMARDs used in the treatment 
of RA. Together, Figures 57�2 and 57�3 and Table 57�4 can be used 
to build an individualized treatment plan. While monotherapy 
is preferred, combination therapy may be necessary to achieve 
the target of low disease activity or remission. When selecting 
a treatment plan, cost should also be considered. The expense 
of biologic DMARDs can limit their use in patients without 
adequate insurance or other means of covering the drug cost. 
Cost analyses indicate that the increased expenses associated 
with biologic DMARDs may be offset by the costs avoided for 
treatment of advanced RA. It is anticipated that introduction 
of biosimilars will reduce RA treatment costs because they are 
expected to be less costly than the reference products.

 The risk of infection in patients treated with 
biologic DMARDs must be considered when selecting and 
monitoring therapy.17,27 Influencing the immune response to 
reduce symptoms of RA may influence the body�s response to 
pathogens. Of particular concern is use of TNF antagonists in 
patients with a history of tuberculosis exposure. TNF is important 
in the formation of granulomas that wall off tuberculosis 
infection. In theory, if TNF is inhibited, patients with latent 
tuberculosis may have a reactivated infection. Patients receiving 
any biologic DMARD should be screened for tuberculosis 
and other infections (hepatitis B, hepatitis C). Antituberculosis 
therapy should be initiated in patients with active or latent 
tuberculosis.17 Patients with active tuberculosis should receive 
the full course of antituberculosis treatment prior to initiating 
biologic DMARDs. If there is latent infection, biologic DMARD 
therapy may be initiated after at least 1 month of antituberculosis 
treatment. Biologic DMARDs should not be initiated and should 
be discontinued temporarily during an acute, serious infection. 
Biologic DMARD therapy can be continued during nonserious 
infections.28 Concomitant use of two biologic DMARDs or use 
of a biologic DMARD in combination with a JAK inhibitor is 
contraindicated due to increased infection risk.

 ▶ Vaccinations
Initiation of biologic DMARD therapy suppresses the immune 
system and reduces the body�s ability to mount a response to a 
pathogen or a vaccine. Prior to initiation of an immunosuppressant, 
a patient�s immunization status should be determined, and 
recommended vaccines should be administered. Specifically, 
administration of killed vaccines (pneumococcal, influenza, 
hepatitis B), recombinant vaccines (human papillomavirus, 
recombinant zoster vaccine [Shingrix]), and live attenuated 
vaccines (zoster vaccine live [Zostavax]) should be considered 
prior to and reevaluated during treatment with DMARDs. 
Herpes zoster status should be determined prior to initiation of 
biologic DMARDs or tofacitinib and the vaccine administered, 
if appropriate. In October 2017, the CDC Advisory Committee 
on Immunization Practices (ACIP) preferentially recommended 
Shingrix over Zostavax for prevention of herpes zoster and related 
complications in immunocompetent adults aged 50 years or 
more. Live vaccines (eg, Zostavax) should be avoided in patients 
already taking biologic DMARDs or tofacitinib because they may 
result in disseminated varicella-zoster virus disease, including 
fatal outcomes.17 At the time of this writing, the CDC ACIP had 
not made recommendations about use of the newer recombinant 
zoster vaccine (Shingrix) in immunocompromised persons and 
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Osteoarthritis
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58
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Explain the pathophysiologic mechanisms involved in the development of osteoarthritis (OA).

2. Identify risk factors associated with OA.

3. Recognize the clinical presentation of OA.

4. Determine the goals of therapy for individual patients with OA.

5. Formulate a rational nonpharmacologic plan for patients with OA.

6. Recommend a pharmacologic plan for treating OA, taking into consideration patient-specific factors.

7. Develop monitoring parameters to assess effectiveness and adverse effects of pharmacotherapy for OA.

8. Modify an unsuccessful treatment strategy for OA.

9. Deliver effective patient counseling, including lifestyle modifications and drug therapy, to facilitate 
effective and safe management of OA.

INTRODUCTION

Osteoarthritis is the most common form of 
arthritis and is strongly related to age. Weight-
bearing joints (eg, hips, knees) are most 

susceptible, but non–weight-bearing joints, especially hands, 
may be involved. OA causes tremendous morbidity and financial 
burden because of its high prevalence and effect on joints critical 
for daily functioning.1 OA is the leading cause of chronic mobility 
disability and the most common reason for total-hip and total-
knee replacement.2

EPIDEMIOLOGY AND ETIOLOGY
Approximately 27 million Americans have signs and symptoms 
of OA.3 OA is more common in females and older persons, 
affecting an estimated 10% of men and 18% of women over 
age 60 years. Approximately 7% of Americans experience daily 
symptomatic hand OA, 6% experience daily symptomatic knee 
OA, and 3% experience daily symptomatic hip OA.3 Hip OA 
occurs more frequently in men.4 However, women tend to have 
more generalized disease and joint inflammation. Some patients 
can develop bony enlargements of the hands, called Bouchard 
nodes or Heberden nodes, in the absence of inflammation. The 
prevalence of OA in African Americans is similar to whites, but 
African Americans often experience more severe and disabling 
disease.

PATHOPHYSIOLOGY
OA is characterized by damage to diarthrodial joints and joint 
structures (Figure 58–1). The pathophysiology is multifactorial 
and typified by progressive destruction of joint cartilage, erratic 
new bone formation, thickening of subchondral bone and the 
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joint capsule, bony remodeling, development of osteophytes, 
variable degrees of mild synovitis, and other changes.5

The earliest stages of OA are characterized by increasing 
water content and softening of cartilage in weight-bearing 
joints. As the disease progresses, proteoglycan content of 
cartilage declines, and eventually, cartilage becomes hypocellular. 
Procatabolic and proinflammatory changes precede cartilage 
degradation and are thought to play important roles in OA 
development and progression.6

Subchondral bone undergoes metabolic changes, including 
increased bone turnover, that appear to be precursors to tissue 
destruction. The normally contiguous bony surface becomes 
fissured. Persistent use of the joint eventually results in loss 
of cartilage, permitting bone-to-bone contact that ultimately 
promotes thickening and eburnation of exposed bone. 
Microfractures may appear in subchondral bone, and osteonecrosis 
may develop beneath the surface, especially in advanced disease.

New bone is formed haphazardly, creating osteophytes that extend 
into the joint capsule and ligament attachments and may encroach 
on joint space. Progressive loss of joint cartilage, subchondral 
damage, joint space narrowing, and changes in underlying bone 
and soft tissue may culminate in deformed, painful joints.

Classification
OA is classified as primary (idiopathic) or secondary. Primary OA 
is the predominant form, occurring in the absence of a known 
precipitating event. Primary OA may be localized, generalized, or 
erosive. Localized OA is distinguished from generalized disease 
by the number of sites involved. Erosive disease—typically in 
hand or foot joints—is characterized by erosive bone destruction 
and in some cases bony proliferations. Secondary OA results 
from congenital or developmental disorders or inflammatory, 
metabolic, or endocrine diseases.
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Patient Encounter Part 1

A 68-year-old obese white woman presents to her primary 
care physician with left hip pain that has significantly 
worsened over the past several years. She describes the pain 
as dull and achy, and it is most severe in the morning after 
awakening until she “loosens up” 10 to 15 minutes later. She 
believes the morning stiffness is worse when it is overcast 
or raining. She has tried heating pads without relief. She also 
reports feeling “down” because she is no longer able to go on 
walks with her grandchildren when they come to visit. She is 
a retired store clerk in a position that required her to be on 
her feet for long hours in addition to lifting heavy boxes.

What information is suggestive of osteoarthritis (OA)?
What risk factors for OA does this patient have?
What other information will you need to differentiate OA 
from rheumatoid arthritis?
What potential comorbidities should be considered in this 
patient?
What other information will be required before formulating a 
treatment plan?

factors. Heavy physical activity is a stronger predictor of OA 
than light-to-moderate activities, especially for older individuals, 
in whom joint structures are less capable of coping with highly 
stressful activities.7 Obesity increases load-bearing stress on hip 
and knee joints. OA risk increases by 10% for each kilogram 
above ideal body weight.8

CLINICAL PRESENTATION AND DIAGNOSIS
OA is diagnosed clinically from symptoms and physical 
examination of the joint(s), sometimes supported by radiographic 
evidence (see Clinical Presentation of OA). Radiographic changes 
are often absent in early OA. As OA progresses, joint space 
narrowing, subchondral bone sclerosis, and osteophytes may 
develop. Laboratory tests are not helpful for diagnosing OA but 
may rule out related diseases. The erythrocyte sedimentation 
rate (ESR) and the hematologic and chemistry panels are usually 
unremarkable in OA. Synovial fluid aspirated from an affected 
joint should be sterile, without crystals, and with a WBC count 
less than 1.5 × 103/mm3 (1.5 × 109/L). Gross joint deformity and 
joint effusions may occur in late severe OA.

TREATMENT
Desired Outcomes

 Goals of therapy include: (a) educating the patient 
and caregivers, (b) relieving pain, (c) maintaining or restoring 
mobility, (d) minimizing functional impairment and associated 
adverse outcomes (eg, falls), (e) preserving joint integrity, and 
(f) improving quality of life.

General Approach to Treatment
Treatment is individualized considering medical history, physical 
examination, radiographic findings, distribution and severity of 
joint involvement, and response to previous treatment. Comorbid 
diseases, concomitant medications, and allergies are integrated 
into a holistic treatment approach.
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As shown in Figure 58–2, nonpharmacologic treatment is 
integral to achieving optimal outcomes. Pharmacologic therapy 
is an adjunctive measure to relieve pain; available medications do 
not substantially modify the disease course. Surgical intervention 
generally is reserved for patients with advanced disease complicated 
by unremitting pain or severely compromised function.

Nonpharmacologic Therapy
 Nonpharmacologic therapy is the cornerstone of 

treatment: education, exercise, weight loss, and cognitive 
behavioral intervention are integral components.

Educational programs are designed to improve health 
behaviors and health status, thereby slowing OA progression. 
The goal is to increase patient knowledge and self-confidence 
in adjusting daily activities in the face of evolving symptoms. 
Effective programs produce positive behavioral changes, 
decrease pain and disability, and improve functioning and 
psychological outcomes (eg, depression, self-efficacy, life 
satisfaction). Patients can be referred to the Arthritis Foundation 
(www.arthritis.org) for educational materials and information 
on support groups.

Lifestyle modification should be encouraged for all patients at 
risk for, or with established OA. Low-impact exercise is advisable 
for most patients, especially with knee or hip OA. Aerobic 
exercise and strength-training programs improve functional 
capacity in older adults. Stretching and strengthening exercises 
should target affected and vulnerable joints. Isokinetic and 
isotonic exercises performed at least three to four times weekly 
improve physical functioning and decrease disability, pain, and 
analgesic use.

The association between body weight and OA onset and 
progression make weight loss a pivotal goal in overweight and 
obese patients. Women who reduce body weight by 5 kg (11 lb) 
can halve their risk of developing OA. Weight loss improves 
symptoms and quality of life in patients with knee OA. Weight 
loss should be pursued through diet modification and increased 
physical activity (see Chapter 102, Overweight and Obesity). Knee 
braces may delay the progression of knee OA. Clinicians should 
consider the patient’s physical capabilities when implementing 
any exercise program. Application of heat or cold to involved 
joints improves range of motion, reduces pain, and decreases 
muscle spasms. Applications of heat include warm baths or warm 
water soaks. Heating pads should be used cautiously, especially in 
older persons, and patients must be warned of the potential for 
burns if used inappropriately.

Referral to a physical or occupational therapist may be 
helpful, particularly in patients with functional disabilities. 
Physical therapy is tailored to the patient and may include 
assessment of muscle strength, joint stability, and mobility; 
use of heat (especially prior to increased activity); structured 
exercise regimens; and assistive devices such as canes, crutches, 
and walkers. Occupational therapists advise on optimal joint 
protection and function, energy conservation, and use of splints 
and other assistive devices.

Pharmacologic Therapy
Simple analgesics such as acetaminophen and nonsteroidal anti-
inflammatory drugs (NSAIDs) are first-line agents for treating 
OA (Table 58–1).

 ▶ Acetaminophen
Acetaminophen is a centrally acting analgesic that inhibits 
prostaglandin production in the brain and spinal cord. 
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Table 58�1
Dosing Parameters of Select Agents Used to Treat OA

Medication Dosage and Frequency

Oral Analgesics
Acetaminophen 325 mg every 4–6 hours or 1000 mg every 6–8 hours; max 4000 mg/day (from all sources)
Tramadol 50–100 mg every 4–6 hours; max 400 mg/day (300 mg in elderly)

CrCl < 30 mL/min (0.50 mL/s): 50–100 mg every 12 hours; max 200 mg/day
Oxycodone 5–15 mg every 4–6 hours (initial dose for opioid naïve); dose depends on degree of opioid 

tolerance and patient response

Serotonin-Norepinephrine Reuptake 
Inhibitors

 

Duloxetine 30–60 mg once daily; max 60 mg/day

Intraarticular Corticosteroid Injection  
Triamcinolone acetonide 2.5–15 mg for single injection; doses can be adjusted to 20–40 mg; administered not more 

often than every 3 months
Triamcinolone acetonide extended-release 32 mg for a single knee injection
Methylprednisolone acetate Small joints 4–10 mg; medium joints 10–40 mg; large joints 20–80 mg; administered no 

more often than every 3 months

Intraarticular Hyaluronic Acid Injection
Hyaluronic Acid 16–30 mg injected into the affected knee every week for a total of 3–5 weeks, depending 

on the product (see text)
Oral NSAIDs by Chemical Class  
Carboxylic acid (salicylates)  

Aspirin 325–650 mg every 4–6 hours; max 3600 mg/day
Salsalate 500–1000 mg two to three times daily; max 3000 mg/day

Acetic acid  
Etodolac 300–600 mg twice daily; max 1200 mg/day

400–1000 mg once daily (extended-release)
Diclofenac 50 mg two to three times daily

75 mg twice daily (delayed-release tablets)
100 mg once daily (extended-release tablets)
35 mg three times daily (submicron particle capsules)
Max 150 mg/day from any formulation

Indomethacin 25 mg two to three times daily
75 mg one to two times daily (sustained-release)
Max 200 mg/day from any formulation

Nabumetone 500–1000 mg one to two times daily; max 2000 mg/day
Propionic acid  

Ibuprofen 400–800 mg three to four times daily; max 3200 mg/day
Naproxen 250–500 mg two times daily

750–1000 mg once daily (controlled-release)
275–550 mg two times daily (naproxen sodium)
Max 1650 mg/day from any formulation

Enolic acid  
Meloxicam 7.5–15 mg once daily; max 15 mg/day
Piroxicamc 20 mg once daily; max 20 mg/day

Coxibs  
Celecoxibc 100 mg twice daily or 200 mg once daily; max 200 mg/day

Topical Analgesics
Capsaicin 0.025% or 0.075% cream Apply to affected joint every 6–8 hours
Diclofenac sodium 1% gel Upper extremity joints: 2 g four times daily; max 8 gb per upper extremity joint per day

Lower extremity joints: 4 g four times daily; max 16 gb per joint per day
Diclofenac sodium 1.5% solution 40 drops per affected knee, four times per day; max 160 drops per day per knee
Diclofenac sodium 2% solution 40 mg (2 pump actuations) on each painful knee, two times a day; max 80 mg per day per 

knee
Dietary Supplements  
Glucosamine sulfate 500 mg three times daily or 1500 mg once daily
Chondroitin 400–800 mg up to three times daily with glucosamine

aSerum salicylate levels should be monitored for doses greater than 3 g/day.
bTotal daily dose of diclofenac 1% gel should not exceed 32 g for all affected joints.
cSubstrate for CYP2C9, consider a 50% reduction in the initial dose in known or suspected poor metabolizers.

CrCl, creatinine clearance.
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 Acetaminophen is an inexpensive analgesic with 
a favorable risk–benefit profile. Although less effective than 
NSAIDs, acetaminophen may be tried initially at an adequate 
dose and duration in patients with mild-to-moderate pain, before 
considering an oral NSAID.9-12

Acetaminophen should be administered initially on an 
as-needed basis in divided doses up to 4 g daily. Single doses 
should not exceed 1 g. Some patients may require scheduled 
dosing to achieve adequate pain relief. Periodic assessment of 
pain control should be performed to maintain the lowest effective 
dose. Insufficient acetaminophen dose or duration are common 
reasons for inadequate response. A sufficient trial is defined as up 
to 4 g daily in divided doses for 4 to 6 weeks.

Despite being among the safest analgesics, acetaminophen 
can cause significant adverse effects, including hepatic and 
renal toxicity.13 Acetaminophen overdose, both intentional and 
unintentional, is the leading cause of acute liver injury in the 
United States.14 Doses greater than 4 g are associated with 
increased risk of hepatotoxicity. Total daily doses of 4 g have 
been associated with significant liver enzyme elevations, but 
such elevations do not necessarily portend hepatotoxicity.15

Concomitant use of alcohol may increase risk of hepatic injury; 
a maximum acetaminophen dose of 2.5 g daily is recommended 
in patients who consume more than 2 to 3 alcoholic beverages 
daily. Acetaminophen does not appear to exacerbate stable, 
chronic liver disease, but liver function should be monitored 
regularly in this population.13 Careful inventory should be taken 
of all concomitant prescription and over-the-counter (OTC) 
products to minimize the risk of inadvertent acetaminophen 
overdose.

Acetaminophen may worsen kidney function and increase 
blood pressure.16,17 Nevertheless, acetaminophen remains the 
preferred oral analgesic for mild-to-moderate pain in patients 
with hypertension or kidney disease because of the greater risks 
associated with systemic NSAIDs.18 Monitoring specifically for 
these adverse effects generally is unnecessary.

 ▶ Nonsteroidal Anti-inflammatory Drugs
Prostaglandins play an important role in the function of several 
organ systems. These compounds are synthesized via the 
interaction of two isoforms of the cyclooxygenase enzyme 
(COX-1 and COX-2) with their substrate, arachidonic acid.

The COX-1 enzyme is expressed constitutively in 
various body tissues (eg, gastric mucosa, kidney, platelets). 
Prostaglandins produced by the actions of the COX-1 enzyme 
in the gastrointestinal (GI) tract preserve GI mucosal integrity 
by increasing mucous and bicarbonate secretion, maintaining 
mucosal blood flow, and decreasing gastric acid secretion. 
Prostaglandins associated with COX-1 also promote normal 
platelet activity and function. In the kidney, COX-1–mediated 
prostaglandins dilate the afferent arteriole, thereby maintaining 
intraglomerular pressure and glomerular filtration rate when 
renal blood flow is reduced.

In contrast, the COX-2 enzyme is normally undetectable in 
most tissues, but its expression can be induced rapidly in the 
presence of inflammation and local tissue injury. This change 
leads to the synthesis of prostaglandins involved in pain and 
inflammation. Consequently, blocking the COX-2 enzyme is 
thought to result in analgesic and anti-inflammatory effects. All 
NSAIDs inhibit both the COX-1 and COX-2 enzyme isoforms, 
but nonselective NSAIDs (eg, ibuprofen, naproxen) are not 
particularly selective for one isoform, whereas COX-2 inhibitors 
(ie, celecoxib) preferentially inhibit COX-2.

 NSAIDs are a reasonable first-line therapy in 
patients with moderate-to-severe OA or as adjunctive or 
alternative therapy when acetaminophen fails to provide 
an acceptable analgesic response. NSAIDs reduce pain and 
improve functioning in patients with OA, although individual 
responses vary widely. Pooled analyses suggest that NSAIDs 
improve OA pain more than acetaminophen, although direct 
comparisons have yielded mixed results.10 Consensus guidelines 
support the use of NSAIDs as an alternative to acetaminophen 
if clinical features of peripheral inflammation or severe pain 
are present.9 The route of administration (ie, oral or topical) 
should be based on affected joint(s), patient preference, ability 
to administer, and an assessment of risk for adverse effects of 
systemic NSAIDs.

Topical NSAID administration minimizes systemic exposure 
while providing pain relief comparable to oral NSAIDs. 
Consequently, topical NSAIDs may be an acceptable alternative 
first-line treatment to acetaminophen for patients with OA in a 
superficial joint, including hands, wrists, elbows, knees, ankles, 
and feet. Currently, the only commercially available topical 
NSAID in the United States is diclofenac, which is marketed in 
a variety of preparations (ie, solution, gel, topical patch). These 
products decrease pain and improve joint function without 
demonstrated superiority for any one product.19,20 Systemic 
absorption of topical diclofenac is significantly less than that 
of oral diclofenac. Thus, with proper administration, GI, 
cardiovascular, and renal adverse effects are rare and similar in 
incidence to placebo.19,20 The most common adverse effects are 
application site dermatitis, pruritus, and phototoxicity.

For patients with OA affecting deeper joints (ie, hip, shoulder, 
spine), or who have not achieved adequate response to topical 
NSAIDs, an oral NSAID should be considered.  At 
equipotent doses, the analgesic and anti-inflammatory activities 
of all oral NSAIDs, including COX-2–selective inhibitors, are 
similar. The selection of a specific oral NSAID should be based 
on patient preference, previous response, tolerability, side-effect 
profile, dosing frequency, cost, and underlying GI risk. Pain relief 
occurs rapidly (within hours), but anti-inflammatory response 
occurs after 2 to 3 weeks of continuous therapy. This latter period 
is the minimal duration that should be considered an adequate 
NSAID trial. If an insufficient response is achieved with one oral 
NSAID, another oral agent should be tried.

 All systemic NSAIDs are associated with adverse GI, 
renal, hepatic, cardiovascular, central nervous system (CNS), and 
hypertensive effects, particularly in older individuals. Inhibition 
of the COX-1 enzyme is thought to be responsible primarily 
for the adverse effects on the gastric mucosa, kidney, and 
platelets. Direct irritant effects also may contribute to adverse 
GI events. Minor GI complaints, including nausea, dyspepsia, 
anorexia, abdominal pain, flatulence, and diarrhea, are reported 
by 10% to 60% of patients treated with oral nonselective NSAIDs. 
Asymptomatic gastric and duodenal mucosal ulceration can be 
detected in 15% to 45% of patients.21 Perforation, gastric outlet 
obstruction, and GI bleeding are the most severe complications 
and occur in 1.5% to 4% of patients annually.21

 COX-2 inhibitors are preferred for patients at 
high risk for GI complications.22 Several risk factors predict 
a greater likelihood of GI complications in NSAID-treated 
patients (see Chapter 18, Peptic Ulcer Disease). Identifying 
at-risk patients based on symptoms alone is impractical because 
the presence of symptoms and actual gastroduodenal damage 
are poorly correlated. For patients at particularly high GI risk 
(eg, previous history of NSAID-induced GI bleed), a selective 
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Gout and Hyperuricemia
Maria Miller Thurston 59

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Explain the pathophysiologic mechanisms underlying gout and hyperuricemia.

2. Recognize major risk factors for developing gout in a given person.

3. Assess the signs and symptoms of an acute gout attack.

4. List the treatment goals for a patient with gout.

5. Develop a pharmacotherapeutic plan for a patient with acute gouty arthritis that includes individualized 
drug selection and monitoring for efficacy and safety.

6. Identify patients for whom prophylactic urate-lowering therapy for gout and hyperuricemia is 
warranted.

7. Formulate appropriate educational information for a patient on lifestyle modifications to help prevent 
gouty arthritis attacks.

8. Select an appropriate drug to reduce serum uric acid (SUA) levels in patients with gout, and outline a 
plan for monitoring efficacy and toxicity.

(especially beer). Patients experiencing frequent attacks and those 
with poorly controlled advanced disease should be educated to 
avoid sweetbreads (organ meats such as thymus and pancreas), 
liver, and kidney meat; high-fructose corn syrup; and alcohol 
use.5 Other risk factors include male sex, obesity, hypertension, 
dyslipidemia, and the metabolic syndrome.11 Gout also occurs 
frequently in patients with type 2 diabetes mellitus, chronic kidney 
disease (CKD), and coronary artery disease.15 Prospective data 
indicate that gout is an independent risk factor for coronary heart 
disease,16 and the cardiovascular impact of urate-lowering therapy 
continues to be investigated.17-19 Uric acid excretion is reduced in 
patients with CKD, putting them at risk for hyperuricemia.

 Some drugs can cause hyperuricemia and precipitate 
gout, such as thiazide and loop diuretics, niacin, pyrazinamide, 
calcineurin inhibitors, and aspirin. In most cases, these drugs 
block uric acid secretion in the kidney. The effect of aspirin 
on uric acid is dose-dependent. Aspirin in high analgesic 
doses (600�2400 mg/day) blocks uric acid reabsorption by the 
kidneys, increasing uric acid excretion. Aspirin doses below 
600 mg/day inhibit uric acid excretion and can elevate serum 
uric acid levels.4 However, patients with hyperuricemia or gout 
and cardiovascular risk factors should continue low-dose aspirin 
(eg, 81�325 mg/day) for myocardial infarction or stroke 
prevention because the cardiovascular benefit outweighs the 
minimal effect on serum urate.5

PATHOPHYSIOLOGY
Gout is caused by an abnormality in uric acid metabolism. 
Uric acid is a waste product of purine breakdown contained 
in the DNA of degraded body cells and dietary protein. It is 
water soluble and excreted primarily by the kidneys, although 
some is broken down by colonic bacteria and excreted via the 
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INTRODUCTION

Gout is an inflammatory condition of the 
arthritis-type that results from deposition of 
uric acid crystals in joint spaces or surrounding 

tissues, leading to an inflammatory reaction that causes 
intense pain, erythema, and joint swelling. It is associated with 
hyperuricemia, defined as a SUA level of 6.8 mg/dL (404 �mol/L) 
or greater, but not all patients with hyperuricemia demonstrate 
symptoms.1 Four organizations publish guidelines that provide 
recommendations for the diagnosis and/or management of 
gout.2-9 There is much similarity in the recommendations, and 
this chapter focuses primarily on the consensus expert panel 
recommendations of the American College of Rheumatology 
(ACR).5,6 However, the American College of Physicians (ACP) 
guideline includes updated clinical trial data and some distinct 
and controversial differences.8-10

EPIDEMIOLOGY AND ETIOLOGY
Gout is the most common inflammatory arthritis in men, with 
a male:female incidence of about 4:1; it affects over 3% of US 
adults.1,11 The National Health and Nutrition Examination Survey 
(NHANES) 2007�2008 estimated the prevalence of gout among 
US adults to be 8.3 million.12 The incidence increases with age 
and is rising in part due to a larger number of patients with risk 
factors for gout.13 There is also a significant economic cost and 
humanistic burden associated with gout, which increases with 
worsening disease severity.14

In order to lessen the incidence and disease severity of gout, 
it is important to be mindful of risk factors and pharmacologic 
agents that can influence the disease. Dietary risk factors 
involve ingestion of animal purines, fructose, and alcohol 
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Musculoskeletal Disorders
Jill S. Borchert and Lisa M. Palmisano 60

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Describe the pathophysiologic principles of tissue injury and inflammation.

2. Identify the desired therapeutic outcomes for a patient with musculoskeletal injury or pain.

3. Identify the factors that guide selection of an analgesic or counterirritant for a particular patient.

4. Recommend appropriate nonpharmacologic and pharmacologic therapy for a patient with 
musculoskeletal injury or pain.

5. Design a patient education plan, including nonpharmacologic therapy and preventative strategies.

6. Develop a monitoring plan to assess treatment of a patient with a musculoskeletal disorder.

INTRODUCTION

The musculoskeletal system consists of muscles, bones, 
joints, tendons, and ligaments. Disorders related to the 
musculoskeletal system often are classified by etiology. 

Acute soft-tissue injuries include strains and sprains of muscles 
and ligaments.1 Repeated movements in sports, exercise, work, or 
activities of daily living can lead to repetitive strain injury, where 
cumulative damage occurs to the muscles, ligaments, or tendons.2

Although tendonitis and bursitis can arise from acute injury, 
more commonly these conditions occur as a result of chronic 
stress.2,3 Other forms of chronic musculoskeletal pain, such as 
pain from rheumatoid arthritis (see Chapter 57) or osteoarthritis 
(see Chapter 58), are discussed elsewhere in this textbook.

EPIDEMIOLOGY AND ETIOLOGY
Musculoskeletal disorders are commonly self-treated, so true 
estimates of the incidence of both acute and chronic injury 
are difficult to obtain. In the United States, over 65 million 
musculoskeletal injuries occur each year, with 62% of episodes 
treated in ambulatory care offices.4 These disorders account for a 
large portion of medical care expenditures and are a leading cause 
of work absenteeism and disability, resulting in a substantial 
economic burden from lost productivity and lost wages.

Some musculoskeletal disorders arise from workplace injuries, 
including those induced by trauma or an acute overexertion and 
those induced by repetition and cumulative trauma.4 The most 
common sites of injury include the upper extremities (eg, hand, 
shoulder, and wrist), back, and lower extremity (eg, ankle, knee).

In older adults, musculoskeletal injuries may not be related to 
work but to daily life. Half of all musculoskeletal injuries occur in 
the home with falls being the most common cause for those aged 
65 and older.4 In children and adolescents, fractures are more 
common than muscle and tendon injuries because growth spurts 
cause bones to weaken while the muscle–tendon unit tightens.2

Muscle injuries comprise the majority of sports-related 
injuries, and roughly half are related to overuse.4,5 The ankle is the 
most common site of sports injury.6 Activities that require rapid 

acceleration or pivoting at high speeds, such as basketball and 
soccer, pose the greatest risk of muscle sprain and acute injury.5,7

Overuse musculoskeletal injury is the phrase used to describe 
disorders arising from repetitive motion.5 This injury is common 
in activities such as running, particularly during periods of 
increased intensity or duration of training. It also can occur in 
the workplace with repeated, unvaried motion.8

PATHOPHYSIOLOGY
Skeletal muscle consists of muscle fibers linked together by 
connective tissue. Tendons and ligaments are composed of 
collagenous fibers that have a restricted capability to stretch. 
Tendons connect muscle to bone, whereas ligaments connect 
bone to bone.

Muscle Strains and Sprains
A sprain is an overstretching of supporting ligaments that results 
in a partial or complete tear of the ligament.1 Although a strain 
also arises from an overstretching of the muscle–tendon unit, it is 
marked by damage to the muscle fibers or tendon without tearing 
of the ligament. The key difference is that a sprain involves 
damage to ligaments, whereas a strain involves damage primarily 
to muscle.

Overloading the muscle and connective tissue results in complete 
or partial tears of the skeletal muscle, tendons, or ligaments.7,9 
This usually occurs when the muscle is activated in an eccentric 
contraction, defined as a contraction in which the muscle is being 
lengthened.9 Examples of this type of contraction include putting 
down a large, heavy object or lowering oneself from a chin-up bar. 
Small tears can occur in the muscle because it is lengthening while 
also trying to contract to support the load. This leads to rupture 
of blood vessels at the site of the injury, resulting in formation 
of a hematoma.7,9 During the inflammatory stage, macrophages 
remove necrotic fibers. Activated neutrophils then release growth 
factors that activate myocytes for regeneration. Finally, capillaries 
grow into the area, and muscle fibers regenerate during the repair 
and remodeling phases of healing.
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to decrease production of PGE2, the principal mediator of 
acute inflammation.12,21 Although the mechanism of action of 
acetaminophen is less clear, it appears that acetaminophen acts 
as a weak inhibitor of PG production via COX-2 inhibition and 
exerts only a mild anti-inflammatory effect.13,26

Acetaminophen  Acetaminophen is the drug of 
choice for mild-to-moderate regional musculoskeletal pain 
without inflammation.13,27 However, acetaminophen does not 
provide adequate analgesia for patients with any low back 
pain.24 Comparative trials between acetaminophen and oral 
NSAIDs demonstrate equivalent analgesia in some situations, 
but NSAIDs may be preferred in others. Therefore, if adequate 
analgesia is not achieved with acetaminophen, switching to an 
NSAID is a reasonable alternative. Acetaminophen offers the 
advantage of less gastrointestinal (GI) toxicity than NSAIDs. 
Although tolerability of acetaminophen is high at therapeutic 
doses, hepatotoxicity has been reported after overdose and 
at therapeutic doses, especially in combination with other 
factors.13,26 Patients should not exceed 4 g/day of acetaminophen 
to minimize the risk of liver injury. Acetaminophen should be 
used with caution in patients who have liver disease or consume 
alcohol because of the risk of hepatotoxicity. Due to concern 
over liver injury, many nonprescription products are now labeled 
with a maximum recommended dose of 3 g/day. In addition, 
oral prescription combination products are limited by the US 
Food and Drug Administration (FDA) to 325 mg acetaminophen 
per dosage unit.28 Acetaminophen can be used safely in infants, 
children, adolescents, and older adults.

Salicylates  Aspirin is not more effective than 
acetaminophen, and it is not recommended for initial treatment 
of acute musculoskeletal pain because its adverse effects may be 
more common and severe.13 Gastric irritation is more common 
with aspirin, and bleeding risk is increased because aspirin 
irreversibly inhibits platelet aggregation. Patients with aspirin-
induced asthma should avoid aspirin and other salicylates. Due to 
the risk of Reye syndrome, aspirin should be avoided in persons 
younger than age 19 during episodes of fever-causing illnesses.

Some salicylates are specifically marketed for musculoskeletal 
back pain, such as magnesium salicylate. However, use of 
salicylates is not supported given the limited evidence showing 
benefit in treating acute pain.29 Magnesium salicylate should be 
used with caution in patients with renal impairment due to risk 
of hypermagnesemia and should be avoided in patients 19 years 
old and younger due to risk of Reye syndrome.30

NSAIDs Oral NSAIDs are used commonly for musculoskeletal 
pain because of their availability without a prescription and 
anti-inflammatory effects.12,27  NSAIDs are a preferred 
choice over acetaminophen in musculoskeletal disorders in 
which inflammation is the primary problem.27 As a result, 
NSAIDs are particularly beneficial for chronic overuse injury, 
in which inflammation is central to the pain and loss of 
motion.21 Although NSAIDs may be helpful in relieving pain 
and inflammation in tendonitis, many tendinopathies are not 
associated with inflammation. Therefore, use of acetaminophen 
may relieve pain adequately.2 For patients with low back pain, 
NSAIDs are first-line pharmacotherapy given the evidence 
demonstrating efficacy.24 There has been some debate that early 
NSAID use in severe injuries such as fractures or extensive 
muscle tears may impede healing by reducing collagen formation, 
causing further chronic instability.21,31 However, use of NSAIDs 
for less severe injury has shown beneficial effects in the recovery 
and healing process.21

The analgesic effects of NSAIDs are attributed to inhibition 
of the COX-2 enzyme, whereas the negative GI effects are due 
to inhibition of COX-1.13,27 Patients taking oral anticoagulants, 
those with a history of peptic ulcer disease, or others at high risk 
for GI complications may be considered candidates for a COX-2 
inhibitor (eg, celecoxib) or a combination of a nonselective 
NSAID with a gastroprotective agent such as a proton pump 
inhibitor (see Chapter 58). Combination of any NSAID, including 
COX-2 inhibitors, with alcohol can increase GI adverse effects.13

Both nonselective NSAIDs and COX-2 inhibitors are associated 
with nephrotoxicity.13,21 Furthermore, NSAIDs, including selective 
COX-2 inhibitors, may increase the risk of myocardial infarction. 
See Chapter 58 (Osteoarthritis) for discussion of the relative 
risks of nonselective NSAIDs and COX-2 inhibitors, treatment 
options based on an individual patient’s cardiovascular and GI 
risk profile, and maximum dosing recommendations. Refer to 
the drug package labeling for children and adolescents to ensure 
correct dosing and safe use. For example, ibuprofen is approved 
for use in infants 6 months and older, whereas naproxen is 
approved for individuals age 12 years and older.

 ▶ Topical (External) Analgesics
Topically (or externally) applied drugs that exert a local 
analgesic, anesthetic, or antipruritic effect by either suppressing 
cutaneous sensory receptors or by stimulating these receptors 
in a counterirritant fashion.13 These medications are applied 
directly to the affected area to create high local concentrations 
of the drug and exert action locally in the nerves or tissues. 
Negligible systemic concentrations are achieved with intact skin, 
minimizing systemic adverse effects.13 Formulations include gel, 
cream, lotion, patch, liquid, liniment, or aerosol spray. Topical 
delivery should not be confused with transdermal delivery, in 
which drug absorption into the bloodstream produces a systemic 
effect. Musculoskeletal disorders often are treated with topical 
(not transdermal) medications.

After application, the topical medication penetrates the skin 
to the soft tissue and peripheral nerves.13 Topical analgesics 
suppress the sensitization of pain receptors at the site, thereby 
reducing pain and burning. Examples include topical NSAIDs 
and local anesthetics. In contrast, counterirritant products are 
external analgesics that stimulate cutaneous sensory receptors, 
producing a burning, warming, or cooling sensation that masks 
the underlying pain. In effect, the irritation or inflammation 
caused by the counterirritant distracts from the underlying pain.

External analgesics are useful adjuvants to nonpharmacologic 
therapy and systemic analgesic therapy to provide additional 
relief. These agents are also an option in patients who cannot 
tolerate systemic analgesics. Because these products are not in pill 
form and many are available without a prescription, they may be 
overused or misused. Clinicians should advise patients to read 
and follow directions on the labels of OTC products.

Topical NSAIDs In acute soft-tissue injury such as strains and 
sprains, efficacy of topical NSAIDs is superior to that of placebo 
and similar to that of oral NSAIDs.32 Tissue concentrations of 
topical NSAIDs are high enough to produce anti-inflammatory 
effects, but systemic concentrations after application remain low.

Diclofenac is the only topical NSAID commercially available 
in the United States.13 Topical diclofenac solution (Pennsaid) and 
gel (Voltaren) are only indicated for treatment of osteoarthritis 
(see Chapter 58).33-35 The diclofenac patch (Flector Patch) is 
indicated specifically for topical treatment of acute pain from 
minor sprains and strains in adults.36 One patch is applied to 
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DISORDERS OF THE EYES, EARS, NOSE, AND THROAT    SECTION 12    

Glaucoma
Mikael D. Jones 61

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Identify risk factors for the development of primary open-angle glaucoma (POAG) and acute 

angle-closure glaucoma.

2. Recommend a frequency for glaucoma screening based on patient-specific risk factors.

3. Compare and contrast the pathophysiologic mechanisms responsible for open-angle glaucoma and 
acute angle-closure glaucoma.

4. Outline the clinical presentation of chronic open-angle glaucoma and acute angle-closure glaucoma.

5. List the goals of managing patients with POAG suspect, POAG, and acute angle-closure glaucoma.

6. Choose the most appropriate therapy based on patient-specific data for open-angle glaucoma, 
glaucoma suspect, and acute angle-closure glaucoma.

7. Develop a monitoring plan for patients on specific pharmacologic regimens.

8. Counsel patients about glaucoma, drug therapy options, ophthalmic administration techniques, and 
the importance of adherence to the prescribed regimen.

African Americans than white Americans.6 The prevalence of 
POAG increases with age and is rarely seen in patients younger 
than 40 years.6,7 The prevalence of POAG suspects is difficult 
to estimate at this time, but it is expected that 3.5% to 4.5% of 
white and Hispanic patients older than 40 years have ocular 
hypertension.2

Approximately 20 million people were estimated to have 
angle-closure glaucoma in 2013, and this is projected to increase 
to 32 million people by 2040.5 The prevalence of angle-closure 
glaucoma is lower than POAG and varies significantly by race and 
ethnicity. The prevalence is lower in patients of European ancestry 
(0.4%) but higher in patients of Asian ancestry (1.2%).5 PACG is 
also more prevalent with increasing age and among females.4

PATHOPHYSIOLOGY
The pathophysiology of glaucomatous neurodegeneration has 
not been completely elucidated, but appears to be caused by 
both IOP-dependent and IOP-independent factors. Elevated IOP 
is clearly associated with damage and eventual death of optic 
nerves; however, optic neuropathy can occur in patients without 
elevated IOP which indicates the presence of independent factors 
that contribute to ganglion cell death.8,9 The key to understanding 
the pathophysiology and treatment of glaucoma relies on an 
understanding of aqueous humor dynamics, IOP, and optic nerve 
anatomy and physiology.

Aqueous Humor and Intraocular Pressure
Intraocular pressure (IOP) maintains the curvature of the cornea 
which is important for the refractive properties of the eye.10

The distribution of IOP in the general population is 10 to 
21 mm Hg (1.3�2.8 kPa) and is slightly skewed toward higher 
values. However, caution should be used in assigning this as 
the �normal range� for IOP because some patients may have 

INTRODUCTION

Glaucoma refers to a spectrum of ophthalmic disorders 
characterized by neuropathy of the optic nerve and loss of 
retinal ganglion cells, which typically leads to permanent 

deterioration of the visual field (peripheral vision) initially and 
potentially total vision loss (including central vision). It is often, 
but not always, eye pressure related.1-3 Table 61–1 describes 
the general classification of glaucoma. Glaucoma Suspects are 
patients with a higher than average risk of developing glaucoma 
because of the presence of certain clinical findings, risk factors, 
family history, or racial background. Glaucoma suspects can 
be further classified as open-angle glaucoma suspects or angle-
closure glaucoma suspects.

Primary Open-Angle Glaucoma (POAG) and Primary Angle-
Closure Glaucoma (PACG) represent the most common types of 
glaucoma and therefore are the focus of this chapter. PACG can 
present clinically as acute angle-closure crisis (AACC). AACC is 
the sudden obstruction of the trabecular meshwork, which leads 
to a rapid increases in IOP resulting in pressure-induced optic 
neuropathy if untreated.1-4  In contrast, patients with 
POAG typically have a slow, insidious loss of vision which is often 
asymptomatic until the latter stage of the disease process. This is 
contrasted by the course of AACC, which can lead to rapid and 
painful vision loss that develops over hours to days.

EPIDEMIOLOGY AND ETIOLOGY
It is estimated that almost 65 million people had glaucoma in 
2013, making it the second leading cause of blindness after 
cataracts. By 2040 this number may increase to greater than 
110 million people worldwide.5 In North America it is estimated 
that almost 3 million people are affected by POAG, and by 2040 this 
number will increase to 4.2 million.5 The prevalence varies with 
race and ethnicity, and it is three to five times more prevalent in 
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TABLE 61�5
Pharmacologic Treatment Options for Primary Open Angle Glaucoma

Drug
Pharmacologic 
Properties

Common 
Brand Names Dose Form Strength (%) Usual Dosea Mechanism of Action

Systemic 
Acetazolamide  Generic Tablet 125 mg, 250 mg 125-250 mg two 

to four times a 
day

 

Injection 500 mg/vial 250-500 mg
 Diamox 

Sequels
Capsule 500 mg 500 mg  

twice a day
 

Methazolamide  Generic Tablet 25 mg, 50 mg 25-50 mg two 
to three times 
a day

 

Prostaglandin Analogs 
Latanoprost Prostanoid agonist Xalatan Solution 0.005 One drop every 

night
Increases aqueous 

uveoscleral outflow 
and to a lesser extent 
trabecular outflow

Bimatoprost Prostamide agonist Lumigan Solution 0.01, 0.03 One drop every 
night

 

Travoprost Prostanoid agonist Travatan Z Solution 0.004 One drop every 
night

 

Tafluprost Prostanoid agonist Zioptan Preservative 
free solution

0.0015 One drop every 
night

 

Combinations
Timolol�

dorzolamide
 Cosopt Generic Solution Timolol 0.5 

dorzolamide 2
One drop twice 

daily
Reduce aqueous 

production
Timolol�

brimonidine
 Combigan Solution Timolol 0.5 

brimonidine 0.2
One drop twice 

daily
Reduce aqueous 

production and 
increase uveoscleral 
outflow

Brinzolamide�
brimonidine

 Simbrinza  Brinzolamide 1 
brimonidine 0.2

One drop three 
times daily

Reduce aqueous 
production and 
increase uveoscleral 
outflow

Timolol-
latanoprostc

Xalacom Solution Timolol 0.5 
latanoprost 
0.005

One drop every 
night

All reduce aqueous 
production and 
increase uveoscleral 
outflow

Timolo-
travoprostc

 Duotrav Solution Timolol 0.5 
travoprost 0.004

One drop every 
night

 

Timolol-
bimatoprostc

 Ganfort Solution Timolol 0.5 
Bimatoprost 0.03

One drop every 
night

 

aUse of eyelid closure (ELC) technique for 5 minutes will increase the drug availability and reduce potential for local and systemic side effects.
bOften used as fourth-line agents; limited or no commerical availability.
cNot available in the United States.

Adapted from Fiscella RG, Lesar TS, Owaidhah OA, et al. Glaucoma In: Dipiro JT, Talbert RL, Yee GC, et al, eds. Pharmacotherapy: A 
Pathophysiologic Approach. 10th ed. New York, NY: McGraw-Hill; 2017: Table 94�4; with permission.

(Continued )

uses laser energy to cut a hole into the iris to alleviate the 
aqueous humor buildup behind the iris, resulting in reversal 
of appositional angle closure. Patients currently experiencing 
an acute angle-closure crisis should receive medical therapy to 
lower IOP, reduce pain, and reverse corneal edema before the 
iridotomy. IOP should first be lowered with topical �-blockers, 
topical �-agonist, prostaglandin F2� analog, systemic carbonic 
anhydrase inhibitors, or hyperosmotic agents. Once the IOP 
has been controlled, miotics (ie, pilocarpine) can be used to 
break the pupillary block. A topical IOP-lowering agent should 
be continued to control IOP until laser iridotomy can be 
performed. Corneal indentation with a cotton-tipped applicator 

or gonioscopic lens may break pupillary block. If laser iridotomy 
cannot be performed, then surgical incisional iridectomy is used. 
Incisional iridectomy is the surgical removal of a small portion of 
the peripheral iris to allow flow of aqueous humor trapped in the 
posterior chamber to migrate to the anterior chamber (bypassing 
the normal flow pattern through the pupil). Topical corticosteroid 
may be employed to decrease inflammation postoperatively. The 
fellow eye is at high risk to develop an acute attack and should 
receive prophylactic iridotomy within a reasonable interval of 
time. Lens extraction surgery may be another treatment modality 
as it increases the anterior chamber depth. PACG patients 
may require chronic medical therapy if the patient has PACG 
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Bronchospasm is the most common pulmonary effect of topical 
�-blockers. Pulmonary edema, status asthmaticus, and respiratory 
arrest have been reported with �-blockers as well. Cardiovascular 
effects include bradycardia, hypotension, and congestive heart 
failure exacerbation. As with systemic �-blockers, topical 
�-blockers have also been reported to cause depression and 
hyperlipidemia and mask symptoms of hypoglycemia. The �1-
selective properties of betaxolol may cause less exacerbation 
of pulmonary disease. Despite the intrinsic sympathomimetic 
activity demonstrated by carteolol, this does not translate to a 
clinically significant decrease in pulmonary or cardiovascular 
adverse effects. Topical �-blockers are generally contraindicated 
in patients with asthma, chronic obstructive pulmonary disease 
(COPD), sinus bradycardia, second- or third-degree heart block, 
cardiac failure, and hypersensitivity to the product.29,32,38

Stinging of the eyes upon instillation is the most common 
adverse effect. Other local adverse effects include conjunctivitis, 
keratitis, dry eyes, and uveitis.29,31

Patients prescribed topical �-blockers should be counseled 
on the nasolacrimal occlusion technique to decrease systemic 
absorption.

 ▶ �
2
-Adrenergic Agonists

Brimonidine and apraclonidine are �2-adrenergic agonists 
that decrease IOP by reducing aqueous humor production. 
Brimonidine has a higher selectivity to the �2-receptor than 
apraclonidine and has a dual mechanism of action by increasing 
uveoscleral outflow.31,32 Apraclonidine is often used for the 
prevention and treatment of postsurgical IOP elevations and is 
no longer commonly used for long-term treatment of POAG 
because of tachyphylaxis and high rate of blepharoconjunctivitis. 
Brimonidine lowers IOP by 14% to 25%. Peak IOP-lowering 
effect is similar to that of timolol, but the trough IOP-lowering 
effect is less than that of timolol.26,27 Brimonidine may exhibit 
a neuroprotective effect and has been shown to delay visual 
field progression compared with timolol but there is insufficient 
evidence it prevents retinal ganglion cell death.39

Brimonidine is typically used as an adjunctive agent in 
combination with other agents and is usually administered 
every 8 hours. A 12-hour dosing schedule may be employed 
when used in combination therapy. Brimonidine-purite 0.1% 
and 0.15% solution (Alphagan-P) has similar efficacy compared 
with the brimonidine 0.2% solution, because the purite solution�s 
higher pH allows for more drug to penetrate the cornea.31,32

Brimonidine cause both local and systemic effects. Local effects 
include blepharoconjunctivitis, conjunctivitis, and ocular allergy. 
Systemic effects include headache, dry mouth, and fatigue.29,31,32

The frequency of dosing and local adverse effects may lead to 
nonadherence in some patients. Patients prescribed brimonidine 
should be counseled on the nasolacrimal occlusion technique to 
reduce systemic adverse effects and to improve efficacy.31,32

 ▶ Carbonic Anhydrase Inhibitors
Carbonic anhydrase inhibitors decrease aqueous humor production 
by inhibition of the carbonic anhydrase isoenzyme II located in the 
ciliary body. In the eye, carbonic anhydrase catalyzes the conversion 
of H2O and CO2 to HCO3

� and H+, which is a significant step in 
aqueous humor production. Carbonic anhydrase inhibitors are 
available in systemic and topical preparations.31,32

Topical Carbonic Anhydrase Inhibitors Dorzolamide and 
brinzolamide are the only topical carbonic anhydrase inhibitors 
available on the market. Both medications are administered every 
8 hours and are used as adjunctive therapy or as monotherapy for 
patients who cannot tolerate first-line therapies. Nasolacrimal 

occlusion may allow for an every-12-hour dosing interval. They 
lower peak and trough IOP by 17% to 20%.27,28,31,32

Local side effects include burning, stinging, itching, foreign 
body sensation, dry eyes, and conjunctivitis. Brinzolamide may 
have fewer incidences of these side effects since the drug is in 
a neutral pH solution. Dorzolamide has been reported to cause 
irreversible corneal decompensation. Taste abnormalities have 
been reported with each agent. Both topical carbonic anhydrase 
inhibitors are sulfonamides and are contraindicated in patients 
with history of sulfonamide hypersensitivity.29,31,32

Systemic Carbonic Anhydrase Inhibitors There are 
three systemic carbonic anhydrase inhibitors: acetazolamide, 
dichlorphenamide, and methazolamide. These agents effectively 
lower IOP by 20% to 30% but are reserved as third-line to fourth-
line agents because of their significant adverse effects. They are 
typically used as bridge therapy from maximal medical therapy to 
laser or surgical intervention or to control IOP in the perioperative 
period following a laser or surgical ocular procedure. The systemic 
carbonic anhydrase inhibitors can also be used to lower IOP in acute 
angle-closure glaucoma. Acetazolamide has an IV formulation that 
can be used in patients who are experiencing nausea due to the 
angle-closure attack. Acetazolamide and methazolamide are the 
best tolerated of the three agents.4,31,32

The systemic carbonic anhydrase inhibitors are associated 
with significant adverse effects that include paresthesias of the 
hands and feet, nausea, vomiting, and weight loss. Patients can 
develop systemic acidosis, hypokalemia, hyponatremia, and 
nephrolithiasis due to the inhibition of renal carbonic anhydrase. 
Sulfonamide allergy, renal failure, hepatic insufficiency, COPD, 
and decreased serum potassium and sodium levels are all 
contraindications of systemic carbonic anhydrase inhibitor 
therapy. Blood dyscrasias from bone marrow suppression have 
been reported and include agranulocytosis, aplastic anemia, 
neutropenia, and thrombocytopenia.31,32

 ▶ Cholinergic Agents
Cholinergic agents (also called parasympathomimetics or 
miotics) were the first class of agents to treat glaucoma. The class 
can be divided into direct-acting cholinergic agents and indirect-
acting cholinergic agents.
Direct-Acting Cholinergic Agents Pilocarpine directly 
stimulates the muscarinic (M3) receptors of the ciliary body, which 
causes contraction of the ciliary muscle. This results in the widening 
of spaces in the trabecular meshwork, which causes an increase in 
aqueous humor outflow and reduces IOP by 20% to 30%.
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Patient Encounter Part 2

LN was referred to an ophthalmologist for a comprehensive 
eye evaluation. The ophthalmology report reveals the patient 
has an IOP (as assessed by applanation tonometry) of 22 
mm Hg (2.9 kPa) in the right eye and 24 mm Hg (3.2 kPa) in 
the left eye. Gonioscopic examination reveals open anterior 
angles in both eyes. Ophthalmoscopy reveals cupping of 
the optic discs in both eyes. Visual field examination reveals 
a nerve fiber bundle defect consistent with glaucoma in the 
right eye.

What is your assessment of this patient’s glaucoma type?
What pharmacologic and nonpharmacologic treatment 
modalities are available for this patient?
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Allergic Rhinitis
Hanna Phan and Michael Daines 63

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Describe the basic pathophysiology of allergic rhinitis (AR).

2. Define mild versus moderate/severe AR, persistent versus episodic, and differentiate between seasonal, 
perennial, and episodic AR.

3. Differentiate the categories of pharmacotherapy choices for treatment of AR based on mechanism, 
efficacy on symptom type (eg, ocular, nasal congestion), and side effect profile.

4. Identify situations in which a referral to an allergy specialist is needed.

5. Describe an approach for treatment and monitoring for treatment of mild and moderate�severe AR 
based on patient specific factors.

6. Identify the differences in approach to the treatment of AR for children, pregnant women, and the 
elderly compared with the routine approach in adults.

INTRODUCTION

Rhinitis is inflammation of the lining of the nose and contiguous 
parts of the upper respiratory tract.1�4 Allergy is only one of 
numerous causes of rhinitis.1�5 The most common causes of 

nonallergic rhinitis (NAR) are shown in Table 63–1.1-5 Some patients 
suffer concurrently from both allergic rhinitis (AR) and one or more 
types of NAR. This is sometimes called mixed rhinitis (MR).1,3 AR 
will be emphasized in this chapter, but some mention will be made of 
NAR. Because ocular symptoms (eg, itching and/or redness of eyes, 
tearing) frequently occur in association with AR, some sources use 
the term allergic rhinoconjunctivitis. This acknowledges involvement 
of the bulbar and palpebral conjunctivae in the allergic process.

 AR is an allergen-induced, immunoglobulin E 
(IgE)-mediated inflammatory condition of the lining of the nose 
and upper respiratory tract.1,6�9 This pathophysiologic feature 
differentiates AR from NAR. AR has traditionally been categorized 
as either seasonal or perennial.7,8 Seasonal allergic rhinitis (SAR) is 
attributed to inhaled allergens (aeroallergens) that have a seasonal 
variation. These allergens are usually encountered outdoors 
and are most often grass, tree, or weed pollens and substances 
from molds and fungi. Length of seasonal exposure depends on 
geographic location and climatic conditions.7,8 Perennial allergic 
rhinitis (PAR) is attributed to aeroallergens that are present in the 
patient�s environment year-round and are usually encountered 
indoors. Common perennial allergens are the house dust mite, 
indoor molds and fungi, insects (especially cockroaches), and 
companion animals (pets).7,8 Some patients are affected by AR 
year-round, but have seasonal exacerbations. These people are 
probably allergic to both seasonal and perennial aeroallergens. 
Other patients have only episodic manifestations. These people 
are probably allergic to aeroallergens that are only episodically 
encountered (eg, cat at a friend�s house).7,8

Because these traditional categories of seasonal and perennial 
AR are imperfect and help little with therapeutic management 
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decisions, another system for categorizing AR has been suggested 
by guidelines.8,9,10 This alternative system categorizes the 
manifestations by a combination of frequency and severity. 
There are two divisions of frequency: intermittent and persistent. 
Intermittent frequency is defined as AR manifestations occurring 
less often than 4 days per week or for fewer than 4 consecutive 
weeks. Persistent frequency is defined as AR manifestations 
occurring for 4 or more days per week and for 4 or more 
consecutive weeks. Severity is categorized as either mild or 
moderate�severe based on presence of the following symptoms: 
sleep disturbance, impairment of daily activity (including leisure 
and/or sports), impairment of work/school, and troublesome 
symptoms. Mild manifestations are those of which none of the 
listed symptoms are present. Moderate�severe severity includes 
those patients with manifestations of AR with at least one 
of the listed symptoms present. Additionally, AR impact on 
comorbidities such as asthma and sinus disease which can also be 
considered when evaluating a patient�s AR severity. See Table 63–2 
for a summary of these categories of AR.

EPIDEMIOLOGY AND ETIOLOGY
AR affects up to 40% of adults and 25% of children in the 
United States.8,9 The direct health care expenditures of AR in the 
United States were estimated to be between 2 to 5 billion dollars, 
annually.8 Indirectly, as much as 4 billion dollars in work and 
school loss has been reported annually.8

Etiology of AR is multifaceted, both genetic and environmental 
in nature. Some studies have suggested that in addition to possible 
genetic predisposition, inadequate environmental exposure (eg, 
to animals) in early life may increase risk for AR.11 The major risk 
factors for AR are: a family history of atopy (AR, asthma, eczema 
or food allergies); elevated serum IgE levels (especially before 
the age of 6 years); higher socioeconomic class; positive skin test 
results; exposure to particulate air pollution; maternal smoking; 

L 
O

Chisholm_Ch63_p0967-0982.indd   967 28/08/18   2:26 PM













CHAPTER 63 | ALLERGIC RHINITIS 973

disadvantage of the first-generation antihistamines is that most 
are administered three to four times daily due to shorter half-
life. Patients who take other sedative substances may have an 
additive effect from the antihistamine. Those taking any other 
medications with antimuscarinic properties may experience 
additive effects from the antihistamine. The elderly are, in 
general, more sensitive to both types of adverse effects.

Currently available oral second-generation H1 antihistamines 
are cetirizine, loratadine, and acrivastine. All except acrivastine 
are available as a single agent, and some are marketed in 
combination with the decongestant pseudoephedrine. As these 
agents are active metabolites of preceding agents, fexofenadine 
(preceding agent was terfenadine, removed from marked 
due to cardiac toxicity), levocetirizine, and desloratadine are 
informally labeled as �third generation� antihistamines, but 
sometimes classified as �second generation� antihistamines. 
As of August 2014, cetirizine, loratadine, and fexofenadine are 
available OTC. The second-generation antihistamines have 
less antimuscarinic activity than the first-generation agents. 
Based on current literature, no single H1 antihistamine (first- or 
second-generation) is clearly superior in efficacy; however, very 
few head-to-head comparative studies have been conducted. 
Individual variation is likely, and patients may need to try more 
than one product to realize optimal benefit. The oral second-
generation antihistamines are effective for the sneezing, itching, 
and rhinorrhea of AR, but less effective for the nasal congestion. 

They also improve ocular symptoms. Intranasal antihistamines 
are somewhat better for nasal congestion.

Fexofenadine has virtually no sedative effects, even at doses 
higher than recommended. Loratadine and desloratadine are 
not sedative at recommended doses, but can be at higher 
doses. Cetirizine, levocetirizine, and acrivastine have some 
sedative effects, even at recommended doses. All the oral second-
generation agents require some dosage reduction with impaired 
renal function, but specific recommendations vary with creatinine 
clearance.25,26 Most of the oral second-generation antihistamines 
can be administered once daily (except for the lower dosage 
forms of fexofenadine and the acrivastine combination product).

There are only two intranasal antihistamine products available 
in the US market as of July 2017, azelastine and olopatadine. 
These are considered second-generation agents, although they 
also have anti-inflammatory effects.27 Both are available only by 
prescription. The most common side effect of these products is a 
bitter taste. This is more common with the original formulation 
of azelastine (Astelin) and less common with olopatadine.7,19

A specific formulation of azelastine (Astepro) has less bitter 
taste.20,27 There is also an available combination product with 
azelastine and fluticasone propionate.28 There is enough systemic 
absorption to cause sedation in some patients using azelastine 
(about 10%) and perhaps somewhat fewer on olopatadine.7,20 See 
Table 63–7 for the single-agent second-generation antihistamine 
products.

Table 63�7
Single-Agent Second-Generation Antihistamine Products (Oral and Intranasal)

Oral Dosage Forms

Generic (Brand) Name Formulation Usual Adult Dosage Usual Pediatric Dosage
Cetirizinea,b (Zyrtec, generic) 5, 10 mg tabs/chew tabs;  

capsule 5 mg/5 mL syrup
5�10 mg once daily 6�11 mo; 2.5 mg once daily

12�23 mo; 2.5 mg once or twice daily
2�5 yo; 2.5�5 mg once daily or 2.5 mg 

twice daily
Desloratadineb (Clarinex) 5 mg tabs; 2.5 mg/5 mL syrup

2.5, 5 mg orally disintegrating tabs
5 mg once daily 6�11 mo; 1 mg once daily

1�5 yo; 1.25 mg once daily
6�11 yo; 2.5 mg once daily

Fexofenadinea, b  
(Allegra, generic)

60, 180 mg tabs, 6 mg/mL 
suspension

30 mg orally disintegrating tabs

60 mg twice daily or  
180 mg once daily

2�11 yo; 30 mg twice daily

Levocetirizine (Xyzal) 5 mg tabs
2.5 mg/5 mL solution

5 mg once daily 6 mo�5 yo; 1.25 mg once daily
6�11 yo; 2.5 mg once daily

Loratadinea,b  
(Claritin; Alavert, generic)

10 mg tabs and cap; 5 mg/5 mL  
syrup and susp; 10 mg 
disintegrating tabs; 5 mg 
chewable tab

10 mg once daily 2�5 yo; 5 mg once daily

Intranasal Sprays

Generic (Brand) Name mcg/spray
Usual Adult Dosage 
(Each Nostril) Usual Pediatric Dosage (Each Nostril)

Azelastine (Astelin, Astepro) 137 1�2 sprays twice daily 5�11 yo; 1 spray twice daily
Azelastine/fluticasone  

propionate (Dymista, Triclast)
Olopatadine (Patanase)

137 (azelastine); 50 (fluticasone 
propionate)

665

1 spray twice daily

2 sprays twice daily

6�11 yo: 1 spray twice daily

6�11 yo: 1 spray twice daily

aAvailable OTC.
bAvailable in combination with pseudoephedrine (consult labeling for pediatric dosage).

Note: Acrivastine is available only with pseudoephedrine and so is not included in this table.

mo, months old; yo, years old.

From Refs. 7�10, 19, 20, and 28.
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Psoriasis
Amy Kennedy 64

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Discuss the etiology of, and risk factors for, psoriasis.

2. Describe the pathophysiology and clinical presentations of psoriasis.

3. Delineate treatment goals for each patient.

4. Develop an appropriate treatment and care plan for psoriasis patients.

5. Recommend nonpharmacologic and pharmacologic treatments for psoriasis.

6. Recommend appropriate monitoring parameters for a patient diagnosed with psoriasis.

7. Provide patient education for patients and caregivers as part of the care plan.

plaque psoriasis. Plaque psoriasis presents with red-pink lesions of 
varying sizes covered with silvery-white scales (Figure 64–1).2 Up 
to 42% of patients with psoriasis have co-occurring PsA.1,4 PsA is 
limited to joints, ligaments, and tendons, and clinical presentation 
includes pain, stiffness, swelling, and/or tenderness in the affected 
area. PsA progresses from mild symptoms to the destruction of 
joints, negatively impacting quality of life for patients.

Recent research has shown that psoriatic patients have an 
increased risk of cardiovascular disease, especially myocardial 
infarction (MI).4-6 Risk is present in both mild and severe disease, 
with the highest risk in younger patients with severe psoriatic 
disease.6 These findings persist even when corrected for other 
cardiovascular risk factors.5-7

In 2012, the first gene directly linked to psoriasis was identified. 
Through the use of the National Psoriasis Foundation biobank, 
researchers identified that a mutation in the CARD14 gene, when 
activated by an environmental trigger, led to plaque psoriasis.8

Up to 36 additional gene loci are suspected to be involved in the 
manifestation of psoriasis and the histocompatibility complex 
region of chromosome 6 (HLA-Cw�06) has been suspected in 
the disease.9  While genetic variations have a significant 
role, modifiable risk factors greatly impact the likelihood of 
developing or exacerbating existing psoriasis. These include 
stress, skin injury (including trauma), medications, infection, 
obesity, tobacco, and cold, dry weather. First-degree relatives 
with psoriasis can increase risk of presentation, affecting 
males more than females. Women exposed to tobacco smoke 
have a higher risk of developing psoriasis than their male 
counterparts with the same exposure. Risk is also found to be 
higher in urban settings versus rural settings. Additional factors 
exacerbating psoriasis include drugs such as lithium, nonsteroidal 
anti-inflammatory drugs (NSAIDs), antimalarials, �-adrenergic 
blockers, and corticosteroid withdrawal.10

PATHOPHYSIOLOGY
The pathogenesis of psoriasis involves multiple components 
of the immune system. Cytokines such as interleukins and 
tumor necrosis factor-� (TNF-�), T cells, and keratinocytes are 
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INTRODUCTION

Psoriasis is a chronic inflammatory condition 
that exhibits a cyclical pattern of relapse and 
remission. There is currently no cure for the 

disease and treatment is designed to manage signs and symptoms 
associated with the disease.1 Remission may last for years in some 
patients, whereas, in others, exacerbations may occur as frequently 
as every few months. Patient factors known to exacerbate the 
condition are stress, environmental factors including seasonal 
changes, and certain medications.2 Depression, alcohol-related 
problems, cardiovascular diseases, metabolic syndrome, irritable 
bowel disease (Crohn disease and ulcerative colitis), and skin 
cancers are select comorbidities associated with the severe form 
of psoriasis.1 The severity of the condition ranges from mild to 
severely disabling. Thus management of patients with psoriasis 
is lifelong and treatment approaches may change according to 
the severity of illness at the time. Treatment modalities should 
be individualized to meet patient needs. The disease may result 
in emotional distress that requires empathy, a caring attitude, 
and consideration when weighing treatment approaches.

EPIDEMIOLOGY AND ETIOLOGY
Psoriasis is a common chronic inflammatory skin disorder with 
a population prevalence of 2% to 3% worldwide. The prevalence 
found in the United States is approximately 2.1%, while African, 
African American, and Asian populations have an estimated 
0.4% to 0.7% prevalence of the disease.3 This difference may be 
attributed to genetic variations of the disease. While the overall 
incidence rate does not differ between men and women, male 
patients tend to die at least 3.5 years earlier and females 4.5 years 
earlier than nonpsoriasis patients normalized for differences in 
mortality by gender.3 The disease may present at any age, but 
new diagnoses peak between ages 15 and 30 and again from 50 to  
60 years.3 Psoriasis can manifest as several different types including 
plaque, flexural (aka inverse or intertriginous), erythrodermic, 
pustular, guttate, nail, and psoriatic arthritis (PsA). Eighty to 
ninety percent of patients diagnosed with psoriasis present with 
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If the condition persists, it is recommended to switch to a very 
high potency steroid in combination with vitamin D analogue 
or topical retinoids. In general, a patient disease surface area 
should be less than 5% to qualify for topical therapy alone. 
A general recommendation after unsuccessful treatment with 
topical agents is to add phototherapy. Psoralen and ultraviolet A 
(PUVA) was found to be more effective than ultraviolet B (UVB) 
in the treatment of patients with moderate to severe psoriasis.16

The traditional systemic agents can be used for patients with 
severe disease and these are often combined with topical therapy 
to improve effectiveness in these patients. Clinical trials indicate 
that immunosuppressants are more effective than oral retinoids. 
Biological agents may be the drug of choice for severe disease 
depending on patient comorbidities, those intolerant to, or that 
fail traditional systemic agents. The choice of biologic agents 
depends on the patient�s preference and comorbidities.17 Psoriasis 
affecting more than 5% of the BSA should be the justification 
for initiating systemic/biologic therapy. For patients with liver 
disease, kidney dysfunction, and skin cancer, it is recommended 
to avoid methotrexate, cyclosporine, and PUVA treatment, 
respectively.18

 ▶ Topical Treatment
These agents are first-line treatment for mild to moderate 
psoriasis (Tables 64–2 and 64–3). They are specifically 
known for their anti-inflammatory, antiproliferative, and anti-
immunologic properties. They are classified as corticosteroids, 
vitamin D analogues, retinoids, calcineurin inhibitors, coal tar, 
anthralin, and salicylic acid derivatives. Different dosage forms 
are available such as creams, lotions, gels, foams, ointments, 
shampoos, oil solutions, tapes, and sprays.  The choice 
of specific dosage form or vehicle is dependent on several factors 
including the surface area involved, location, thickness of the 
lesions, and the appearance of the plaques.19 Ointments are 
recommended for dry and thick lesions to enhance absorption 
and reduce loss of skin moisture. Creams are indicated for acute, 
but moist appearing, lesions that do not require ointment-based 
products. Solutions/shampoos and gels are recommended for 
scalp lesions and foams and sprays are usually used for lesions in 
genital areas.15,19

Vehicle selection is an important consideration as it can 
impact topical efficacy and may vary from one body part to 
another. Ointments and tapes provide occlusion, enhancing drug 
penetration to improve efficacy. Shampoos incorporating coal 
tar distillates or salicylic acid with corticosteroids are useful for 
scalp psoriasis. Coal tar and salicylic acid are rarely used as lone 
agents due to tolerability issues related to staining and irritation, 
respectively. Pastes, such as Lassar�s paste, have an inherent 
stiffness, minimizing the spread of medication, and are useful 
for incorporating drugs such as anthralin, which, especially 
in higher concentrations used in short-contact methods, may 
cause skin irritation and burning if in contact with normal 
skin. It is important to remember that changing to a different 
vehicle may significantly alter drug potency. Ultimately, the 
optimal vehicle may be the vehicle that the patient is willing 
to use. Occlusive ointments may be too greasy and cosmetically 
unappealing, resulting in poor adherence. Sometimes using a 
cream formulation during the day and an ointment at night may 
be the best option.18

 Corticosteroids are the topical first-line treatment 
for mild to moderate psoriasis. They exert anti-inflammatory 
and immunosuppressive effects resulting in reduced scaling 
and overall plaque size. Additionally, topical corticosteroids can 
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be combined with other topicals or systemic/biologic agents 
to enhance therapy. Adverse effects include skin atrophy with 
prolonged use (especially if used with an occlusive agent), 
hypopigmentation, and striae. More than 2 weeks of continuous 
use should be avoided to prevent these complications.13

Phototherapy for Psoriasis  Phototherapy and 
photochemotherapy are generally used in the management of 
moderate to severe disease.11,12

Phototherapy is traditionally done by using narrowband 
UVB (NB-UVB) radiation. It can be used as monotherapy 
or in combination with topical or systemic agents. The UVB 
disrupts the synthesis of proteins and nucleic acids in skin, 
which reduces epidermal keratin proliferation. Education should 
be provided to all patients and include information about 
the importance of wearing goggles for eye protection when 
undergoing phototherapy. Phototherapy may be administered 
during pregnancy and is considered a first-line therapy for those 
patients.21

Photochemotherapy is the administration of phototherapy 
together with topical or systemic agents.11,15,18 UVA has a long 
wavelength, and therapy with UVA is always combined with 
psoralens (eg, methoxsalen or trioxsalen), which are used as 
photosensitizers to increase efficacy. The use of PUVA for 
psoriasis causes two types of reactions: (a) an anoxic reaction 
that affects cellular deoxyribonucleic acid (DNA) that inhibits 
the proliferation of epidermal cells and induces cell death 
(apoptosis), and (b) an oxygen-dependent reaction that gives rise 
to the formation of free radicals and reactive oxygen that may 
damage membranes by lipid peroxidation.22

PUVA therapy applies to a group of therapies utilizing 
psoralens to sensitize cells to UVA light.21 Bath PUVA, topical 
PUVA, and oral PUVA regimens are available.11,21 Bath topical 
PUVA uses psoralens directly on the skin, followed by UVA 
therapy.21 Psoralens act much more on cells that are actively 
dividing than on resting cells. Their action on actively dividing or 
activated immune cells, especially on T cells, explains their action 
in immune mediated diseases like psoriasis.

 ▶ Systemic Therapy
Systemic therapies are used for patients with moderate to severe 
disease. To minimize drug toxicities or increase efficacy, systemic 
therapies are sometimes used in conjunction with topical or 
phototherapy.4,11,12,17,23 These oral agents are classified into 
immunosuppressants, oral retinoids, T-cell activation inhibitors, 
cytokine modulators, TNF-� inhibitors, and IL-12 and IL-23 
blockers.1 See Tables 64–4 and 64–5.

Acitretin is an oral retinoid that is likely safer, but less 
effective, than methotrexate or cyclosporine since potentially 
serious adverse effects can usually be minimized by appropriate 
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Patient Encounter Part 2

The diagnosis is that the patient has plaque psoriasis. Patient 
expresses to you at this time that she �does not have the best 
insurance,� but she wants something that will take care of her 
psoriasis.

What nonpharmacologic alternatives are appropriate for this 
patient?
What pharmacologic agents are appropriate for this patient?
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Table 64�2 
Topical Medications2,12,20,24

Other Agents

Actions and Effects Selected Agents
Mild to 
Moderate

Approach to 
Therapy

Partly 
Indicated Various

Place in 
Therapy

Moisturizers
Unknown Nonmedicated 

moisturizers
Mild to 

moderate
Commonly used 

throughout the 
day

31% Creams and 
ointments

Salicylates
Act as keratolytic agents 

and reduce lesion 
scaling to improve 
absorption of applied 
medications

Salicylic acid Mild to 
moderate

More effective 
when used as an 
adjunctive therapy 
to other topical 
agents

Unknown Creams, foams 
ointments, 
shampoos 
Strengths:

1.8%�2.5%  
and 3%

Adjunct therapy 
for scalp 
psoriasis used 
with steroids 
to increase 
efficacy 
(breaks down 
keratin)

Anthralin
Inhibition of T-Cell 

proliferation and 
migration of 
neutrophils

Keratolytic agent

Anthralin Mild to 
moderate

Use infrequently 
due to irritation

Unknown Creams, 
shampoos

Strengths:
1%�1.2%

Adjunct therapy 
often used in 
conjunction 
with steroids 
in a paste

Coal Tar
Inhibition of cell 

proliferation
Acts as keratoplastic 

agent

Coal tar, crude coal tar, 
combinations

(Polytar and Sebutone)

Mild to 
moderate

Use infrequently 
due to skin 
irritation

Unknown Creams, gels, 
shampoo, 
solutions, 
lotions, oil

Strengths:
0.5%�3%

Adjunct therapy 
with steroids 
to increase 
efficacy

PGA, Physician Global Assessment score.

patient selection, careful dosing, and monitoring.24 Acitretin 
given concurrently with phototherapy, acitretin + ultraviolet B 
(ReUVB) or oral retinoid + PUVA (RePUVA), has a synergistic 
treatment effect. Acitretin monotherapy is usually given for  
14 days before instituting UVB or PUVA.13 ReUVB and RePUVA 
are well-established treatment regimens for psoriasis.4,6,7,11,21,23

Pregnancy and blood donation must be avoided during treatment 
and for 3 years after discontinuation of therapy.6,7,12,23 Acitretin 
can transform spontaneously or be converted by ethanol 
(transesterification) into etretinate, which may take up to 3 years to 
completely clear the body. Due to this, abstinence from alcoholic 
beverages should be observed during therapy and for at least 
2 months after acitretin is discontinued.

Methotrexate is a folic acid antagonist that interferes with purine 
synthesis and thus inhibits DNA synthesis and cell replication. In 
addition to the antimitotic effect, it suppresses T-cell effects, and, 
in low doses, anti-inflammatory and antiproliferative effects. 
Compared with cyclosporine, methotrexate has a more modest 
effect but can be used continuously for years, with persistent 
benefits.11 Folic acid is added to the treatment with methotrexate 
to reduce gastrointestinal symptoms and bone marrow toxicity. 
It may take up to 4 weeks to see a clinical response after a dose 
increase.23

Cyclosporine is an immunosuppressant that specifically inhibits 
helper T cells and keratinocyte activation and proliferation. 

Cyclosporine is efficacious in both inducing and maintaining 
remission for patients with moderate to severe plaque psoriasis 
and is also effective in treating pustular, erythrodermic, and nail 
psoriasis.11,12

Mycophenolate mofetil may be useful in resistant cases of 
moderate to severe psoriasis and in patients with cyclosporine-
induced nephrotoxicity as a switch-over agent. Although PASI 
increased, patients� renal function improved.24 As adjunctive or 
monotherapy, there are a few studies in relatively small groups 
of patients with moderate to severe psoriasis that showed some 
benefit (at least a 50% reduction in PASI).23

Biologic Response Modifiers Biologic response modifiers 
(BRMs) and their biosimilars are currently recommended 
for consideration as first-line therapies alongside traditional 
systemic agents for moderate to severe disease.11 These are agents 
employed in the treatment of psoriasis that act by inhibiting 
various molecular signaling steps of the immunological signaling 
cascade that are key determinants of the pathogenesis of psoriasis. 
The following agents are available for the treatment of chronic 
plaque psoriasis25:
1. Inhibitors of TNF-�, which includes biologic agents such 

as etanercept, adalimumab, infliximab, and golimumab
2. Inhibitors of interleukin which includes ustekinumab, 

ixekizumab, brodalumab and secukinumab
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(Continued)
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 Table 64�4 
Systemic Agents26,27

Drug Mechanism of Action Doses and Administration Dosage Forms Adverse Effects

Therapeutic 
Efficacy on 
PASI 75

Therapeutic 
Application

Therapeutic 
Monitoring

Immunosuppressants
Cyclosporine An immunosuppressive 

agent that specifically 
inhibits helper T cell and 
keratinocyte activation 
and proliferation

2.5 mg/kg/day in two 
divided doses for at least 
4 weeks

This dose may be 
subsequently titrated 
and increased by 0.5 mg/
kg/day Q 2 weeks until 
there is control of plaques 
(maximum dose of  
4 mg/kg /day)

Oral and IV 
solution

Nephrotoxicity, lowering of 
seizure threshold, tremor, 
gingival hyperplasia, 
hypertension, squamous cell 
carcinoma (cutaneous)

�41%�71% First-line agent

Used in 
psoriasis only 
(children only 
as last line 
therapy)

LFTs (Baseline and  
routine)

SCR, BUN
CBC
Uric acid
Blood pressure
Drug interaction with  

cytochrome p450  
substrate and inhibitors 

Pregnancy
Methotrexate Folic acid antagonist

Acts by interfering with 
purine synthesis, thus 
inhibit DNA synthesis and 
cell replication

-7.5 to 10 mg weekly  
(max of 25 mg)

-2.5 mg Q 12 hours  
times 3 doses

Oral and 
injectable

Nausea, vomiting, stomatitis, 
fatigue, hepatotoxicity, 
bone marrow suppression, 
pulmonary fibrosis

24%�60% First-line agent
Used in 

psoriasis and 
psoriatic 
arthritis 
(adults and 
children)

CBC
SCR, BUN
LFTs (baseline and  

Q 4 weeks), avoid in 
cirrhosis and alcohol 
use disorders

Pregnancy category X
Oral Retinoids
Acitretin Stimulates differentiation 

and normalizes epidermal 
cell proliferation

10�50 mg/day Oral capsule Myalgia, hair loss, 
hepatotoxicity, pancreatitis, 
hypervitaminosis A, 
hyperlipidemia

70%�75% Second-line 
agent

Used in 
psoriasis only 
(adults and 
children)

Lipids
CBC
SCR, BUN (baseline and 

Q 3 months)
Pregnancy category X 

CYP450 medications

BUN, blood urea nitrogen; CBC, complete blood count; CYP450, cytochrome P450; LFT, liver function test; Q, every; SCR, serum creatinine.
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 Table 64�5 
Biological Therapy28�33

Medication Mechanism of Action
Dose and 
Administration Dosage Forms Adverse Effects

Therapeutic 
effects on PASI Place in Therapy

Therapeutic 
Monitoring

Cytokine Modulators-Tumor Necrosis Factors
Etanercept Fusion protein that binds 

to both TNF-� and TNF-�
50 mg SC twice weekly 

for 12 weeks then  
50 mg SC weekly

SC solution
Biosimilar available: 

Etanercept-szzs

Upper respiratory tract 
infection, nausea, 
vomiting, headaches; 
injection site reaction

47%�59% at 
weeks 12 and 
24

Second-line agent
Used in psoriasis 

(people > 4 years 
old) and psoriatic 
arthritis (adults)

CBC
LFTs
PPD (tuberculosis)

Abatacept Blocks T-cell activation 125 mg once weekly SC self-injection,  
IV infusion

HA, upper respiratory 
infection, cold-flu-like 
symptoms

Used in psoriatic 
arthritis only (adults) 

Signs of infection 
(especially when used 
with a TNF inhibitor)

PPD prior to starting 
therapy (TB testing)

Adalimumab Human monoclonal 
antibody that targets 
TNF-�

80 mg SC, first dose then 
40 mg SC on week 2, 
then 40 mg SC  
Q 2 weeks

SC solution
Biosimilars available: 

adalimumab-
adbm, 
adalimumab-atto

Upper respiratory tract 
infection, pharyngitis, 
nausea, dyspepsia, 
fatigue, headaches; 
injection site reaction

53%�80% at 
weeks 12 and 
16

First-line
Used in psoriasis and 

psoriatic arthritis 
(adults)

CBC
LFTs
PPD (tuberculosis)

Certolizumab Blocks TNF-� 400 mg (2 injections of 
200 mg each) weeks 
0, 2, and 4 then every 
other week

SC injection Upper respiratory 
infection, rash, UTI, 
serious allergic 
reaction,

Lupus-like syndrome

 Used in psoriatic 
arthritis only (adults)

CBC
LFTs
Signs and symptoms  

of infection

Infliximab Chimeric monoclonal 
antibody that targets 
TNF-�

5 mg/kg IV on weeks  
0, 2, 6 and then 5 mg  
Q 8 weeks (10 mg/kg 
dosing is reserved for 
IBD)

IV and SC solutions
Biosimilars available: 

infliximab-abda, 
infliximab-dyyb, 
infliximab-qbtx

Upper respiratory tract 
infection, pharyngitis, 
diarrhea, fatigue, 
hypersensitivity 
reaction

76%�82% at 
weeks 10 and 
24

Second-line
Used in psoriasis and 

psoriatic arthritis 
(adults)

PPD (tuberculosis)

Golimumab Human monoclonal 
antibody that binds 
to both soluble and 
transmembrane 
bioactive forms of 
human TNF-� (a cytokine 
protein), resulting in 
inhibition of TNF-� 
biological activity by 
preventing the binding 
of TNF-� to its receptors

50 mg SC once monthly SC solution Hypertension, injection 
site reaction, rash, 
ALT/SGPT level raised, 
AST/SGOT level raised, 
dizziness, paresthesia, 
bronchitis, sinusitis, 
upper respiratory 
infection, new or 
worsening heart 
failure

Used in psoriatic 
arthritis only (adults) 
alone or with 
methotrexate

LFTs
Infection
Edema
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Common Skin Disorders
Laura A. Perry and Lori J. Ernsthausen 65

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Describe the pathophysiology of common skin disorders.

2. Assess the signs and symptoms of common skin disorders in a presenting patient.

3. List the goals of treatment for patients with common skin disorders.

4. Select appropriate nonpharmacologic and pharmacologic treatment regimens for patients presenting 
with common skin disorders.

5. Identify adverse effects that may result from pharmacologic agents used in the treatment of common 
skin disorders.

6. Develop a monitoring plan that will assess the safety and efficacy of the overall disease state 
management of common skin disorders.

7. Create educational information for patients about common skin disorders, including appropriate self-
management, available drug treatment options, and anticipated therapeutic responses.

INTRODUCTION

Several thousand skin disorders are currently documented, 
and many patients seek the assistance of a health care provider 
when a complication with their skin develops. Others will 

utilize self-care to effectively treat their symptoms.
This chapter discusses acne vulgaris, contact dermatitis 

(irritant and allergic), and diaper dermatitis; other common skin 
and soft tissue infections and superficial fungal infections are 
discussed in Chapters 73 and 83, respectively. Providing patients 
with appropriate therapy options, as well as patient education on 
treatment and prevention, will assist the successful management 
of many common skin disorders.

ACNE VULGARIS
Acne vulgaris is an inflammatory skin disorder of the 
pilosebaceous units of the skin. Although most commonly seen 
on the face, acne can also present on the chest, back, neck, and 
shoulders (Figure 65–1).1 Acne is not just a self-limiting disorder 
of teenagers. The clinical course of acne can be prolonged or 
recur, resulting in long-term physical complications, such as 
extensive scarring and psychological distress.2

Epidemiology and Etiology
With an estimated 40 to 50 million people affected, acne vulgaris 
is the number one skin disease in the United States.3 Acne 
affects approximately 85% of adolescents and adults aged 12 to  
25 years, with severity of acne correlating with pubertal maturity.3,4 
Additionally, acne may persist beyond puberty and has been 
found to affect 64% and 43% of individuals into the 20s and 
30s, respectively. Acne is more likely to occur in males during 
adolescence and females during adulthood. Individuals with a 
positive family history of acne have been shown to develop more 

severe cases of acne at an earlier age. Prevalence of acne among 
ethnic groups is similar.4

The link between diet and acne has continued to be 
controversial, with emerging evidence suggesting a link to foods 
with high glycemic indexes as well as dairy products (ie, skim 
milk); however, no specific dietary changes are recommended 
in the management of acne.5-7 Local irritation from occlusive 
clothing or athletic equipment, oil-based cosmetics or beauty 
products, prolonged sweating or environments of high humidity, 
and a variety of medications may also worsen acne.8

Pathophysiology
 The development of acne lesions results from four 

pathogenic factors: excess sebum production, keratinization, 
bacterial growth, and inflammation.1,2,7

The pilosebaceous unit of the skin consists of a hair follicle 
and the surrounding sebaceous glands. Sebum is released 
by the sebaceous glands and naturally maintains hair and 
skin hydration. Increased androgen levels, especially during 
puberty, can cause an increased size of the sebaceous gland 
and production of abnormally high levels of sebum within 
those glands. Keratinization, the sloughing of epithelial cells 
in the hair follicle, is also a natural process. In acne, however, 
hyperkeratinization occurs resulting in an increased adhesiveness 
of the sloughed cells.

An initial acne lesion invisible to the naked eye, called a 
microcomedo, forms as a result of the increased cell division and 
cohesiveness. Sub-clinical microcomedo formation is a precursor 
for noninflammatory acne lesions called comedos. A closed 
comedo or “whitehead” appears when accumulation of epithelial 
cells and sebum partially obstruct the follicular opening. If the 
follicular opening is dilated, the keratin build-up can darken and 
form an open comedo or “blackhead.”
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Propionibacterium acnes (P. acnes), an anaerobic organism, 
is also found in the normal flora of the skin. This bacteria 
proliferates in the mixture of sebum and keratinocytes and can 
result in an inflammatory response producing more severe acne 
lesions such as papules, pustules, and nodules. Inflammatory 
lesions may result in scarring if treated inadequately.

Treatment
 ▶ Desired Outcomes and Goals

Although traditionally thought of as a self-limiting disorder, 
acne can have patterns of recurrence. Because acne cannot be 
cured, proper treatment must involve both short-term and long-
term strategies.  Goals of therapy are to (1) reduce 
the number and severity of existing lesions, (2) prevent the 
development of new lesions and recurrence, and (3) prevent 
long-term disfigurement and permanent scarring.7 Acne can 
cause psychological symptoms of stress, anxiety, frustration, 
embarrassment, and even depression.2,5,7 Evaluating both physical 
and psychological aspects of acne is imperative.

General Approach to Treatment
 Acne treatment regimens should be based on acne 

severity and type of acne lesion. Other factors such as response 
to previous treatment, patient preference, cost, and adherence 
should also be considered. Topical therapy is considered first-
line for mild acne with oral therapies added to topical therapy in 
moderate to severe acne. Using multiple topical agents that target 
different aspects of acne pathogenesis is more effective, reduces 
adverse effects, and minimizes treatment resistance.2,5,12 Topical 
therapies should be applied to the entire area affected by acne to 
prevent new lesions from developing.2,7

Optimal management includes aggressive induction treatment 
and maintenance therapy to prevent recurrence. Improvement 
of symptoms following induction therapy occurs gradually, 
sometimes taking 6 to 8 weeks for results to be physically 
apparent. Patients need to be educated on continual treatment 
compliance during this time and should not get discouraged if 
acne lesions appear to worsen before getting better. Maintenance 
therapy should begin after 12 weeks of induction therapy and it 
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FIGURE 65�1. Twenty-year-old man. In this case of 
papulopustular acne, some inflammatory papules become 
nodular and thus represent early stages of nodulocystic 
acne. (From Wolff K, Johnson RA. Disorders of sebaceous and 
apocrine glands. Fitzpatrick�s Color Atlas & Synopsis of Clinical 
Dermatology, 6th ed. New York: McGraw-Hill; 2009:3.)

Clinical Presentation and Diagnosis of Acne

Acne lesions are most often seen on the face, but can 
also present on the chest, back, neck, and shoulders and 
are described as either noninflammatory or inflammatory. 
Severe inflammatory lesions may lead to scarring and 
hyperpigmentation.

Noninflammatory Lesions
Closed comedo or �whitehead�: A partially plugged  
follicle containing sebum, keratinocytes, and bacteria that 
remains beneath the surface of the skin. Closed comedos 
usually appear as small white bumps about 1 to 2 mm in 
diameter.

Open comedo or �blackhead�: A partially plugged, dilated 
follicle containing sebum, keratinocytes, and bacteria approxi-
mately 2�5 mm in diameter that protrudes from the surface 
of the skin and appears black or brown in color. Although dark 
in color, blackheads do not indicate the presence of dirt, but 
rather, an accumulation of melanin.

Inflammatory Lesions
Papules: Solid, elevated lesion less than 0.5 cm in diameter

Pustules: Vesicles filled with purulent fluid less than 0.5 cm in 
diameter

Nodules: Warm, tender, firm lesions greater than 0.5 cm in 
both width and depth

Cysts: Nodules that harden into larger, pus-filled lesions

Scars
Inflammatory acne can result in permanent scarring that 
ranges from small, depressed pits to large elevated blemishes.

Hyperpigmentation
Inflammatory acne may result in hyperpigmentation of the 
skin that can last for weeks to months.

Diagnosis
The diagnosis of acne vulgaris is clinical. Lesion cultures may 
be warranted when treatment regimens fail to rule out Gram 
negative folliculitis and other skin infections. Endocrinological 
laboratory evaluation is only recommended for patients who 
have acne and additional signs of androgen excess.5

Assessment
No standard acne grading scale has been identified. While  
several grading scales exist,2,5,7,11,12 most clinicians describe 
acne as mild (noninflammatory lesions), moderate 
(many inflammatory lesions), or severe (numerous severe 
inflammatory lesions and evidence of scarring).
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was continued for 3 to 4 months in most clinical trials. Due to 
frequent acne recurrences, clinical experience indicates that a 
longer duration of maintenance therapy may be beneficial for 
most patients.2,5,7

Nonpharmacologic Therapy
There is significant variance in the clinical benefit of many 
nonpharmacologic interventions for acne vulgaris. Patients should 
be counseled to avoid aggressive skin washing and to use a mild, 
noncomedogenic facial soap twice daily. Excessive washing or 
use of harsh or abrasive cleansers can disrupt the skin barrier and 
promote comedones and bacterial colonization. Manipulating or 
squeezing lesions should also be avoided to minimize scarring. 
Use of an oil-free, noncomedogenic moisturizer daily may 
improve the tolerability of topical drug therapy.8,9,10

 ▶ Pharmacologic Therapy
Topical Agents
Retinoids Topical retinoids are the foundation of first-line therapy 
for induction and maintenance regimens in all forms of acne. 
Although success is seen with monotherapy in comedonal acne, 
using topical retinoids in combination with benzoyl peroxide, 
topical antibacterial agents, or oral antibacterial agents is preferred 
for inflammatory acne lesions.2,5,12

Retinoids normalize epithelial cell turnover, which in turn 
promotes clearing of obstructed follicles and prevents microcomedo 
formation. Retinoids also exhibit anti-inflammatory properties 
through the inhibition of neutrophil and monocyte chemotaxis.13,14

Available topical retinoids include tretinoin, adapalene, and 
tazarotene. Adapalene, available by prescription and over-the-
counter, is considered the drug of first choice because it has 
similar efficacy and a lower incidence of adverse effects.5,8,12–14

Newer topical retinoid formulations using a microsphere gel 
(Retin-A Micro) or a prepolyolprepolymer-2 gel or cream (Avita) 
gradually release the active ingredient over time and may also 
cause less initial skin discomfort.13 Table 65–1 describes available 
products and adverse effects of topical retinoids.

Topical retinoids should be applied once daily at bedtime, 
beginning with a low-potency formulation. Increased strengths are 
then initiated according to treatment results and tolerance. Patients 
should be advised that a worsening of acne symptoms generally 
occurs in the first few weeks of therapy, with lesion improvement 
occurring in 3 to 4 months.14,15 The safety and efficacy of topical 
retinoids in children younger than 12 years of age and in pregnant 
women is not well established.9,13

Benzoyl Peroxide Benzoyl peroxide is easy to use and is 
recommended as an alternative to, or in combination with, 
topical retinoids, topical antibacterial agents, or oral antibacterial 
agents in the treatment of acne of all severities.2,5,12 Benzoyl 
peroxide has a comedolytic effect that increases the rate of 
epithelial cell turnover and helps to unclog blocked pores. It also 
has antibacterial activity against P. acnes, which appears to be the 
main reason for its effectiveness.16,17

Benzoyl peroxide is available with or without a prescription 
and remains the most commonly purchased over-the-counter 
topical treatment for acne.8,10 Some data suggest that lower 
strengths offer similar efficacy to higher strengths. Beginning 
benzoyl peroxide treatment regimen with the lowest strength 
and titrating to higher effective strengths over several weeks, if 
needed, will reduce the incidence of localized adverse effects. 

Newer formulations of benzoyl peroxide are combined with 
moisturizers to help decrease skin redness and irritation.9,16,17

A typical regimen for benzoyl peroxide is to apply the product 
to clean and dry skin no more than two times a day. The strength 
and dosage form selected may vary from patient to patient 
depending on acne severity and the sensitivity of the patient’s 
skin. Gel preparations are the most potent dosage form. Patients 
with dry or overly sensitive skin should try a cream, lotion, 
or facial wash first.5,7 If severe irritation or an allergic reaction 
develops, benzoyl peroxide should be discontinued. Table 65–1 
describes available products and adverse effects.
Antibacterials Topical antibacterials directly suppress P. acnes 
and are first-line agents used in combination with benzoyl 
peroxide, topical retinoids, or azelaic acid for the treatment of 
mild to moderate inflammatory acne. To reduce the likelihood 
of bacterial resistance, topical antibiotics should never be used as 
monotherapy or as long-term maintenance therapy.2,5,12

Clindamycin is currently the preferred topical antibiotic for 
acne therapy due to increased bacterial resistance to erythromycin 
preparations.5 Applied once or twice daily for 3 months, these 
agents are available in various formulations and combinations with 
benzoyl peroxide and topical retinoids.2,5,12 Table 65–1 describes 
the strengths, formulations, and adverse effects of the available 
antimicrobial agents.
Azelaic Acid With antibacterial and anti-inflammatory properties, 
and the ability to stabilize keratinization, azelaic acid is an effective 
alternative in the treatment of mild to moderate acne in patients 
who cannot tolerate benzoyl peroxide or topical retinoids.2,12,15 It 
can also even out skin tone and may prove effective in patients who 
are prone to postinflammatory hyperpigmentation resulting from 
acne.5,15,18 Azelaic acid 20% cream should be applied twice daily, 
with improvement of symptoms seen within 4 weeks.15

Dapsone Dapsone gel, a sulfone drug, has antimicrobial and 
anti-inflammatory properties.19 Dapsone gel may be used as an 
alternative agent for inflammatory acne as monotherapy or in 
combination with topical or oral agents. Topical dapsone gel has 
been shown to be more effective in adult females than in males 
or adolescents.5

Dapsone 5% is a gritty gel that should be applied in a thin 
layer to the affected areas twice daily.19,20 When administered 
concomitantly with benzoyl peroxide, topical dapsone may 
become oxidized, causing orange-brown coloration of the skin 
which can be brushed or washed off. If no improvement is seen 
after 12 weeks, treatment should be reevaluated.5,20

Keratolytics Sulfur, resorcinol, and salicylic acid have limited 
evidence available to support efficacy, but can be used as second-
line therapies in the treatment of mild to moderate acne.2,5

Although these agents may cause less skin irritation than benzoyl 
peroxide or the topical retinoids, several disadvantages exist. Sulfur 
preparations produce an unpleasant odor when applied to the 
skin, whereas resorcinol may cause brown scaling. And although 
rare, the possibility of salicylism exists with continual salicylic  
acid use.8,10,15

Oral Agents
Antibacterials Oral antibiotics are indicated for use in patients 
with moderate to severe acne and forms of inflammatory acne that 
are resistant to topical therapy. When used, oral antibiotics should 
be combined with a topical retinoid and/or benzoyl peroxide.2,5,12 
Because of the ability to decrease P. acnes colonization, oral 
antibiotics can prevent acne lesions from developing. Use of 
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Table 65�1
Topical Agents Used in the Treatment of Acne

Drug Brand Dosage Form Adverse Reactions Comments

Retinoids
Tretinoin Atralin

Avita
Retin-A
Retin-A Micro
Tretin-X

0.05% gel
0.025% cream
0.025% gel
0.025%, 0.05%, 0.1% cream
0.01%, 0.025% gel
0.04%, 0.1% gel
0.038%, 0.075% cream

Erythema, dryness, scaling, 
stinging/burning, pruritus, 
initially may worsen acne

Possibly teratogenic
Photosensitivity

Local adverse reactions most likely 
occur in first 2�4 weeks of use and 
will usually lessen with continued use

Category C
Minimize exposure to sun light and sun 

lamps 
Sunscreen use and protective clothing 

recommended

Tazarotene Tazorac

Fabior

0.05%, 0.1% cream
0.05%, 0.1% gel
0.1% foam

Erythema, dryness, scaling, 
stinging/burning, pruritus, 
initially may worsen acne

Teratogenic
Photosensitivity

Local adverse reactions most likely 
occur in first 2�4 weeks of use and 
will usually lessen with continued use

Category X. Use in pregnancy is 
contraindicated

Minimize exposure to sun light and sun 
lamps 

Sunscreen use and protective clothing 
recommended

Adapalene Differin

Differin Gel  
(over the counter)

Epiduo

0.1% cream; 0.1%, 0.3% gel; 
0.1% lotion

0.1% gel

0.1%�2.5% and 0.3%�2.5% 
benzoyl peroxide 
combination gel

Erythema, dryness, scaling, 
stinging/burning, pruritus, 
initially may worsen acne

Photosensitivity

Local adverse reactions most likely 
occur in first 2�4 weeks of use and 
will usually lessen with continued  
use

Less irritation compared to other 
retinoids

Minimize exposure to sun light and sun 
lamps

Sunscreen use and protective clothing 
recommended

Pregnancy category C

Other Topical Agents
Benzoyl 

peroxide
2.5%�10%, various 

over-the-counter 
and prescription 
products

Lotion, gel, foam, pads,  
liquid wash, bar

Excessive drying, peeling, 
erythema, allergic contact 
sensitization/dermatitis

Bleaching of hair and 
colored fabric

Body odor on clothes/
bedding

Photosensitivity

Local reactions are dose-dependent 
Gradually increase dose as tolerance 
develops

Minimize exposure to sun light and sun 
lamps 

Sunscreen use and protective clothing 
recommended

Pregnancy category C

Azelaic acid Azelex 20% cream Erythema, skin irritation Alternative to benzoyl peroxide
Pregnancy category B

Clindamycin Cleocin T
Clindagel
ClindaMax
Evoclin
BenzaClin

Duac

Veltin, Ziana

1% solution, lotion, gel, swab
1% gel
1% gel, lotion
1% foam
1%�5% benzoyl peroxide 

combination gel
1.2%�5% benzoyl peroxide 

combination gel
0.025%�1.2% tretinoin 

combination gel

Burning, itching, dryness, 
erythema, peeling

Diarrhea, colitis 
(pseudomembranous 
colitis)

Rare cases of colitis have been observed 
with topical use. Discontinue 
immediately and seek medical 
attention if diarrhea occurs

Should be combined with topical 
benzoyl peroxide

Pregnancy category B (C when 
combined with benzoyl peroxide or 
tretinoin)

Erythromycin ERYGEL
Ery
Benzamycin

2% gel
2% pad
5%�3% benzoyl peroxide 

combination gel

Burning, peeling, dryness, 
pruritus, erythema

Should be combined with topical 
benzoyl peroxide

Pregnancy category B (C when 
combined with benzoyl peroxide)

Dapsone Aczone 5% gel Dryness, erythema, oiliness, 
and peeling

Does not have a risk of phototoxicity
Pregnancy category C

Data from (1) Lexicomp [Internet]. Hudson (OH): Wolters Kluwer Health, Inc. 1978�2017 [cited 2017 June 13]. Available from: http://online.lexi.
com/lco/action/home/switch. (2) Facts & Comparisons eAnswers. St. Louis (MO) 2014: Wolters Kluwer health, Inc. 2017 [cited 2017 June 13]. 
Available from: http://fco.factsandcomparisons.com/lco/action/home
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Table 65�2
Oral Agents Used in the Treatment of Acne

Drug Dosage Form (mg) Dosing Regimen Adverse Reactions Comments

Oral Antibiotics
Tetracycline 250, 500 capsule 250�500 mg twice daily GI upset, headache, blurry 

vision, vaginal candidiasis, 
possible teratogenic risk, 
tooth discoloration in 
children

Vaginal candidiasis
Photosensitivity
Drug�food interactions

Avoid use in children < 8 years.
Pregnancy category D. Avoid use in 

pregnancy.
Minimize exposure to sun light  

and sun lamps. Sunscreen use  
and protective clothing 
recommended.

Take 1 hour before or 2 hours after 
dairy products, antacids, vitamins, 
or iron supplements.

Doxycycline 50, 75, 100 tablets and 
capsules

100 mg twice daily on 
day 1, then 100 mg 
once daily

GI upset, headache, blurry 
vision, possible teratogenic 
risk, tooth discoloration in 
children

Vaginal candidiasis
Photosensitivity
Drug�food interactions

Avoid use in children < 8 years.
Pregnancy category D. Avoid use in 

pregnancy.
Minimize exposure to sunlight  

and sun lamps. Sunscreen use  
and protective clothing 
recommended.

Take 1 hour before or 2 hours after 
dairy products, antacids, vitamins, 
or iron supplements.

Minocycline 50, 75, 100 immediate 
release tablets

45, 55, 65, 80, 90, 105, 
115, 135 extended 
release tablets

50, 75, 100 immediate 
release capsules

Immediate release: 
50�100 mg twice 
daily

Extended release:  
1 mg/kg daily for  
12 weeks.

GI upset, headache, blurry 
vision, lupus-like syndrome, 
hepatitis, exfoliative 
dermatitis, possible 
teratogenic risk, tooth 
discoloration in children

Vaginal candidiasis
Photosensitivity
Drug�food interactions

Avoid use in children < 8 years.
Pregnancy category D. Avoid use in 

pregnancy.
Minimize exposure to sunlight and 

sun lamps. Sunscreen use and 
protective clothing recommended.

Take 1 hour before or 2 hours after 
dairy products, antacids, vitamins, 
or iron supplements.

Erythromycin 250, 500 tablets 250�500 mg twice daily GI upset, rash, hearing loss, 
hypersensitivity reactions

Vaginal candidiasis

Highest incidence of GI intolerance 
and increasing bacterial resistance.

Possible drug interactions: CYP3A4 
substrate and p-glycoprotein 
inhibitor.

Alternative to tetracyclines
Pregnancy category B. Drug of 

choice in pregnant women and 
children < 8 years.

Azithromycin 500 tablet Dosing regimens used 
in clinical trials have 
varied greatly, using 
pulse dose regimens 
(eg, 500 mg once 
daily for 4 consecutive 
days per month for  
3 consecutive months)

GI upset, rash, headache, 
drowsiness

Alternative if other antibiotics 
cannot be used.

Pregnancy category B

Trimethoprim 100 mg tablet 100 mg three times 
daily or 300 mg twice 
daily

GI upset, allergic rash, 
Stevens-Johnson syndrome

Photosensitivity

Alternative if other antibiotics 
cannot be used.

Pregnancy category C.
Minimize exposure to sunlight and 

sun lamps. Sunscreen use and 
protective clothing recommended.

Sulfamethoxazole +  
trimethoprim

400/80, 800/160 tablets 400�800/80�160 mg 
one to two times  
daily

GI upset, allergic rash, 
urticaria, Stevens-Johnson 
syndrome, possible 
teratogenicity

Photosensitivity

Alternative if other antibiotics 
cannot be used.

Pregnancy category D. Avoid use in 
pregnancy.

Minimize exposure to sunlight and 
sun lamps. Sunscreen use and 
protective clothing recommended

(Continued)
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CHAPTER 65 | COMMON SKIN DISORDERS 1007

Patient Encounter 1

A 22-year-old woman complains of uncontrollable acne. 
She has experienced acne off and on since she was 12 years 
old. Her acne has been very mild for the past several years, 
but recently worsened. She expresses... �I thought I would 
have grown out of acne by this age.� She has always been 
embarrassed by her acne, and is very self-conscious. Engaged 
to be married in roughly 4 months, she is anxious that her 
acne will negatively affect her image on her wedding day. 
Visual examination reveals numerous noninflammatory 
lesions, a few papules and pustules adjacent to her nose and 
on her chin, and one nodule noted on her cheek. Her skin is 
also very dry and irritated. A month ago, she was evaluated 
by her primary care physician who prescribed Retin-A 0.05% 
cream at bedtime. She reports that she has been applying 
her acne cream directly to each lesion daily, but continues 
to break out. She washes her face at least twice a day with 
an over-the-counter face wash containing salicylic acid with 
warming action to �get the dirt out of her blackheads.� She is 
very adamant about adjusting her acne regimen to ensure her 

acne is cleared up prior to her wedding. She is very frustrated 
because her current regimen is not improving her complexion 
and is making her skin very dry and irritated. She has never 
seen a dermatologist. The patient appears to be in good 
physical health.

What reported symptoms support the diagnosis of acne?
What other information would you obtain from this patient 
before determining a treatment plan for her?
Describe your treatment goals for this patient.
What nonpharmacologic treatment options and lifestyle 
modifications would you suggest to this patient?
What pharmacologic treatment options are available for this 
patient?
Given the information presented, develop a treatment regimen 
for this patient that includes (a) a statement of the drug-related 
needs and/or problem, (b) a patient-specific therapeutic plan, 
and (c) monitoring parameters to assess efficacy and safety.

FIGURE 65�3. Acute irritant contact dermatitis on the hand 
due to an industrial solvent. There is massive blistering on the 
palm. (From Wolff K, Johnson RA. Eczema/dermatitis. Fitzpatrick�s 
Color Atlas & Synopsis of Clinical Dermatology, 6th ed. New York: 
McGraw-Hill; 2009:23.)

FIGURE 65�4. Allergic contact dermatitis of the hand: 
chromates. Confluent papules, vesicles, erosions, and crusts 
on the dorsum of the left hand in a construction worker who 
was allergic to chromates. (From Wolff K, Johnson RA. Eczema/
dermatitis. Fitzpatrick�s Color Atlas & Synopsis of Clinical 
Dermatology, 6th ed. New York: McGraw-Hill; 2009:27.)

Pathophysiology
ICD is not the result of an immunologic process, but rather occurs 
from direct injury to the skin. An irritating agent comes into contact 
with the skin, damages the protective layers of the epidermis, and 
can cause erythema, the formation of vesicles and pruritus.23,25,26 
Symptoms occur within minutes to hours of exposure and begin to 
heal soon after removal of the offending substance.

ACD is a type IV hypersensitivity reaction.27 Upon initial 
exposure, a substance penetrates the skin, is processed by antigen 
presenting cells, and subsequently activate allergen-specific 
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T cells. Subsequent exposures to that substance will elicit a 
response by circulating memory T cells, resulting in an allergic 
reaction.23,25,26,27 Symptoms of ACD are similar to those of the 
irritant type, but may take several hours to several days to develop 
following reexposure.23,30
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HEMATOLOGIC DISORDERS    SECTION 14    

Anemia
Maribel A. Pereiras 66

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Discuss common causes of anemia.

2. Identify common signs and symptoms of anemia.

3. Describe diagnostic evaluation required to determine the etiology of anemia.

4. Develop a treatment regimen considering the underlying cause and patient-specific variables.

5. Compare and contrast oral and parenteral iron preparations.

6. Explain the optimal use of folic acid and vitamin B
12

 in patients with macrocytic anemia.

7. Evaluate the proper use of epoetin and darbepoetin in patients with anemia caused by cancer 
chemotherapy or chronic kidney disease.

8. Develop a plan to monitor the outcomes of pharmacotherapy for the treatment of anemia.

Drug therapy is the mainstay of treatment for anemias caused 
by reduced RBC production and is the focus of this chapter. 
Anemia due to the destruction of erythrocytes, such as with 
blood loss or hemolytic anemia, will not be discussed.6

PATHOPHYSIOLOGY
Erythropoiesis
Erythropoiesis begins with a pluripotent stem cell in the bone 
marrow undergoing differentiation and ends with the appearance 
of RBCs in peripheral blood. The production of RBCs is 
stimulated by EPO, a hormone secreted by the kidney in response 
to cellular hypoxia. EPO stimulates RBC production by inducing 
differentiation of RBC precursors in the bone marrow to become 
reticulocytes (Figure 66–1). Reticulocytes become erythrocytes 
after 1 to 2 days in the bloodstream.7

Decreased-Production Anemias
 ▶ Nutritional Deficiencies

Deficiencies in folic acid and vitamin B12 may hinder the 
process of erythrocyte maturation. Folic acid and vitamin B12
are required for the formation of DNA. Significant decreases in 
the amount of either folic acid or B12 inhibit DNA synthesis and 
consequently RBC production.7,8 Poor diet can contribute to folic 
acid and vitamin B12 deficiencies. Pernicious anemia describes a 
severe anemia caused by the malabsorption of vitamin B12 due 
to the absence of intrinsic factor, a glycoprotein produced by 
gastric parietal cells that binds to vitamin B12 and facilitates its 
absorption in the ileum. This condition results in B12 deficiency 
despite adequate dietary B12 intake.9

Iron is also essential for RBC production. It is required in 
the formation of Hgb. Lack of iron leads to a decrease in Hgb 
synthesis and decreased RBC production. Normal homeostasis 
of iron transport and metabolism is depicted in Figure 66–2.10

INTRODUCTION

Anemia is a deficiency of erythrocytes with a 
corresponding reduction in the concentration 
of hemoglobin (Hgb) that results in reduced 

oxygen-carrying capacity of the blood. Some patients with 
anemia may be asymptomatic initially, but eventually, the lack of 
oxygen to tissues results in fatigue, lethargy, shortness of breath, 
headache, edema, and tachycardia. Common causes include 
blood loss, decreased functional red blood cell (RBC) production, 
and increased RBC destruction. Determination of the underlying 
cause of anemia is essential for successful management.

EPIDEMIOLOGY AND ETIOLOGY
Anemia is a common diagnosis with a prevalence that varies 
widely based on age, gender, and race/ethnicity (Table 66–1).1,2

Patients with specific comorbidities such as cancer and chronic 
kidney disease (CKD) have significantly higher rates of anemia. 
The incidence of anemia in cancer patients ranges from 30% to 
90%. Contributing factors include the underlying malignancy 
and myelosuppressive antineoplastic therapy.3 The prevalence 
of anemia in patients with CKD ranges from 15% to 20% in 
patients with CKD stages 1 through 3 and up to 70% in patients 
with stage 5.4

A decrease in erythrocyte production can be multifactorial. 
Nutritional deficiencies (iron, vitamin B12, and folic acid) are 
common causes and often easily treatable. Patients with cancer or 
CKD are at risk for developing anemia caused by dysregulation 
of iron and erythropoietin (EPO) hemostasis. Patients with 
chronic immune-related diseases such as rheumatoid arthritis 
and systemic lupus erythematosus are also at increased risk 
to develop anemia as a complication of their disease. Anemia 
related to chronic inflammatory conditions is termed anemia of 
chronic disease (ACD).5
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Coagulation and Platelet 
Disorders
Anastasia Rivkin, Sandeep Vansal,  
and Anna Dushenkov 

67
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Describe the basics of the regulation of hemostasis and thrombosis.

2. Select appropriate nonpharmacological and pharmacological therapy for a patient with hemophilia in a 
given clinical situation.

3. Calculate an appropriate factor-concentrate dose for a product, given the percentage correction desired 
based on clinical situation.

4. List possible complications from hemophilia bleeding episodes.

5. Choose an appropriate treatment strategy for patients with factor VIII or IX inhibitors.

6. Devise a treatment plan for a patient with a specific variant of von Willebrand disease.

7. Describe various recessively inherited coagulation disorders (RICDs) and role of specific factor 
replacement in RICD management.

8. Recommend first-line and second-line treatment approaches for immune thrombocytopenia (ITP).

9. Identify basic clinical features, causes, and management of select thrombotic microangiopathies (TMAs).

INTRODUCTION
Components of the Hemostatic System

Following endothelial injury, vessel-wall response involves 
vasoconstriction, platelet plug formation, coagulation, and 
fibrinolysis regulation. In normal circumstances, platelets 

circulate in the blood in an inactive form. After injury, 
platelets undergo activation, which consists of (a) adhesion 
to the subendothelium, (b) secretion of granules containing 
chemical mediators (eg, adenosine diphosphate, thromboxane 
A2, thrombin, etc), and (c) aggregation. Chemical factors released 
from the injured tissue and platelets stimulate the coagulation 
cascade and thrombin formation. In turn, thrombin catalyzes the 
conversion of fibrinogen to fibrin and its subsequent incorporation 
into the platelet plug.

The coagulation system consists of intrinsic and extrinsic 
pathways. Both pathways are composed of a series of enzymatic 
reactions that ultimately produce thrombin, fibrin, and a stable 
clot. In parallel with the coagulation, the fibrinolytic system is 
activated locally. Plasminogen is converted to plasmin, which 
dissolves the fibrin mesh (Figure 67–1).1

INHERITED COAGULATION DISORDERS
HEMOPHILIA
Epidemiology and Etiology
Hemophilia A and B are coagulation disorders that result from 
defects in the genes encoding for plasma coagulation proteins. 
Hemophilia A (classic hemophilia) is caused by the deficiency 
of factor VIII, and hemophilia B (Christmas disease) is caused 
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by the deficiency of factor IX. The incidences of hemophilia A 
and B are estimated at 1 in 5000 and 1 in 30,000 male births, 
respectively. Both types of hemophilia are evenly distributed 
across all ethnic and racial groups.1

Pathophysiology
The pathophysiology of hemophilia is based on the deficiency 
of factor VIII or IX resulting in inadequate thrombin generation  
and an impaired intrinsic pathway coagulation cascade (see  
Figure 67�1). Factor VIII and IX genes are located on the 
X-chromosome. Hemophilias are recessive X-linked diseases. 
Generally, affected males carrying a defective allele for either factor 
VIII or IX on their X-chromosome do not transmit the gene to their 
sons. However, their daughters are obligate carriers. More than 1000 
mutations in factor VIII and IX genes have been identified to cause 
clinical hemophilia.2 Consequently, hemophilia is not a result of 
a single genetic mutation. However, inversion at intron 22 of the 
factor VIII gene accounts for 40% of severe hemophilia A cases 
and this mutation is assessed during carrier and prenatal testing.3

Complications of Hemophilia
The severity of bleeding associated with hemophilia correlates 
with the degree of factor VIII or factor IX deficiency as measured 
against the normal plasma standard. Table 67–1 summarizes 
the age at onset and laboratory and clinical manifestations of 
hemophilia A and B.4

Treatment
 ▶ Desired Outcomes

Currently, there is no cure for hemophilia A or B. The life 
expectancy of hemophiliacs was only 8 to 11 years in the 
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Sickle Cell Disease
Tracy M. Hagemann and Teresa V. Lewis 68

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Explain the underlying causes of sickle cell disease (SCD) and their relationship to patient signs and 

symptoms.

2. Identify the typical characteristics of SCD as well as symptoms that indicate complicated disease.

3. Identify the desired therapeutic outcomes for patients with SCD.

4. Recommend appropriate pharmacotherapy and nonpharmacotherapy interventions for patients 
with SCD.

5. Recognize when chronic maintenance therapy is indicated for a patient with SCD.

6. Describe the components of a monitoring plan to assess effectiveness and adverse effects of 
pharmacotherapy for SCD.

7. Educate patients about the disease state, appropriate therapy, and drug therapy required for effective 
treatment and prevention of complications.

INTRODUCTION

�Sickle cell syndrome� refers to a collection of 
autosomal recessive genetic disorders that 
are characterized by the presence of at least 

one sickle hemoglobin (HbS) gene.1,2

Sickle cell disease (SCD) is a chronic illness that is associated 
with frequent crisis episodes. Acute complications are 
unpredictable and potentially fatal. Common symptoms include 
excruciating musculoskeletal pain, life-threatening pneumonia-
like illness, cerebrovascular accidents, and splenic and renal 
dysfunction.2 As the disease progresses, patients may develop 
organ damage from the combination of hemolysis and infarction. 
Because of the complexity and severity of SCD, it is imperative that 
patients have access to comprehensive care with providers who 
have a good understanding of the countless clinical presentations 
and the management options of this disorder.

EPIDEMIOLOGY AND ETIOLOGY
Sickle cell trait (SCT) is the heterozygous form (HbAS) of SCD 
in which a person inherits one normal adult hemoglobin (HbA) 
gene and one sickle hemoglobin (HbS) gene. These individuals 
are carriers of the SCT and are usually asymptomatic.2 About 1 
in 13 African American babies is born with SCT.3 Symptomatic 
disease is seen in homozygous and compound heterozygous 
genotypes of SCD. Sickle cell anemia (SCA) is the homozygous 
(HbSS) state of SCD.2 It is the most common and severe form of 
SCD. SCD affects both males and females equally because it is 
not a sex-linked disease.

 Around 100,000 Americans have SCD and it occurs 
in approximately 1 out of every 365 African American births.3

HbSS (�75%) is the most common genotype, followed by HbSC 
(�18%), HbS�+-thalassemia (�5%), and HbS�0-thalassemia 
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(�2%). Other variants account for fewer than 1% of patients.2,4

For every infant diagnosed with SCD, 50 are identified as 
carriers.4

Having the HbS gene protects heterozygous carriers from 
succumbing to Plasmodium falciparum (malaria) infection.1

The microorganism cannot parasitize abnormal red blood cells 
(RBCs) as easily as normal RBCs. Consequently, persons with 
heterozygous sickle gene (SCT) have a selective advantage in 
tropical regions where malaria is endemic.

The highest incidence of SCD is seen in those with African 
heritage, but SCD also affects persons of Indian, Saudi Arabian, 
Mediterranean, South and Central American, and Caribbean 
ancestry.4

Normal HbA is composed of two �-chains and two �-chains 
(�2�2).1 A single substitution of the amino acid valine for glutamic 
acid at position 6 of the �-polypeptide chain is responsible for 
the production of a defective form of hemoglobin called HbS.1

Different genetic mutations encode for other hemoglobin variants 
such as hemoglobin C (HbC).1 The �-chains of HbS, HbA, and 
HbC are structurally identical. The chemical differences in 
the �-chain are responsible for RBC sickling and its associated 
sequelae.

The HbSS state of SCD occurs when individuals inherit the 
mutant HbS gene from both parents. The progeny of two carriers 
will have a 25% probability of having SCD and a 50% risk of 
being a carrier. �-Thalassemia can be found in conjunction with 
HbS. Patients with HbSS and HbS�0-thalassemia do not have 
normal �-globulin production and usually have a more severe 
course than those with HbSC and HbS�+-thalassemia.

Impaired circulation, destruction of RBCs, and vascular stasis 
are three known problems that are primarily responsible for the 
clinical manifestations of SCD (Figure 68–1).
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DISEASES OF INFECTIOUS ORIGIN    SECTION 15    

Antimicrobial Regimen 
Selection
Catherine M. Oliphant 

69
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Recognize that antimicrobial resistance is an inevitable consequence of antimicrobial therapy.

2. Describe how antimicrobials differ from other drug classes in terms of their effects on individual 
patients as well as on society as a whole.

3. Identify two guiding principles to consider when treating patients with antimicrobials, and apply these 
principles in patient care.

4. Differentiate between microbial colonization and infection based on patient history, physical 
examination, and laboratory and culture results.

5. Evaluate and apply at least six major drug-specific considerations when selecting antimicrobial therapy.

6. Evaluate and apply at least seven major patient-specific considerations when selecting antimicrobial 
therapy.

7. Select empirical antimicrobial therapy based on spectrum-of-activity considerations that provide a 
measured response proportional to the severity of illness. Provide a rationale for why a measured 
response in antimicrobial selection is appropriate.

8. Identify and apply five major principles of patient education and monitoring response to antimicrobial 
therapy.

9. Discuss two common causes of patients failing to improve while on antimicrobials, and recognize 
other less common but potential reasons for antimicrobial failure.

10. Define antimicrobial stewardship and describe the purpose of such a program.

present with signs and symptoms that are nonspecific and 
may be confused with other noninfectious diseases. Not only 
is it important to determine whether a disease process is of 
infectious origin, but it is also important to determine the 
specific causative pathogen of the infection. Antimicrobials vary 
in their spectrum of activity, the ability to inhibit or kill different 
species of bacteria. Antimicrobials that kill many different 
species of bacteria are called broad-spectrum antimicrobials, 
whereas antimicrobials that kill only a few species of bacteria 
are called narrow-spectrum antimicrobials. One might argue that 
treating everybody with broad-spectrum antimicrobials will 
increase the likelihood that a patient will get better even without 
knowing the bacteria causing infection. However, counter to this 
argument is the principle of �Do no harm!� Broad antimicrobial 
coverage does increase the likelihood of empirically killing a 
causative pathogen; unfortunately, the development of secondary 
infections can be caused by selection of antimicrobial-resistant 
nontargeted pathogens. In addition, adverse events are thought 
to complicate up to 10% of all antimicrobial therapy, and for 
select agents, the adverse-event rates are similar to high-risk 
medications such as warfarin, digoxin, or insulin.2 Therefore, 
the overall goal of antimicrobial therapy should be to cure the 
patient�s infection; limit harm by minimizing patient risk for 
adverse effects, including secondary infections; and limit societal 
risk from antimicrobial-resistant bacteria.

INTRODUCTION

The CDC�s Antibiotic Resistance Threats in the United 
States 2013 estimates more than 2 million patients per 
year are infected with resistant pathogens resulting in 

approximately 23,000 deaths.1 For several decades, infectious 
disease�related mortality in the United States has increased, in 
part owing to increases in antimicrobial resistance. The discovery 
of virtually every new class of antimicrobials has occurred in 
response to the development of bacterial resistance and loss of 
clinical effectiveness of existing antimicrobials.  An 
inevitable consequence of exposing microbes to antimicrobials is 
that some organisms will develop resistance to the antimicrobial.
Today, there are many antimicrobial classes and antimicrobials 
available for clinical use. However, in many cases, differences 
in mechanisms of action between antimicrobials are minor, and 
the microbiologic properties of the agents are similar. 
Antimicrobials are different from other classes of pharmaceuticals 
because they exert their action on bacteria infecting the host as 
opposed to acting directly on the host. Because antimicrobial use 
in one patient affects not only that patient but also other patients 
if they become infected with resistant bacteria, correct selection, 
use, and monitoring of clinical response are paramount.

 There are two guiding principles to consider when 
treating patients with antimicrobials: (a) make the correct 
diagnosis and (b) do no harm! Patients with infections frequently 
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Central Nervous System 
Infections
April Miller Quidley and P. Brandon Bookstaver 

70
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Discuss the pathophysiology of central nervous system (CNS) infections and the impact on 

antimicrobial treatment regimens (including antimicrobial dosing and CNS penetration).

2. Describe the signs, symptoms, and clinical presentation of CNS infections.

3. List the most common pathogens causing CNS infections and identify risk factors for infection with 
each pathogen.

4. State the goals of therapy for CNS infections.

5. Outline the initial management strategies for CNS infections.

6. Design appropriate empirical antimicrobial regimens for patients suspected of having CNS infections 
(taking age, vaccine history, and other patient-specific information into account) caused by each 
of the following pathogens, and analyze the impact of antimicrobial resistance on both empirical 
and definitive therapy: Neisseria meningitidis meningitis, Haemophilus influenzae meningitis, Listeria 
monocytogenes meningitis, group B Streptococcus meningitis, gram-negative bacillary meningitis, 
postneurosurgical infection, CNS shunt infection, herpes simplex encephalitis.

7. Modify empirical antimicrobial regimens based on laboratory data and other diagnostic criteria.

8. Discuss the management of close contacts of patients diagnosed with CNS infections.

9. Identify candidates for vaccines and other prophylactic therapies to prevent CNS infections.

10. Describe the role of adjunctive agents (eg, dexamethasone) in the management of CNS infections.

INTRODUCTION

The term central nervous system (CNS) infections describes 
a variety of infections involving the brain and spinal cord 
and associated tissues, fluids, and membranes, including 

meningitis, encephalitis, brain abscess, cerebrospinal fluid 
(CSF) shunt infections, and postoperative infections. 
CNS infections, such as meningitis, are considered neurologic 
emergencies that require prompt recognition, diagnosis, and 
management to prevent death and residual neurologic deficits. 
Improperly treated, CNS infections are associated with high rates 
of morbidity and mortality. Despite advances in care, the overall 
mortality of bacterial meningitis in the United States remains 
at approximately 15%, and at least 10% to 30% of survivors are 
afflicted with neurologic impairment, including hearing loss, 
hemiparesis, and learning disabilities.1,2 Antimicrobial therapy 
and preventive vaccines have revolutionized management and 
improved outcomes of bacterial meningitis and other CNS 
infections dramatically.

EPIDEMIOLOGY AND ETIOLOGY
CNS infections are uncommon and declining in incidence, 
with a rate of 0.8 per 100,000 persons between 1997 and 2010.3

However, the severity of these infections demands prompt 
medical intervention and treatment. CNS infections can be 

caused by bacteria, fungi, mycobacteria, viruses, parasites, and 
spirochetes.

Bacterial meningitis is the most common cause of CNS 
infections. While vaccination has reduced the incidence of 
disease by many common pathogens, Streptococcus pneumoniae 
(pneumococcus) was the most common pathogen for bacterial 
meningitis (0.306 cases per 100,000), followed by Neisseria 
meningitidis (meningococcus, 0.123 cases per 100,000).3

Staphylococcal species and gram-negative bacteria account for 
0.114 and 0.127 cases per 100,000 persons, respectively in 
the United States.3 Group B Streptococcus (GBS) and Listeria 
monocytogenes remain important causes, but current data on 
their incidence are lacking.2 Vaccines directed against bacteria 
causing meningitis and related infections (eg, pneumonia and 
ear infections) have reduced the risk of infections due to S. 
pneumoniae, N. meningitidis, and H. influenzae type B (Hib) 
dramatically.2,3 Prior to the availability of Hib conjugate vaccines, 
Hib meningitis or other invasive disease was documented 
in one in 200 children by the age of 5 years and due to 
widespread use, its incidence has decreased such that it is no 
longer a leading pathogen.3 Historically, a 7-valent conjugate 
pneumococcal vaccine (PCV7) was administered, but despite 
use of the PCV7, S. pneumoniae remained the most common 
pathogen for pediatric bacterial meningitis. In 2010, a 13-valent 
conjugate pneumococcal vaccine was licensed for use in the 
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L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. List the common pathogens that cause community-acquired pneumonia (CAP), aspiration pneumonia, 

ventilator-associated pneumonia (VAP), and hospital-associated pneumonia (HAP).

2. Explain the pathophysiology of pneumonia and associated host defenses.

3. List the signs and symptoms associated with CAP and VAP.

4. Identify patient and organism factors required to guide the selection of a specific antimicrobial 
regimen for an individual patient.

5. Design an appropriate empirical antimicrobial regimen based on patient-specific data for an individual 
with CAP, aspiration pneumonia, HAP, and VAP.

6. Design an appropriate antimicrobial regimen based on both patient- and organism-specific data.

7. Develop a monitoring plan based on patient-specific information for a patient with one of the four 
categories of pneumonia.

8. Apply the complete Patient Care Process to caring for patients with any type of pneumonia.

9. Formulate appropriate educational information to be provided to a patient with pneumonia.

10. Explain prevention of pneumonia via immunization and include who the appropriate patient groups 
are for receiving the various vaccines.

INTRODUCTION

Pneumonia is inflammation of the lung with consolidation. 
The cause of the inflammation is infection, which can be 
caused by a wide range of organisms.  There 

are four classifications of pneumonia: community-acquired, 
aspiration, hospital-acquired, and ventilator-associated. Patients 
who develop pneumonia in the outpatient setting and have not 
been in any health care facilities, which include wound care 
and hemodialysis clinics, have community-acquired pneumonia 
(CAP). Pneumonia can be caused by aspiration of either 
oropharyngeal or gastrointestinal contents. Hospital-acquired 
pneumonia (HAP) is defined as pneumonia that occurs 48 hours 
or more after admission.1 Ventilator-associated pneumonia (VAP) 
requires endotracheal intubation for at least 48 hours before 
the onset of pneumonia.1 Health care�associated pneumonia 
was addressed in the 2005 VAP and HAP guidelines but was 
eliminated in the 2016 guidelines due to the lack of resistant 
organisms associated as the cause.2 The CAP guidelines might 
address health care�associated pneumonia; however, the updated 
guidelines will not be available until summer 2018 which is after 
the printing of this edition.

EPIDEMIOLOGY AND ETIOLOGY
Etiology and Mortality Rates

 The etiology of bacterial pneumonia varies in 
accordance with the type of pneumonia. Table 71–1 lists the 
more common pathogens associated with the various types 
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or classifications of pneumonia. Streptococcus pneumoniae 
colonizes the nasopharyngeal flora in up to 50% of healthy 
adults and may colonize the lower airways in individuals with 
chronic bronchitis.2,3 It possesses many virulence factors, 
enhancing its ability to cause infection in the respiratory tract. 

 Therefore, it is not surprising that S. pneumoniae is 
the predominant bacterial pathogen associated with CAP. The 
second most common pathogen is one of the atypical organisms, 
Mycoplasma pneumoniae. Nontypeable Haemophilus influenzae 
intermittently colonizes about 80% of the population, and 
the incidence of permanent colonization increases in chronic 
obstructive pulmonary disease (COPD) patients and those 
with cystic fibrosis. Therefore, the likelihood of nontypeable 
H. influenzae causing pneumonia increases in COPD patients. 
Moraxella catarrhalis is a more common cause of pneumonia 
in the very young and the very old. Chlamydophila pneumoniae 
and Legionella pneumophila are less frequent causes than the 
other bacterial and atypical organisms. Community-acquired 
methicillin-resistant Staphylococcus aureus (CA-MRSA) is 
associated with necrotizing and severe pneumonia in healthy 
children and young adults. Less than 2% of all CA-MRSA 
infections are pneumonia (most are skin and soft tissue); however, 
the number of case reports of pneumonia are increasing.4,5

Viruses are a common cause of CAP in children (about 65%) 
and in adults ranging from 12% to 29%.5-7 Mixed infections of 
viruses and bacteria have been increasingly identified in 11% to 
56% of cases.5-8 Viruses most often associated with pneumonia 
in adults include influenza A and B and rhinoviruses, but 
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L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. List common bacteria that cause acute otitis media (AOM), acute bacterial rhinosinusitis (ABRS), and 

acute pharyngitis.

2. Explain the pathophysiology of and risk factors for AOM, ABRS, and streptococcal pharyngitis.

3. Identify clinical signs and symptoms associated with AOM, ABRS, streptococcal pharyngitis, and the 
common cold.

4. List treatment goals for AOM, ABRS, streptococcal pharyngitis, and the common cold.

5. Develop a treatment plan for a patient with an upper respiratory tract infection (URI) based on patient-
specific information.

6. Create a monitoring plan for a patient with a URI based on patient-specific information and the 
treatment regimen.

7. Formulate appropriate educational information for patients about URIs and proper antibiotic use.

INTRODUCTION

Upper respiratory tract infection (URI) is a comprehensive 
term for upper airway infections, including otitis media, 
sinusitis, pharyngitis, laryngitis, and the common cold. 

Over 1 billion URIs occur annually in the United States, triggering 
millions of antibiotic prescriptions each year, of which up to 
50% are considered inappropriate for use for acute respiratory 
conditions.1  Most URIs are caused by viruses, have 
nonspecific symptoms, and resolve spontaneously.2 Antibiotics 
are not effective for viral URIs, and their excessive use has 
contributed to resistance, which has prompted development of 
clinical guidelines and national campaigns to reduce inappropriate 
prescribing.3-7 This chapter focuses on acute otitis media (AOM), 
sinusitis, and pharyngitis, which are frequently caused by viruses 
but may be caused by bacteria. Proper management of the 
common cold is also reviewed.

OTITIS MEDIA
Otitis media, or middle ear inflammation, is the most common 
childhood illness treated with antibiotics. It usually results from a 
nasopharyngeal viral infection and can be subclassified as AOM or 
otitis media with effusion (OME). AOM is a rapid, symptomatic 
infection with effusion, or fluid, in the middle ear. OME is not 
an acute illness but is characterized by noninfectious middle ear 
effusion. Antibiotics are only useful for the treatment of AOM.

Epidemiology and Etiology
AOM occurs in all ages but is most common between 6 and  
18 months of age. By 3 years of age, about 60% of children have 
had at least one episode of AOM and nearly 25% have had at least  
3 episodes of AOM.8 Many risk factors (Table 72–1) predispose 
children to otitis media.8,9 While the use of antibiotics for otitis 
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media has declined since the mid-1990s, the proportion of health 
care visits resulting in antibiotic prescriptions for AOM remains 
high between 60% and 80%.1,10

Although AOM occurs frequently with viral URIs, bacteria 
are isolated from middle ear fluid in 70% to 90% of children 
with AOM.3,8 Historically, Streptococcus pneumoniae was the 
most common organism, responsible for up to half of bacterial 
cases.3,8 Haemophilus influenzae and Moraxella catarrhalis caused 
up to 30% and 20% of cases, respectively. Routine childhood 
pneumococcal vaccination has altered the microbiology such 
that H. influenzae is now responsible for up to 60% of bacterial 
cases.8,11 Viruses are isolated from middle ear fluid with or 
without concomitant bacteria in up to 70% of cases.12 Lack of 
improvement with antibiotics is usually a result of viral infection 
and subsequent inflammation rather than antibiotic resistance.

Antibiotic resistance heavily influences the treatment options 
for AOM. Penicillin-resistant S. pneumoniae (PRSP) exhibit 
intermediate resistance (minimum inhibitory concentrations 
[MIC] between 0.12 and 1.0 mcg/mL [0.12 and 1.0 mg/L]) 
or high-level resistance (MIC of 2.0 mcg/mL [2.0 mg/L] and 
higher). Altered penicillin-binding proteins cause resistance 
in 35% to 44% of pneumococci with up to half of these strains 
exhibiting high-level resistance.8,13,14 Recent data show that the 
prevalence of high-level penicillin resistance is less than 5% in 
pneumococci obtained from children.14 Amoxicillin resistance is 
less common than penicillin resistance, occurring in 2% to 19% 
of pneumococci.13,15 PRSP are frequently resistant to other drug 
classes, including sulfonamides, macrolides, and clindamycin, 
but are usually susceptible to levofloxacin. Treatment should be 
aimed at S. pneumoniae because pneumococcal AOM is unlikely 
to resolve spontaneously and commonly results in more ear pain 
and fever.3,11 �-Lactamase production occurs in 20% to 45% of  
H. influenzae and 90% to 100% of M. catarrhalis strains.8,11 Although 
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 ▶ Pharmacologic Therapy
Adjunctive Therapy Medications that target rhinosinusitis 
symptoms are commonly used despite a lack of published 
evidence supporting their efficacy.4 Analgesics/antipyretics may 
be used to treat facial pain and fever. Oral decongestants relieve 
congestion but should be avoided in children younger than  
4 years and patients with ischemic heart disease or uncontrolled 
hypertension. Intranasal decongestants can be used for severe 
congestion in patients 6 years of age or older, but use should 
be limited to 3 to 5 days to avoid rebound nasal congestion. 
Avoid antihistamines because they thicken mucus and impair 
clearance, but they may be useful in patients with allergic rhinitis 
or chronic sinusitis.29 Similarly, intranasal corticosteroids usually 
are reserved for patients with allergies or chronic sinusitis, 
but they may be beneficial as monotherapy or with antibiotics 
in ABRS if the clinician and patient agree that their modest 
benefits after 15 to 21 days of use outweigh their cost and minor 
adverse events (epistaxis, nasal itching, headache).4,5,35 There is no 
evidence to support the use of guaifenesin in ABRS.

Antibiotic Therapy Because diagnosis is usually based 
on clinical presentation, clinicians must differentiate ABRS 
from viral rhinosinusitis in order to minimize inappropriate 
antibiotic use. In addition, recent evidence suggests that ABRS 
resolves spontaneously in many cases. Studies in adults with 
clinically diagnosed nonsevere sinusitis report cure rates of 50% 
to 90% by 7 to 15 days with no statistical differences between 
antibiotics and placebo, but there are significantly more adverse 
effects with antibiotics (27%) as compared to placebo (15%).4,36

Studies in children with persistent nasal discharge for at least 
10 days report modest benefits with antibiotic therapy.37 In some 

studies, antibiotics led to faster symptom resolution with lower 
failure rates compared with no treatment, particularly with 
more severe infection.5,6

Treatment guidelines outline management approaches that 
include watchful waiting with close follow-up for uncomplicated 
infections (eg, those that do not extend beyond the sinuses or 
nasal cavity) or the use of antibiotics, depending on patient 
characteristics and illness presentation.4-6 In adults, some experts 
recommend the use of watchful waiting for up to 7 days after 
ABRS is diagnosed, but only through shared decision making 
with patients and only if follow-up is available during this 
timeframe.4 If symptoms worsen or fail to improve by 7 days post 
diagnosis, reevaluation should occur and antibiotics should be 
initiated (either with a repeat office visit or via use of a safety-
net antibiotic prescription). Alternatively, antibiotics may be 
prescribed at the time of diagnosis for adults who are willing to 
accept the risk of adverse effects and cost of therapy in exchange 
for the small benefit that antibiotics provide. Other experts 
recommend prompt antibiotic therapy in all patients when the 
diagnosis of ABRS is confirmed with use of strict diagnostic 
criteria.5 In children, 3 days of watchful waiting with close 
follow-up is an alternative approach for patients with persistent 
illness without symptom improvement for at least 10 days.6

Severe or complicated infections should be treated in conjunction 
with specialists such as otolaryngologists or infectious diseases 
physicians.

When antibiotics are prescribed, empiric selection of an agent that 
is likely to result in favorable clinical and bacteriologic outcomes is 
recommended (Figure 72–3). Antibiotics (Table  72–4) should 
target S. pneumoniae and H. influenzae, but consideration must 
also be given to local resistance patterns and other bacteria. 

Amoxicillin allergic Amoxicillin allergic

1. Standard dose amoxicillin +/� clavulanate
2. Doxycycline (adults only) 

1. High dose amoxicillin +/� clavulanate
2. Respiratory fluoroquinoloneb

3. Clindamycin plus cefixime or cefpodoxime 

No

No No

Yes

Yes Yes

Adults: respiratory fluoroquinoloneb or doxycycline or
clindamycin plus cefixime or cefpodoxime
Children: levofloxacin or clindamycin plus cefixime or
cefpodoxime monotherapy with cefdinir, cefpodoxime,
or cefuroxime (refer to allergist for skin testing before
using cephalosporins if type I allergy is present)

Risk factors for resistance?

- Geographic region with � 10% PRSP
- Severe infection (eg, temperature > 39°C, toxic

appearance) and threat of complications
- Daycare attendance
- Age < 2 years or > 65 years
- Recent hospitalization
- Antibiotic use in past month
- Immunocompromised state

FIGURE 72�3. Treatment algorithma for ABRS. aAntibiotics are listed in order of preference based on predicted clinical and 
bacteriologic efficacy rates, clinical studies, safety, and tolerability. Doses can be found in Table 72�4. bRespiratory fluoroquinolone = 
levofloxacin, moxifloxacin.4-6
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Table 72�4
Antibioticsa for the Treatment of Acute Bacterial Rhinosinusitis4-6

Drug Adult Dose Pediatric Doseb Relative Costc Comments

Amoxicillin 1.5�4 g/day divided in 
two to three doses

45�90 mg/kg/day 
divided in two doses

$ Lacks coverage against �-lactamase producers

Amoxicillin-
clavulanate

1.5�4 g/day divided in 
two to three doses

45�90 mg/kg/day 
divided in two doses

$$�$$$ Broad coverage particularly with high doses; 
Augmentin XR (2 g every 12 hours) targeted 
toward PRSP

Cefdinir 600 mg/day divided in 
one to two doses

14 mg/kg/day divided  
in one to two doses

$$�$$$ Preferred oral liquid cephalosporin owing to 
good palatability

Cefixime 200 mg twice daily 8 mg/kg/day divided  
in two doses

$$$$ IDSA recommends use only in combination with 
clindamycin

Cefpodoxime 
proxetil

200 mg twice daily 10 mg/kg/day divided  
in two doses

$$$�$$$$ IDSA recommends use only in combination with 
clindamycin

Cefuroxime  
axetil

250�500 mg twice daily 15�30 mg/kg/day 
divided in two doses

$$�$$$ Only included as an option in AAP guideline

Ceftriaxone 1 g IM/IV every 24 hours 50 mg/kg IM/IV every  
24 hours

$$$$ Experts recommend a 5-day treatment course; 
useful for patients who are vomiting and 
cannot tolerate oral therapy

Doxycycline 100 mg twice daily Avoid in children  
< 8 years

$�$$$ Can cause photosensitivity, GI problems, tooth 
staining in young children; many drug�drug 
interactions (antacids, iron, calcium)

Levofloxacin

Moxifloxacin

500�750 mg once daily 
(750 mg × 5 days)

400 mg once daily

10 mg/kg/dose  
every 12�24 hours

Not available

$�$$$$

$$$�$$$$

Common fluoroquinolone side effects are 
nausea, vaginitis, diarrhea, dizziness; many 
drug�drug interactions (antacids, iron, 
calcium); tendon rupture, photosensitivity,  
QT prolongation possible

Clindamycin 300�450 mg three times 
daily

30�40 mg/kg/day 
divided in three doses

$�$$$ No Gram-negative coverage; use only in 
combination with cephalosporin

aRefer to Table 72�2 for more information on antibiotics. Other FDA-approved antibiotics for ABRS not included in the Infectious Diseases 
Society of America, American Academy of Pediatrics, or American Academy of Otolaryngology-Head and Neck Surgery Foundation guidelines: 
azithromycin, cefaclor, cefprozil, clarithromycin, ciprofloxacin, erythromycin, and trimethoprim-sulfamethoxazole.
bMaximum dose not to exceed adult dose.
cApproximate cost per course: $ (under $25), $$ ($25�$50), $$$ ($50�$100), $$$$ (over $100).

AAP, American Academy of Pediatrics; ABRS, acute bacterial rhinosinusitis; IDSA, Infectious Diseases Society of America; IM, intramuscular;  
PRSP, penicillin-resistant S. pneumoniae.

Patient Encounter 2

A 45-year-old woman presents to her primary care physician 
with purulent postnasal discharge, nasal congestion, headache, 
and fatigue. She reports that her symptoms began 12 days 
ago and have worsened over the past 2 days. She states that 
her headache gets worse when she bends forward and she 
noticed that her upper molars ache when she eats or brushes 
her teeth. She tried acetaminophen and phenylephrine but 
received little to no relief. She has sinus infections every 3 to  
4 years. Her last course of antibiotics was 2 years ago when  
she received amoxicillin for streptococcal pharyngitis. She has 
two daughters (12 years and 16 years of age).

Immunizations: Up-to-date; she has received the influenza 
vaccine this season

Allergies: Dust mites; cat and dog dander

Meds: Cetirizine 10 mg orally once daily; intranasal fluticasone 
one spray each nostril twice daily; acetaminophen 500 mg 
orally every 6 hours as needed; phenylephrine 10 mg orally 
every 4 hours as needed

PE:
Gen: Tired-appearing, moderate distress, appears 
uncomfortable

VS: BP 105/68 mm Hg, P 62 beats/min, RR 14 breaths/min,  
T 38.0°C (100.4°F), Wt 54.1 kg (119 lb)

HEENT: Thick, purulent brown/green postnasal discharge; nasal 
mucosal edema; bilateral maxillary facial pain and upper molar 
hypersensitivity upon tapping; no oral lesions; erythematous 
pharynx with no tonsillar hypertrophy

What information is suggestive of acute bacterial rhinosinusitis 
(ABRS)?
What risk factors are present?
What other diagnostic studies, if any, should be performed?
What are the treatment goals for this patient?
Create a care plan for this patient that includes nonpharmacologic 
and pharmacologic therapies and a monitoring plan.
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 ▶ Pharmacologic Therapy
Nonprescription cough and cold preparations are used fre-
quently despite a lack of evidence to support their safety and 
efficacy. Reports of serious adverse events and deaths led  
to efforts to eliminate use of these medications in young  
children.44 Manufacturers have removed product labeling for all 
children younger than 4 years. Hundreds of products are avail-
able to manage cold symptoms.  Choice of therapy 
is influenced by patient age, presence of comorbid conditions, 

and balance of effectiveness and safety. Single-ingredient agents 
are preferred to target only symptoms that are present and 
to minimize toxicity that can result from confusion and lack 
of knowledge about active ingredients in multiple ingredient 
formulations. Cautious use of nonprescription products is 
warranted in certain patient populations: pregnant or lactat-
ing women, children, elderly, and patients with cardiovascular 
disease, diabetes, or glaucoma. Table 72–6 summarizes some 
of the available agents used for cold symptoms. Antipyretics 

Table 72�6
Select Nonprescription Medications for the Common Cold for Patients 6 Years of Age and Older42�44

Class/Drug
Adults and Children  
> 12 Years of Age

Children 6–12 Years  
of Agea Comments

Analgesics/Antipyretics
Acetaminophenb,c 650 mg every 4�6 hours or 1000 mg  

every 6 hours as needed (max 
3.25g/day or 4 g/day if directed by 
health care provider); extended-
release 1300 mg every 8 hours as 
needed (max 3.9 g/day)

10�15 mg/kg/dose every  
4�6 hours as needed  
(max 5 doses/day)

Use with caution in preexisting liver 
disease; monitor acetaminophen 
dose from all sources (prescription, 
nonprescription, and combination 
products)

Ibuprofend 200�400 mg every 6�8 hours as 
needed (max 1200 mg/day)

5�10 mg/kg/dose every  
6�8 hours as needed  
(max 4 doses/day)

Use with caution in cardiovascular disease 
and those with history of peptic ulcer 
disease or GI bleeding; avoid use in elderly, 
renal impairment, and heart failure; avoid 
in third trimester of pregnancy

Decongestants
Intranasal:
Oxymetazoline 0.05%c

Phenylephrine 0.25%, 
0.5%, 1%

Two to three sprays every  
12 hours as needed  
(max 2 doses/24 hours)

Two to three sprays no more  
than every 4 hours as needed

One to two sprays every  
12 hours as needed  
(max 2 doses/24 hours)

Two to three sprays no more 
than every 4 hours as needed 
(0.25% only)

Limit use of intranasal decongestants to 
3�5 days to minimize risk of rebound 
congestion; use with caution in patients 
with cardiovascular disease

Systemic:
Pseudoephedrine

Phenylephrine

60 mg every 4�6 hours as 
needed; extended release  
120 mg every 12 hours or  
240 mg every 24 hours as 
needed (max 240 mg/day)

10 mg every 4 hours as needed 
(max 60 mg/day)

30 mg every 4�6 hours as 
needed (max 120 mg/day)

5 mg every 4 hours as needed 
(max 30 mg/day)

Avoid use in patients with cardiovascular 
disease; children and elderly have 
increased risk of adverse effects 
(cardiovascular or CNS stimulation); use 
with caution in patients with diabetes, 
hyperthyroidism, prostatic hypertrophy; 
avoid in first trimester of pregnancy

Cough Suppressants
Dextromethorphanc 10�20 mg every 4 hours or  

20�30 mg every 6�8 hours as 
needed; extended release  
60 mg twice daily as needed 
(max 120 mg/day)

5�10 mg every 4 hours or 
15 mg every 6�8 hours as 
needed; extended release 
30 mg twice daily as needed 
(max 60 mg/day)

Increased adverse effects in children and 
poor metabolizers (5%�10% of white 
patients); can cause dysphoria and 
serotonin syndrome; use caution in 
those taking psychotropic medications

Expectorants
Guaifenesin 200�400 mg every 4 hours as  

needed; extended release  
600�1200 mg every 12 hours  
as needed (max 2.4 g/day)

100�200 mg every 4 hours as 
needed (max 1.2 g/day)

May cause nausea and abdominal  
pain, particularly in higher doses

Anticholinergics
Intranasal ipratropium 

0.06%c
Two sprays three to  

four times/day
Two sprays three times/day Used for rhinorrhea only; does not 

improve congestion, postnasal drip, or 
sneezing; can cause epistaxis and nose/
mouth dryness

aMaximum dose not to exceed adult dose.
bPreferred antipyretic/analgesic for children; can be used in newborns.
cSafe to use in pregnancy.
dCan be used in children older than 6 months of age.
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L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Discuss skin structure and function responsible for preventing infection.

2. Describe the epidemiology, etiology, pathogenesis, diagnostic criteria, and clinical manifestations 
associated with acute bacterial skin and skin structure infections (ABSSSIs).

3. Identify goals of therapy associated with clinical response in patients with ABSSSI.

4. Recommend effective empiric and definitive antimicrobial regimens when given a diagnosis, patient 
history, physical examination, and laboratory findings.

5. Monitor chosen antimicrobial therapy for safety and efficacy.

INTRODUCTION

Skin and skin structure infections (SSSIs), also known as acute 
bacterial skin and skin structure infections (ABSSIs), are 
frequently encountered in both acute and ambulatory care 

settings, with outpatient visits and hospitalizations increasing 
annually.1 ABSSSIs range in severity from mild, superficial, and 
self-limiting, to life-threatening deep tissue infections requiring 
intensive care, surgical intervention, and intravenous (IV) 
broad-spectrum antibiotics. Gram-positive pathogens, primarily 
Staphylococcus aureus and Streptococcus species, are the most 
common causative bacteria.2-5 Polymicrobial infections are more 
likely in complicated or deeper infections and in persons with 
immune suppression, diabetes, vascular insufficiency, or recent 
surgery.2,5

The role of methicillin-resistant S. aureus (MRSA), particularly 
community-acquired methicillin-resistant S. aureus (CA-MRSA), 
in ABSSSI is of increasing importance. In many US cities, MRSA 
is the most frequently isolated pathogen from patients presenting 
to emergency departments with ABSSSI, and antimicrobial 
prescribing has largely shifted toward empiric use of MRSA-
active agents.3,6 Historically, MRSA infections were associated 
with health care exposure or defined populations such as 
injection drug users or athletes;5,7 however, increasing MRSA 
prevalence in the community and its identification in otherwise 
healthy individuals means that risk stratification may be more 
difficult to perform. In areas with high rates of CA-MRSA, 
and in those with recurrent infections or infections that persist 
despite appropriate antimicrobial therapy, empiric therapy 
including antibiotics active against MRSA must be considered.2,8

The general management of ABSSSIs is discussed throughout 
this chapter.

Intact skin generally is resistant to infection. In addition to 
providing a mechanical barrier, its relative dryness, slightly 
acidic pH, colonizing bacteria, frequent desquamation, and 
production of various antimicrobial defense chemicals, including 
sweat (which contains IgG and IgA), prevent invasion by various 
microorganisms.9 Conditions predisposing patients to ABSSSIs 
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include: (a) high bacterial load (> 105 microorganisms); (b) 
excessive skin moisture; (c) decreased skin perfusion; (d) 
availability of bacterial nutrients; and (e) damage to the corneal 
layer of the skin.10

IMPETIGO
EPIDEMIOLOGY AND ETIOLOGY

 Impetigo is a common skin infection that can occur 
in any age group, but most frequently affects children between 
2 and 5 years.11 �-Hemolytic streptococci (Streptococcus 
pyogenes or Group A Streptococcus [GAS]) and S. aureus 
are the most common pathogens.5 Impetigo is a superficial 
infection and spreads easily, especially in settings of poor 
hygiene and crowding, and particularly during summer 
months. The offending microorganisms colonize the skin 
surface and invade through abrasions, insect bites, or trauma. 
The crusty eruption of impetigo ensues. These lesions may 
occur anywhere on the body, but are most common on the face 
and extremities.12

CLINICAL PRESENTATION AND DIAGNOSIS
Impetigo lesions are numerous, well localized, and 
erythematous.  They begin as small, thin-walled 
blisters that quickly evolve into ruptured lesions, with the 
dried discharge forming a honey-colored crust reminiscent 
of cornflakes.5  Impetigo lesions are rarely painful, but are 
pruritic. Scratching the lesions can spread the infection to 
other areas of the body. Scarring is rarely problematic, unless 
ulceration occurs, as in ecthyma.5

In order to avoid further spread and complications, antibiotic 
therapy is usually indicated. Sequelae of impetigo are uncommon. 
Rare manifestations of disease include transformation into 
cellulitis, progression to sepsis requiring hospitalization, or 
development of glomerulonephritis secondary to GAS.5

L 
O
2

L 
O
2

L 
O

Chisholm_Ch73_p1121-1132.indd   1121 05/09/18   4:44 PM





CHAPTER 73 | SKIN AND SKIN STRUCTURE INFECTIONS 1123

Table 73–1
Folliculitis, Furuncles, and Carbuncles

Folliculitis Furuncles Carbuncles

Epidemiology/
etiology

 Folliculitis is a superficial 
inflammatory reaction involving 
the hair follicle. The most familiar 
form of folliculitis is acne. It 
can be infectious, caused by 
microorganisms such as  
S. aureus, Pseudomonas spp., and 
Candida spp.

Also known as boils, furuncles 
might be described as a deep 
form of folliculitis. A furuncle 
is a bacterial infection that has 
spread into the subcutaneous 
skin layers but still only involves 
individual follicles. Furuncles 
occur primarily in young men. 
Diabetes and obesity are 
other predisposing factors. 
Staphylococci are the most 
common cause.

Carbuncles share all the characteristics of 
furuncles. However, a carbuncle is larger 
and involves several adjacent follicles and 
may extend into the subcutaneous fat. 
Carbuncles are more likely to occur in 
patients with diabetes and tend to form 
on the back of the neck.

Presentation and 
diagnosis

Folliculitis presents as small, 
pruritic, erythematous papules. 
Location of the lesions and 
patient history are often all that 
are required in the diagnosis of 
folliculitis. Although Gram stain 
and culture of the papules may 
be considered, they are not 
generally required as folliculitis 
typically resolves spontaneously.

Furuncles most commonly 
develop on the face, neck, axilla, 
and buttock. A furuncle typically 
starts as a small, red, tender 
nodule. Within a few days, the 
nodule becomes painful and 
pustular. Typically, a furuncle will 
spontaneously discharge pus, 
heal, and leave a small scar.

Carbuncles are similar to furuncles; only 
they are larger and exquisitely painful.

Desired outcomes The goals of therapy for folliculitis, furuncles, and carbuncles are resolution of infection with no or minimal scarring. 
A secondary goal of therapy for larger furuncles and all carbuncles is to minimize the risk of endocarditis or 
osteomyelitis by reducing bloodstream invasion.

Nonpharmacologic 
treatment

 Warm compresses are 
generally sufficient.

Moist heat is indicated to facilitate 
drainage. Large furuncles 
require incision and drainage.

Incision and drainage are indicated.

Pharmacologic 
treatment

 Often resolves 
spontaneously. A topical 
antibiotic or antifungal may 
be used to control the spread 
of infection but generally is 
unnecessary. For staphylococcal 
or streptococcal folliculitis, 
antibiotic ointments such 
as mupirocin might be 
administered. Antifungal 
shampoo can be used for 
dermatophytes.

Carbuncles and furuncles that are purulent with signs of infection (ie, fever) 
should be treated systemically with an antibiotic that will cover S. aureus, 
such as dicloxacillin or cephalexin. Trimethoprim-sulfamethoxazole or 
doxycycline is preferred if CA-MRSA is suspected or if the patient has a severe 
allergy to penicillin. Treatment should continue until acute inflammation has 
resolved, usually a 5- to 10-day course.

Immunocompromised patients and severe infections or abscesses in patients 
who fail incision and drainage plus oral antibiotics should be treated 
empirically with vancomycin, daptomycin, linezolid, or ceftaroline.

Prevention for recurrent episodes may be warranted, including adequate skin 
hygiene with the use of soap and water, and handwashing after contact 
with lesions. Proper care of clothing and dressings is also recommended to 
prevent autoinoculation.

Data from Refs. 5, 12, and 14.

Patient Encounter 1, Part 1: Cellulitis

A 54-year-old man presents to the emergency department 
with a 5-day history of progressively worsening pain and 
swelling of his left lower extremity. Upon examination, you 
notice that in addition to the patient�s complaints, the area 
is visibly erythematous. He has multiple purulent, weeping 
wounds along the left lower extremity. The left lower extremity 
also seems to have significant lymphedema when compared 
to the right lower extremity. When questioned, he indicates 
that he recently stepped on a shard of glass while barefoot 
inside his home. He reports using several rolls of paper towels 
to wrap and attempt to control the purulent discharge from 

his wounds. He reports running a low-grade fever and some 
feelings of fatigue, but otherwise feels fine. He has not seen 
a provider in over 10 years. His vital signs in the emergency 
department reveal a temperature of 38.8°C, pulse 98 beats/
min, blood pressure 128/89 mm Hg, and respiratory rate 
18 breaths/min. The physician diagnoses the patient with 
cellulitis and he is admitted to the inpatient care team.

What subjective and objective clinical manifestations are 
suggestive of cellulitis?
What additional information do you need before developing a 
therapeutic plan for this patient?
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Infective Endocarditis
Ronda L. Akins 74

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Differentiate the causes and development of infective endocarditis (IE).

2. Identify the clinical presentation and laboratory evaluation for IE.

3. Assess diagnostic criteria used to evaluate a patient suspected of having IE.

4. Describe the most likely causative pathogens of IE, particularly in specific patient populations.

5. Develop appropriate pharmacologic treatment recommendations for patients with IE.

6. Define appropriate patient populations requiring prophylactic treatment, and differentiate appropriate 
drug regimens.

7. Devise a monitoring plan for patients with IE to determine treatment efficacy and discern any adverse 
effects.

INTRODUCTION

Infective endocarditis (IE) is a serious infection affecting 
the lining and valves of the heart. Although this disease is 
mostly associated with infection of the heart valves, septal 

defects may become involved in some cases. Infections also 
occur in patients with prosthetic or mechanical devices or who 
are intravenous drug users (IVDUs). Bacteria are the primary 
cause of IE; however, fungi and atypical organisms may also be 
responsible pathogens.

Typically, IE is classified into two categories: acute or subacute. 
Differences between the two categories are based on the progression 
and severity of the disease. Acute disease is more aggressive, 
characterized by high fevers, leukocytosis, and systemic toxicity, 
with death occurring within a few days to weeks. This type 
of IE is often caused by more virulent organisms, particularly 
Staphylococcus aureus. Subacute disease is often caused by less 
virulent organisms, such as viridans group streptococci, producing 
a slower and more subtle presentation. It is characterized by 
nonspecific symptoms including fatigue, low-grade fever, and 
weight loss, with death occurring in several months.

Successful management of patients with IE is based on proper 
diagnosis, treatment with appropriate therapy, and monitoring 
for complications, adverse events, or development of resistance. 
The treatment and management of IE are best determined 
through identification of the causative organism. IE has varied 
clinical presentations; therefore, patients with this infection may 
be found in any medical subspecialty (ie, medicine, surgery, 
critical care, etc).

EPIDEMIOLOGY AND ETIOLOGY
Despite IE being a fairly uncommon infection, in the United States, 
there are about 10,000 to 15,000 new cases annually, accounting 
for an incidence of approximately three to seven cases per 
100,000 persons-years.1,2 Although the exact number of cases is 

often difficult to determine, owing to the diagnostic criteria and 
reporting methods for this disease, its incidence remains similar 
overall but is increasing in older patients, those with prosthetic 
valves, and infections due to S. aureus. IE is now considered the 
fourth leading cause of serious infectious diseases syndromes 
following sepsis, pneumonia, and intraabdominal abscess.3

Although IE occurs at any age, more than 50% of cases occur 
in patients older than 50 years.1,2 IE in children continues to be 
uncommon and is mainly associated with underlying structural 
defects, surgical repair of the defects, or nosocomial catheter-
related bacteremia.1 With the increased use of mechanical 
valves, prosthetic-valve endocarditis (PVE) now accounts for 
approximately 10% to 33%.1,4 Patients who are IVDUs are typically 
younger patients and also at an increased risk for IE, with 150 to 
2000 cases per 100,000 persons per year accounting for 5% to 
15% of infection-related hospital admissions.1,5 Additionally, 
others at high risk for IE include patients with any congenital or 
structural cardiac defects, including valvular disease; long-term 
hemodialysis; diabetes mellitus; poor oral hygiene; major dental 
treatment; previous endocarditis; hypertrophic cardiomyopathy; 
and mitral valve prolapse with regurgitation.3,6,7

Although almost any type of microorganism is capable of 
causing IE, the majority of cases are caused by gram-positive 
bacteria. These consist primarily of streptococci, staphylococci, 
and enterococci. Consideration of gram-negative, fungal, and 
other atypical organisms must be taken into account in select 
patient populations. In Table 74–1, approximate percentages 
are given for each organism based on the type of IE, including 
native valve (community-acquired vs health care�associated), 
prosthetic valve (grouped by months postsurgery), and IVDUs.

PATHOPHYSIOLOGY
 For IE to develop, the occurrence of several factors is 

required. Typically, there must be an alteration of the endothelial 
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Tuberculosis
Rocsanna Namdar and Charles Peloquin 75

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Compare the risk for active tuberculosis (TB) disease among patients based on their age, immune status, 

place of birth, and time since exposure to an active case.

2. Design an appropriate therapeutic plan for a patient with active TB disease.

3. Distinguish among the diagnostic tests used for patients potentially infected with TB.

4. Assess the effectiveness of therapy in TB patients.

5. Describe the common and important adverse drug effects caused by TB drugs.

6. Select patients for whom therapeutic drug monitoring (TDM) may be valuable and identify the 
necessary laboratory monitoring parameters for patients on antituberculosis medications.

7. Design appropriate antimicrobial regimens for the treatment of latent TB infection.

INTRODUCTION

Tuberculosis (TB) remains one of the leading infectious 
causes of death worldwide. In 2015, there were about 
10.4 million new cases of TB worldwide and an estimated 

1.4 million people died from the disease.1 Most deaths are 
preventable if access to health care for diagnosis and correct 
treatment are provided.

EPIDEMIOLOGY AND ETIOLOGY
 Roughly one-third of the world�s population is 

infected and drug resistance is increasing in many areas.1 The 
majority of cases worldwide are found in South-East Asia and 
Africa. In the United States, about 13 million people have latent 
TB infection (LTBI), evidenced by a positive skin test (purified 
protein derivative [PPD]) but no signs or symptoms of disease. 
The PPD is the antigen derived from Mycobacterium tuberculosis 
used to determine the presence of an immune response in 
patients with previous exposure. Patients testing positive have 
roughly a 1 in 10 chance of active disease during their lives, with 
the greatest risk in the first 2 years after infection. In 2016, 9287 
new TB cases were reported in the United States; a 2.7% decline 
from 2015.2

The most recent data from the Centers for Disease Control and 
Prevention (CDC) indicate that TB deaths in the United States 
have decreased from 2013 by 11.2% to 493 in 2014.3 (For details, 
visit the CDC website at www.cdc.gov/nchstp/tb.)

Risk Factors for Infection
 ▶ Location and Place of Birth

California, New York, Florida, and Texas accounted for 
approximately 50% of all TB cases in 2015.2 These higher numbers 
may reflect the high-immigration rates into these states.2 Mexico, 
the Philippines, Vietnam, India, and China account for the largest 
numbers of these immigrants.2 TB is most prevalent in large 
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urban areas and is exacerbated by crowded living conditions.2

Those in close contact with patients with active pulmonary TB 
are most likely to become infected.2,3

 ▶ Race, Ethnicity, Age, and Gender
In 2016, Asians accounted for approximately 27% of new foreign 
born TB cases, followed by non-Hispanic blacks (22%), Hispanics 
(10%), whereas foreign born non-Hispanic whites accounted for 
4% of new TB cases in the United States.3 Among the US born 
populations in 2016, the highest incidence of TB occurred in 
Native Hawaiin/Pacific Islander (9.2%) followed by American 
Indian/Alaska Native (5%).3 TB is most common among people 
25 to 44 years of age, and those 45 to 64 years of age.3

Risk Factors for Disease
Once infected, a person�s lifetime risk of active TB is about 
10%, with about half this risk during the first 2 years.2�4 Young 
children, the elderly, and immunocompromised patients have 
greater risks.  HIV is the most important risk factor 
for active TB because the immune deficit prevents patients from 
containing the initial infection.1�4 HIV-infected patients with 
M. tuberculosis infection are roughly 100 times more likely to 
develop active TB than normal hosts.1,3,4

TB is caused by M. tuberculosis, a rod-shaped thin aerobic 
bacterium. It presents either as LTBI or as progressive active 
disease.4 The latter typically causes progressive destruction of 
the lungs, leading to death in most patients who do not receive 
treatment. M. tuberculosis are acid-fast bacilli (AFB). Acid-fast 
organisms are characterized by wax-like nearly impermeable cells 
walls which often do not stain with Gram stain and cannot be 
decolorized by acid alcohol. The cell wall contains a high amount 
of mycolic acids, long-chain fatty acids, and cell wall lipids which 
make the wall difficult to attack with conventional antibiotics. 
The acid-fast stain is a differential stain used to identify acid-fast 
organisms.
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Gastrointestinal Infections
Bradley W. Shinn and Sharon Ternullo 76

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Describe the epidemiology and clinical presentation of commonly encountered gastrointestinal 

(GI) infections.

2. Summarize common risk factors associated with the development of a GI infection.

3. Given a patient with a GI infection, develop an individualized treatment plan.

4. Outline the impact of widespread antimicrobial resistance on current treatment recommendations for 
GI infections.

5. Discuss the effect of host immunosuppression on the risk of disease complications and treatment 
strategies associated with GI infections.

6. Educate patients on appropriate prevention measures of GI infections.

7. Describe the role of antimicrobial prophylaxis and/or vaccination for GI infections.

INTRODUCTION

One of the primary concerns related to gastrointestinal 
(GI) infection, regardless of the cause, is dehydration, 
which is the second leading cause of worldwide 

morbidity and mortality.1 Dehydration is especially problematic 
for children younger than age 5; however, the highest rate of 
death in the United States occurs among the elderly.1 
Rehydration is the foundation of therapy for GI infections, 
and oral rehydration therapy (ORT) is usually preferred  
(Table 76–1).2 Single-dose oral ondansetron should be considered 
the first-line antiemetic in children who are dehydrated with 
significant vomiting.3 In nonimmunocompromised hospitalized 
pediatric patients, Lactobacillus supplementation may reduce the 
length of hospitalization.4

In the United States, each year 31 major pathogens cause 
about 9 million episodes of food-borne illness, almost 56,000 
hospitalizations, and 1350 deaths. Most illnesses are caused 
by norovirus, nontyphoidal Salmonella (NTS), Clostridium 
perfringens, and Campylobacter.5  The indiscriminate 
use of proton-pump inhibitor (PPI) therapy leads to changes in 
gut microbiome and increased susceptibility to enteric bacterial 
infections.6 The Centers for Disease Control and Prevention 
(CDC) and World Health Organization (WHO) actively track 
food-borne illnesses via surveillance systems that offer excellent 
epidemiological information.

BACTERIAL INFECTIONS
SHIGELLOSIS
Epidemiology
Shigella causes bacillary dysentery, which refers to diarrheal 
stool containing pus and blood. Shigellosis is endemic in most 
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developing countries and is the most important cause of bloody 
diarrhea worldwide. It is estimated to cause at least 80 million 
cases and 700,000 deaths each year, the majority of which occur 
in children less than 5 years old.7 There are approximately 
500,000 infections each year in the United States; it is a particular 
problem in daycare centers and in areas with crowded living 
conditions or poor sanitation. Most cases of shigellosis are 
transmitted through the fecal–oral route. Activities that may lead 
to shigellosis include handling diapers, ingesting pool water, or 
consuming vegetables from a sewage-contaminated field. Shigella 
transmission from contaminated food and water, although less 
common, is associated with large outbreaks.

Pathogenesis
Shigella organisms are nonmotile, nonlactose-fermenting, gram-
negative rods and are members of the Enterobacteriaceae family. 
S. sonnei (serogroup D) is responsible for most shigellosis cases 
in the United States. Infection with Shigella occurs after ingestion 
of as few as 10 to 100 organisms, which may explain the ease of 
person-to-person spread. Symptoms develop about 1 to 2 days 
after contracting the bacteria.8

Shigella strains invade intestinal epithelial cells, with 
subsequent multiplication, inflammation, and destruction. This 
organism only rarely invades the bloodstream; but, bacteremia 
can occur in malnourished children and immunocompromised 
patients and is associated with a mortality rate as high as 20%.9

Treatment and Monitoring
In April 2017, the CDC issued a health advisory describing 
the emergence of Shigella strains with elevated MIC values for 
ciprofloxacin. Within this advisory, the CDC outlined new 
recommendations for the clinical diagnosis and management of 
this infection as well as new recommendations for laboratories 
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Intraabdominal Infections
Joseph E. Mazur and Melanie N. Smith 77

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Define and differentiate between primary and secondary intraabdominal infections (IAIs).

2. Describe the microbiology typically seen with primary and secondary IAIs.

3. Describe the clinical presentation typically seen with primary and secondary IAIs.

4. Describe the role of culture and susceptibility information for diagnosis and treatment of IAIs.

5. Recommend the most appropriate drug and nondrug measures to treat IAIs.

6. Recommend an appropriate antimicrobial regimen for treatment of primary and secondary IAIs.

7. Describe the patient-assessment process during the treatment of IAIs.

8. Introduce the concepts of antimicrobial stewardship programs (ASPs) and antimicrobial de-escalation as 
it pertains to the treatment of IAIs.

INTRODUCTION

Intraabdominal infections (IAIs) are those contained 
within the peritoneal cavity or retroperitoneal space. The 
peritoneal cavity extends from the undersurface of the 

diaphragm to the floor of the pelvis and contains the stomach, 
small bowel, large bowel, liver, gallbladder, and spleen. The 
duodenum, pancreas, kidneys, adrenal glands, great vessels 
(aorta and vena cava), and most mesenteric vascular struc-
tures reside in the retroperitoneum, which is the anatomical 
space in the abdominal cavity behind the peritoneum. IAIs 
may be generalized or localized. They may be contained 
within visceral structures, such as the liver, gallbladder, 
spleen, pancreas, kidney, or female reproductive organs. Two 
general types of IAI are discussed throughout this chapter: 
peritonitis and abscess. Peritonitis is defined as the acute 
inflammatory response of the peritoneal lining to microorgan-
isms, chemicals, irradiation, or foreign-body injury.

An abscess is a purulent collection of fluid separated from 
surrounding tissue by a wall consisting of inflammatory cells and 
adjacent organs. It usually contains necrotic debris, bacteria, and 
inflammatory cells. Peritonitis and abscess differ considerably in 
presentation and approach to treatment.

EPIDEMIOLOGY AND ETIOLOGY
Peritonitis may be classified as primary, secondary, or ter-
tiary. Primary peritonitis, also called spontaneous bacterial 
peritonitis, is an infection of the peritoneal cavity without 
an evident source of bacteria from the abdomen.1,2 In sec-
ondary peritonitis, a focal disease process is evident within 
the abdomen. Secondary peritonitis may involve perforation 
of the gastrointestinal (GI) tract (possibly because of ulcer-
ation, ischemia, or obstruction), postoperative peritonitis, or 
posttraumatic peritonitis (eg, blunt or penetrating trauma).  

L 
O
1

Tertiary peritonitis occurs in critically ill patients, and it is an 
infection that persists or recurs at least 48 hours after appar-
ently adequate management of primary or secondary perito-
nitis. Factors related to the development of tertiary peritonitis 
are not well described although it is more often associated 
with opportunistic and nosocomial pathogens.

 Most IAIs are secondary infections that are caused 
by a defect in the GI tract that must be treated by surgical 
drainage, resection, and/or repair. The prevalence of primary 
peritonitis is 10% to 30% in hospitalized patients with alcoholic 
cirrhosis.3 Patients undergoing continuous ambulatory peritoneal 
dialysis (CAPD) average one episode of peritonitis every 2 years.4 
The majority of these are related directly to the peritoneal dialysis 
(PD) rather than nondialysis-related intraabdominal or systemic 
processes. Secondary peritonitis may be caused by perforation 
of a peptic ulcer; traumatic perforation of the stomach, small or 
large bowel, uterus, or urinary bladder; appendicitis; pancreatitis; 
diverticulitis; bowel infarction; inflammatory bowel disease; 
cholecystitis; operative contamination of the peritoneum; or 
diseases of the female genital tract such as septic abortion, 
postoperative uterine infection, endometritis, or salpingitis. 
Appendicitis is one of the most common causes of IAI.5

Primary peritonitis in adults occurs most commonly in 
association with alcoholic cirrhosis, especially in the end 
stage, or with ascites caused by postnecrotic cirrhosis, chronic 
active hepatitis, acute viral hepatitis, congestive heart failure, 
malignancy, systemic lupus erythematosus, and nephrotic 
syndrome. It also may result from the use of a peritoneal catheter 
for dialysis with renal failure or central nervous system (CNS) 
ventriculoperitoneal shunting for hydrocephalus. Abscesses are 
the result of chronic inflammation and may occur without 
preceding generalized peritonitis. They may be located within 
the peritoneal cavity or in a visceral organ and may vary in size, 
taking a few weeks to years to form.
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Table 77–3
Guidelines for Empiric Antimicrobial Agents for Intraabdominal Infections10,27

Primary Agents Alternatives

Primary (Spontaneous) Bacterial Peritonitis
Cirrhosis Ceftriaxone, cefotaxime 1.  Piperacillin–tazobactam, carbapenems

2.  Aztreonam combined with an agent active against Streptococcus 
spp. (eg, vancomycin) or quinolones with significant Streptococcus 
spp. activity (levofloxacin, moxifloxacin)

Peritoneal dialysis Initial empiric regimens should be active 
against both gram-positive (including  
S. aureus) and gram-negative pathogens: 
gram-positive agent (first-generation 
cephalosporin or vancomycin) plus a 
gram-negative agent (third-generation 
cephalosporin or aminoglycoside)

1.  Cefepime or carbapenems may be used alone.
2.  Aztreonam or an aminoglycoside may be used in place of 

ceftazidime or cefepime as long as combined with a gram-positive 
agent.

3.  Quinolones may be used in place of gram-negative agents if local 
susceptibilities allow.

1.  Staphylococcus spp.: oxacillin/nafcillin  
or first-generation cephalosporin

1.  Vancomycin should be used if concern for methicillin-resistant 
Staphylococcus spp.

2.  Add rifampin for 5–7 days with vancomycin to reduce the risk 
for relapsing or repeat methicillin-resistant Staphylococcus aureus 
peritonitis.

2. Streptococcus or Enterococcus: 
ampicillin

1. An aminoglycoside may be added for Enterococcus spp.
2. Linezolid, daptomycin, or quinupristin/dalfopristin should be used 

to treat vancomycin-resistant Enterococcus spp. not susceptible to 
ampicillin.

 3.  Aerobic gram-negative bacilli:  
ceftazidime or cefepime

1.  The regimen should be based on in vitro sensitivity tests.

 4.  Pseudomonas aeruginosa: two agents  
with differing mechanisms of action, such 
as an oral quinolone plus ceftazidime, 
cefepime, gentamicin, or a carbapenem

 

Secondary Bacterial Peritonitis
Perforated peptic ulcer First-generation cephalosporins 1. Ceftriaxone, cefotaxime, or antianaerobic cephalosporinsa

Other Third- or fourth-generation cephalosporin 
with metronidazole, piperacillin–
tazobactam or carbapenem

1.  Ciprofloxacinb or levofloxacinb each with metronidazole or 
moxifloxacinb alone

2.  Aztreonam with vancomycin and metronidazole
3.  Antianaerobic cephalosporinsa

Abscess
General Third- or fourth-generation 

cephalosporin with metronidazole, 
piperacillin–tazobactam

1.  Imipenem–cilastatin, meropenem, doripenem, or ertapenem
2.  Ciprofloxacinb or levofloxacinb each with metronidazole or 

moxifloxacin alone
Liver As above Use metronidazole if amoebic liver abscess is suspected
Spleen Ceftriaxone or cefotaxime Moxifloxacinb or levofloxacinb

Other Intraabdominal Infections
Appendicitis Same management as for community-

acquired complicated intraabdominal 
infections as listed in Table 77–2

 

Community-Acquired 
Acute Cholecystitis

Ceftriaxone or cefotaxime Severe infection, piperacillin/tazobactam, antipseudomonal 
carbapenem, aztreonam with metronidazole

Cholangitis Ceftriaxone or cefotaxime each with or 
without metronidazole

Vancomycin with aztreonam with or without metronidazole

Acute Contamination 
from Abdominal 
Trauma

Antianaerobic cephalosporinsa or 
metronidazole with either ceftriaxone  
or cefotaxime

1.  Piperacillin/tazobactam or a carbapenem
2.  Ciprofloxacinb or levofloxacinb each with metronidazole or 

moxifloxacin alone

aCefoxitin or cefotetan; these agents should be avoided empirically unless local antibiograms show > 80%–90% susceptibility of E. coli to these 
agents.
bUse of quinolones may be associated with treatment failure due to increasing resistance of enteric pathogens including E. coli. Empiric 
quinolone use should be avoided unless local antibiograms show > 80%–90% susceptibility of E. coli to quinolones.

 Acute intraabdominal contamination, such as after a 
traumatic injury, may be treated with a short course (24 hours) of 
antimicrobials if therapy is begun quickly.29 For established infections 
(ie, peritonitis or intraabdominal abscess), an antimicrobial course 
limited to 4 days is justified. Under certain conditions, therapy for 

longer than 4 days would be justified (eg, poor response, resistant 
organism identified, or failure to control the source of infection). 
For some abscesses, such as pyogenic liver abscess, antimicrobials 
may be required for a month or longer because of resistance 
increasing after initial antimicrobial treatment.
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Parasitic Diseases
Madeline A. King and Jason C. Gallagher 78

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Identify the primary reasons why some parasitic diseases may be more prevalent in the US population.

2. Describe the treatment algorithm for giardiasis and amebiasis.

3. List one effective therapy for nematodes and select the drugs of choice for strongyloidiasis and 
tapeworms.

4. List three major reasons why travelers are infected with malaria.

5. Describe the presenting signs and symptoms of malaria.

6. List some specific toxicities of mefloquine.

7. Identify the monitoring parameters for quinidine gluconate in severe malaria.

8. Define the major complications of falciparum malaria.

9. Discuss the cardiovascular complications of chronic South American trypanosomiasis.

10. Describe the steps to take to eradicate lice infestation and scabies.
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INTRODUCTION

Globalization, including international tourism, has lead 
to increases in the spread of various infectious diseases 
from endemic areas to areas new to these pathogens. 

Population shifts with refugees and new immigrant populations 
from other parts of the world have brought new parasitic 
infections to our shores. Migrant farm workers, the large and 
growing Central and South American immigrant population, and 
an increasing presence of immunosuppressed patients represent 
significant sources of parasitic infections in the United States.1–4

Parasitism is a relationship between organisms where one 
organism (the parasite) thrives at the expense of the host. 
Parasites have made metabolic and other defensive adaptations 
over time to increase their ability to survive host defenses and 
allow them to utilize the host’s biochemical systems to synthesize 
necessary cellular components.

Although acquired immunity to some parasitic diseases may 
lower the level of infection, absolute immunity as seen in viral 
and some bacterial infections is seldom seen in parasitic diseases. 
Since parasitic infections produce a wide variety of antigens 
because of the many life cycle phases, it is more difficult for the 
immune system to identify a constant antigen against which 
specific antibodies are protective.5 However, malaria remains 
a likely candidate for a vaccine and there are ongoing studies 
to develop one.6 Additionally, a vaccine for hookworms may 
advance to clinical trials based off initial animal studies.7

For more detailed discussions of parasites and the human para-
sites not discussed here, readers are directed to resources on para-
sites and parasitic diseases.8,9 Discussion in this chapter includes 
parasitic diseases more likely seen in the United States and 
includes gastrointestinal (GI) parasites (primarily giardiasis and 
amebiasis), protozoan infections (malaria and South American 
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trypanosomiasis), some common helminthic diseases (specifically 
those caused by nematodes and cestodes), and ectoparasites (lice 
and scabies).

GIARDIASIS
Epidemiology and Etiology
Giardia lamblia (also called G. intestinalis and G. duodenalis) is 
the most common intestinal parasite responsible for diarrheal 
syndromes throughout the world and is the most frequently 
identified intestinal parasite in the United States, with over 16,000 
reported cases from 2011 to 2012.10 G. lamblia is often encountered 
in areas with poor sanitation, particularly contaminated water. 

Patient Encounter 1: Giardiasis

PB is a 31-year-old US resident who recently traveled to 
Guatemala to visit a friend. Although the majority of his 
meals were from his friend’s home or from restaurants, he 
had a craving for “street food” the day he left and tried grilled 
corn, tacos, and a fresh fruit drink. Two days after his return 
he developed severe nausea and diarrhea that alternated 
with constipation. When he is seen at the travel clinic at a 
local hospital, he reports nausea and crampy, watery diarrhea 
with foul-smelling, “light-colored” stools for 3 days.

Are his symptoms characteristic of parasite-associated diarrhea?
How would you differentiate giardiasis from an Escherichia 
coli–induced diarrhea?
Do you think he requires treatment? If so, with what agent?
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Urinary Tract Infections 
and Prostatitis
Spencer H. Durham 

79
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Determine the diagnostic criteria for significant bacteruria, urinary tract infections (UTIs), and 

catheter-associated UTIs.

2. Recognize the signs and symptoms of urinary tract infections (UTIs), and differentiate asympotomatic 
bacteriuria from acute cystitis and pyelonephritis, and acute prostatitis from chronic prostatitis.

3. Identify the pathogenic organisms most commonly implicated in different UTIs.

4. Assess the laboratory tests used in the diagnosis of UTIs.

5. Based on clinical signs, symptoms, and laboratory parameters, recommend appropriate empiric and 
targeted pharmacotherapy for the treatment of acute cystitis, pyelonephritis, and prostatitis, including 
drug, dose, and duration of therapy.

6. Formulate appropriate monitoring and education information for patients with UTIs.

INTRODUCTION

A urinary tract infection (UTI) is defined as the presence 
of pathogenic microorganisms in the genitourinary tract 
with associated signs and symptoms of infection. UTIs 

represent a diverse array of syndromes based on location within 
the urinary tract, including acute cystitis, pyelonephtritis, and 
prostatitis.1�3 UTIs are one of the most common reasons for the 
prescribing of antimicrobial therapy.4

EPIDEMIOLOGY AND ETIOLOGY
The prevalence and type of UTIs generally vary according to age 
and gender.5,6 In adults, bacteriuria is more common in young, 
nonpregnant women (range, 1%�3%), but uncommon in men (up 
to 0.1%).7 Symptomatic UTIs occur most frequently in women of 
childbearing age. It is estimated that the lifetime risk of UTIs in 
women is as high as 60%, with 25% of those patients experiencing 
a recurrence within 1 year.8 UTIs are much more common in 
women and men due to their inherently shorter urethra and 
location in the perineal area. However, older men may experience 
UTIs due to immunoscenesence and concomitant disease states, 
such as benign prostatic hypertrophy (BPH).

 UTIs can be classified as either uncomplicated or 
complicated. Uncomplicated infections usually occur in women of 
childbearing age. Complicated UTIs usually occur in patients who 
have structural or functional abnormalities of the genitourinary 
tract, and may involve the bladder or the kidneys.2 Male patients 
with UTIs are considered complicated, and most older adults 
will also meet this criterion. Although complicated infections 
are usually treated similar to uncomplicated infections, a longer 
treatment duration is typically warranted in complicated infections. 
UTIs can also be classified as upper and lower depending on their 
anatomical location. Lower UTIs usually refer to acute cystitis, 
whereas upper UTIs refer to pyelonephritis. It is important to note 
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that an upper UTI does not necessarily imply complicated UTI, 
nor does a lower UTI imply uncomplicated UTI.

The etiologic pathogens of most UTIs originate from the 
perirectal area. Escherichia coli is implicated in more than 80% 
of uncomplicated infections, with Klebsiella pneumoniae and 
Proteus species being less common.9 Gram-positive organsisms, 
such as Staphylococcus saprophyticus and Enterococcus species, 
are uncommon but potential causes.10,11 Although E. coli is still 
implicated in complicated UTIs, it causes less than 50% of these 
infections. The bacteria responsible for complicated infections 
can be more varied than with uncomplicated infections, and some 
complicated infections may be due to highly resistant organisms 
such as Enterobacter species and Pseudomonas aeruginosa.12

PATHOPHYSIOLOGY
There are three potential ways for bacteria to enter into the 
urinary tract and cause infection: the ascending, hematogenous, 
and lymphatic pathways. The most common route of infection 
is via the ascending pathway.  Due to the inherently 
short urethra and proximity to the perirectal area, bacteria often 
colonize the female urethra. The ascending pathway of infection 
involves ascention of colonized bacteria upward into the bladder, 
leading to acute cystitis13 (Figure 79–1). Once in the bladder, 
bacteria may continue to ascend the urinary tract via the ureters 
and cause upper UTIs as well.

The hematogenous route involves the seeding of the urinary 
tract with pathogens carried through the blood from a distant 
site of infection. For example, Staphylococcus aureus bacteremia 
is known to cause UTIs and renal abscesses via the hematogenous 
route.14 However, less than 5% of all UTIs are thought to be 
related to hematogenous spread. The lymphatic pathway is least 
understood because it is uncertain that bacterial transmission 
occurs in this manner.

L 
O
3

L 
O

Chisholm_Ch79_p1197-1206.indd   1197 30/08/18   6:01 PM





















1207

Sexually Transmitted 
Infections
Marlon S. Honeywell and Evans Branch III 

80
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Analyze the behavioral considerations and assess the importance of contraception with regard to the 

contributing factors of sexually transmitted infections (STIs).

2. Apply the “patient-delivered partner therapy” method when recommending treatment for STIs.

3. Identify the patient populations that are typically affected by specific STIs.

4. Identify causative organisms for STIs.

5. Devise a list of the clinical signs and symptoms corresponding to each type of STI and classify patients 
based on recommended criteria.

6. Select appropriate diagnostic procedures for STIs.

7. Identify STI treatment regimens and recommend therapy when appropriate.

8. Design a patient care plan based on the monitoring parameters.

INTRODUCTION

Though we have made significant progress in science and 
medicine, longstanding problems of infectious disease 
continue to plague us.1 Even with the discovery of newly 

improved antibiotics, sexually transmitted infections (STIs) have 
not been eradicated. Many have reemerged secondary to modern 
social trends of sexual activity, and some as a result of the 
human immunodeficiency virus (HIV) epidemic, socioeconomic 
concerns, and the global lack of preventive education. 
Optimal detection and treatment of sexually transmitted diseases 
depend on counseling by a patient-friendly and knowledgeable 
clinician who can establish open communication with the patient.

Since the correlation between risky sexual behavior and STIs  
is well documented,2 most sexually active individuals will 
contract an infection at some point in their lives. Though incon-
sistent and incorrect condom use increases the probability of 
new STIs, counseling patients on the consistent use of condoms, 
spermicides, or diaphragms is an important component in 
reducing overall incidence.3 Additionally, health care providers 
who manage persons at risk for STIs should counsel women in a 
timely fashion concerning the option for emergency contracep-
tion, when indicated. Mifepristone, misoprostol, oxytocin, and 
levonorgestrol have been employed in the United States for the 
prevention of unintended pregnancy.4

In addition to an increasing number of adolescents engaging in 
unsafe sexual practices, there is a high incidence of men who have 
sex with men (MSM) and women who have sex with women 
(WSW). Many MSM do not disclose their HIV status. In fact, 
MSM is documented as the risk group most severely affected by 
HIV in the United States. However, new infections within this 
group recently stabilized at approximately 26,000 new infections 
each year.5 Although limited data are available with regard to 
STIs in WSW, transmission generally occurs through fisting, 
fingering, oral sex, or the use of sexual toys. Sharing penetrative 

L 
O
1

items or employing practices involving digital vaginal or digital 
anal contact most likely represent the most common modes 
of transmission. This possibility is supported by reports of 
metronidazole-resistant trichomoniasis and genotype-specific 
HIV transmitted sexually between women who reported such 
behaviors and an increased prevalence of bacterial vaginosis (BV) 
among monogamous WSW.6

Sexual abuse in adolescents and children is becoming more 
ubiquitous in the United States. Children or adolescents with an 
STI should be evaluated for sexual abuse.7 The identification of 
an STI in a child can have serious medical and legal implications; 
and is used to support the presence or allegation of abuse. In 
cases of abusive contact, commonly found infections include 
Neisseria gonorrhoeae or Chlamydia trachomatis. Abusive cases 
should be reported to Child Protective Services.

Defined as a person who engages in the exchange of spouses for 
sexual activities, the emergence of �swingers� as a new category of 
at-risk patients has been seen in STI clinics throughout the world. 
In one Canadian clinic, swingers composed 40.8% of patients that 
rarely accessed STI health services.8 Most swingers are likely to be 
diagnosed with HIV, herpes, chlamydia, or gonorrhea. To this end, 
although little data exists, swingers now represent a group with risky 
behaviors that must be identified and treated, when necessary.

 Optimally, both sex partners should be treated 
simultaneously for an STI; however, this is difficult to accomplish. 
Clinics and health departments often proactively attempt dual 
treatment by providing a prescription for the partner to the 
index patient (the patient who is evaluated by a clinician), a 
practice commonly known as patient-delivered partner therapy. 
Medications or prescriptions should be accompanied by treatment 
instructions and appropriate warnings. Counseling regarding the 
appropriate use of condoms, cervical diaphragms, spermicides, 
and emergency contraception is also important to mitigate the 
occurrence of reinfection.
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Sepsis and Septic Shock
Trisha N. Branan, Susan E. Smith,  
Christopher M. Bland, and S. Scott Sutton 

82
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Compare and contrast the definitions of syndromes related to sepsis.

2. Identify the pathogens associated with sepsis.

3. Discuss the pathophysiology of sepsis as it relates to pro- and anti-inflammatory mediators.

4. Identify patient symptoms as early or late sepsis and evaluate diagnostic and laboratory tests for patient 
treatment and monitoring.

5. Assess complications of sepsis and discuss their impact on patient outcomes.

6. Design desired treatment outcomes for septic patients.

7. Formulate a treatment and monitoring plan (pharmacologic and nonpharmacologic) for septic patients.

8. Evaluate patient response and devise alternative treatment regimens for nonresponding septic patients.

INTRODUCTION

Sepsis occurs across a continuum of physiologic 
stages in response to infection which manifests as 
systemic inflammation, coagulation, and tissue 

hypoperfusion, potentially leading to organ dysfunction.1 The 
Third International Consensus Definitions for Sepsis and Septic 
Shock were published in 2016 and included updated nomenclature 
to standardize sepsis terminology. Previous definitions focused 
largely on inflammatory changes that may not necessarily be 
associated with organ dysfunction. Currently, sepsis is defined 
as life-threatening organ dysfunction caused by a dysregulated 
host response represented by an increase of at least 2 points 
in the Sequential [Sepsis-related] Organ Failure Assessment 
(SOFA) (Table 82–1). Septic shock is defined as a subset of 
patients with further increases in mortality resulting from 
underlying circulatory, cellular, and/or metabolic abnormalities. 
These patients require the use of vasopressor support in addition 
to adequate volume resuscitation to maintain a mean arterial 
pressure of at least 65 mm Hg and have an elevated serum lactate 
level greater than 2 mmol/L. Adult patients with suspected sepsis 
may be screened using a bedside clinical scoring system known 
as the quickSOFA (qSOFA) to rapidly identify patients who may 
need further diagnostic workup and intervention (Table 82–2).2,3

EPIDEMIOLOGY AND ETIOLOGY
Sepsis is the leading cause of morbidity and mortality for 
critically ill patients and the tenth leading cause of death 
overall.4,5 Mortality rates remain high for patients with sepsis 
and septic shock with septic shock and multiorgan failure as the 
most common causes of death.1 There are approximately 750,000 
cases of sepsis diagnosed every year in the United States which 
continues to increase.1

Risk factors for developing sepsis include increased age, 
cancer, immunodeficiency, chronic organ failure, genetic factors 
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(male gender and nonwhite ethnic origin in North America), 
and the presence of bacteremia.5�9 Pulmonary infections cause 
approximately half of all sepsis cases, followed by intraabdominal 
and genitourinary infections.2 In approximately one-third of 
sepsis cases, a pathogen is not identified making de-escalation 
from broad spectrum to a more narrowed antimicrobial regimen 
difficult.2

 Gram-positive and gram-negative bacteria, fungal 
species, and viruses may cause sepsis (Table 82–3). Gram-
positive infections account for 30% to 50% of sepsis and septic 
shock cases.5�7 The percentages of gram-negative, polymicrobial, 
and viral sepsis cases are 25%, 25%, and 4%, respectively.5�7,10 A 
multinational study of 14,000 critically ill patients showed an 
increase in gram-negative bacterial causes of sepsis compared to 
gram-positive bacterial and fungal causes.2 Multidrug-resistant 
(MDR) bacteria are responsible for approximately 25% of 
sepsis cases, are difficult to treat due to fewer antimicrobial 
options, and increase mortality.6,7 The rate of fungal infections 
has significantly increased with Candida albicans as the most 
common fungal species identified; however, nonalbicans species 
(C. glabrata, C. krusei, and C. tropicalis) have increased from 
24% to 46%.5,10,11 Other fungi identified as causes of sepsis 
include species of Cryptococcus, Coccidioides, Fusarium, and 
Aspergillus.

PATHOPHYSIOLOGY
The development of sepsis is complex and multifactorial. 
The normal host response to infection is designed to localize 
and control microbial invasion and initiate repair of injured 
tissue through phagocytic cells and inflammatory mediators.4

 Sepsis results when the interplay between the host�s 
immune, inflammatory, and coagulant responses becomes 
exaggerated, extending to normal tissue distant from the initial 
tissue site.
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Invasive Fungal Disease
Russell E. Lewis and P. David Rogers 84

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Differentiate epidemiologic differences and host risk factors for acquisition of primary and opportunistic 

invasive fungal diseases.

2. Recommend appropriate empiric or targeted antifungal therapy for the treatment of invasive fungal 
diseases.

3. Describe the components of a monitoring plan to assess effectiveness and adverse effects of 
pharmacotherapy for invasive fungal disease.

4. Evaluate the role of antifungal prophylaxis in the prevention of opportunistic fungal diseases.
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INTRODUCTION

Invasive fungal disease or invasive mycoses are general terms 
for diseases caused by invasion of living tissue by fungi. In 
contrast to superficial mycoses (see Chapter 83), invasive 

fungal diseases are less common, but are of greater medical 
concern because of their disproportionately higher severity and 
mortality. Approximately 1.5 million people die each year from the 
10 most common invasive fungal diseases, which is higher than 
World Health Organization mortality estimates for tuberculosis 
(1.4 million) or malaria (1.2 million).1 However, these numbers 
likely underestimate the actual mortality burden of invasive 
fungal disease considering that the four most common infections 
(cryptococcosis, invasive candidiasis, invasive aspergillosis (IA), 
and Pneumocystis jiroveci pneumonia) are often underdiagnosed 
and not reportable diseases to public health agencies (Table 84–1).

Invasive fungal diseases are broadly categorized as either 
primary or opportunistic mycoses.  Primary invasive 
fungal diseases develop following exposure to fungal spores or 
conidia in the soil that, when disturbed, can become aerosolized 
and inhaled leading to infection, even in an immunocompetent 
patient exposed to a sufficient inoculum. Because these fungi 
are in specific soil types in select geographic areas, they are 
also referred to as endemic fungi. In the United States, three 
species (Histoplasma capsulatum, Blastomyces dermatitidis, and 
Coccidioides immitis/Coccidioides posadasii) account for most of 
these infections (see Table 84�1).

 In contrast, opportunistic fungal diseases are most 
frequently encountered in the setting of compromised host 
immune defenses, and are caused by a wider spectrum of less 
virulent fungal species that rarely cause infection in healthy 
patients (see Table 84�1). Hence, the spectrum, severity, and 
outcome of opportunistic fungal diseases are strongly influenced 
by the degree, type, and severity of host immunosuppression. As 
a rule, opportunistic fungal diseases are difficult to diagnose, but 
often fatal if not diagnosed early and treated aggressively.

Occasionally, opportunistic fungal diseases may be associated 
with outbreaks in non-immunocompromised patients if fungi 
are inadvertently inoculated into patients from contaminated 

drug solutions or medical devices. In 2012, an outbreak of 
fungal meningitis and joint infections (n = 751 cases) in 20 
states was eventually traced by the Centers for Disease Control 
and state health departments to contaminated preservative-free 
methylprednisolone solution compounded by a pharmacy that 
was distributed to multiple doctors� offices. These contaminated 
steroid solutions were administered as epidural and articular 
injections in patients with chronic back or joint pain. The 
dematiaceous mold eventually linked to the fungal meningitis 

Table 84�1
Invasive Mycoses

Primary (Endemic) Invasive Fungi
Histoplasma capsulatuma

Coccidioides immitis/Coccidioides posadasiia

Blastomyces dermatitidisa

Opportunistic Invasive Fungi
Yeast

Candida species (C. albicans, C. glabrata, C. parapsilosis,  
C. tropicalis, C. krusei, and others)a

Cryptococcus neoformansa

Trichosporon spp. and others
Mold
Hyalohyphomycoses (non-dematiaceous)

Aspergillus fumigatus, Aspergillus terreus, Aspergillus flavus, and 
other speciesa

Fusarium solani and Fusarium oxysporum
Mucorales (formally zygomycosis) (Mucor, Absidia, Rhizopus, 

Cunninghamella, and Rhizomucor)
Penicillium species

Phaeohyphomycoses (dematiaceous)
Pseudallescheria boydii (Scedosporium spp.)
Bipolaris
Alternaria
Exserohilum rostratum

Other
Pneumocystis jiroveci (formerly P. carinii)a

aMost common.
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Antimicrobial Prophylaxis 
in Surgery
Mary A. Ullman and John C. Rotschafer 

85
L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Describe the impact of surgical site infections (SSIs) on patient outcomes and health care costs.

2. Name and differentiate the four different types of wound classifications.

3. Recognize at least three risk factors for postoperative SSIs.

4. Identify likely pathogens associated with different surgical operations.

5. Compare and contrast antimicrobials used for surgical prophylaxis and identify potential advantages 
and disadvantages for each antimicrobial.

6. Discuss the importance of �-lactam allergy screening and how this could impact resistance and health 
care costs.

7. Identify nonantimicrobial methods that can reduce the risk of postoperative infection.

8. Discuss the importance of antimicrobial timing, duration, and redosing in relation to antimicrobial 
prophylaxis in surgery.

9. Recommend appropriate prophylactic antimicrobial(s) given in a surgical operation.

INTRODUCTION

S urgical site infections (SSIs) are a significant 
cause of morbidity and mortality. Data from 
the National Healthcare Safety Network (NHSN) 

showed an SSI rate of 1.9% for surgical procedures performed in 
the United States.1�3 Rates may be higher than this percentage as 
half of SSIs are diagnosed after discharge.1�3

SSIs negatively affect patient outcomes and increase health 
care costs. Patients who develop SSIs are five times more likely 
to be readmitted to the hospital and have twice the mortality 
of patients who do not develop an SSI.2 A patient with an SSI is 
also 60% more likely to be admitted to an ICU.2 SSIs lengthen 
hospital stays and increase costs.1,2,4,5 Deep SSIs, involving organs 
or spaces, result in longer durations of hospital stay and higher 
costs compared with incisional SSIs.6 Additionally, since 2008, 
Medicare and Medicaid Services no longer reimburse hospitals 
for any cost incurred from treating certain hospital-acquired 
infections, including SSIs.7

SSIs are defined and reported according to Centers for 
Disease Control and Prevention (CDC) criteria.8 SSIs are 
classified as either incisional or organ/space. Incisional SSIs 
are further divided into superficial incisional SSI (skin or 
subcutaneous tissue) and deep incisional SSI (deeper soft 
tissues of the incision). Organ/space SSIs involve any anatomic 
site other than the incised areas (eg, meningitis after brain 
tumor removal). An infection is considered an SSI if any of  
the above criteria is met and the infection occurs within 30�days 
or 90 days depending on the site of operation and type of 
infection.8
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EPIDEMIOLOGY AND ETIOLOGY
Risk factors for SSIs can be divided into two categories: patient and 
operative characteristics.6,9,10 Patient risk factors for SSI include 
age, comorbid disease states (especially chronic lung disease and 
diabetes), malnutrition, immunosuppression, nicotine or steroid 
use, and colonization of the nares with Staphylococcus aureus. 
Modifying risk factors prior to planned operations may decrease 
the threat of SSI.

Operative characteristics are based on the actions of both the 
patient and the operating staff. Shaving of the surgical site prior 
to operating can produce microscopic lacerations and increase 
the chance of SSI and is, therefore, not accepted as a method 
of hair removal.6 Maintaining aseptic technique and proper 
sterilization of medical equipment is effective in preventing 
SSI. Surgical staff should wash their hands thoroughly. In clean 
operations, most bacterial inoculums introduced postoperatively 
are generally small. However, subsequent patient contact between 
contaminated areas (such as the nares or rectum) and the surgical 
site can lead to SSI. Finally, the appropriate use of antimicrobial 
prophylaxis can have a significant impact on decreasing SSIs.

PATHOPHYSIOLOGY
Prophylaxis Versus Treatment
Antimicrobial prophylaxis begins with the premise that no infection 
exists but that during the operation there can be a low-level 
inoculum of bacteria introduced into the body. However, if sufficient 
antimicrobial concentrations are present, bacteria can be controlled 
without infection developing. This is the case when surgery is done 
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Vaccines and Toxoids
Marianne Billeter 86

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Define vaccination and immunization.

2. Discuss the impact individual vaccines have on public health.

3. Recommend an immunization schedule for a child, including immunocompromised children.

4. Recommend an immunization schedule for an adult based on comorbid conditions and lifestyle 
choices.

5. Evaluate an adverse reaction and its probable association with a vaccine.

INTRODUCTION

The development and widespread use of vaccines is one 
of the greatest public health achievements of the 20th 
century. Other than safe drinking water, no other modality 

has had a greater impact on reducing mortality from infectious 
diseases.1 The first accounts of deliberate inoculation to prevent 
disease date back as far as the 10th century. However, it wasn’t 
until 1798 that Edward Jenner published his work on inoculation 
of natural cowpox as a means to prevent smallpox infection 
that documented the first scientific attempt at prevention by 
inoculation. Since 1900, the widespread use of vaccines has 
resulted in the eradication of smallpox worldwide and wild-
type poliovirus from the Western hemisphere. There have also 
been dramatic declines in the incidence of diphtheria, pertussis, 
tetanus, measles, mumps, rubella, and Haemophilus influenzae 
type b infections.2 In the United States, there are immunization 
recommendations against 17-vaccine preventable diseases 
affecting all age groups.

Vaccines have traditionally been preparations 
of killed or attenuated microorganisms that provide active 
immunity against a variety of viral and bacterial infections. Most 
vaccines are designed to prevent acute infections that can be 
rapidly controlled and cleared by the immune system. Successful 
immunization involves activation of antigen-presenting cells 
with processing of the antigen by lysosomal or cytoplasmic 
pathways. T and B lymphocytes will be activated to replicate and 
differentiate to form large pools of memory cells for protection 
against subsequent exposure to the antigen.2

Vaccines against viral infections may be attenuated live viruses 
or inactivated viral particles. Attenuation may be accomplished 
by several methods to decrease the viruses’ virulence while 
retaining their immunogenicity. Bacterial vaccines utilize 
antigenic particles of the outer membrane to elicit an immune 
response. Outer membrane polysaccharides are poorly 
immunogenic in children younger than 2 years unless conjugated 
with a carrier protein. Also, bacterial toxins may undergo 
chemical treatment to render them nontoxic to form toxoids 
against infectious agents.

Often the terms vaccination and immunization are used 
interchangeably even though they are distinct concepts.  
Vaccination refers to the act of administering a vaccine, 
whereas immunization refers to the development of immunity 
to a pathogen. The delivery of a vaccine does not imply that 
the individual mounted an adequate immune response to the 
vaccine to elicit protection. However, immunization implies 
that the act of vaccination resulted in the development of 
protective immunity.

Herd immunity refers to high levels of immunization in one 
population, resulting in protection of another unvaccinated 
population. For example, concentrated vaccination of children 
with the pneumococcal conjugate vaccine resulted in decreased 
invasive Streptococcus pneumoniae infection not only in the 
vaccinated children, but also in elderly persons within the same 
community.3

Cocoon immunization is a strategy used to immunize all 
persons surrounding another high-risk individual, such as 
vaccinating parents, siblings, and grandparents of a new infant 
who is too young to be vaccinated. This strategy is used to protect 
individuals who are not able to be vaccinated themselves.

VACCINE ADMINISTRATION SCHEDULES
Most vaccines are administered in two- to four-shot series in 
order to elicit the best protection.    Childhood and adult 
immunization schedules are revised frequently and published 
annually by the Centers for Disease Control and Prevention 
(CDC) Advisory Committee on Immunization Practices (ACIP). 
Current immunization schedules can be found at www.cdc.gov/
vaccines/. Recommendations will be published throughout the 
year in the Morbidity and Mortality Weekly Report (MMWR) 
as new vaccines are licensed or new information necessitates 
a change in previous recommendations.4 See Table 86–1 for 
vaccine dosing.

The childhood immunization schedule is complex and requires 
a large number of injections. In small infants, the number of 
injections can be intolerable to the infant, parent, and health care 
provider. Limiting the number of injections at each visit can lead 
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L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Explain the routes of transmission for human immunodeficiency virus (HIV) and its natural disease 

progression.

2. Identify typical and atypical signs and symptoms of acute and chronic HIV infection.

3. Identify the desired therapeutic outcomes for patients living with HIV.

4. Recommend appropriate first-line pharmacotherapy interventions for patients with HIV infection.

5. Recommend appropriate second-line pharmacotherapy interventions for patients with HIV infection.

6. Describe the components of a monitoring plan to assess effectiveness and adverse effects of 
pharmacotherapy for HIV infection.

7. Educate patients about the disease state, appropriate lifestyle modifications, and drug therapy required 
for effective treatment.

INTRODUCTION

Human immunodeficiency virus (HIV) is the cause of 
acquired immunodeficiency syndrome (AIDS). HIV 
primarily targets CD4+ T-lymphocytes, which are critical 

to proper immune system function. If left untreated, patients 
experience a prolonged asymptomatic period followed by rapid, 
progressive immunodeficiency. Therefore, most complications 
experienced by patients with AIDS involve opportunistic 
infections and cancers. AIDS occurs when a patient with HIV has 
a CD4+ cell count below 200 cells/mm3 (200 × 106/L), a CD4+ cell  
percentage of total T-lymphocytes less than 14% (0.14), or one 
of the Centers for Disease Control and Prevention (CDC) AIDS 
defining conditions.1

EPIDEMIOLOGY
Although the global incidence of HIV has fallen 39% since 2000, 
HIV prevalence has increased, largely due to life-extending 
antiretroviral therapy. Combination antiretroviral therapy 
(cART) has increased both the length and quality of life for  
HIV-infected patients; however, to date, there are no treatments 
that eradicate HIV from the body.2

As of 2016, approximately 36.7 million people are infected 
with HIV worldwide. Approximately 70% of these cases are in 
Sub-Saharan Africa, with a prevalence of approximately 4%.  
In 2016 alone, approximately 1 million people worldwide died 
from HIV-related illnesses and 1.8 million people were newly 
infected with HIV. Most of these infections were acquired through 
heterosexual transmission. As of 2016, women accounted for 
48.5% of all people living with HIV worldwide.2

In the United States, at the end of 2014, an estimated 1.1  million 
persons (aged 13 years or older) were living with HIV/AIDS. 
Approximately 15% of these are undiagnosed and unaware of 
their HIV infection and could be unknowingly transmitting the 
virus to others.3

In 2015, 45% of HIV diagnoses were in African Americans 
although this population comprises only 12% of the US 
population. Although HIV/AIDS rates in African American 
women dropped by 42% from 2005 to 2014, incidence in this 
population is three times the rate for Caucasian females and four 
times the rate for Hispanic females.3

PATHOPHYSIOLOGY AND ETIOLOGY
HIV-1 is a retrovirus and member of the genus Lentivirus. There 
are two molecularly and serologically distinct but related types 
of HIV: HIV-1 and HIV-2. These viruses have a prolonged 
latency period. HIV-2 is a less common cause of the epidemic 
and is found primarily in West Africa. HIV-1 is categorized by 
phylogenetic lineages into three groups (M [main or major], 
N [new], and O [outlier]). HIV-1 group M can be further 
categorized into nine subtypes: A through D, F through H, and 
J and K. HIV-1 subtype B is primarily responsible for the North 
American and Western European epidemic.

HIV is primarily transmitted by sexual contact, by contact 
with blood or blood products, and from mother to child during 
gestation, delivery, or breast-feeding. HIV is transmitted through 
certain body fluids—blood, semen, preseminal fluid, rectal fluids, 
vaginal fluids, and breast milk—which must come into contact 
with a mucous membrane, damaged tissue, or be directly injected 
into the bloodstream. Risk factors for HIV/AIDS infection 
include men who have sex with men (MSM), history of or current 
IV drug use (needle or equipment sharing), unprotected sexual 
intercourse with high-risk individuals, the presence of other 
sexually transmitted infections (STIs) (eg, Chlamydia trachomatis 
or Neisseria gonorrhoeae), persons with coagulation/hemophilia 
disorders, and previous blood product recipients.

The most common method for transmission for HIV is 
receptive anal and vaginal intercourse, with the probabil-
ity of transmission highest with receptive anal intercourse  
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 Table 87�4
Summary of Currently Available, Commonly Used Antiretroviral Agentsa

Generic Name 
[Abbreviation] 
(Trade Name) Dosage Forms

Commonly 
Prescribed Doses Dose Adjustments

Food  
Restrictions

Significant Adverse 
Events

Drug 
Interaction 
Potential

Nucleoside (Tide) Reverse Transcriptase Inhibitors
Abacavir (Ziagen) 300 mg tablet; 

20 mg/mL oral 
solution

300 mg twice daily 
or 600 mg once 
daily

Child Pugh Class A: 200 mg twice daily
Child Pugh Class B or C: contraindicated

None (alcohol 
increases 
abacavir conc.  
by 41%)

Potentially fatal 
hypersensitivity 
reaction (rash, fever, 
malaise, nausea, 
vomiting, shortness 
of breath, sore throat, 
loss of appetite)—HLA 
B*5701 test before 
treatment

Alcohol 
dehydrogenase 
and glucuronyl 
transferase, 82% 
renal excretion of 
metabolites

Emtricitabine 
(Emtriva)

200 mg capsule; 
10 mg/mL oral 
solution

200 mg daily; 
240 mg oral 
solution daily

CrCl (mL/min 
[mL/s]): Capsule: Solution:

None Minimal Renal excretion; 
minimal drug 
interaction 
potential

30–49 [0.50–0.82]

15–29 [0.25–0.49]

< 15/HD [0.25/HD]

200 mg every  
48 hours

200 mg every  
72 hours

200 mg every  
96 hours

120 mg every  
24 hours

80 mg every  
24 hours

60 mg every  
24 hours

   Dose after dialysis on dialysis days    

Lamivudine (Epivir)
 

150 mg and 300 mg 
tablets, 10 mg/mL 
oral solution

 

150 mg twice daily 
or 300 mg once 
daily

 

CrCl (mL/min 
[mL/s]): Dose:

None
 

Minimal
 

Renal excretion
 

30–49 [0.50–0.82]
15–29 [0.25–0.49]
5–14 [0.08–0.24]
< 5/HD [0.08/HD]

150 mg every day
150 mg, then 100 mg every day
150 mg, then 50 mg every day
50 mg, then 25 mg every day

Tenofovir disoproxil 
fumarate (Viread)

 

150-, 200-, 250-, 
300-mg tablet; 
40 mg per 1g 
powder

300 mg once daily CrCl (mL/min 
[mL/s]): Dose:

Powder taken  
with food 

Asthenia, headache, 
diarrhea, renal 
insufficiency, 
decreased bone 
mineral density 

Renal excretion 

30–49 [0.50–0.82]
10–29 [0.17–0.49]
ESRD/HD

300 mg every 48 hours
300 mg twice weekly
300 mg every 7 days

Tenofovir 
alafenamide 
(Vemlidy)

Of note, only FDA 
labelled for HBV 
infection, not HIV

25 mg tablet 25 mg once daily Do not use with CrCL < 15 mL/min (0.25 mL/s) With food Headache 32% excreted in 
feces and < 1% 
in urine
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Zidovudine 
(Retrovir)

100-mg capsule, 
300-mg tablet, 
10 mg/mL IV 
solution, 10 mg/
mL oral solution

300 mg twice daily 100 mg three times daily or 300 mg once daily in severe 
renal impairment (CrCl < 15 mL/min [0.25 mL/s]) or 
HD

None Bone marrow 
suppression: 
macrocytic anemia 
or neutropenia; GI 
intolerance, headache, 
insomnia, asthenia

Glucuonyl 
transferase and 
renal

Zidovudine + 
lamivudine 
(Combivir)

Zidovudine 300 mg 
+ lamivudine  
150 mg tablet

One tablet twice 
daily

Do not use with CrCl < 50 mL/min (0.83 mL/s) None See adverse events 
for zidovudine and 
lamivudine

See zidovudine 
and lamivudine

Abacavir + 
lamivudine +  
zidovudine 
(Trizivir)

Abacavir 300 mg + 
lamivudine 150 
mg + zidovudine 
300 mg tablet

One tablet twice 
daily

Do not use with CrCl < 50 mL/min (0.83 mL/s) None See adverse events 
for zidovudine, 
lamivudine, and 
abacavir

See zidovudine, 
lamivudine, and 
abacavir

Abacavir + 
lamivudine 
(Epzicom)

Abacavir 600 mg + 
lamivudine  
300 mg tablet

One tablet daily Do not use with CrCl < 50 mL/min (0.83 mL/s) None See adverse events 
for abacavir and 
lamivudine

See abacavir and 
lamivudine

Tenofovir disoproxil 
fumarate + 
emtricitabine 
(Truvada)

 

Tenofovir disoproxil 
fumarate 300 mg +  
emtrcitabine  
200 mg 

One tablet daily CrCl (mL/min 
[mL/s]): Dose:

None
 

See adverse events for 
tenofovir disoproxil 
fumarate and 
emtricitabine

 

See tenofovir 
disoproxil 
fumarate and 
emtricitabine

 

30–49 [0.50–0.82]
10–29 [0.17–0.49], 

ESRD/HD

One tablet every 48 hours
Not recommended

Tenofovir 
alafenamide + 
emtricitabine 
(Descovy)

Tenofovir 
alafenamide  
25 mg + 
emtricitabine  
200 mg

One tablet daily Do not use with CrCl < 30 mL/min (0.5 mL/s) None See adverse events for 
tenofovir alafenamide 
and emtricitabine

See tenofovir 
alafenamide and 
emtricitabine

Nonnucleoside Reverse Transcriptase Inhibitors
Efavirenz (Sustiva) 50-, 200-mg 

capsules or  
600-mg tablet

600 mg daily at or 
before bedtime

Use with caution 
in patients 
with hepatic 
impairment

Take on an empty stomach  
high-fat/calorie meals increases 
C

max
 of capsule 39% and C

max
  

of tablet 79%

Rash; CNS symptoms (insomnia, irritability, 
lethargy, dizziness, vivid dreams) usually 
resolve in 2 weeks; increased LFTs;  
false-positive cannabinoid test; teratogenic 
in monkeys

Metabolized by 
CYP2B6 and 
CYP3A (3A 
mixed inducer/
inhibitor); 
14%–34% 
excreted in urine 
(glucuronidated 
metabolites, < 1%  
unchanged); 
16%–61% in 
feces

Etravirine 
(Intelence)

25-, 100-, 200-mg 
tablets

200 mg twice daily 
following a meal

No dosage 
adjustment for 
Child Pugh Class 
A or B. Has not 
been evaluated 
for Class C.

Take following a meal. Fasting 
decreases systemic exposure by 
50%.

Rash, nausea Metabolized by 
CYP3A, 2C9, and 
2C19; induces 
3A4 and inhibits 
2C9 and 2C19
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 Table 87�4
Summary of Currently Available, Commonly Used Antiretroviral Agentsa  (Continued)

Generic Name 
[Abbreviation] 
(Trade Name) Dosage Forms

Commonly 
Prescribed Doses Dose Adjustments

Food  
Restrictions

Significant Adverse 
Events

Drug Interaction 
Potential

1
3

0
4

Elvitegravir + 
cobicistat +  
tenofovir 
alafenamide + 
emtricitabine 
(Genvoya)

Elvitegravir 150 mg 
+ cobicistat  
150 mg + tenofovir 
alafenamide 25 mg 
+ emtricitabine  
200-mg tablet

One tablet daily Do not use if CrCL < 30 mL/min (0.5 mL/s) Take with food Nausea; diarrhea; 
proteinuria; increased 
serum creatinine

Elvitegravir: 
UGT1A1/3 and 
CYP3A substrate

Cobicistat: CYP3A 
inhibitor

See tenofovir and 
emtricitabine

Raltegravir 
(Isentress)

400-mg tablet,  
600 mg HD tablet, 
25 mg and  
100 mg chewable 
tablets, 100 mg 
packets for oral 
suspension. 
Formulations not 
interchangeable

400 mg twice daily
800 mg twice daily 

if coadministered 
with rifampin

1200 mg once 
daily (treatment 
naïve only)

No dosage adjustment Separate dose 
from polyvalent 
cations (eg, Ca, 
Mg, Al, Fe, Zn)

Nausea; headache; 
diarrhea; pyrexia; CPK 
elevation

UGT1A1 substrate 
(glucuronidation)

Abacavir + 
lamivudine + 
Dolutegravir 
(Triumeq)

Abacavir 600 mg
Lamivudine 300 mg
Dolutegravir 50 mg

One tablet daily Do not use if CrCl < 50 mL/min (0.83 mL/s)
No dosage adjustment for Child Pugh  

Class A or B
Not recommended in Class C/has not been studied
 

See adverse events of 
abacavir, lamivudine, 
and dolutegravir

See abacavir, 
lamivudine, and 
dolutegravir

aNote, this is not a comprehensive list of all available antiretroviral agents but represents the agents most commonly used based on guideline recommendations.

ARV, antiretroviral; AUC, area under the time-concentration curve; AV, atrioventricular; C
max

, maximum concentration; CrCl, creatinine clearance; ESRD, end-stage renal disease; HD, hemodialysis; 
INSTI, integrase strand transfer inhibitor; LFT, liver function test; NRTI, nucleoside reverse transcriptase inhibitor; UGT, uridine diphosphate-glucuronsyltransferase.

Adapted from Panel on Antiretroviral Guidelines for Adults and Adolescents. Guidelines for the use of Antiretroviral Agents in HIV-1-infected Adults and Adolescents [online]. Department of 
Health and Human Services. July 14, 2016. Available at http://www.aidsinfo.nih.gov/ContentFiles/AdultandAdolescentGL.pdf.
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 Table 87�5
Serious Adverse Effects and Management

Adverse Effects Drug Signs and Symptoms Risk Factors Prevention/Monitoring Management

Hepatotoxicity Other NNRTIs, PIs, most 
NRTIs, and MVC

Onset:
NNRTI—60% within first 12 weeks
PI—weeks to months
NRTI—months to years
Symptoms:
NNRTI—asymptomatic to nonspecific 

symptoms, such as anorexia, weight loss, 
or fatigue

PI—generally asymptomatic, some with 
anorexia, weight loss, jaundice

Didanosine NRTI—zidovudine, didanosine, 
stavudine may cause hepatotoxicity 
associated with lactic acidosis; lamivudine, 
emtricitabine, or tenofovir may cause HBV 
flare when these drugs are withdrawn

HBV or HCV coinfection
Alcoholism
Concomitant hepatotoxic 

drugs

Monitor LFTs at least every 
3–4 months

Rule out other causes. For 
symptomatic patients: D/C all 
antiretrovirals and other potential 
hepatotoxic agents; after 
symptoms and LFTs normalize, 
begin new antiretroviral regimen 
(without the potential offending 
agents). For asymptomatic 
patients: If ALT > 5–10 × ULN, 
may consider D/C antiretrovirals 
or continue with close 
monitoring; after symptoms 
and LFTs normalize, begin new 
antiretroviral regimen (without 
the potential offending agents)

Lactic acidosis/
hepatic steatosis ± 
pancreatitis

NRTIs (esp. stavudine, 
didanosine, 
zidovudine)

Onset:
Months after initiation
Symptoms:
Nonspecific GI (nausea, anorexia, 

abdominal pain, vomiting, weight loss, 
fatigue)

Laboratory values: � lactate, � arterial pH, 
� serum bicarbonate, � AST/ALT, � PT,  
� T.bili, � serum albumin, � amylase/
lipase (with pancreatitis)

Stavudine + didanosine
Female sex
Obesity
Pregnancy
Didanosine + 

hydroxyurea or ribavirin
� Duration of NRTI use

None unless symptoms 
present

Consider lactate 
concentrations in patients 
with � serum bicarbonate 
or � anion gap

D/C all antiretrovirals; symptomatic 
support with fluids; some 
patients require IV bicarbonate, 
hemodialysis, parenteral nutrition, 
or mechanical ventilation; once 
syndrome resolves, consider 
using NRTIs with � mitochondrial 
toxicity (abacavir, tenofovir, 
lamivudine, or emtricitabine); 
monitor lactate after restarting 
NRTIs; some clinicians use NRTI-
sparing regimens

Stevens-Johnson 
syndrome/toxic 
epidermal necrosis

Nevirapine > efavirenz, 
delavirdine, etravirine; 
also, amprenavir, 
abacavir, zidovudine, 
didanosine, indinavir 
lopinavir/r, atazanavir, 
darunavir, rilpivirine, 
raltegravir

Onset:
First day–weeks after therapy start
Symptoms:
Skin eruption with mucosal ulcerations; 

fever, tachycardia, malaise, myalgia, 
arthralgia; for nevirapine may also have 
hepatic toxicity

Nevirapine—female, 
black, Asian, Hispanic

Nevirapine: use 2-week lead 
in 200 mg daily, then 200 mg  
twice a day

Avoid corticosteroid use 
during dose escalation—
may increase rash incidence

Educate patients to report 
symptoms as soon as they 
appear

D/C all antiretrovirals as well 
as any other possible cause; 
aggressive symptom support; 
do not rechallenge patient with 
offending agent; if caused by 
nevirapine, avoid NNRTI class, if 
possible

Hypersensitivity 
reaction (HSR)

Abacavir Onset:
Median = 9 days; 90% within first 6 weeks
Symptoms:
Acute onset of symptoms (most frequent 

to least): high fever, diffuse skin rash, 
malaise, nausea, headache, myalgia, 
chills, diarrhea, vomiting, abdominal 
pain, dyspnea, arthralgia, respiratory 
symptoms

HLA-B*5701, HLA-DR7, 
HLA-DQ3

Antiretroviral-naïve 
patients

Higher incidence with 
600 mg every day 
compared with twice a 
day dosing

HLA-B*5701 screening prior 
to abacavir if (+), label as 
abacavir allergic in medical 
chart

Educate patients about signs 
and symptoms of HSR and 
the need of prompt report

D/C abacavir and other 
antiretrovirals; rule out other 
causes of symptoms, most  
signs and symptoms resolve  
48 hours after abacavir/D/C;  
do not rechallenge with  
abacavir after suspected HSR

(Continued)

1
3

0
7

C
hisholm

_C
h87_p1291-1312.indd   1307

05/09/18   5:24 PM





 Table 87�6
Other Adverse Effects and Management

Adverse Effects Drug Signs and Symptoms Risk Factors Prevention/Monitoring Management

Potential Long-Term Complications
Cardiovascular Potentially all PIs and 

other antiretrovirals 
(efavirenz, stavudine—
unfavorable lipid 
effect; abacavir, 
didanosine—
unknown)

Onset: months to years after therapy 
initiation

Symptoms: premature CVD

Other risk factors for CVD Consider non–PI-based 
regimen; lifestyle 
modification, counseling

Early diagnosis, prevention, 
and pharmacologic therapy 
for hyperlipidemia, HTN, 
insulin-resistance/diabetes 
mellitus; assess cardiac risk 
factors; switch to NNRTI- or 
atazanavir-based regimen; 
avoid stavudine

Hyperlipidemia All PIs (except 
atazanavir); stavudine; 
efavirenz (to a lesser 
extent)

Onset: weeks to months after therapy 
initiation

Symptoms: all PIs except atazanavir—� 
LDL and total cholesterol (TC), �� HDL;  
lopinavir/r and ritonavir—disproportionate 
� TG; stavudine—� TG; may also � LDL 
and TC; efavirenz or nevirapine—� HDL, 
slight � TG

Underlying hyperlipidemia
PI: Tipranavir/r > lopinavir/r 

and ritonavir > nelfinavir and 
amprenavir > indinavir and 
saquinavir > atazanavir

NNRTI: < PIs; efavirenz > 
nevirapine, etravirine, or 
rilpivirine

NRTI: stavudine > zidovudine 
and tenofovir most common

Use non-PI, nonstavudine-
based regimens; use 
atazanavir-based regimen; 
monitor fasting lipid profile 
at baseline, 3–6 months 
after new regimen, then at 
least annually

Assess cardiac risk factor; 
lifestyle modification; switch 
to antiretrovirals with fewer 
lipid effects; consider statin 
therapy

Insulin resistance/
diabetes mellitus

All PIs Onset: weeks to months after therapy 
initiation

Symptoms: polyuria, polydipsia, 
polyphagia, fatigue, weakness; 
exacerbation of hyperglycemia in 
patients with underlying diabetes

Underlying hyperglycemia, 
family history of diabetes 
mellitus

Use PI-sparing regimens; 
monitor fasting blood 
glucose 1–3 months after 
starting new regimen, then 
at least every 3–6 months

Diet and exercise; consider 
switching to an NNRTI-
based regimen; if need for 
pharmacologic therapy, 
consider metformin, 
sulfonylurea, “glitazones,” or 
insulin, where indicated

Osteoporosis/ 
Osteonecrosis

All PIs, Tenofovir 
disoproxil fumarate

Onset: insidious
Symptoms: mild to moderate periarticular 

pain; 85% of cases involve one or both 
femoral heads

Diabetes
Prior steroid use
Advanced age
Alcohol use
Hyperlipidemia

Risk reduction (limit steroid 
and alcohol use): for 
asymptomatic cases 
with < 15% bony head 
involvement, monitor with 
MRI every 3–6 months ×  
1 year, then every 6 months × 
1 year, then annually

Conservative: reduce 
weight-bearing activity 
on affected joint; reduce 
risk factors; analgesics 
as needed; surgical: core 
decompression ± bone 
grafting (early disease); total 
joint arthroplasty (severe 
disease)

Quality-of-Life Complications
CNS effects Efavirenz Onset: first few doses

Symptoms: one or more of the following: 
drowsiness, insomnia, abnormal dreams, 
dizziness, impaired concentration, 
depression, hallucination; exacerbation 
of psychiatric disorders; psychosis; 
suicidal ideation

Preexisting or unstable 
psychiatric illness

Use of other drugs with CNS 
effects

May be more common in 
African Americans due to 
genetic predisposition of  
� clearance

Take no earlier than 2–3 hours 
before bedtime; take on an 
empty stomach; counsel 
patients to avoid operating 
machinery during first  
2–4 weeks of therapy

Symptoms usually diminish 
or resolve after 2–4 weeks; 
may consider discontinuing 
therapy if symptoms persist 
and significantly impair 
daily function or exacerbate 
psychiatric illness

(Continued)
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L E A R N I N G  O B J E C T I V E S

Upon completion of the chapter, the reader will be able to:
1. Describe the etiology of cancer.

2. Define the tumor, nodes, metastases (TNM) system of cancer staging.

3. Classify each drug used in the treatment of cancer and compare and contrast the mechanisms of 
action, uses, and adverse effects.

4. Outline actions for all health professionals to prevent medication errors with cancer treatments.

5. Discuss the impact that increased use of oral chemotherapy agents may have on oncology practice.

6. Describe what cancer survivorship means and how this impacts future health care needs of an 
individual.

7. Describe the role of health professionals in the care of cancer patients.

Cancer Prevention
Because most cancers are not curable in advanced stages, cancer 
prevention is an important and active area of research. Both lifestyle 
modifications and chemoprevention agents may significantly 
reduce the risk of developing cancer. Although still an active area 
of investigation, the Food and Drug Administration (FDA) has 
approved vaccines that can help prevent cancer. Available vaccines 
include those that prevent infection with human papillomavirus 
(HPV), responsible for many cancers of the cervix, vulva, vagina, and 
anus and a vaccine that prevents hepatitis B viral infections, which 
can cause liver cancer. Additionally, orally administered medications, 
such as the selective estrogen receptor modulator (SERM) tamoxifen, 
reduces the risk of breast cancer in premenopausal women. Another 
SERM, raloxifene and the aromatase inhibitor (AI) exemestane both 
have shown a reduction in breast cancer in high-risk postmenopausal 
women. Because these agents will have adverse effects and possible 
long-term complications (eg, an increased risk of endometrial 
cancer with the use of tamoxifen), benefits versus risks needs to be 
weighed when making a recommendation.

Tobacco
Tobacco smoking increases the risk of developing not only lung 
cancer but also many other types of cancer, including cancer of 
the bladder, mouth, pharynx, larynx, and esophagus as well as 
kidney cancer. Smoking cessation is associated with a gradual 
decrease in the risk of cancer, but more than 5 years is needed 
before a major decline in risk is detected. In addition, most 
studies have found that passive smoking (ie, secondhand smoke) 
also increases a person�s risk of developing lung cancer.4

Ultraviolet Radiation
Ultraviolet light (sunlight or tanning booths and lamps) and 
increased skin exposure may increase the risk of melanoma and 

INTRODUCTION

The word cancer covers a diverse array of 
tumor types that affect a significant number 
of Americans and individuals worldwide and 

are a major cause of mortality. The term cancer actually refers to 
more than 100 different diseases. What is common to all cancers 
is that the cancerous cell is uncontrollably growing and has the 
potential for invading local tissue and spreading to other parts 
of the body, a process called metastases. Cancer is the second 
leading cause of death behind heart disease.1 In 2018, it was 
projected that nearly 1.8 million Americans will be diagnosed 
with cancer, and that an estimated 609,640 Americans will die 
from the cancer.1 Figure 88–1 describes cancers by gender, new 
cases, and deaths.

Once diagnosed, a cancer patient may encounter many 
different health professionals. All health professionals need 
to collaborate to ensure safe and appropriate prescribing, 
preparation, administration, and monitoring of anticancer agents; 
management of toxicities; resolution of reimbursement issues; 
and participation in clinical trials. The pharmacist is a pivotal 
member of the care team because of their medication expertise.2,3

As a result of advances in research and technology, available 
cancer treatments have increased dramatically in the last couple 
of decades. The fields of radiation therapy, surgery, and drug 
development have made enormous progress over the years; 
therefore, patients may not only be receiving less toxic treatments 
but also treatments that have better outcomes than in the past. 
Supportive care therapies have improved, and patients now may 
be at less risk for toxicity and have a better quality of life than 
patients in the past. Twenty years ago, most patients received 
chemotherapy in the hospital because of side effects. Today, most 
patients are able to receive chemotherapy in the outpatient clinics 
and/or take oral anticancer agents at home.
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bladder (all) and non�small cell lung cancers (atezolizumab, 
durvalumab); and Merkel cell (avelumab). Side effects are much 
less common with PD-L1 inhibitors compared with the CTLA-4 
inhibitor ipilimumab.

Tyrosine Kinase Inhibitors
More than 100 different types of tyrosine kinases are present in 
the body. TKIs have been developed to block either several or a 
specific tyrosine kinase (see Table 88�6). They are used to treat 
solid tumors, leukemias, and lymphomas and can be used as 
alone or in combination with IV chemotherapy, surgery, and/
or radiation. Some are continuously administered until disease 
progression occurs or intolerance develops whereas others are 
given cyclically (eg, 2 weeks on, 1 week off; then repeat). Side 
effects often limit use if uncontrolled, and typically are different 
than those observed traditional chemotherapy or immunotherapy. 
Drug interactions are common as many of these drugs are 
metabolized through the CYP450 and p-glycoprotein systems and 
can have decreased concentrations in the presence of antacids, H2 
blockers and/or proton pump inhibitors.

 ▶ Anaplastic Lymphoma Kinase (ALK) Inhibitors: 
Alecitinib, Crizotinib, and Ceritinib

Crizotinib is a small-molecule inhibitor of the anaplastic 
lymphoma kinase gene (ALK) and mesenchymal epithelial 
transition growth factor (c-MET). This orally available agent is 
approved for the treatment of locally advanced or metastatic 
NSCLC that is ALK positive (about 2%�7% of NSCLC patients) 
as detected by an FDA-approved test. Adverse effects reported 
include mild GI symptoms, edema, and visual disturbances, 
which have been described as trails of light following objects as 
they move. Alecitinib and ceritinib are also used in ALK-positive 
NSCLC patients who have progressed on or are intolerant to 
crizotinib. Ceritinib, which has shown to be 20 times more potent 
than crizotinib in enzymatic assays, primarily targets ALK along 
with additional targets, including insulin-like growth factor  
1 receptor, insulin receptor, and ROS1. Alecitinib also inhibits 
RET; neither inhibit c-MET. GI toxicities and elevated liver 
function tests are most common adverse reactions with these 
agents. Visual changes, pulmonary disease, and QT prolongation 
are also observed with both and CK elevations with alecitinib.

 ▶ BCR-ABL TKIs: Bosutinib, Dasatinib, Imatinib, 
Nilotinib, and Ponatinib

Imatinib was the first FDA-approved TKI. Imatinib inhibits 
phosphorylation during cell proliferation. The drug was designed 
to block the breakpoint cluster region tyrosine kinase (BCR-
ABL) produced by the Philadelphia chromosome associated 
with CML and ALL. Imatinib also has shown activity against 
gastrointestinal stromal tumors (GIST) that are positive for c-kit 
(CD117). Imatinib is usually well tolerated, but common adverse 
effects include myelosuppression, rash, GI upset, edema, fatigue, 
arthalgias, myalgias, and headaches. A cumulative cardiotoxicity 
is a serious but rare adverse effect; therefore it is recommended 
to closely monitor patients with preexisting cardiac conditions.

Advanced generation BCR-ABL TKIs are more potent than 
imatinib and can overcome most BCR-ABL mutations that lead to 
imatinib resistance. Bosutinib, dasatinib, and nilotinib are second-
generation BCR-ABL TKIs and are used frontline in the treatment 
of CML and in CML with resistance or intolerance to imatinib. Side 
effects of dasatinib and nilotinib are similar to imatinib and include 
myelosuppression, nausea and vomiting, headache, fluid retention, 

and hypocalcemia. Pleural effusions have been reported with 
dasatinib and imatinib but not with nilotinib. QT prolongation 
can occur with dasatinib and nilotinib. Abnormalities in indirect 
bilirubin have been reported with nilotinib.

Nilotinib is a competitive inhibitor of UGT1A1 in vitro, 
which could increase the concentrations of nilotinib. In a 
pharmacogenetic analysis, patients with (TA)7/(TA)7 genotype 
(UGT1A1* 28) had a statistically significant increase in bilirubin 
over other genotypes.39

Bosutinib is indicated for the first- and second-line treatment 
of CML in cases of resistance or intolerance to prior TKI therapy. 
With the exception of T315I, bosutinib overcomes most BCR-ABL 
domain mutations. GI disturbances and rash are common. Bosutinib 
appears to have a milder side effect profile than other TKIs.

Ponatinib is a third-generation multikinase inhibitor and 
the only advanced generation TKI that overcomes the T315I 
mutation. Serious adverse effects reported included thrombosis, 
hepatotoxicity (rare), and death (rare). These are included 
as black-box warnings. Less serious adverse effects include 
abdominal pain, dry skin, and rash.

 ▶ BRAF Inhibitors: Dabrafenib, Trametinib,  
and Vemurafenib

Vemurafenib is a potent inhibitor of mutated BRAF and is indicated 
for the treatment of unresectable or metastatic melanoma in 
patients with documented BRAFV600E mutation as determined by 
an FDA-approved test. Common adverse effects include arthralgia, 
rash, fatigue, alopecia, keratoacanthoma or squamous cell cancer, 
photosensitivity, nausea, and diarrhea. Approximately 40% of 
patients require dosage modifications because of adverse effects.41

Trametinib is a reversible inhibitor of mitogen-activated 
extracellular kinases (MEK)-1 and MEK-2 that is also active 
against BRAF V600-mutated forms of BRAF kinases in melanoma 
cells. It is indicated as monotherapy and in combination with 
dabrafenib for unresectable or metastatic malignant melanoma. 
It is not indicated in patients previously treated with a BRAF 
inhibitor. Rash, diarrhea, and lymphedema were commonly 
reported. Cardiomyopathy (defined as heart failure) and bleeding 
have also been reported.

Dabrafenib is a kinase inhibitor that has activity against BRAF 
kinases. It is indicated for the treatment of unresectable or 
metastatic malignant melanoma as monotherapy in patients with 
BRAF V600E mutation or in combination with trametinib in 
patients with BRAF V600E or V600K mutations. Adverse effects 
associated with this agent include arthralgias, alopecia, headache, 
palmar-plantar erythrodysesthesia syndrome, elevated liver 
enzymes, pyrexia, and papilloma.

 ▶ Cyclin-Dependent Kinase (CDK) Inhibitors: 
Abemaciclib, Palbociclib, and Ribociclib

Abemacicilib, palbociclib, and ribociclib all inhibit CDKs 4 and 
6, which prevent phosphorylation and subsequent inactivation 
of the retinoblastoma tumor suppressor protein, ultimately 
causing cell cycle arrest and inhibiting cancer cell proliferation. 
Each of the available CDK4/6 inhibitors is used in the treatment 
of postmenopausal women with hormone receptor positive 
but HER2 negative breast cancer. Palbociclib and ribociclib are 
administered daily for 21 days, followed by 7 days off, whereas 
abemaciclib is administered daily. Common side effects include 
neutropenia, GI toxicities, and hair loss. Rarely, abemacicilib is 
associated with venous thromboembolism, ribociclib with QT 
prolongation, and both with hepatotoxicity.
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flashes, injection site reactions, and an increase in liver enzymes. 
An advantage of degarelix over LHRH agonists is the lack of the 
tumor flare.35

 ▶ Abiraterone
Abiraterone is an orally available androgen biosynthesis inhibitor 
that inhibits 17�-hydroxylase/C17,20-lyase (CYP17), which is 
expressed in testicular, adrenal, and prostatic tumor tissues. 
Abiraterone is indicated in combination with prednisone for the 
treatment of metastatic prostate cancer. Adverse effects include 
hypokalemia, edema, muscle discomfort, fatigue, hot flashes, 
nocturia, urinary frequency, and hypertension. The patient 
must be counseled to take the oral medication on an empty 
stomach because food increases absorption and results in adverse 
reactions.36

 ▶ Aromatase Inhibitors
Three AIs are currently available: anastrozole, letrozole, and 
exemestane. Anastrozole and letrozole are selective nonsteroidal 
AIs that lower estrogen levels. Anastrozole is a standard adjuvant 
treatment of postmenopausal women with hormone-positive breast 
cancer. The length of therapy is usually 5 years; however, evidence 
exists that suggests a benefit of prolonged treatment in certain 
situations. Exemestane, a steroidal compound, is an irreversible 
aromatase inactivator that binds to the aromatase enzyme to 
block the production of estrogen from androgens. This difference 
in activity does not appear to translate into improved clinical 
outcomes when compared to other AI therapies. When compared 
to tamoxifen, there are less endometrial and uterine cancers, 
vaginal bleeding, and thrombosis with AI therapy. Common 
adverse effects associated with the AI therapy include hot flashes 
and arthralgias. Serious adverse effects include osteoporosis, 
skeletal-related events, and atherosclerotic cardiovascular disease. 
The AIs are used exclusively for postmenopausal women. More 
information on the pharmacology and clinical use of AI therapy 
can be found in Chapter 89.

 ▶ Antiestrogens
Antiestrogens bind to estrogen receptors (ERs) and block the 
effect of estrogen on tissue. Two classes of antiestrogens exist: 
SERMs (tamoxifen, raloxifene) and selective estrogen-receptor 
downregulators (SERDs, fulvestrant). SERDs were developed 
in an effort to eliminate the unwanted estrogenic side effects 
from the SERMs. Tamoxifen is used for the treatment of ER 
positive premenopausal or postmenopausal metastatic hormone 
receptor�positive breast cancer, as adjuvant and primary 
treatment of breast cancer, and in the prevention of breast cancer 
in high-risk women. The agent has a beneficial effect on bone 
density and the lipid profile. Unwanted side effects include 
hot flashes, fluid retention, and mood swings. Thrombosis, 
endometrial and uterine cancer, corneal changes, and cataracts 
are harmful adverse effects that occur more frequently with this 
agent. Although uncommon, there is a disease/tumor flare which 
can occur during the initiation of therapy in metastatic breast 
cancer patients with bone metastases. Because tamoxifen is a 
substrate of CYP3A4, decreased tamoxifen levels have occurred 
with use of St. John�s wort and rifampin. Tamoxifen is also a 
substrate for CYP450 2D6, and evidence suggests that those 
who are CYP2D6�4/�4 may have a poorer response and more 
toxicity with tamoxifen.37 Routine pharmacogenomics screening 
of these patients is not currently recommended. Significant 

drug interactions exist and drug�drug interactions affecting this 
enzyme should be avoided if possible.

Raloxifene is another SERM and is used for the treatment 
of osteoporosis in postmenopausal women and is the 
chemopreventative agent of choice for the prevention of breast 
cancer in high-risk women. When compared head to head with 
tamoxifen for breast cancer prevention, it was demonstrated to 
have equal efficacy with less toxicity. Raloxifene was not studied in 
premenopausal women; therefore, tamoxifen is still the preventative 
agent of choice in these women. Hot flashes, arthralgias, and 
peripheral edema occur frequently with raloxifene, but thrombosis 
and endometrial cancer is less common than with tamoxifen.

Fulvestrant is used as second-line treatment in hormone 
receptor�positive metastatic breast cancer, postmenopausal 
women with disease progression following antiestrogen therapy. 
Fulvestrant is given as a monthly intramuscular injection, which 
might be a deterrent to some patients.

ADMINISTRATION ISSUES
Extravasation
One issue of chemotherapy safety is extravasation. Antineoplastic 
agents that cause severe tissue damage when they escape from 
the vasculature are called vesicants. The tissue damage may be 
severe, with tissue sloughing and loss of mobility, depending on 
the area of extravasation. Patients need to be educated to notify 
the nurse immediately if there is any pain on administration. 
If extravasation of a vesicant occurs, the injection should be 
stopped and any fluid aspirated out of the injection site. The 
prevention, risk factors, signs and symptoms, causative agents, 
and treatment will be discussed thoroughly in Chapter 99.

Hypersensitivity Reactions
Hypersensitivity reactions of cancer treatments are problematic 
because of cross-reactivity between agents and the desire to 
continue active therapies against the cancer.38 For documented 
immediate hypersensitivity reactions to a particular agent, further 
administration of the agent may be achieved through extensive 
premedication with H1 and H2 antihistamines and corticosteroids 
and through use of desensitization protocols which include 
escalating doses of the offending agent given at doses of one-
hundredth, one-tenth, and the balance of the dose (so the total 
dose administered is equivalent to the normally prescribed dose) 
administered over a much longer period of time. These treatments 
must be given in an environment where resuscitation is readily 
available in case of medical emergency.

Patient Encounter 1, Part 3

The patient has progressed following therapy with 
mFOLFOX6 and subsequently received 6 cycles of FOLFIRI 
before progressing a second time. She now will be receiving 
a new prescription for regorafenib 160 mg orally, once daily.

What education and training should be provided to the 
patient to ensure their understanding of safe handling 
procedures as well as thorough knowledge of proper 
administration?
How should the patient be instructed to take this medication, 
in regards to meals or the time of day?
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Table 88�9
Empiric Dose Modifications for Patients with Hepatic Dysfunction

Agent Organ Dysfunction Dose Modification

Abiraterone 
(initial dosage adjustment)

Child-Pugh Class A No dosage adjustment

Child-Pugh Class B Decrease dose to 250 mg daily
Child-Pugh Class C Do not give

Asparaginase  
(dose modifications  
during treatment)

ALT/AST > 3�5 × ULN Continue therapy

ALT/AST > 5�20 × ULN Delay next dose until transaminases < 3 × ULN
ALT/AST > 20 × ULN Discontinue therapy if it takes > 1 week for 

transaminases to return to < 3× ULN
Direct bilirubin < 3 mg/dL Continue therapy
Direct bilirubin = 3.1�5 mg/dL Hold asparaginase and resume when direct 

bilirubin < 2 mg/dL
Direct bilirubin > 5 mg/dL Discontinue

Axitinib Child-Pugh Class A No modification needed
Child-Pugh Class B Reduce starting dose by 50%
Child-Pugh Class C Has not been studied

Bendamustine Mild impairment Use with caution
Bilirubin > 1.5 × ULN and/or AST/ALT 2.5 × ULN Do not use

Bortezomib Bilirubin > 1.5 × ULN Reduce initial dose to 0.7 mg/m2 in the first cycle
Cabazitaxel Mild impairment Reduce dose to 20 mg/m2

Moderate impairment Reduce dose to 15 mg/m2

Severe impairment Contraindicated
Cabozantinib Mild or moderate impairment 40 mg daily (Cabometyx); 80 mg daily (Cometriq)

Severe impairment Do not use
Carfilzomib Mild or moderate impairment 75% of normal dose

Severe impairment Has not been studied
Crizotinib  

(during treatment)
Grade 3/4 ALT/AST elevation (> 5 × ULN) or  

bilirubin � 1.5× ULN
200 mg twice daily

Recurrent grade 3/4 ALT/AST elevation 250 mg once daily
Recurrent grade 3/4 ALT/AST elevation at 250 mg Permanently discontinue

Daunorubicin Serum bilirubin 1.2�3 mg/dL 75% of normal dose
Serum bilirubin > 3 mg/dL 50% of normal dose

Docetaxel Total bilirubin > ULN, or AST and/or ALT > 1.5 × ULN 
concomitant with alkaline phosphatase > 2.5 × ULN

Do not give

AST/ALT > 2.5 but 5 × or less ULN and alkaline 
phosphate 2.5 × ULN or less

Decrease dose by 20%

AST/ALT > 1.5 but 5 × ULN or less and alkaline 
phosphate > 2.5 but � 5 × ULN

Decrease dose by 20%

AST/ALT > 5 × ULN and/or alkaline phosphate > 5 × ULN Discontinue use
Doxorubicin Serum bilirubin 1.2�3 mg/dL 50% of normal dose

Serum bilirubin 3.1�5 mg/dL 25% of normal dose
Child-Pugh Class C or bilirubin > 5 mg/dL Use is contraindicated

Epirubicin Bilirubin 1.2�3 mg/dL or AST 2 to 4 × ULN 50% of normal dose
Bilirubin > 3 mg/dL or AST > 4 × ULN 25% of normal dose
Severe hepatic impairment Do not use

Eribulin Child-Pugh A Reduce dose to 1.1 mg/m2

Child-Pugh Class B Reduce dose to 0.7 mg/m2

 Child-Pugh Class C Do not use
Etoposide Bilirubin 1.5�3 mg/dL or AST > 3 × ULN 50% of normal dose
Everolimus  

(for breast cancer)
Child-Pugh Class A Reduce to 7.5 mg once daily

 Child-Pugh Class B Reduce dose to 5 mg once daily
 Child-Pugh Class C Reduce dose to 2.5 mg once daily
Fluorouracil Bilirubin > 5 mg/dL Do not use
Flutamide Mild to moderate impairment No dosing adjustments in manufacturer�s labeling
 Severe impairment Contraindicated
Idarubicin Bilirubin 2.6�5 mg/dL 50% of normal dose

Bilirubin > 5 mg/dL Do not use
Imatinib Mild-to-moderate impairment No dosage adjustment
 Severe impairment 75% of normal dose
 During therapy, if elevations of bilirubin > 3 × ULN  

or transaminases > 5 × ULN
Withhold treatment until bilirubin < 1.5 × ULN and 

transaminases < 2.5 × ULN
(Continued)
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Table 88�10
Oral Chemotherapy Administration with Respect to Food

With Food Empty Stomach With or Without Food

Abiraterone X
Afatinib  X  
Alectinib X   
Altretamine X (and at bedtime)   
Anastrozole X
Axitinib   X
Bexarotene X   
Bicalutamide   X
Brigatinib X
Bosutinib X   
Cabozantinib  X  
Capecitabine X   
Ceritinib X
Crizotinib   X
Cobimetinib   X
Dabrafenib  X  
Dasatinib X
Enzalutamide   X
Erlotinib  X  
Estramustine  X  
Etoposide X
Everolimus   X
Exemestane X   
Flutamide   X
Ibrutinib X
Idelalisib   X
Imatinib X   
Lapatinib  X  
Lenalidomide X
Lenvatinib   X
Letrozole   X
Lomustine  X  
Midostaurin X
Neratinib X   
Nilotinib  X  
Nilutamide   X
Niraparib X
Olaparib   X
Palbociclib X   
Panobinostat   X
Pazopanib X
Pomalidomide   X
Ponatinib   X
Procarbazine   X (avoid tyramine-containing foods)
Regorafenib X (low fat meal)
Rolapitant   X
Rucaparib   X
Sonidegib  X  
Sorafenib X
Sunitinib   X
Tamoxifen   X
Temozolamide   X (must be consistent)
Thalidomide X
Toremifene   X
Trametinib  X  
Tretinoin X   
Trifluridine/Tipiracil X
Vandetanib   X
Vemurafenib   X
Venetoclax X   
Vismodegib X
Vorinostat X   
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Lung Cancer
Val Adams and Justin M. Balko 90

L E A R N I N G  O B J E C T I V E S
Upon completion of the chapter, the reader will be able to:
1. Identify major risk factors for the development of lung cancer.

2. Explain the pathologic progression of lung cancer and its relationship with signs and symptoms of the 
disease.

3. Make appropriate recommendations for screening and preventive measures in high-risk patients.

4. Understand staging of lung cancer patients and how it influences treatment decisions.

5. Explain how histology, biomarkers, and genetic mutational testing are used to select therapy.

6. List the rationale, advantages, and disadvantages for neoadjuvant and adjuvant chemotherapy in non–
small cell lung cancer (NSCLC).

7. Identify the treatment of choice and treatment goals for limited and extensive small cell lung 
carcinoma.

8. Identify the treatment of choice and treatment goals for local, locally advanced, and advanced 
non–small cell lung carcinoma.

INTRODUCTION

Lung cancer continues to be one of the most commonly 
diagnosed cancers and the leading cause of cancer-related 
mortality. Although treatment can cure some patients, 

most therapies only prolong survival and improve symptoms. 
Recent advances in lung cancer research has provided a number 
of new therapies that provide significant benefit for some 
populations of patients; however, antismoking campaigns still 
appear to offer the best opportunity to reduce lung cancer 
incidence and mortality.

EPIDEMIOLOGY AND ETIOLOGY
Incidence and Mortality
Cancers of the lung and bronchus remain to be the second most 
common cancer diagnosis in the United States in 2018 (behind 
breast cancer). Lung cancer is the number one cause of cancer-
related mortality, comprising more than 25% of cancer-related 
deaths in the United States. A close correlation exists between 
incidence and mortality of lung cancer, reflecting the reality that 
approximately 80% of lung cancer patients ultimately die of the 
disease.1

Clinical Risk Factors
 ▶ Smoking

 The most important risk factor for the development 
of lung cancer is smoking. One of the most predictive factors of 
lung cancer incidence is cigarette smoking prevalence. Although 
rates of lung cancer have nearly doubled in never smokers 
over the past 25 years, this population still only represents 
about 15% of all cases and �85% of cases occur in current or 
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former smokers.2 Correlation between smoking and lung cancer 
continues to drive antismoking and clean indoor air campaigns 
and should be considered an investment in the future health 
care of the nation. Furthermore, smoking cessation plays an 
important role in reducing lung cancer risk on a patient-
to-patient basis, and appropriately guiding such therapy is 
a crucial part of preventing lung cancer in at-risk patients. 
Both total smoke exposure and current use correlate with the 
individual�s risk of developing malignancy. The risk of lung 
cancer decreases to near-normal levels 10 to 15 years following 
successful smoking cessation. Total smoke exposure is reported 
as pack-years. One pack-year is equivalent of smoking one 
pack per day for 1 year. A patient who smokes 40 cigarettes per 
day (two packs) for 5 years would have a 10 pack-year history  
(2 packs/day for 5 years).

 ▶ Other Air-Related Risks
In addition to direct inhalation of cigarette smoke, other 
environmental are risks for the development of primary lung 
tumors. Environmental tobacco smoke (ETS) presents a 
significant occupational hazard for nonsmokers working in 
environments that have a high-smoking population, such as 
bars or restaurants. Each year approximately 3000 cases of 
lung cancer in nonsmokers are caused by ETS. In response, the 
majority of states have enacted clean indoor air act, which are 
legislative ordinances restricting smoking in public places. Other 
environmental factors linked to lung cancer include radon, 
arsenic, nickel, and chloromethyl ethers. Those who live in an 
urban environment are also at an increased risk for lung cancer 
owing to exposure to high concentrations of combustion fumes.3

Asbestos exposure increases the risk of developing a distinct but 
rare type of lung cancer called mesothelioma.
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Table 92�8
Chemotherapy and Immunotherapy for Metastatic Castration Resistant Prostate Cancer

Drug Usual Dose Adverse Effects Dose Adjustments

Antimicrotubule Agents
Docetaxel 75 mg/m2 IV every 3 weeks Fluid retention, alopecia, 

mucositis, myelosuppression, 
hypersensitivity

Hepatic
Do no administer if AST/ALT > 1.5 × ULN and  

ALP > 2.5 ULN
DDI
Avoid concomitant use of CYP3A4 inhibitors
Hematologic
Ensure CBC recovery prior to administration

Cabazitaxel 20 mg/m2 IV every 3 weeks Fluid retention, constipation, 
mucositis, myelosuppression, 
hypersensitivity

Hepatic
Discontinue if patient ALT > 2 × ULN, or if patient  

develops jaundice
DDI
Avoid concomitant use of CYP3A4 inhibitors  

and inducers
Hematologic
Ensure CBC recovery prior to administration

Immunotherapy  
Sipuleucel-T > 50 million autologous 

CD54+ cells obtained  
from leukapheresis.  
CD54+ cells are activated 
with PAP-GM-CSF. 3 total 
doses given.

Hypersensitivity, chills, fever, 
fatigue, headache, and 
myalgias

No renal or hepatic dose adjustments
DDI
The use of immunosuppressants may lessen the 

therapeutic effects of sipuleucel-T

ALP, alkaline phosphatase; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CBC, complete blood count; CYP, cytochrome 
P450; DDI, drug�drug interaction; IV, intravenous; PAP-GM-CSF, prostatic acid phosphatase granulocyte-macrophage colony-stimulating factor; 
ULN, upper limit of normal.

the reason why cabazitaxel remains effective in the setting of 
docetaxel resistance. In docetaxel-pretreated patients, cabazitaxel 
(25 mg/m2 every 3 weeks with prednisone 10 mg/daily) 
significantly improved progression-free survival and overall 
survival compared with mitoxantrone and prednisone.43 Recently, 
the cabazitaxel dose was reduced to 20 mg/m2 every 3 weeks 
based on evidence of similar efficacy but better tolerability, when 
compared to 25 mg/m2.44 The most significant adverse effects 
associated with cabazitaxel include neutropenia, neuropathy, and 
diarrhea. Hypersensitivity reactions can occur with cabazitaxel, 
so premedication with an antihistamine, corticosteroid, and H2
antagonist is recommended. Cabazitaxel undergoes extensive 
hepatic metabolism, and should be avoided in patients with 
hepatic dysfunction. Cabazitaxel is a CYP3A4 substrate, so 
concomitant use of CYP3A4 inhibitors and inducers should be 
avoided (see Table 92�8).

 ▶ Immunotherapy
Sipuleucel-T is an autologous immunotherapy that was approved for 
patients with asymptomatic or minimally symptomatic mCRPC.45 
Eligible patients first undergo leukapheresis to collect peripheral 
blood mononuclear cells (the cellular fraction that contains dendritic 
cells), which are sent to a central processing laboratory. These are 
stimulated with a fusion protein of prostatic acid phosphatase (PAP) 
and granulocyte macrophage colony-stimulating factor (GM-CSF). 
PAP is a specific tumor antigen, while GM-CSF is an immune cell 
activator. The cultured cells are then returned and infused into the 
patient. This procedure is performed every 2 weeks for a total of 
three treatments. Adverse effects associated with sipuleucel-T are 
generally mild to moderate, and include transient chills, fever, and 
headache (see Table 92�8). Sipuleucel-T was shown to improve 

overall survival, when compared to placebo.45 Despite a modest 
improvement in survival, sipuleucel-T did not decrease the time to 
disease progression, and thus does not offer significant relief from 
disease-related symptoms. It is not appropriate in symptomatic 
patients with rapidly progressing disease for whom treatments that 
delay tumor progression are feasible.

 ▶ Bone Protective Therapies
Radium-223 is an alpha particle-emitter and calcium-mimetic 
radiopharmaceutical that provides significant palliation to mCRPC 
patients with bone metastases.46 Radium-223, infused every 
4 weeks for six total treatments, has been shown to significantly 
improve overall survival, as well as skeletal pain and patient quality 
of life. Common adverse effects are nausea, vomiting, peripheral 
edema, and moderate myelosuppression. Radium-223 has been 
associated with lower rates of myelosuppression compared  
to other alpha-emitting radiopharmaceuticals. Radium-223 is 
appropriate for first-, second-, or third-line treatment of patients 
with mCRPC and symptomatic bone pain.

Skeletal metastases from hematogenous spread are the most 
common sites of distant spread of prostate cancer. Typically, the 
bone lesions are osteoblastic or a combination of osteoblastic and 
osteolytic. Bisphosphonates may prevent skeletal-related events, 
and improve bone mineral density. Zoledronic acid, 4 mg infused 
every 3 weeks, reduces the incidence of skeletal-related events 
(such as the need for palliative radiation or pathologic fracture) 
by 25%, when compared to placebo.47

Denosumab, a monoclonal antibody targeted against the 
receptor activator of nuclear factor kappa-B (RANK) ligand, 
also decreases the incidence of skeletal-related events in 
mCRPC patients with bone metastases. Denosumab is a 120-mg 
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Table 100�3
Approximate Daily Maintenance Electrolyte Requirements for Adults7,14

Electrolyte Approximate Daily Maintenance Requirementsa
Electrolyte Salts Used 
in PN

Maximum Suggested 
Concentration in PN

Sodium 1�2 mEq/kg (mmol/kg) Chloride, acetate, 
phosphate

154 mEq/L (mmol/L, 
equivalent to normal 
saline)

Potassium 1�2 mEq/kg (mmol/kg) Chloride, acetate, 
phosphate

120 mEq/L (mmol/L) 
(central PN)

Phosphorus 20�40 mmol (�10�15 mmol per 1000 kcal  
[2.4�3.6 mmol per 1000kJ])

Sodium phosphate, 
potassium phosphate

See text section on 
calcium�phosphate 
solubility

Maximum calcium + 
magnesium = 20 mEq/L 
in 3-in-1 admixture

Calcium 10�15 mEq (5�7.5 mmol) Gluconate  
Magnesium 8�20 mEq (4�10 mmol) Sulfate 20 mEq/L (10 mmol/L)b

Chloride c Sodium, potassium Linked to limitations of 
sodium and potassium. 
Usual ratio of chloride to 
acetate �1:1 to 1.5:1

Acetate c Sodium, potassium  
Conversions 1 mmol potassium phosphate = 1.47 mEq potassium

1 mmol sodium phosphate = 1.33 mEq sodium
1 gram of calcium gluconate = 4.65 mEq (2.32 mmol) calcium
1 gram of magnesium sulfate = 8.1 mEq (4 mmol) magnesium

 

aElectrolyte requirements are adjusted based on serum electrolyte concentrations and vary depending on kidney function, gastrointestinal 
losses, nutritional status, specific metabolic and endocrine functions, and medication therapy that affect electrolyte losses or retention.
bFor 3-in-1 formulations only.
cAs needed to maintain acid�base balance; linked to amounts of sodium and potassium provided (as chloride and acetate salts).
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chest tightness, and nausea. Extending the ILE infusion time 
can minimize infusion-related adverse events and improves ILE 
clearance. The maximum recommended infusion rate of ILE is 
0.11 g/kg/hour.7

 ▶ Fluid
 PN should not be used to treat acute fluid abnormalities. 

PN should be adjusted to provide maintenance fluid requirements 
and to minimize worsening of underlying fluid disturbances, 
taking into account other fluids the patient is receiving. Daily 
maintenance fluid requirements for adults can be estimated with 
the following equation:

Total daily maintenance fluid requirements 
= 1500 mL + (20 mL/kg × [Wt (kg) � 20])�

For patients with significant fluid deficits, it is safer and more 
cost effective to correct fluid abnormalities using standard IV 
fluids (eg, 0.9% sodium chloride in water, dextrose 5% and 
0.45% sodium chloride in water +/� 20 milliequivalents (mEq)/L 
(mmol/L) of potassium chloride, lactated Ringer�s solution). 
Minimizing PN fluid volume may be indicated in patients with 
fluid overload, patients with oliguric or anuric acute kidney 
injury, or those with congestive heart failure or symptomatic 
pleural effusion. It is reasonable to provide total daily fluid 
requirements (maintenance requirements and replacement for 
GI or other abnormal losses) in the PN admixture in patients 
who require long-term PN if stability and compatibility limits are 
maintained with dilution of the PN admixture.

L 
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Micronutrients
 Electrolytes, vitamins, and trace elements are essential 

for numerous biochemical and metabolic functions and should 
be added to PN daily unless otherwise not indicated.

 ▶ Electrolytes
 Electrolytes are essential for many metabolic and 

homeostatic functions, including enzymatic and biochemical 
reactions, maintenance of cell membrane structure and 
function, neurotransmission, hormone function, muscle 
contraction, cardiovascular function, bone composition, and 
fluid homeostasis. The causes of electrolyte abnormalities in 
patients receiving PN may be multifactorial, including altered 
absorption and distribution; excessive or inadequate intake; 
altered hormonal, neurologic, and homeostatic mechanisms; 
altered excretion and losses via the GI tract (eg, gastric, diarrhea, 
ostomy, enterocutaneous fistula) and kidneys; changes in fluid 
status and fluid shifts; and medication therapies. PN should not 
be used to treat acute electrolyte abnormalities but should be 
adjusted to meet maintenance requirements and to minimize 
worsening of underlying electrolyte disturbances.

Electrolytes that are included routinely in PN admixtures 
include sodium, potassium, phosphorus (as phosphate), calcium, 
magnesium, chloride, and acetate. Always assess the patient�s 
kidney function when determining electrolyte doses in PN 
admixtures. Typical daily electrolyte maintenance requirements 
for adults with normal kidney function are listed in Table 100–3.7,15 
For additional details regarding management of fluid, electrolyte, 
and acid�base disorders, refer to Chapters 27 and 28.
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�For patients > 60 years old, use 15 mL/kg for every kilogram above 20 kg.
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Table 101�7
Complications of Tube Feeding

Complication Causes

GI
Diarrhea Drug related

Antibiotic-induced bacterial overgrowth
Hyperosmolar medications 

administered via feeding tubes
Antacids containing magnesium

Malabsorption
Hypoalbuminemia or gut mucosal 

atrophy
Pancreatic insufficiency
Inadequate GI tract surface area
Rapid GI tract transit
Radiation enteritis

Tube feeding related
Rapid formula administration
Formula hyperosmolality
Low residue (fiber) content
Lactose intolerance
Bacterial contamination

Nausea and vomiting Gastric dysmotility (surgery, anticholinergic 
drugs, diabetic gastroparesis)

Rapid infusion of hyperosmolar formula
Constipation Dehydration

Drug induced (anticholinergics)
Inactivity
Low residue (fiber) content
Obstruction or fecal impaction

Abdominal distention 
or cramping

Too rapid formula administration

Technical
Occluded feeding 

tube lumen
Insoluble complexation of enteral formula 

and medication(s)
Inadequate flushing of feeding tube
Undissolved feeding formula

Tube displacement Self-extubation
Vomiting or coughing
Inadequate fixation (jejunostomy)

Aspiration Improper patient position
Gastroparesis or atony causing 

regurgitation
Feeding tube malpositioned
Compromised lower esophageal sphincter
Diminished gag reflex

Peristomal excoriation Improper skin and tube care
GI tract secretions leaking peristomally

Infectious
Aspiration pneumonia Same as technical�aspiration comments

Prolonged use of large-bore 
polyvinylchloride tube

GI, gastrointestinal.

From Janson DD, Chessman KH. Enteral nutrition. In: DiPiro JT, 
Talbert RL, Yee GC, et al., eds. Pharmacotherapy: A Pathophysiologic 
Approach, 5th ed. New York, NY: McGraw-Hill, 2005.

Patient Encounter Part 1

LT is a thin 50-year-old woman with a history of smoking, 
chronic obstructive pulmonary disease, and an eating 
disorder. Her sister reports that the patient has been on 
another of her �weird� diets and has lost about 15 pounds  
(6.8 kg) in the last couple of months. She is admitted with 
sepsis with a suspected pulmonary source. She requires 
mechanical ventilation and exhibits prerenal azotemia. She 
receives a 30 mL/kg bolus of normal saline as part of the 
sepsis protocol and is started on vasopressor therapy and 
antibiotics. She is started on propofol for sedation while on 
the ventilator.

LT responds somewhat slowly to the sepsis protocol and on 
day 3 is still requiring both norepinephrine and vasopressin 
for blood pressure support. The dietitian assesses her 
nutritional needs. Her dry weight is 55 kg, height is 66 inches 
(168 cm), body mass index is 20 kg/m2.

Is there any concern regarding starting EN at this time?
If EN is not appropriate at this time, should PN be initiated?

MONITORING AND COMPLICATIONS
Although complications of EN generally are considered less 
serious than those of PN, some complications nevertheless can 
be dangerous or can lead to impaired delivery of desired nutrient 
load. Complications can be divided into four categories: GI, 
technical, infectious, and metabolic. The first three categories, 
along with common causes, are listed in Table 101–7. Patients 
on EN must be monitored for prevention of complications 
(Table 101–8). Monitoring of many parameters can become less 
frequent as patient condition stabilizes. Monitoring for efficacy of 
EN is also important.

GI Complications
 GI complications are the most common complications 

of EN limiting the amount of feeding that patients receive. 
Although diarrhea frequently is blamed on feeding formula or 
method of EN administration, other possible causes usually exist 
(see Table 101�7). In the inpatient setting, patients receiving 
EN frequently are very sick. Along these lines, Clostridium 
difficile colitis must be considered as a possible cause of diarrhea, 
especially in patients receiving antimicrobial therapy or proton 
pump inhibitors.25 Antibiotic therapy is a major cause of diarrhea 
in acutely ill patients, including those receiving EN. A medication-
related cause of diarrhea is the sorbitol content of medications.26

Large quantities of sorbitol present in oral liquid medications 
can cause diarrhea. Unfortunately, sorbitol content of many 
medications is not listed on their labeling, and manufacturers 
frequently reformulate preparations to contain varying amounts 
of excipients, such as sorbitol.

Determining the cause of diarrhea is important to determine 
how to address the problem. Whereas C. difficile colitis should 
be treated with an appropriate antibiotic, medication-related 
diarrhea can be addressed by removal of the offending agent. 
Likewise, diarrhea secondary to malabsorption sometimes 
can be addressed by changing to an oligomeric EN formula. 
Antiperistaltic agents (eg, loperamide) may be useful in some 
noninfectious diarrhea.

On the other hand, constipation may occur in patients 
receiving EN, especially the elderly. Increased provision of fluid 

L 
O
5

or fiber may be useful. Constipation may be drug related, in 
which case discontinuation or replacement of the offending drug 
may be beneficial.

Impaired gastric emptying is seen commonly in EN patients 
receiving gastric feedings and may be associated with nausea and 
vomiting. Impaired emptying may be related to disease process 
(eg, diabetic gastroparesis or sequelae to head injury) or to drug 
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Appendix A: Conversion Factors
and Anthropometrics*

CONVERSION FACTORS
SI Units
SI (le Systéme International d’Unités) units are used in many 
countries to express clinical laboratory and serum drug 
concentration data.∗ Instead of using units of mass (eg, 
micrograms), the SI system uses moles (mol) to represent the 
amount of a substance. A molar solution contains 1 mole (the 
molecular weight of the substance in grams) of the solute in 1 L of 
solution. The following formula is used to convert units of mass 
to moles (mcg/mL to μmol/L or, by substitution of terms, mg/mL 
to mmol/L or ng/mL to nmol/L).

 ▶ Micromoles per Liter

µ

=
×

Micromoles per liter ( mol/L)

 
drug concentration (mcg/mL) 1000

molecular weight of drug (g/mol)

 ▶ Milliequivalents
An equivalent weight of a substance is the weight that will 
combine with or replace 1 g of hydrogen; a milliequivalent is 
1/1000 of an equivalent weight.

Milliequivalents per Liter

=
× ×

Milliequivalents per liter (mEq/L)
weight of salt (g) valence of ion 1000

molecular weight of salt

=
×

×
Weight of salt (g)

mEq/L molecular weight of salt
valence of ion 1000

APPENDICES

Approximate Milliequivalents: Weight Conversions for 
Selected Ions

Salt
mEq/g 
Salt

mg Salt/
mEq

Calcium carbonate (CaCO
3
) 20.0 50.0

Calcium chloride (CaCl
2
 · 2H

2
O) 13.6 73.5

Calcium gluceptate (Ca[C
7
H

13
O

8
]

2
) 4.1 245.2

Calcium gluconate (Ca[C
6
H

11
O

7
]

2
 · H

2
O) 4.5 224.1

Calcium lactate (Ca[C
3
H

5
O

3
]

2
 · 5H

2
O) 6.5 154.1

Magnesium gluconate (Mg[C
6
H

11
O

7
]
2
 · H

2
O) 4.6 216.3

Magnesium oxide (MgO) 49.6 20.2
Magnesium sulfate (MgSO

4
) 16.6 60.2

Magnesium sulfate (MgSO
4
 · 7H

2
O) 8.1 123.2

Potassium acetate (K[C
2
H

3
O

2
]) 10.2 98.1

Potassium chloride (KCl) 13.4 74.6
Potassium citrate (K

3
[C

6
H

5
O

7
]· H

2
O) 9.2 108.1

Potassium iodide (KI) 6.0 166.0
Sodium acetate (Na[C

2
H

3
O

2
]) 12.2 82.0

Sodium acetate (Na[C
2
H

3
O

2
] · 3H

2
O) 7.3 136.1

Sodium bicarbonate (NaHCO
3
) 11.9 84.0

Sodium chloride (NaCl) 17.1 58.4
Sodium citrate (Na

3
[C

6
H

5
O

7
] · 2H

2
O) 10.2 98.0

Sodium iodide (NaI) 6.7 149.9
Sodium lactate (Na[C

3
H

5
O

3
]) 8.9 112.1

Zinc sulfate (ZnSO
4
 · 7H

2
O) 7.0 143.8

Valences and Atomic/Molecular Weights of Selected Ions

Substance Electrolyte Valence
Atomic/Molecular 
Weight

Calcium Ca2+ 2 40.1
Chloride Cl– 1 35.5
Magnesium Mg2+ 2 24.3
Phosphate HPO

4
2– (80%) 1.8 96.0a

(pH = 7.4) H
2
PO

4
– (20%) 97.0

Potassium K+ 1 39.1
Sodium Na+ 1 23.0
Sulfate SO

4
– 2 96.0a

aThe atomic/molecular weight of phosphorus is only 31; that of 
sulfur is only 32.1.

∗This appendix contains information from Appendices 1 and 2 of Smith KM, Riche DM, Henyan NN (eds.). Clinical Drug Data, 11th ed. New York: 
McGraw-Hill, 2010:1239–1246; With permission.
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Trypsin: A proteolytic enzyme formed in the small intestine 
from trypsinogen by the action of enteropeptidase, which once 
activated hydrolyzes peptides, amides, and esters.

Tuberoeruptive xanthomas: Small yellow-red raised papules 
usually presenting on the elbows, knees, back, and buttocks.

Tubulointerstitial: Involving the tubules or interstitial tissue of 
the kidneys.

Tumor lysis syndrome: A syndrome resulting from cytotoxic 
therapy, occurring generally in aggressive, rapidly proliferating 
lymphoproliferative disorders. It is characterized by 
combinations of hyperuricemia, lactic acidosis, hyperkalemia, 
hyperphosphatemia, and hypocalcemia.

Tumor suppressor genes: A gene that suppresses growth of 
cancer cells.

Tympanocentesis: Puncture of the tympanic membrane with a 
needle to aspirate middle ear fluid.

Tympanostomy tube: Small plastic or metal tube surgically 
inserted in the eardrum to keep the middle ear aerated  
and improve hearing in patients with chronic middle ear effusion.

Uhthoff phenomenon: Acute worsening of multiple sclerosis 
symptoms on exposure to heat because high body temperatures 
may exceed the capacitance of the demyelinated nerve and 
conduction may fail.

Ultrasound: An imaging method that uses high-frequency sound 
waves to produce images of structures within the body.

Unknown-onset seizures: Seizures where the onset (ie, focal or 
generalized) cannot be determined.

Unstable angina: Pathogenically similar to non-ST segment 
myocardial infarction but without muscle damage, therefore 
troponins are not elevated.

Uremia: A condition that results from accumulation of metabolic 
waste products and endogenous toxins in the body resulting 
from impaired kidney function. Symptoms of uremia include 
nausea, vomiting, weakness, loss of appetite, and mental 
confusion.

Urethral stricture: Narrowing of the urethra.
Urgency: A compelling desire to void, which is difficult to defer.
Uricosuric: Pertaining to, characterized by, or promoting renal 

excretion of uric acid.
Urticaria: Itchy, raised, swollen areas on the skin, also known as 

hives.
Uterine tachysystole: Uterine hyperstimulation with frequent 

contractions, hypertonus and non-reassuring fetal heart rate 
pattern.

Uveitis: An inflammation of the uvea. Uveal structures include 
the iris, the ciliary body, and the choroid.

Valsalva maneuver: A forceful attempt at exhalation while 
keeping the mouth and nose closed.

Valvular heart disease: Damage or defects in one or more of the 
heart valves, disrupting blood flow into and out of the heart. 
The most common valves affected are the aortic and mitral 
valves. Valvular stenosis is a narrowing of the valve opening 
restricting the forward flow of blood. Valvular regurgitation 
or insufficiency occurs when there is inadequate closure of the 
valve leaflets leading to blood �leaking� backward.

Vasculitis: Inflammation of the walls of blood vessels.
Vasomotor symptoms: Menopausal symptoms that include both 

hot flashes (flushes) and night sweats for which women most 
commonly seek therapy.

Vasopressors: Medications that cause constriction of blood 
vessels, increase in vascular resistance, and increase in blood 
pressure.

Vegetation: Infectious mass comprised of protein, cellular 
components, and microorganisms attached to the endocardial 
surface of a heart valve which may be visualized on an 
echocardiogram.

Ventilation/perfusion ratio (VA/Q): A comparison of the 
proportion of lung tissue being ventilated by inhaled air to the 
rate of oxygenation of pulmonary blood.

Ventricular depolarization: Change in the membrane potential of 
a ventricular myocyte, resulting in loss of polarization. Under 
normal conditions, depolarization of ventricular myocytes is 
followed by ventricular contraction.

Vertigo: Sensation of spinning or feeling out of balance.
Vesicants: Chemotherapy drugs that cause significant tissue 

damage if extravasation occurs.
Virilization: Production or acquisition of virilism, which is 

masculine characteristics.
Viscoelastic testing: Point-of-care testing devices utilizing 

thromboelastography principles to evaluate clot formation and 
dissolution.

Volvulus: Twisting of the intestine causing obstruction and 
possible necrosis.

Vulvovaginal atrophy: Thinning of vaginal tissue due to a lack of 
estrogen stimulation.

Wernicke syndrome: Neurologic condition caused by thiamine 
deficiency and characterized by mental confusion, ataxia, and 
ophthalmoplegia.

Wheeze: A high-pitched whistling sound caused by air moving 
through narrowed airways. Wheezes are usually heard at the 
end of expiration but may be heard during inspiration and 
expiration in acute severe asthma.

White coat hypertension: A persistently elevated average office 
blood pressure of greater than 140/90 mm Hg and an average 
awake ambulatory reading of less than 135/85 mm Hg.

Wild-type virus: The phenotype of naturally occurring, 
nonmutated strain of the HIV virus.

Wilson disease: A disorder of copper metabolism, characterized 
by cirrhosis of the liver and neurological manifestations.

Xanthomas: Firm raised nodules composed of lipid-containing 
histocytes.

Xerostomia: Unusual dryness of the mouth.
ZAP-70 expression: An intracellular tyrosine kinase found in 

CLL B-cells.
Zymogen: An inactive protein precursor of an enzyme that is 

converted into an active form.
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Table D�3
Sound-Alike/Look-Alike Medications10,a

Medication Name Misinterpreted Medication Name

acetoHEXAMIDE acetaZOLAMIDE
chlordiazePOXIDE chlorproMAZINE
CISplatin CARBOplatin
ePHEDrine EPINEPHrine
hydrALAZINE hydrOXYzine
LORazepam ALPRAZolam
NIFEdipine niCARdipine
RABEprazole ARIPiprazole
risperiDONE rOPINIRole
sulfADIAZINE sulfaSALAzine
valACYclovir valGANciclovir
Zantac Xanax

aFor additional information, please see http://www.ismp.org/tools/
confuseddrugnames.pdf.

SAFE PRESCRIBING PRACTICES
Safe prescribing should be a priority of all healthcare providers. 
To avoid inappropriate use of medications, prescribers should 
take careful consideration in writing clear and descriptive 
prescriptions. This ensures appropriate communication among 
the interdisciplinary health care team.

A thorough understanding of the medication prescribed, 
including its expected risks and benefits, should be realized by 
the prescriber ensuring appropriate drug selection. Providers 
must also be able to recognize and avoid common errors related 
to prescription writing. These errors include sound-alike/look-
alike medications and inappropriate use of shorthand language 
and abbreviations. The Joint Commission, as well as the Institute 
for Safe Medication Practices (ISMP), has collected common 
examples of these errors seen during the ordering process. 
Common examples are described in Tables D–3 and D–4.

Table D�4
Error-Prone Abbreviations10,a

Abbreviation Anticipated Meaning Misinterpretation Correction

µg Microgram Mistaken as “mg” Use “mcg”
IJ Injection Mistaken as “IV” or “intrajugular” Use “injection”
q.d. or QD Every day Mistaken as q.i.d., especially if the 

period after the “q” or the tail of 
the “q” is misunderstood as an “i”

Use “daily”

U Units May appear as a µ or 0 Use “units”
IU International Units IV (intravenous) Use “units”
bid, tid, qid Twice daily, three times daily, 

four times daily
Depending on handwriting, may 

be misinterpreted a number of 
ways

Write out the words “twice daily,” etc

biw, tiw, qiw Twice weekly, three times 
weekly, four times weekly

Two times per day, three times per 
day, four times per day

Write out the words “twice weekly,” etc

Dose Designation Anticipated Meaning Misinterpretation Correction

Trailing zero after decimal 
point (eg, 4.0 mg)

4 mg Mistaken as 40 mg if the decimal 
point is not seen

Do not use trailing zeros for doses 
expressed in whole numbers

No leading zero before a 
decimal point (eg, .8 mg)

0.8 mg Mistaken as 8 mg if the decimal 
point is NOT seen

Use zero before a decimal point when the 
dose is less than a whole unit

Large doses without 
properly placed 
commas (eg, 100,000 
units;1000000 units)

100,000 units
1,000,000 units

100,000 has been mistaken as 
10,000 or 1,000,000; 1,000,000 has 
been mistaken as 100,000

Use commas for dosing units at or 
above 1000 or use words such as 100 
“thousand” or 1 “million” to improve 
readability

Drug Name Abbreviation Anticipated Meaning Misinterpretation Correction

AZT Zidovudine (Retrovir) Mistaken as azathioprine or 
aztreonam

Use complete drug name

MS, MSO
4

Morphine sulfate Mistaken as magnesium sulfate Use complete drug name
PCA Procainamide Mistaken as patient-controlled 

analgesia
Use complete drug name

T3 Tylenol with codeine No. 3 Mistaken as liothyronine Use complete drug name

Stemmed Drug Names Anticipated Meaning Misinterpretation Correction

“Nitro” drip Nitroglycerin infusion Mistaken as sodium nitroprusside 
infusion

Use complete drug name

“IV Vanc” Intravenous vancomycin Mistaken as Invanz Use complete drug name

Symbol Anticipated Meaning Misinterpretation Correction
×3d For 3 days Mistaken as three doses Use “for 3 days”
& And Mistaken as “2” Use “and”
° Hour Mistaken as a zero (eg, q2° 

seen as q 20)
Use “hr,” “h,” or “hour”

aFor additional information, please see https://www.ismp.org/Tools/errorproneabbreviations.pdf.
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Other commonly used medical abbreviations used in 
prescription writing can be found in Appendix B: Common 
Medical Abbreviations.

Adverse Event Reporting
Adverse events may occur related to inappropriate prescribing, 
dispensing, or administering medications. Inappropriate prescribing 
may be avoided by ensuring care is taken to determine all pertinent 
patient-related issues are discussed during the encounter. 
Additionally, appropriate interdisciplinary care where multiple 
health care providers are evaluating and treating the patient’s 
problem may help avoid adverse events from occurring. 
Inappropriate dispensing and administration may be avoided 
through use of clear order entry that undergoes multiple checks 
by a variety of providers before a prescription reaches the 
patient. Movement to electronic prescribing has helped eliminate 
many issues with misinterpreting handwritten orders; however, 
should they still be encountered, providers should take care to 
very legibly write prescriptions. If any questions remain upon 
receipt of a questionable order, verification should occur with 
the writing provider by the dispensing pharmacist. If adverse 
events related to medication use are determined, the health care 
provider who discovers the event is responsible for reporting 
it. The Food and Drug Administration’s reporting system for 
such adverse events is MedWatch https://www.accessdata.fda 
.gov/scripts/medwatch/index.cfm?action=reporting.home.11 This 
online database archives medication-related adverse events, and 
providers are able to report errors seen in clinical practice.

Medication Education
After a prescription has been written, counseling patients on 
newly prescribed therapies is an essential responsibility of the 
prescriber and pharmacist. The patient should be made aware 
of the rationale for drug use, the dose, route, and frequency at 
which they should administer the medication and expectations 
of the prescribed drug. Expectations should include risks and 
benefits to avoid patient confusion about side effects or efficacy 
measures. Thorough discussion with the patient about the 
selected medication therapy may identify contraindications 
previously unknown or a patient history of failure or success 
with the selected agent in the past.

CONCLUSION
Multiple principles must be exercised for appropriate drug 
delivery from the bedside to the patient. As a health care 
provider, understanding these processes helps to ensure safe 
medication prescribing.
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A 
Abacavir

adverse e�ects of, 1307t, 1309t
for HIV/AIDS, 1298t, 1299t, 1304t

Abaloparatide, for osteoporosis, 882t, 883
Abatacept

for psoriasis, 992t
for rheumatoid arthritis, 895

Abciximab, for acute coronary syndromes, 
128t

Abdominal distention, with enteral 
nutrition, 1547t

Abdominal pressure, in gastroesophageal 
re�ux disease, 296

Abdominal trauma, acute contamination 
form, treatment of, 1179t

Abemaciclib, for cancer, 1333
Abiraterone

administration with respect to food, 
1341t

for cancer, 1335
of prostate, 1401t

dose modi�cation with hepatic 
dysfunction, 1339t

Abnormal uterine bleeding (AUB), 779–781
epidemiology and etiology of, 779
pathophysiology of, 776t, 779
treatment of, 779–781

desired outcomes for, 779, 780a
nonpharmacologic, 779
pharmacologic, 773t, 774t, 779–781

ABO incompatibility, as barrier to organ 
transplantation, 855

Abscesses
gonococcal, of scalp, in newborns, 1210
intraabdominal. See Intraabdominal 

infections (IAIs)
Acamprosate, for alcohol use disorder, 556, 

557t
Acarbose, for diabetes mellitus, 666t
Acenocoumarol, teratogenicity of, 743t
Acetaminophen

for common cold, 1117t
for musculoskeletal disorders, 931
for osteoarthritis, 905, 907t, 908
for pain, 528, 528t
in pediatric patients, 26

Acetate, in parenteral nutrition 
admixtures, 1525t, 1526

Acetazolamide, for primary open-angle 
glaucoma, 945t, 948

Acetic acid, for otitis externa, 963t
Acetylcholine (Ach), Alzheimer disease 

and, 458

N-Acetylcysteine, for chronic obstructive 
pulmonary disease, 276

Acetylsalicylic acid (ASA). See Aspirin
Acid-base disturbances, 447–456. See also 

Metabolic acidosis; Metabolic 
alkalosis; Respiratory acidosis; 
Respiratory alkalosis

in chronic kidney disease, 421–422
diagnosis of, 449–450, 450a
etiology and treatment of, 451–455

for metabolic acidosis, 451–453, 452t
for metabolic alkalosis, 453–454, 453t
for respiratory acidosis, 454, 454t
for respiratory alkalosis, 454–455, 

455t
pathophysiology of

advanced, 450–451, 451t
basic, 448, 448t, 449t

patient care process for, 455
patient encounters, 449, 452

Acid-base homeostasis, physiology of, 447
Acitretin, for psoriasis, 987, 989, 991t
Aclidinium, for chronic obstructive 

pulmonary disease, 274t
Acne vulgaris, 999–1003, 1000f

clinical presentation and diagnosis of, 
1000

control of, with combination oral 
contraceptives, 761

epidemiology and etiology of, 999
outcome evaluation for, 1003
pathophysiology of, 999–1000
patient care process for, 1005–1006
patient encounters, 1007
treatment of, 1000–1003

desired outcomes and goals for, 1000
general approach to, 1000–1001
nonpharmacologic, 1001
pharmacologic, 1001–1003, 1002t, 

1004t–1005t, 1006a
Acquired immunode�ciency syndrome 

(AIDS). See HIV/AIDS
Acrivastine, for allergic rhinitis, 973
Acromegaly. See Growth hormone (GH) 

excess
Action potential, ventricular, 146–147, 146f
Acute bacterial rhinosinusitis (ABRS), 

1110–1113
clinical presentation and diagnosis of, 

1110
epidemiology and etiology of, 1110, 

1110t
outcome evaluation for, 1113
pathophysiology of, 1110

patient care process for, 1113
patient encounters, 1112
treatment of, 1110–1113

adjunctive therapy for, 1111
antibiotics for, 1111, 1111a, 1112t, 

1113
general approach to, 1110
nonpharmacologic, 1110

Acute bacterial skin and skin structure 
infections (ABSSIs), 1121–1132, 
1123t. See also Bite wound 
infections; Cellulitis; Diabetic foot 
infections; Erysipelas; Impetigo; 
Necrotizing fasciitis (NF)

patient care process for, 1130–1131
Acute chest syndrome (ACS), in sickle cell 

disease, 1052, 1053
Acute coronary syndromes (ACSs), 

117–144, 219. See also Myocardial 
infarction (MI)

clinical presentation and diagnosis of, 
119–121, 121t

complications of, 119
epidemiology of, 117
etiology of, 117–118
non–ST-segment elevation, 117

early invasive therapy for, 125, 
126t–130t

pathophysiology of, 118–119, 118f
plaque rupture and clot formation in, 

118–119
ventricular remodeling in, 119

patient care process for, 140–141
patient encounters, 122, 125, 131, 137, 

139
prophylaxis of, 105–107
risk strati�cation in, 120–121, 121t
ST-segment elevation, 117

reperfusion strategies for, 122–123, 
125, 125t

treatment of, 112, 121–142
desired outcomes for, 121
general approach to, 121, 123f, 124f
ischemia-guided therapy for,  

125, 131
outcome evaluation for, 139, 

139t–140t, 142
pharmacologic, early, 131–137, 

133t–134t
reperfusion strategies for, 122–123, 

125, 125t–130t
secondary prevention following 

myocardial infarction and,  
137–139

Page numbers followed by a, f, and t indicate algorithms, �gures, and tables, respectively.
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for chlamydia infection, 1210
in pregnancy, 753t

for community-acquired pneumonia, in 
pediatric patients, 1099t

for cystic �brosis, 287, 287t
for gonorrhea, 1209, 1210

in pregnancy, 753t
for infective endocarditis prophylaxis, 

1146t
for pharyngitis, 1115t
for syphilis, 1213
for traveler’s diarrhea, 1166

Azoospermia, in cystic �brosis, 284
Aztreonam

for central nervous system infections, 
1081t

for cystic �brosis, 288t
for hospital-acquired pneumonia,  

1099t
for intraabdominal infections, 1178
for surgical site infection prophylaxis, 

1277t
for ventilator-associated pneumonia, 

1100t
Aztreonam lysine, for cystic �brosis, 288, 

288t
Aztreonam/vancomycin/metronidazole, 

for acute pancreatitis, 372t

B
Bacille Calmette-Guérin (BCG), for 

malignant melanoma, 1412
Bacillus cereus, food poisoning due to, 

1170t
Bacitracin, for bacterial keratitis, 960t
Baclofen

for gastroesophageal re�ux disease,  
301

for multiple sclerosis, 477t
Bacteremia

Salmonella, 1163–1164
Staphylococcus aureus, 1197

Bacterial conjunctivitis, 954–956
etiology and pathophysiology of, 954
treatment of, 954–956, 955t, 956t

Bacterial endocarditis. See Infective 
endocarditis (IE)

Bacterial infections. See also speci�c 
infections

central nervous system, treatment of, 
1081t–1082t

in hematopoietic stem cell 
transplantation recipients, 
prevention and treatment of,  
1489

Bacterial keratitis, 959–960
epidemiology of, 959
outcome evaluation for, 960
pathophysiology of, 959, 959t
treatment of, 959–960, 960t

Bacterial meningitis. See also Central 
nervous system (CNS) infections

epidemiology and etiology of, 1073–
1074, 1074t

pathophysiology of, 1075–1076, 1075f, 
1076t

treatment of
antimicrobial resistance and, 1078
for gram-negative bacillary 

meningitis, 1085
for group B Streptococcus meningitis, 

1080t, 1085
for Haemophilus in�uenzae 

meningitis, 1084–1085
for Listeria monocytogenes meningitis, 

1080t, 1085
for Neisseria meningitidis meningitis, 

1078, 1079t, 1082, 1084
in pediatric patients, 1083t
for Streptococcus pneumoniae 

meningitis, 1079t–1080t, 1084
Bacterial rhinosinusitis, acute. See Acute 

bacterial rhinosinusitis (ABRS)
Bacterial synergism, intraabdominal 

infections and, 1175
Bacterial vaginosis, in pregnancy,  

749t, 752
Bacteroides, intraabdominal infections due 

to, 1175
Balsalazide, for in�ammatory bowel 

disease, 319t
Bariatric surgery, 1559–1561
Barrett esophagus, in gastroesophageal 

re�ux disease, 295
Barrier contraceptives, 767
Basal cell carcinoma (BCC), of skin, 

1415–1416
Basiliximab, for organ transplantation, 

855t, 856
Bazedoxifene, for osteoporosis, 882t, 883
BCL-2, for cancer, 1324t
BCR-ABL, for cancer, 1324t
BCR-ABL tyrosine kinase inhibitors, for 

cancer, 1333
Beclomethasone

for allergic rhinitis, 972t
for asthma, 258t

Bedaquiline, for tuberculosis, 1157t
Beers criteria, 12
Behavioral therapy

for attention-de�cit/hyperactivity 
disorder, 648

for pediatric enuresis, 834, 836t
Behavior modi�cation

for benign prostatic hypertrophy, 
812–813

for overweight and obesity, 1556
Belatacept, for organ transplantation,  

855t, 862
Benazepril, for hypertension, 55t

Bendamustine
for chronic lymphocytic leukemia, 1457, 

1458t
dose modi�cation with hepatic 

dysfunction, 1339t
dose modi�cation with renal 

dysfunction, 1337t
for non-Hodgkin lymphoma, 1474t

Benign prostatic hypertrophy (BPH), 
807–821, 1392

clinical presentation and diagnosis of, 
811

epidemiology and etiology of, 807
outcome evaluation for, 819–820
pathophysiology of, 807–808
patient care process for, 819
patient encounters, 808, 816, 818
treatment of, 808–818

α1-adrenergic antagonist 
monotherapy for, 812t, 813,  
814t, 815

5α-reductase inhibitor monotherapy 
for, 812t, 815–816, 815t

anticholinergic agents for, 812t,  
816, 888

behavioral modi�cation for,  
812–813

combination therapy for, 818
desired outcomes for, 808, 808t
general approach to, 809–812, 809a, 

809t, 810t, 812t
mirabegron for, 812t, 818
tadala�l for, 812t, 816, 817t

Benralizumab, for asthma, 256t, 260
Benzathine penicillin G, for syphilis, in 

pregnancy, 753t
Benznidazole, adverse e�ects of,  

1193t
Benzodiazepine(s)

for alcohol withdrawal, 553
comparison of, 623, 625t
for generalized anxiety disorder,  

623–624, 625t
for nausea and vomiting, 333t, 334
pharmacokinetic drug interactions with, 

625t
for social anxiety disorder, 630
for status epilepticus, 501–502

Benzodiazepine receptor agonists, for 
insomnia, 638, 640t

Benzoyl peroxide, for acne, 1001,  
1002t

Benztropine
for Parkinson disease, 515t
for schizophrenia, 577

Bepotastine, for allergic rhinitis, 977t
β-Agonists. See also speci�c drugs

for anaphylactic reactions, 844t
for chronic obstructive pulmonary 

disease, 273, 274t–275t

Chisholm_Index_p1597-1668.indd   1605 14/09/18   4:20 PM







1662 INDEX

Vitamin K, for coagulopathy, in cirrhosis, 
366

Voiding, prompted, 827
Vomiting. See Chemotherapy-induced 

nausea and vomiting (CINV); 
Nausea and vomiting

von Willebrand disease (vWD), 1031–1033
clinical presentation and diagnosis of, 

1033
epidemiology and etiology of, 1031
outcome evaluation for, 1032–1033
pathophysiology of, 1031, 1032t
patient encounters, 1032, 1035, 1036
treatment of, 1031–1032

desired outcomes for, 1031–1032
nonpharmacologic, 1032
pharmacologic, 1032, 1033a

Voriconazole
for aspergillosis, 1264t
for endemic fungal infections, 1260t
for febrile neutropenia prophylaxis, 

1505t
for invasive candidiasis, 1263t
for oropharyngeal candidiasis, 1247t

Vorinostat
administration with respect to food, 

1341t
for cancer, 1330
dose modi�cation with renal 

dysfunction, 1340t
Vortioxetine

adverse e�ects of, 588t
for generalized anxiety disorder, 623
for major depressive disorder, 587

dosing of, 592t
pharmacokinetic parameters of,  

588t
Vulvovaginal atrophy, 786

treatment of, 790
Vulvovaginal candidiasis (VVC), 

1243–1246
clinical presentation and diagnosis of, 

1244
epidemiology and etiology of, 1243
lactation and, 749t
outcome evaluation for, 1246
pathophysiology of, 1243, 1244t
patient care process for, 1246
patient encounters, 1244

in pregnancy, 749t, 752
treatment of, 1243–1246

cultural awareness during, 1246
for nonalbicans infections, 1245–1246
nonpharmacologic, 1244
during pregnancy, 1246
for recurrent vulvovaginal candidiasis, 

1245, 1245t
for uncomplicated vulvovaginal 

candidiasis, 1245, 1245t

W
Waldvogel classi�cation, of osteomyelitis, 

1225
Warfarin

administration through feeding tubes, 
1550

for atrial �brillation, 160
drug interactions of, 196–197, 196t
food interactions of, 196–197, 197t
for ischemic stroke prevention, 212t
during lactation, 751
teratogenicity of, 743t
for venous thromboembolism 

prevention, 181–182
for venous thromboembolism treatment, 

192–193, 193f, 194a, 194t,  
196t, 197t

Warts, genital. See Genital warts
Water de�cit, patient encounters, 440
Weight. See Overweight and obesity
Wenckebach block, 151
Wernicke’s syndrome, 550
West syndrome, 482
Whiteheads, 999
Whole-brain radiation therapy (WBRT), 

for multiple melanoma, 1410
Wild-type virus, 1297
Willis-Ekbom disease

clinical presentation and diagnosis of, 
637

epidemiology and etiology of, 636
pathophysiology of, 636

Wilson disease, 767
cirrhosis and, 358

Withdrawal, signs and symptoms of, 549
Withdrawal syndromes, treatment of, 

553–555
for alcohol withdrawal, 553–554

for cannabinoid withdrawal, 555
for opioid withdrawal, 554–555, 554t
for stimulant withdrawal, 555

Women. See also Breast entries; Menopause; 
Menstrual disorders; Ovarian 
entries; Pelvic in�ammatory disease 
(PID); Pregnancy

epilepsy in, 494–496
of reproductive potential, HIV/AIDS in, 

1305
Wound healing formulas, for enteral 

nutrition, 1546

Z
Za�rlukast, for asthma, 256t, 259
Zaleplon

for insomnia, 640t
for restless legs syndrome, 642t

Zidovudine
adverse e�ects of, 1307t, 1308t, 1310t
anemia due to, treatment of, 1023
for HIV/AIDS, 1299t

Zileuton, for asthma, 256t, 259
Zinc, in parenteral nutrition admixtures, 

1526, 1526t
Ziprasidone

for bipolar disorder, 607t
metabolism and drug interactions of,  

578t
for schizophrenia, 567, 568t

dosing recommendations for special 
populations, 575t

side e�ects of, 569t
Ziv-a�ibercept, for colorectal cancer, 

1384t, 1386
Zoledronic acid

for multiple myeloma, 1463
for osteoporosis, 881, 882t

Zollinger-Ellison syndrome (ZES), 306
Zolmitriptan, for migraine, 541t
Zolpidem

for insomnia, 640t
for restless legs syndrome, 642t

Zona fasciculata, 703
Zona glomerulosa, 703
Zona reticularis, 703
Zonisamide, for epilepsy, 493t
Zoster vaccine, 1282, 1286
Zymogen, 369
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