


Pharmacotherapy  
Principles & Practice

Chisholm_FM_pi-xxxviii.indd   1 01/11/21   4:14 PM



Editors of Previous Editions

Marie A. Chisholm-Burns
Editor-in-Chief, Editions 1, 2, 3, 4, 5, 6

Terry L. Schwinghammer
Editor, Editions 1, 2, 3, 4, 5, 6

Patrick M. Malone
Editor, Editions 1, 2, 3, 4, 5, 6

Jill M. Kolesar
Editor, Editions 1, 2, 3, 4, 5, 6

Joseph T. DiPiro
Editor, Editions 1, 2, 3, 4

Barbara G. Wells
Editor, Editions 1, 2, 3, 4

Kelly C. Lee
Editor, Editions 5, 6

P. Brandon Bookstaver
Editor, Editions 5, 6

John C. Rotschafer
Editor, Edition 1

Chisholm_FM_pi-xxxviii.indd   2 01/11/21   4:14 PM



Pharmacotherapy  
Principles & Practice
S I X T H  E D I T I O N

Editors

Marie A. Chisholm-Burns, PharmD,  
PhD, MPH, MBA, FCCP, FASHP, FAST
Dean, College of Pharmacy
UTHSC Distinguished Professor, Colleges of  

Pharmacy and Medicine
University of Tennessee Health Science Center  

Memphis, Tennessee

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

Patrick M. Malone, PharmD, FASHP
Associate Dean Emeritus
College of Pharmacy
University of Findlay
Findlay, Ohio

Jill M. Kolesar, PharmD, MS, BCPS, FCCP
University Research Professor, Colleges of Pharmacy and 

Medicine, University of Kentucky
Director, Precision Medicine Initiatives
Markey Cancer Center
Lexington, Kentucky

Kelly C. Lee PharmD, MAS, APh, BCPP, FCCP
Professor of Clinical Pharmacy
Associate Dean for Assessment and Accreditation
Director, PGY2 Residency in Psychiatric Pharmacy
Skaggs School of Pharmacy and Pharmaceutical Sciences
University of California San Diego
La Jolla, California

P. Brandon Bookstaver, PharmD, FCCP, FIDSA
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

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

Chisholm_FM_pi-xxxviii.indd   3 01/11/21   4:15 PM



Copyright © 2022 by McGraw Hill, LLC. 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:  978-1-26-046028-5
MHID:       1-26-046028-2

The material in this eBook also appears in the print version of this title: ISBN: 978-1-26-046027-8,
MHID: 1-26-046027-4.

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.

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 com-
plete, 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.

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 operation 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


The editors dedicate this edition to our families for their support  
and express immense gratitude to healthcare workers around the world.

Chisholm_FM_pi-xxxviii.indd   5 01/11/21   4:15 PM



Carlson_FM_pi-xiv.indd   4 25/10/21   1:18 PM

This page intentionally left blank 



v i i

CONTENTS

	 About the Editors	 xi

	 Contributors	 xv

	 Reviewers	 xxv

	 Student and Resident Reviewers	 xxix

	 Preface	 xxxiii

	 Introduction	 xxxv

PART I  �SPECIAL POPULATIONS	 1

	 1.	 Geriatrics: Safe Medication Use in Older Adults	 3
Jeannie K. Lee, Damian M. Mendoza, and 
Shaun M. Chatelain 

	 2.	 Pediatrics Pharmacotherapy	 15
Hanna Phan, Vinita B. Pai, and Milap  
C. Nahata 

	 3.	 Palliative Care Management	 27
Kelly R. Kroustos and Marc A. Sweeney 

	 4.	 Critical Care Pharmacotherapy	 39
Brittany D. Bissell and Brian W. Gilbert 

	 5.	 Global Health and Travel Medicine	 49
Sonak D. Pastakia, Alyssa P. Gould, 
Benson N. Njuguna, and Jeffrey W. Hall 

PART II  DISORDERS OF ORGAN SYSTEMS	 83

SECTION 1  Cardiovascular Disorders	 85

	 6.	 Hypertension	 85
Augustus Hough, Ya-Feng Wen,  
Jonathan Taylor Huff, Jeffery L. Kibert II,  
and Shannon W. Finks 

	 7.	 Heart Failure	 107
Tien M. H. Ng and Samantha L. Yeung 

	 8.	 Stable Ischemic Heart Disease	 135
Dejan Landup and Dawn Havrda 

	 9.	 Acute Coronary Syndromes	 157
Kelly C. Rogers and Sarah A. Spinler 

	 10.	 Arrhythmias	 185
Robert B. Parker and James C. Coons 

	 11.	 Venous Thromboembolism	 213
James C. Lee, Bryan Zobeck, and  
Edith A. Nutescu 

	 12.	 Stroke	 243
Susan R. Winkler 

	 13.	 Dyslipidemia	 257
Joel C. Marrs and Matthew D. Kostoff 

	 14.	 Circulatory Shock Syndromes	 279
Bradley A. Boucher and G. Christopher Wood 

SECTION 2  Respiratory Disorders	 293

	 15.	 Asthma	 293
Lori Wilken and Amanda Eades 

	 16.	 Chronic Obstructive Pulmonary Disease	 311
Jon P. Wietholter and Tara R. Whetsel 

	 17.	 Cystic Fibrosis	 325
Kimberly J. Novak 

SECTION 3  �Gastrointestinal Disorders	 337

	 18.	 Gastroesophageal Reflux Disease	 337
Jeremy J. Prunty and Leesa M. Prunty 

	 19.	 Peptic Ulcer Disease	 347
Ashley H. Meredith 

	 20.	 Inflammatory Bowel Disease	 357
Brian A. Hemstreet 

	 21.	 Nausea and Vomiting	 373
Sheila Wilhelm and Melissa Lipari 

	 22.	 Constipation, Diarrhea, and Irritable  
Bowel Syndrome 	 383
Beverly C. Mims 

	 23.	 Portal Hypertension and Cirrhosis	 401
Laurajo Ryan 

	 24.	 Pancreatitis	 413
Lara M. Groetzinger 

	 25.	 Viral Hepatitis	 423
Juliana Chan 

SECTION 4  Renal Disorders	 439

	 26.	 Acute Kidney Injury	 439
Mary K. Stamatakis 

	 27.	 Chronic and End-Stage Kidney Disease	 453
Kristine S. Schonder and Alicia Lichvar

Chisholm_FM_pi-xxxviii.indd   7 01/11/21   4:15 PM



viii    CONTENTS

	 28.	 Fluids and Electrolytes	 479
Mark A. Malesker and Lee E. Morrow 

	 29.	 Acid–Base Disturbances	 493
Lee E. Morrow and Mark A Malesker 

SECTION 5  Neurologic Disorders	 503

	 30.	 Alzheimer Disease	 503
Megan J. Ehret and Kevin W. Chamberlin 

	 31.	 Multiple Sclerosis	 513
Sarah Rajkovic and Jacquelyn L. Bainbridge 

	 32.	 Epilepsy	 529
Timothy E. Welty and Edward Faught 

	 33.	 Status Epilepticus	 547
Eljim P. Tesoro and Gretchen M. Brophy 

	 34.	 Parkinson Disease	 557
Thomas R. Smith 

	 35.	 Pain Management	 571
Christine Karabin O’Neil 

	 36.	 Headache	 585
Laurie W. Fleming, Leigh Ann Ross,  
and Brendan S. Ross 

SECTION 6  Psychiatric Disorders	 595

	 37.	 Substance-Related Disorders	 595
Chris Paxos and Christian J. Teter 

	 38.	 Schizophrenia	 611
Deanna L. Kelly, Mary Borovicka, and 
Heidi J. Wehring 

	 39.	 Major Depressive Disorder	 633
J. Michael McGuire and Cherry W. Jackson 

	 40.	 Bipolar Disorder	 651
Sarah E. Goldsborough, Opal M. Bacon,  
and Lydia E. Weisser 

	 41.	 Anxiety and Trauma-Related Disorders	 665
Bridget Bradley 

	 42.	 Sleep Disorders	 681
Jessa Marie Koch and Azita Alipour 

	 43.	 Attention-Deficit/Hyperactivity Disorder	 693
Kevin W. Cleveland, Julia Boyle, and 
Renee F. Robinson 

SECTION 7  Endocrinologic Disorders	 701

	 44.	 Diabetes Mellitus	 701
Julie M. Sease and Elizabeth W. Blake 

	 45.	 Thyroid Disorders	 731
Michael D. Katz 

	 46.	 Adrenal Gland Disorders	 749
Christina M. Polomoff, Devra K. Dang, 
and Judy T. Chen 

	 47.	 Pituitary Gland Disorders	 765
Christina M. Polomoff, Devra K. Dang, 
and Judy T. Chen 

SECTION 8  �Gynecologic and  
Obstetric Disorders	 785

	 48.	 Pregnancy and Lactation: Therapeutic 
Considerations	 785
Rebecca H. Stone 

	 49.	 Contraception	 803
Julia M. Koehler and Kathleen B. Haynes 

	 50.	 Menopause and Menstruation-Related Disorders	 817
Nicole E. Cieri-Hutcherson and  
Kylie N. Barnes 

SECTION 9  Urologic Disorders	 837

	 51.	 Erectile Dysfunction	 837
Cara Liday 

	 52.	 Benign Prostatic Hyperplasia	 847
Mary Lee and Roohollah Sharifi 

	 53.	 Urinary Incontinence and Pediatric Enuresis	 863
Sum Lam and Gladys El-Chaar 

SECTION 10  Immunologic Disorders	 881

	 54.	 Drug Hypersensitivity Reactions	 881
J. Russell May, Dixie D. Griffin, and  
Kathleen May 

	 55.	 Solid Organ Transplantation	 891
Steven Gabardi, Miae Kim, and Ali J. Olyaei 

	 56.	 Systemic Lupus Erythematosus	 915
Cassandra Dolecki, Marisha Okpala, 
and Jessica Farrell 

Chisholm_FM_pi-xxxviii.indd   8 01/11/21   4:15 PM



CONTENTS    ix

SECTION 11  Bone and Joint Disorders	 937

	 57.	 Osteoporosis	 937
Beth Bryles Phillips and Morgan K. Moulton 

	 58.	 Rheumatoid Arthritis	 951
Susan P. Bruce 

	 59.	 Osteoarthritis	 967
Christopher R. Piszczatoski, Steven M. Smith, 
and John Gums 

	 60.	 Gout and Hyperuricemia	 979
Maria Miller Thurston and Jenny Lin 

	 61.	 Musculoskeletal Injuries	 991
Jill S. Borchert and Lisa M. Palmisano 

SECTION 12  �Disorders of the Eyes,  
Ears, Nose, and Throat	 1003

	 62.	 Glaucoma	 1003
Daniel O. Clegg, Jr. 

	 63.	 Minor Ophthalmic and Otic Disorders	 1017
Lauren R. Biehle and Michelle L. Hilaire 

	 64.	 Nose, Mouth, and Throat Disorders	 1029
Alexandra Hintz, Phu Trinh,  
and Luke Dearden 

	 65.	 Allergic Rhinitis	 1049
Hanna Phan and Michael Daines 

SECTION 13  Dermatologic Disorders	 1065

	 66.	 Acne Vulgaris	 1065
Laura A. Perry and Jenna M. Mills 

	 67.	 Dermatitis	 1075
Lori Ernsthausen and Jenna M. Mills 

	 68.	 Psoriasis	 1087
Amy K. Kennedy 

SECTION 14  Hematologic Disorders	 1103

	 69.	 Anemia	 1103
Maribel A. Pereiras 

	 70.	 Coagulation and Platelet Disorders	 1117
Anna Dushenkov and Paiboon Jungsuwadee 

	 71.	 Sickle Cell Disease	 1137
Tracy M. Hagemann and Teresa V. Lewis 

SECTION 15  �Diseases of Infectious  
Origin	 1151

	 72.	 Patient Assessment, Antimicrobial  
Selection, and Stewardship	 1151
Angharad Ratliff and Catherine Oliphant 

	 73.	 Central Nervous System Infections	 1167
April Miller Quidley and  
P. Brandon Bookstaver 

	 74.	 Lower Respiratory Tract Infections	 1185
Diane M. Cappelletty 

	 75.	 Upper Respiratory Tract Infections	 1199
Heather L. Girand 

	 76.	 Skin and Skin Structure Infections	 1217
Jaime R. Hornecker and Lauren R. Biehle 

	 77.	 Osteomyelitis	 1229
Jessica E. Burchette and David B. Cluck 

	 78.	 Infective Endocarditis	 1237
Ronda L. Akins 

	 79.	 Tuberculosis	 1255
Rocsanna Namdar and Charles Peloquin 

	 80.	 Gastrointestinal Infections	 1267
Megan M. Seddon and Jamie J. Kisgen 

	 81.	 Intra-Abdominal Infections	 1279
Joseph E. Mazur and Melanie Smith Condeni 

	 82.	 Urinary Tract Infections and Prostatitis	 1289
Spencer H. Durham 

	 83.	 Sexually Transmitted Infections	 1299
Marlon S. Honeywell and Evans Branch, III 

	 84.	 Sepsis and Septic Shock	 1321
Trisha N. Branan, Susan E. Smith, and  
Christopher M. Bland 

	 85.	 Superficial Fungal Infections	 1333
Kathryn A. Fuller and Lauren S. Schlesselman 

	 86.	 Invasive Fungal Disease	 1345
Jeffrey M. Rybak 

	 87.	 Human Immunodeficiency Virus Infection	 1363
Mary F. Banoub, Jennifer L. Bailey,  
and Fidelia Bernice 

Chisholm_FM_pi-xxxviii.indd   9 01/11/21   4:15 PM



x    CONTENTS

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

SECTION 16  Oncologic Disorders	 1389

	 88.	 Cancer Principles and Therapeutics	 1389
Lisa M. Holle 

	 89.	 Breast Cancer	 1421
Gerald M. Higa 

	 90.	 Lung Cancer	 1435
Ninh M. La-Beck and Christopher Selby 

	 91.	 Colorectal Cancer	 1455
Emily B. Borders and Allison Baxley 

	 92.	 Prostate Cancer	 1471
Amber B. Cipriani and Daniel J. Crona 

	 93.	 Melanoma	 1487
Chung-Shien Lee 

	 94.	 Ovarian Cancer	 1503
Judith A. Smith 

	 95.	 Lymphomas	 1517
Keith A. Hecht and Susanne Liewer 

	 96.	 Acute Leukemias	 1529
Nancy H. Heideman and Dulcinea Quintana 

	 97.	 Chronic Leukemias and Multiple Myeloma	 1545
Amy M. Pick and Jared E. Matya 

	 98.	 Hematopoietic Stem-Cell Transplantation	 1561
Gianni Scappaticci and David G. Frame 

	 99.	 Supportive Care in Oncology	 1581
Alexandre Chan and Lee Nguyen 

SECTION 17  �Nutrition and Nutritional  
Disorders	 1611

	100.	 Parenteral Nutrition	 1611
Melissa R. Pleva and Michael D. Kraft 

	101.	 Enteral Nutrition	 1631
Sarah J. Miller 

	102.	 Overweight and Obesity	 1645
April Smith 

	 Appendices	 1657

	 Appendix A:  Prescription Writing Principles	 1657

	 Appendix B:  Conversion Factors and  
Anthropometrics	 1661

	 Appendix C:  Common Medical  
Abbreviations	 1665

	 Appendix D:  Glossary	 1671

	 Index	 1691

Chisholm_FM_pi-xxxviii.indd   10 01/11/21   4:15 PM



x i

ABOUT THE EDITORS

Marie A. Chisholm-Burns, PharmD, PhD MPH, MBA, FCCP, FASHP, FAST, is Dean of 
the College of Pharmacy and UTHSC Distinguished Professor in the Colleges of Pharmacy 
and Medicine at the University of Tennessee Health Science Center. She received her BS 
and PharmD degrees from the University of Georgia, her PhD from the University of South 
Dakota, 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 is 
a Commissioner on the State of Tennessee Education Recovery and Innovation Commission. 
She has also served as a member of the Accreditation Council for Pharmacy Education and 
in elected positions in numerous professional organizations, including a member of the 
American Society of Transplantation Board of Directors. Dr. Chisholm-Burns has more than 
355 publications and approximately $17 million in external funding. Textbooks co-edited 
by Dr. Chisholm-Burns, Pharmacotherapy Principles & Practice and Pharmacy Management, 
Leadership, Marketing, and Finance, respectively, previously received the Medical Book Award 
from the American Medical Writers Association. She has also received numerous honors 
including the Distinguished Teaching Scholar Award and Robert K. Chalmers Distinguished 
Pharmacy Educator Award from the American Association of Colleges of Pharmacy, Russell 
R. Miller Award and Education Award from the American College of Clinical Pharmacy, 
Daniel B. Smith Practice Excellence Award and Research Achievement Award from the 
American Pharmacists Association, 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, Inspiring Women in 
STEM Award from INSIGHT Into Diversity, and Rufus A. Lyman Award for most outstand-
ing publication in the American Journal of Pharmaceutical Education (1996 and 2007). She 
lives in Memphis with her husband and son, John Fitzgerald Burns Jr. She enjoys writing, 
painting (the cover of this textbook is an original piece by Dr. Chisholm-Burns), and playing 
chess.

Terry L. Schwinghammer, PharmD, 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 Indi-
ana University Hospitals. He has maintained clinical pharmacy practices in adult inpa-
tient 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 Sci-
ences Center. In addition to authoring over 100 research and other publications, he is the 
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-xxxviii.indd   11 01/11/21   4:15 PM



xii    ABOUT THE EDITORS

Patrick M. Malone, PharmD, FASHP, recently retired from being Professor and Associ-
ate Dean of Internal Affairs at the University of Findlay College of Pharmacy and now does 
drug information consulting. 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 Technol-
ogy at Creighton University. His practice and teaching have centered on drug information, 
and he is the first author for all seven 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 over 20 years. Dr. Malone was also the drug information 
pharmacist at the XIII Winter Olympics. He has approximately 120 publications and numer-
ous 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 a University Research Professor of Pharmacy 
and Medicine at the University of Kentucky and holds administrative positions at the Markey 
Cancer Center including the Co-Leader of the Translational Oncology Research Program. 
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 from the University of Wisconsin-Madison in 2016. Dr. Kolesar contrib-
utes professional service to both the National Cancer Institute (NCI) and several pharmacy 
organizations. She is serving on the Cancer Prevention Central IRB (CIRB), multiple NCI 
study sections, and the Cancer Therapy and Evaluation Program (CTEP) Investigational 
Drug Steering Committee. She is also a past 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 400 abstracts, research articles, and book chapters, 
and as a principal investigator she has received more than $15.0 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 Innova-
tions in Teaching Award from the American Association of Colleges of Pharmacy. Other 
books she co-edits are the Top 300 Pharmacy Drug Cards, the Top 200 Injectable Drug Cards, 
Top 125 Drug Card Case Quiz, 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 
two marathons and 17 half-marathons.

Chisholm_FM_pi-xxxviii.indd   12 01/11/21   4:15 PM



ABOUT THE EDITORS    xiii

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 BS 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 is a Fellow of American College of Clinical 
Pharmacy and has been elected to membership in the Rho Chi Pharmacy Honor Society 
and the Phi Lambda Sigma Pharmacy Leadership Society. She has published over 90 peer-
reviewed journal articles and book chapters and consults for large health systems to optimize 
psychotropic drug utilization and establish innovative psychiatric pharmacy care models. 
She has received the Dorfman Journal Paper Award from the Academy of Psychosomatic 
Medicine and Collaborative Research Awards from the American Association of Colleges 
of Pharmacy Assessment SIG. Dr. Lee loves to play tennis, travel, and spend time with her 
husband Douglas and son, Travis.

P. Brandon Bookstaver, PharmD, FCCP, FIDSA, is Associate Professor and Director 
of Residency and Fellowship Training in the Department of Clinical Pharmacy and Out-
comes Sciences at the University of South (UofSC) Carolina College of Pharmacy (COP) in 
Columbia, South Carolina. He also serves as Infectious Diseases Pharmacist at Prisma Health 
Richland. Following graduation from the UofSC COP in 2004, he completed a Pharmacy 
Practice residency and Infectious Diseases specialty residency at Wake Forest University Bap-
tist Medical Center. Brandon is heavily involved in pharmacy residency training, serving as 
the Infectious Diseases PGY2 Residency Director and Clinical Fellowship Director at Prisma 
Health/UofSC COP and the PGY1 Residency Director at Tandem Health/UofSC COP. He 
has over 125 peer-reviewed publications in the areas of infectious diseases and teaching and 
learning, and serves as co-director of the research network, SERGE-45. Outside of work, he 
enjoys spending time with his wife Nicole, son Aaron, and daughter Maddie; traveling; and 
Gamecock athletics.

Chisholm_FM_pi-xxxviii.indd   13 01/11/21   4:15 PM



Carlson_FM_pi-xiv.indd   4 25/10/21   1:18 PM

This page intentionally left blank 



x v

CONTRIBUTORS

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

Medical Center, Dallas, Texas
Chapter 78

Azita Alipour, PharmD, BCGP, BCPP, APh
Associate Professor – Psychiatric Pharmacy, Department 

of Pharmacy Practice, College of Pharmacy, Marshall B. 
Ketchum University, Fullerton, California

Chapter 42

Opal Bacon, PharmD, BCPS, BCPP
Clinical Pharmacy Specialist, Outpatient Mental Health, U.S. 

Department of Veterans Affairs, Nebraska-Western Iowa 
Health Care System, Grand Island, Nebraska; Adjunct Clinical 
Assistant Professor, Eugene Applebaum College of Pharmacy 
and Health Sciences, Wayne State University, Detroit, Michigan

Chapter 40

Jennifer Bailey, PharmD, BCPS, AAHIVP
Associate Professor and Chair, Department of Clinical and 

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

Chapter 87

Jacquelyn L. Bainbridge, BSPharm, PharmD, FCCP, 
FAES, MSCS
Professor, Department of Clinical Pharmacy Skaggs School of 

Pharmacy and Pharmaceutical Sciences and Department 
of Neurology School of Medicine, University of Colorado, 
Anschutz Medical Campus, Aurora, Colorado

Chapter 31

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

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

Chapter 87

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

Administration, Kansas City School of Pharmacy, University 
of Missouri; Clinical Pharmacist in Maternal Fetal Medicine, 
Truman Medical Center, Kansas City, Missouri

Chapter 50

Allison Baxley, PharmD, BCOP
Director of Pharmacy, Stephenson Cancer Center, University of 

Oklahoma Health Sciences Center, Oklahoma City, Oklahoma
Chapter 91

Fidelia Bernice, PharmD, BCIDP
Clinical Pharmacy Specialist, Infectious Diseases, University of 

Maryland Medical Center, Baltimore, Maryland
Chapter 87

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

School of Pharmacy, University of Wyoming, Laramie, Wyoming
Chapters 63 and 76

Brittany D. Bissell, PharmD, PhD, BCCCP
Assistant Professor, Department of Pulmonary, Critical Care, 

and Sleep Medicine, College of Medicine, University of 
Kentucky; Clinical Pharmacist, Medical Intensive Care Unit, 
UK Healthcare, Lexington, Kentucky

Chapter 4

Elizabeth W. Blake, PharmD, BCPS, FNAP
Clinical Associate Professor and Director of Interprofessional 

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

Chapter 44

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

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

Chapter 84

P. Brandon Bookstaver, PharmD, FCCP, FIDSA
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 73

Jill S. Borchert, PharmD, BCACP, BCPS, FCCP
Professor and Vice Chair, College of Pharmacy, Midwestern 

University, Downers Grove, Illinois
Chapter 61

Emily Borders, PharmD, MS, BCOP
Assistant Professor, Department of Pharmacy Practice, College 

of Pharmacy, Southwestern Oklahoma State University 
Weatherford, Oklahoma; Clinical Pharmacist in Oncology, 
Mercy Health Care, Oklahoma City, Oklahoma

Chapter 91

Mary C. Borovicka, PharmD, BCPP
Clinical Pharmacist – Psychiatry, MetroHealth Medical Center, 

Cleveland, Ohio
Chapter 37

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

Science, College of Pharmacy, University of Tennessee Health 
Science Center; Clinical Pharmacist in Critical Care, Regional 
One Health, Memphis, Tennessee

Chapter 14

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

of Pharmacy, Idaho State University; Mental Health Clinical 
Pharmacist, Boise VA Medical Center, Meridian, Idaho

Chapter 43

Bridget Bradley, PharmD, BCPP
Associate Professor, School of Pharmacy, Pacific University, 

Hillsboro, Oregon
Chapter 41

Chisholm_FM_pi-xxxviii.indd   15 01/11/21   4:15 PM



xvi    CONTRIBUTORS

Trisha N. Branan, PharmD, BCCCP
Clinical Associate Professor and Assistant Department Head 

for Professional Education, Department of Clinical and 
Administrative Pharmacy, College of Pharmacy, University 
of Georgia; Adjunct Associate Professor, Department of 
Pharmacology and Toxicology, Medical College of Georgia at 
Augusta University, Athens, Georgia

Chapter 84

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

and Institute of Public Health, Florida A&M University, 
Davie, Florida

Chapter 83

Gretchen M. Brophy, PharmD, BCPS, FCCP, FCCM, 
FNCS, MCCM
Professor, Department of Pharmacotherapy and Outcomes 

Science, School of Pharmacy, Virginia Commonwealth 
University; Clinical Pharmacist in Neurocritical Care,  
Virginia Commonwealth University Health System, 
Richmond, Virginia

Chapter 33

Susan P. Bruce, PharmD, BCPS
Dean and Professor of Pharmacy, School of Pharmacy, Wingate 

University, Wingate, North Carolina
Chapter 58

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

Pharmacy, East Tennessee State University, Johnson City, 
Tennessee

Chapter 77

Diane M. Cappelletty, PharmD
Professor, Department of Pharmacy Practice, College of 

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

Chapter 74

Kevin W. Chamberlin, PharmD, FASCP
University Director of Pharmacy Residency Programs, UConn 

Health; Adjunct Clinical Associate Professor of Pharmacy 
Practice, School of Pharmacy, University of Connecticut, 
Farmington, Connecticut

Chapter 30

Alexandre Chan, PharmD, MPH, FCCP, FISOPP, 
BCPS, BCOP, APh
Professor of Clinical Pharmacy and Chair, Department of 

Clinical Pharmacy Practice, School of Pharmacy and 
Pharmaceutical Sciences, University of California, Irvine, 
California

Chapter 99

Juliana Chan, PharmD, FCCP, BCPS
Clinical Associate Professor, Colleges of Pharmacy and 

Medicine, University of Illinois, Chicago, Illinois
Chapter 25

Shaun Chatelain, DO
Department of Medicine and Banner University Medical Center, 

College of Medicine, University of Arizona, Tucson, Arizona
Chapter 1

Judy T. Chen, PharmD, BCPS, BCACP, CDCES, FNAP
Clinical Associate Professor, College of Pharmacy, Purdue 

University, Indianapolis, Indiana
Chapters 46 and 47

Nicole E. Cieri-Hutcherson, PharmD, BCPS, NCMP
Clinical Assistant Professor, Department of Pharmacy Practice, 

University at Buffalo School of Pharmacy and Pharmaceutical 
Sciences; Clinical Pharmacist in Internal Medicine, Buffalo 
General Medical Center, Buffalo, New York

Chapter 50

Amber B. Cipriani, PharmD, BCOP
Clinical Assistant Professor, Division of Pharmacotherapy and 

Experimental Therapeutics, Eshelman School of Pharmacy, 
University of North Carolina; Precision Medicine Pharmacy 
Coordinator, UNC Health, Chapel Hill, North Carolina

Chapter 92

Daniel O. Clegg, Jr., PharmD
Supervising Pharmacist, Moran Eye Center Pharmacy, 

University of Utah; Adjunct Instructor, L.S. Skaggs Pharmacy 
Institute, College of Pharmacy, University of Utah, Salt Lake 
City, Utah

Chapter 62

Kevin W. Cleveland, PharmD, ANP
Assistant Dean and Director of Experiential Education, 

Associate Professor, Department of Pharmacy Practice, Idaho 
State University College of Pharmacy, Meridian, Idaho

Chapter 43

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

Pharmacy, East Tennessee State University, Johnson City, 
Tennessee

Chapter 77

Melanie Smith Condeni, PharmD, BCPS, BCCCP
Affiliate Assistant Professor, College of Pharmacy, Medical 

University of South Carolina; Surgery, Trauma, and Burn ICU 
Clinical Pharmacy Specialist, College of Pharmacy, Medical 
University of South Carolina, Charleston, South Carolina

Chapter 81

James C. Coons, PharmD, FCCP, BCCP
Associate Professor, School of Pharmacy, University of Pittsburgh; 

Clinical Pharmacist, Cardiology, UPMC Presbyterian 
Hospital, Pittsburgh, Pennsylvania

Chapter 10

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

Experimental Therapeutics, Eshelman School of Pharmacy, 
University of North Carolina; Clinical Pharmacist 
Practitioner, Genitourinary Malignancies, UNC Health, 
Chapel Hill, North Carolina

Chapter 92

Chisholm_FM_pi-xxxviii.indd   16 01/11/21   4:15 PM



CONTRIBUTORS    xvii

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

Connecticut, Storrs, Connecticut
Chapters 46 and 47

Michael Daines, MD
Associate Professor, Division Chief, Pediatric Allergy, 

Immunology, and Rheumatology; Associate Director, 
Pediatric Pulmonary Fellowship; Department of Pediatrics; 
College of Medicine, University of Arizona, Tucson, Arizona

Chapter 65

Luke Dearden, PharmD, BCPS
Clinical Pharmacist, Washington State Health Care Authority, 

Tacoma, Washington
Chapter 64

Cassandra Dolecki, PharmD, MBA, BCACP, TTS
Clinical Pharmacy Specialist, Autoimmunity Institute, Allegheny 

Health Network, Pittsburgh, Pennsylvania
Chapter 56

Spencer H. Durham, PharmD, BCPS, BCIDP
Associate Clinical Professor, Department of Pharmacy Practice; 

Director, Alumni and Professional Affairs, Harrison School of 
Pharmacy, Auburn University, Auburn; Clinical Pharmacist 
Specialist – Infectious Diseases; Central Alabama Veterans 
Health Care System, Montgomery, Alabama

Chapter 82

Anna Dushenkov, BS Pharm, PharmD, BCPS
Associate Professor, Department of Pharmacy Practice, 

School of Pharmacy and Health Sciences, Fairleigh Dickinson 
University, Florham Park, New Jersey

Chapter 70

Amanda Eades, PharmD, BCACP, AE-C
Clinical Assistant Professor, College of Pharmacy, 

University of Illinois, Chicago, Illinois
Chapter 15

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

School of Pharmacy, University of Maryland, Baltimore, 
Maryland

Chapter 30

Gladys Jamil El-Chaar, PharmD
Clinical Pharmacy Professor, Department of Clinical Health 

Professions, St John’s University College of Pharmacy and 
Health Sciences, Queens, New York; Clinical Pharmacist in 
Pediatric Intensive Care, Department of Pharmacy, NYU 
Lagone - Long Island, Mineola, New York

Chapter 53

Lori Ernsthausen, PharmD, BCPS
Associate Dean of Curricular Affairs, Chair and Associate 

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

Chapter 67

Jessica Farrell, PharmD
Associate Professor of Pharmacy Practice, Albany College 

of Pharmacy and Health Sciences, Clinical Pharmacist, 
Center for Rheumatology, Albany, New York

Chapter 56

Edward Faught, MD
Professor and Director of Emory University Epilepsy Program, 

Department of Neurology, School of Medicine, Emory 
University, Atlanta, Georgia

Chapter 32

Jack E. Fincham, PhD, RPh
Faculty, Osher Life Long Learning Institute, University of 

Arizona, Tucson, Arizona
Chapter Introduction

Shannon W. Finks, PharmD, FCCP, BCPS, BCCP, AHSCP-CHC
Professor, Department of Clinical Pharmacy and Translational 

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

Chapter 6

Laurie W. Fleming, PharmD, BCACP
Director of Professional Experience Programs and Experiential 

Affairs, Clinical Associate Professor, Department of Pharmacy 
Practice, School of Pharmacy, University of Mississippi 
Jackson, Mississippi

Chapter 36

David G. Frame, PharmD
Clinical Assistant Professor, Department of Clinical Pharmacy, 

School of Pharmacy, University of Michigan; Clinical BMT/
Cellular Therapies and Immunohematology Specialist, 
Michigan Medicine, Ann Arbor, Michigan

Chapter 98

Kathryn A. Fuller, PharmD, BCPS
Clinical Assistant Professor, Division of Practice Advancement 

and Clinical Eduction, Eshelman School of Pharmacy, 
University of North Carolina, Chapel Hill, North Carolina

Chapter 85

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

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

Chapter 55

Brian W. Gilbert, PharmD, BCPS, BCCCP
Clinical Pharmacist, Emergency Medicine/Critical Care, 

Wesley Medical Center, Wichita, Kansas
Chapter 4

Heather L. Girand, PharmD, BCPPS
Professor and Chair, Department of Pharmacy Practice, College of 

Pharmacy, Ferris State University, Big Rapids, Michigan
Chapter 75

Sarah Goldsborough, PharmD, BCPP 
Psychiatry Clinical Pharmacist Specialist, Beaumont Health, 

Royal Oak; Adjunct Assistant Professor, Eugene Applebaum 
College of Pharmacy and Health Sciences, Wayne State 
University, Detroit, Michigan

Chapter 40

Chisholm_FM_pi-xxxviii.indd   17 01/11/21   4:15 PM



xviii    CONTRIBUTORS

Alyssa P. Gould, PharmD, BCIDP
Clinical Pharmacy Specialist – Infectious Diseases, Novant 

Health, Charlotte, North Carolina
Chapter 5

Dixie D. Griffin, MD
Fellow, Allergy-Immunology, Medical College of Georgia at 

Augusta University, Augusta, Georgia
Chapter 54

Lara M. Groetzinger, PharmD, BCCCP
Unit-Based Clinical Pharmacist, Medical Intensive Care Unit, 

University of Pittsburgh Medical Center, Presbyterian 
Hospital, Pittsburgh, Pennsylvania

Chapter 24

John Gums, PharmD, FCCP
Associate Dean for Clinical and Administrative Affairs; 

Professor, Department of Pharmacotherapy and Translational 
Research, College of Pharmacy, University of Florida; 
Professor, Department of Community Health and Family 
Medicine, College of Medicine, University of Florida, 
Gainesville, Florida

Chapter 59

Tracy M. Hagemann, PharmD, FCCP, FPPA
Associate Dean and Professor, Department of Clinical and 

Translation Science, College of Pharmacy, University of 
Tennessee Health Science Center, Nashville, Tennessee

Chapter 71

Jeffrey W. Hall, MD
Clinical Associate Professor, Department of Family and Preventive 

Medicine; Adjunct Associate Professor, Department of Clinical 
Pharmacy and Outcomes Sciences, College of Pharmacy, 
University of South Carolina, Columbia, South Carolina

Chapter 5

Dawn E. Havrda, PharmD, BCPS, FCCP
Associate Professor and Associate Dean for Academic Affairs 

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

Chapter 8

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

and Clinical Sciences, Bellarmine University, Louisville, 
Kentucky

Appendix A

Kathleen B. Haynes, PharmD, CDCES
Manager – Clinical Pharmacy, Medicare Stars, Aetna, Carmel, 

Indiana
Chapter 49

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

Southern Illinois University Edwardsville, Edwardsville, Illinois
Chapter 95

Nancy H. Heideman, PharmD, BCOP, BCPS
Oncology Clinical Pharmacy Lead, PGY2 Oncology Residency 

Director, University of New Mexico Comprehensive Cancer 
Center, Albuquerque, New Mexico

Chapter 96

Brian A. Hemstreet, PharmD, FCCP, BCPS
Associate Dean for Student Affairs and Professor, Department 

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

Chapter 20

Gerald M. Higa, PharmD
Professor of Clinical Pharmacy, Department of Clinical 

Pharmacy, Clinical Professor of Medicine, Department of 
Medicine, Schools of Pharmacy and Medicine, West Virginia 
University, Morgantown, West Virginia

Chapter 89

Michelle L. Hilaire, PharmD, FCCP, CDE, BCPS, BCACP
Chair-Department of Pharmacy Practice, Clinical Professor 

of Pharmacy Practice, School of Pharmacy, University of 
Wyoming, Laramie, Wyoming

Chapter 63

Alexandra Hintz, PharmD
Assistant Professor of Pharmacy Practice, Cedarville University, 

Cedarville; Clinical Pharmacist, Riverside Family Practice, 
Columbus, Ohio

Chapter 64

Lisa M. Holle, PharmD, BCOP, FHOPA, FISOPP
Clinical Professor, Department of Pharmacy Practice, School 

of Pharmacy, University of Connecticut, Storrs, Connecticut; 
Clinical Oncology Pharmacist, UConn Health, Farmington, 
Connecticut

Chapter 88

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

Pharmaceutical Sciences and Institute of Public Health, 
Florida A&M University, Tallahassee, Florida

Chapter 83

Jaime R. Hornecker, PharmD, BCPS, BCACP, CDCES, DPLA
Clinical Professor, Department of Pharmacy Practice, School of 

Pharmacy, University of Wyoming, Laramie, Wyoming
Chapter 76

Augustus Hough, PharmD, BCPS, BCCP
Clinical Pharmacy Specialist – Cardiology, Director PGY2 

Cardiology Pharmacy Residency Program, West Palm Beach 
VA Medical Center, West Palm Beach, Florida

Chapter 6

Jonathan Taylor Huff, PharmD
PGY2 Cardiology Pharmacy Practice Resident, West Palm Beach 

VA Medical Center, West Palm Beach, Florida
Chapter 6

Jill L. Isaacs, DNP, NP-C
Palliative Care Associates, P.C., Omaha, Nebraska
Appendix A

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

Auburn University; Clinical Professor, Department of 
Psychiatry and Behavioral Neurobiology, University of 
Alabama, Birmingham, Alabama

Chapter 39

Chisholm_FM_pi-xxxviii.indd   18 01/11/21   4:15 PM



CONTRIBUTORS    xix

Paiboon Jungsuwadee, BPharm, MSc, PhD
Associate Professor, Department of Pharmaceutical Sciences, 

School of Pharmacy and Health Sciences, Fairleigh Dickinson 
University, Florham Park, New Jersey

Chapter 70

Michael D. Katz, PharmD
Professor, Department of Pharmacy Practice; Director of 

International Programs; Director of Residency Program, College 
of Pharmacy, University of Arizona, Tucson, Arizona

Chapter 45

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

(TRP), Maryland Psychiatric Research Center (MPRC), School of 
Medicine, University of Maryland, Baltimore, Maryland

Chapter 38

Amy K. Kennedy, PharmD, BCACP, FAPhA
Associate Professor, Department of Pharmacy Practice and 

Science, College of Pharmacy, University of Arizona; 
Advance Practice Pharmacist, El Rio Health, Tucson, Arizona

Chapter 68

Jeffery L. Kibert II, PharmD, BCPS
Clinical Pharmacy Specialist in Cardiology, Columbia VA 

Healthcare System, Columbia, South Carolina
Chapter 6

Miae Kim, PharmD, MS, BCPS
Heart Transplant Clinical Specialist – Brigham and Women’s 

Hospital, Boston, Massachusetts
Chapter 55

Jamie J. Kisgen, PharmD, BCPS, BCIDP
Pharmacy Manager, Infectious Diseases Services and PGY1 

Residency Program Director, Sarasota Memorial Health Care 
System, Sarasota, Florida

Chapter 80

Emily Knezevich, PharmD, BCPS, CDCES, FCCP
Associate Professor, School of Pharmacy and Health Professions, 

Creighton University, Omaha, Nebraska
Appendix A

Jon Knezevich, PharmD, BCPS
Pharmacy Coordinator – Diabetes Stewardship, Nebraska 

Medicine, Omaha, Nebraska
Appendix A

Jessa Marie Koch, PharmD, BCPP, APh
Associate Professor, Department of Pharmacy Practice, School 

of Pharmacy; Assistant Professor, Department of Neurology, 
School of Medicine, Loma Linda University, Loma Linda, 
California

Chapter 42

Julia M. Koehler, PharmD, FCCP
Professor and Associate Dean for External Affiliations, College 

of Pharmacy and Health Sciences, Butler University; 
Ambulatory Care Clinical Pharmacist, Pulmonary 
Rehabilitation, Indiana University Health Methodist Hospital, 
Indianapolis, Indiana

Chapter 49

Matthew D. Kostoff, PharmD, BCPS, BCACP, CLS, FNLA
Assistant Professor, Pharmacy Practice, Northeast Ohio Medical 

University, Rootstown, Ohio
Chapter 13

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

of Pharmacy, University of Michigan; Assistant Director-
Education and Professional Development, Department of 
Pharmacy Services, University of Michigan Health, Ann 
Arbor, Michigan

Chapter 100

Kelly Kroustos, PharmD, CDP
Professor of Pharmacy Practice, Raabe College of Pharmacy, 

Ohio Northern University; Clinical Consultant Pharmacist, 
Vancrest Healthcare Centers, Ada, Ohio

Chapter 3

Ninh (Irene) M. La-Beck, PharmD
Associate Professor, Department of Immunotherapeutics and 

Biotechnology, and Department of Pharmacy Practice, Jerry 
H. Hodge School of Pharmacy, Texas Tech University Health 
Sciences Center, Abilene, Texas

Chapter 90

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

College of Pharmacy and Health Sciences, St John’s University, 
Queens, New York; Clinical Specialist in Geriatric 
Pharmacotherapy, Division of Geriatric Medicine and 
Department of Pharmacy, NYU Langone Hospital_Long 
Island, Mineola, New York

Chapter 53

Dejan Landup, PharmD, BCPS
Cardiovascular Clinical Pharmacist, Advocate Aurora Health, 

Advocate Medical Group – Evergreen Center Heart Failure 
and Anticoagulation Clinic, Chicago, Illinois

Chapter 8

Chung-Shien Lee, PharmD, BCPS, BCOP
Associate Professor, Department of Clinical Health Professions, 

College of Pharmacy and Health Sciences, St. John’s University, 
Queens, New York; Clinical Coordinator, Monter Cancer 
Center, Northwell Cancer Institute, Lake Success, New York

Chapter 93

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

College of Pharmacy, University of Illinois at Chicago; 
Co-Director, Precision Medicine Program, University of 
Illinois Hospital and Clinics, Chicago, Illinois

Chapter 11

Jeannie K. Lee, PharmD, BCPS, BCGP, FASHP
Associate Professor of Pharmacy Practice and Science and 

Assistant Dean, College of Pharmacy; Clinical Associate 
Professor, College of Medicine, Section of Geriatrics, General 
Internal Medicine and Palliative Medicine, University of 
Arizona, Tucson, Arizona

Chapter 1

Chisholm_FM_pi-xxxviii.indd   19 01/11/21   4:15 PM



xx    CONTRIBUTORS

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

Midwestern University; Vice President and Special Assistant 
to the President, Midwestern University, Downers Grove, 
Illinois

Chapter 52

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

Administrative Sciences, College of Pharmacy, University of 
Oklahoma Health Sciences Center, Oklahoma City, Oklahoma

Chapter 71

Alicia Lichvar, PharmD, MS, BCPS
Pharmacist Specialist, Solid Organ Transplantation, UC San 

Diego Health, Center for Transplantation, La Jolla, California
Chapter 27

Cara Liday, PharmD, CDCES
Associate Professor and Co-Chair, Department of Pharmacy 

Practice, College of Pharmacy, Idaho State University; Clinical 
Pharmacist in Ambulatory Care, InterMountain Medical 
Clinic, Pocatello, Idaho

Chapter 51

Susanne Liewer, PharmD, BCOP, FHOPA
Clinical Associate Professor, Pharmacy Practice, College of 

Pharmacy, University of Nebraska Medical Center, Omaha, 
Nebraska

Chapter 95

Jenny Lin, PharmD
PGY2 Ambulatory Care Resident, University of Washington – 

Harborview Medical Center, Seattle, Washington
Chapter 60

Melissa Lipari, PharmD, BCACP
Associate Professor (Clinical), Department of Pharmacy 

Practice, Eugene Applebaum College of Pharmacy and Health 
Sciences, Wayne State University; Clinical Pharmacy Specialist, 
Ambulatory Care, Ascension St. John, Detroit, Michigan

Chapter 21

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

Creighton University, Omaha, Nebraska
Chapters 28 and 29

Joel C. Marrs, PharmD, MPH, BCACP, BCCP, BCPS-AQ 
Cardiology, CHC, CLS, FAHA, FASHP, FCCP, FNLA
Visiting Associate Professor, Department of Pediatrics, School of 

Medicine, University of Colorado Anschutz Medical Campus,  
Aurora, Colorado

Chapter 13

Jared E. Matya, PharmD, BCOP
Focused Population Pharmacist, Blood and Marrow Transplant 

Nebraska Medicine, Omaha, Nebraska
Chapter 97

J. Russell May, PharmD, FASHP
Assistant Dean for Extended Campuses and Clinical Professor, 

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

Chapter 54

Kathleen R. May, MD
Division Chief, Allergy-Immunology and Pediatric 

Rheumatology, Associate Program Director, AI Fellowship, 
Associate Professor of Pediatrics and Internal Medicine, 
Medical College of Georgia at Augusta University, 
Augusta, Georgia

Chapter 54

Joseph E. Mazur, PharmD, BCPS, BCCCP
Affiliate Associate Professor, College of Pharmacy, Medical 

University of South Carolina; Medical ICU Clinical Pharmacy 
Specialist, Department of Pharmacy, Medical University of 
South Carolina, Charleston, South Carolina

Chapter 81

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

Belmont University, Nashville, Tennessee
Chapter 39

Damian M. Mendoza, PharmD, BCGP
Clinical Pharmacist, Geriatrics, CareMore Health, Tucson, 

Arizona
Chapter 1

Ashley H. Meredith, PharmD, MPH, FCCP, BCPS, 
BCACP, CDCES
Clinical Associate Professor, Department of Pharmacy Practice, 

College of Pharmacy, Purdue University, West Lafayette, 
Indiana; Clinical Pharmacist in Ambulatory Care, Eskenazi 
Health, Indianapolis, Indiana

Chapter 19

Sarah J. Miller, PharmD, MS, BCNSP
Professor, Department of Pharmacy Practice, Skaggs School 

of Pharmacy, University of Montana; Clinical Pharmacy 
Consultant, Providence Saint Patrick Hospital, Missoula, 
Montana

Chapter 101

Jenna M. Mills, PharmD
Assistant Professor of Pharmacy Practice, College of Pharmacy, 

University of Findlay, Findlay, Ohio
Chapter 66 and 67

Beverly C. Mims, PharmD
Associate Professor, Department of Clinical and Administrative 

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

Chapter 22

Lee E. Morrow, MD, MSc, FCP, FCCP, FCCM, ATSF
Professor of Medicine, Professor of Pharmacy Practice, 

Creighton University, Omaha, Nebraska
Chapters 28 and 29

Morgan K. Moulton, PharmD
PGY2 Ambulatory Care Pharmacy Resident, Charlie Norwood 

VA Medical Center, College of Pharmacy, University of 
Georgia, Athens, Georgia

Chapter 57

Chisholm_FM_pi-xxxviii.indd   20 01/11/21   4:15 PM



CONTRIBUTORS    xxi

Milap C. Nahata, MS, PharmD, FAPhA, FASHP, FCCP, FPPA
Founding Director, Institute of Therapeutic Innovations and 

Outcomes, Professor Emeritus of Pharmacy, Pediatrics and 
Internal Medicine Divisions of Pharmacy Practice & Science 
and Outcomes & Translational Sciences, Colleges of Pharmacy 
and Medicine, Ohio State University, Columbus, Ohio

Chapter 2

Rocsanna Namdar, PharmD, BCPS, FCCP
Associate Professor of Pharmacy Practice, Philadelphia College 

of Osteopathic Medicine, Georgia Campus, Suwanee, Georgia
Chapter 79

Tien M.H. Ng, PharmD, BCPS AQ Cardiology, FCCP, 
FHFSA, FACC
Professor of Clinical Pharmacy and Medicine, Vice-chair, 

Department of Clinical Pharmacy, School of Pharmacy and 
Keck School of Medicine, University of Southern California, 
Los Angeles, California

Chapter 7

Lee Nguyen, PharmD, APh, BCPS-AQ ID, BCIDP
Health Sciences Associate Clinical Professor, Department 

of Clinical Pharmacy Practice, School of Pharmacy and 
Pharmaceutical Sciences, University of California, Irvine, 
California

Chapter 99

Benson N. Njuguna, BPharm, Post-graduate Diploma, 
Clinical Pharmacy
Clinical Pharmacist – Cardiology, Moi Teaching and Referral 

Hospital, Eldoret, Kenya
Chapter 5

Kimberly J. Novak, PharmD, BCPS, BCPPS, FPPA
Advanced Patient Care Pharmacist – Pediatric and Adult Cystic 

Fibrosis, Nationwide Children’s Hospital; Clinical Assistant 
Professor, Ohio State University, Columbus, Ohio

Chapter 17

Edith A. Nutescu, PharmD, MS CTS, FCCP
Michael Reese Endowed Professor of Cardiovascular 

Pharmacotherapy, Professor and Head, Department of 
Pharmacy Practice, College of Pharmacy, University of Illinois 
at Chicago, Illinois

Chapter 11

Marisha Okpala, PharmD
Advanced Practice Pharmacist, Clinical Pharmacy Specialist, 

United Regional Health Care System, Wichita Falls, Texas
Chapter 56

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

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

Chapter 72

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

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

Chapter 55

Christine Karabin O’Neil, BS, PharmD, BCPS, BCGP, 
FCCP, FACSP, TTS
Professor of Pharmacy Practice, Assistant Dean, Curricular 

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

Chapter 35

Vinita B. Pai, PharmD, MS
Associate Professor of Clinical Pharmacy, Division of Pharmacy 

Practice and Science, College of Pharmacy, Ohio State 
University, Advanced Patient Care Pharmacist, Pediatric 
Blood and Marrow Transplantation Program,  Nationwide 
Children’s Hospital, Columbus, Ohio

Chapter 2

Lisa M. Palmisano, PharmD, BCACP
Associate Professor, Midwestern University College of 

Pharmacy, Downer’s Grove Campus; Clinical Pharmacist, 
Midwestern Multispecialty Clinic, Downers Grove, Illinois

Chapter 61

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

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

Chapter 10

Sonak D. Pastakia, PharmD, MPH, PhD, BCPS, FCCP
Professor, Department of Pharmacy Practice, Center for 

Health Equity and Innovation, College of Pharmacy, Purdue 
University; Adjunct Professor, Center for Global Health, 
School of Medicine, Indiana University; Visiting Lecturer, 
Department of Pharmacology, School of Medicine, Moi 
University, Eldoret, Kenya; Clinical Pharmacist, Academic 
Model Providing Access to Healthcare (AMPATH), Eldoret, 
Kenya

Chapter 5

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

Professor, Department of Psychiatry, Northeast Ohio Medical 
University, Rootstown, Ohio

Chapter 37

Charles Peloquin, PharmD, FCCP
Professor and Director, Infectious Disease Pharmacokinetics 

Laboratory, College of Pharmacy and Emerging Pathogens 
Institute, University of Florida, Gainesville, Florida

Chapter 79

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

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

Chapter 69

Laura A. Perry, PharmD, BCPS
Professor of Pharmacy Practice, College of Pharmacy, 

University of Findlay, Findlay, Ohio
Chapter 66

Chisholm_FM_pi-xxxviii.indd   21 01/11/21   4:15 PM



xxii    CONTRIBUTORS

Hanna Phan, PharmD, FCCP, FPPA
Clinical Associate Professor, Department of Clinical 

Pharmacy, College of Pharmacy, University of Michigan; 
Clinical Pharmacist Specialist, Ambulatory Care, Pediatric 
Pulmonary, C.S. Mott Children’s Hospital-Michigan 
Medicine, Ann Arbor, Michigan

Chapter 2 and 65

Beth Bryles Phillips, PharmD, FCCP, FASHP, BCPS, BCACP
Rite Aid Professor and Assistant Department Head for 

Residency Programs, College of Pharmacy, University of 
Georgia; Clinical Pharmacist Specialist, Ambulatory Care, 
Charlie Norwood VA Medical Center, Athens, Georgia

Chapter 57

Amy M. Pick, PharmD, MS, BCOP
Assistant Dean for Experiential Education, Associate Professor, 

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

Chapter 97

Christopher R. Piszczatoski, PharmD
Post-Doctoral Pharmacy Fellow, Department of 

Pharmacotherapy and Translational Research, College of 
Pharmacy, University of Florida; Post-Doctoral Pharmacy 
Fellow, Department of Community Health and Family 
Medicine, College of Medicine, University of Florida, 
Gainesville, Florida

Chapter 59

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

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

Chapter 100

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

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

Chapters 46 and 47

Jeremy J. Prunty, PharmD, BCPS
Clinical Pharmacy Specialist – Internal Medicine, Department 

of Pharmacy, University Hospitals Cleveland Medical Center, 
Cleveland, Ohio

Chapter 18

Leesa M. Prunty, PharmD, BCPS, BCPPS
Clinical Pharmacy Specialist – Cystic Fibrosis, Department of 

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

Chapter 18

April Miller Quidley, PharmD, BCCCP, BCPS, FCCM, FCCP
Supervisor, Critical Care and Emergency Medicine; PGY1 

Residency Program Director, Vidant Medical Center, 
Greenville, North Carolina

Chapter 73

Dulcinea Quintana, MD
Associate Professor, School of Medicine; University of 

New Mexico Cancer Center, University of New Mexico, 
Albuquerque, New Mexico

Chapter 96

Sarah Rajkovic, PharmD, MSCS
Clinical Senior Instructor, Department of Clinical Pharmacy, 

Skaggs School of Pharmacy and Pharmaceutical Sciences; 
Clinical Pharmacist, Marcus Institute for Brain Health, 
University of Colorado Anschutz Medical Campus, Aurora, 
Colorado

Chapter 31

Angharad Ratliff, PharmD, BCCCP, BCPS
Clinical Assistant Professor, Department of Pharmacy Practice 

and Administrative Sciences, College of Pharmacy, Idaho 
State University, Anchorage, Alaska

Chapter 72

Renee F. Robinson, PharmD, MPH, MSPharm
Associate Professor, Department of Pharmacy Practice and 

Administrative Sciences, College of Pharmacy, Idaho State 
University – Anchorage Campus, Anchorage, Alaska

Chapter 43

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

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

Chapter 9

Brendan S. Ross, MD
Clinical Associate Professor, Department of Pharmacy Practice, 

School of Pharmacy, University of Mississippi; Staff Physician, 
G. V. (Sonny) Montgomery Veterans Affairs Medical Center, 
Jackson, Mississippi

Chapter 36

Leigh Ann Ross, PharmD, BCPS, FCCP, FASHP
Professor, Department of Pharmacy Practice; Associate 

Dean for Clinical Affairs; Director, Center for Clinical and 
Translational Science, School of Pharmacy, University of 
Mississippi, Jackson, Mississippi

Chapter 36

Laurajo Ryan, PharmD, BCPS
Clinical Professor, College of Pharmacy, University of Texas, 

Austin, Texas; UT Health San Antonio, Department of 
Medicine, Pharmacotherapy Education Research Center, 
San Antonio, Texas

Chapter 23

Jeffrey M. Rybak, PharmD, PhD
Instructor, Department of Pharmaceutical Sciences, St. Jude 

Children’s Research Hospital, Memphis, Tennessee
Chapter 86

Gianni B. Scappaticci, PharmD, BCOP
Clinical Pharmacist Specialist – BMT/Cellular Therapies, 

Michigan Medicine; Adjunct Clinical Instructor, College of 
Pharmacy, University of Michigan, Ann Arbor, Michigan

Chapter 98

Chisholm_FM_pi-xxxviii.indd   22 01/11/21   4:15 PM



CONTRIBUTORS    xxiii

Lauren S. Schlesselman, MA Ed Psych, PharmD
Executive Director, Learning Initiatives and Program 

Assessment, Center for Excellence in Teaching and Learning; 
University of Connecticut, Storrs, Connecticut

Chapter 85

Kristine S. Schonder, PharmD
Associate Professor, Department of Pharmacy and Therapeutics, 

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

Chapter 27

Julie M. Sease, PharmD, FCCP, BCPS, CDCES, BCACP
Senior Associate Dean and Clinical Professor, College of 

Pharmacy, University of South Carolina, Columbia, 
South Carolina

Chapter 44

Megan M. Seddon, PharmD, BCIDP
Clinical Pharmacist in Infectious Diseases and Antimicrobial 

Stewardship, Sarasota Memorial Health Care System, Sarasota, 
Florida

Chapter 80

Christopher Selby, PharmD, BCOP
Assistant Professor, Department of Pharmacy Practice, Jerry 

H. Hodge School of Pharmacy, Texas Tech University Health 
Sciences Center, Dallas, Texas

Chapter 90

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

University of Illinois; Section Chief, Urology, Jesse Brown 
Veterans Administration Medical Center, Chicago, Illinois

Chapter 52

April Smith, PharmD, MA, BCPS
Associate Professor of Pharmacy Practice, School of Pharmacy 

and Health Professions, Creighton University; Acute Care and 
Bariatric Surgery Pharmacist, CHI Immanuel Medical Center, 
Omaha, Nebraska

Chapter 102

Judith A. Smith, BS, PharmD, BCOP, CPHQ, FCCP, 
FHOPA, FISOPP
Professor and Director of Women’s Health Integrative 

Medicine Research Program, Division of Gynecologic 
Oncology, Department of Obstetrics, Gynecology and 
Reproductive Sciences, University of Texas Health Sciences 
Center McGovern Medical School; Oncology Clinical 
Pharmacy Specialist, Department of Pharmacy, UTHealth-
Memorial Hermann Cancer Center-Texas Medical Center, 
Houston, Texas

Chapter 94

Steven M. Smith, PharmD, MPH, FCCP
Assistant Professor, Department of Pharmacotherapy and 

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

Chapter 59

Susan E. Smith, PharmD, BCCCP, BCPS
Clinical Associate Professor, Department of Clinical and 

Administrative Pharmacy, College of Pharmacy, University 
of Georgia; Adjunct Assistant Professor, Department of 
Pharmacology and Toxicology, Medical College of Georgia, 
Augusta University, Athens, Georgia

Chapter 84

Thomas R. Smith, PharmD, BCPP
Associate Professor of Pharmacy Practice and 

Pharmacogenomics, Department of Pharmacy Practice, 
College of Pharmacy, Natural and Health Sciences, 
Manchester University, Fort Wayne, Indiana

Chapter 34

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

Binghamton University, Johnson City, New York
Chapter 9

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

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

Chapter 26

Rebecca H. Stone, PharmD, BCPS, BCACP, FCCP
Clinical Associate Professor, Department of Clinical and 

Administrative Pharmacy, College of Pharmacy, University 
of Georgia; Clinical Pharmacist in Ambulatory Care, Mercy 
Health Center, Athens, Georgia

Chapter 48

Marc A. Sweeney, PharmD, BCMAS
Chief Executive Officer, Profero Team, Xenia, Ohio
Chapter 3

Christian J. Teter, PharmD, BCPP, RPh
Research Pharmacist, Department of Pharmacy, McLean 

Hospital, Belmont, Massachusetts; Academic Consultant, 
Marblehead NeuroPsychiatric Rx, LLC, Marblehead, 
Massachusetts

Chapter 37

Eljim P. Tesoro, PharmD, BCCCP, FNCS, FCCM
Clinical Associate Professor, Department of Pharmacy 

Practice, College of Pharmacy, University of Illinois; 
Clinical Pharmacist in Neurocritical Care, University of 
Illinois Health, Chicago, Illinois

Chapter 33

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

College of Pharmacy, Mercer University; Clinical Pharmacist 
in Ambulatory Care, Wellstar Atlanta Medical Center, 
Atlanta, Georgia

Chapter 60

Chisholm_FM_pi-xxxviii.indd   23 01/11/21   4:15 PM



xxiv    CONTRIBUTORS

Phu Trinh, PharmD, BCACP
Assistant Professor, HSC College of Pharmacy, University of 

Population Health Pharmacist, University of North Texas 
Health Science Center at Fort Worth; HSC Health, Fort 
Worth, Texas

Chapter 64

Heidi J. Wehring,  PharmD, BCPP 
Adjunct Associate Professor of Psychiatry, School of Medicine, 

University of Maryland Baltimore, Baltimore, Maryland
Chapter 38

Lydia E. Weisser, DO, MBA
Medical Director, Mississippi Department of Mental Health 

(Retired), Martinez, Georgia
Chapter 40

Timothy E. Welty, PharmD, FCCP, FAES
Professor and Director of Research, Innovation, and 

International Initiatives, Department of Clinical Sciences, 
College of Pharmacy and Health Sciences, Drake University, 
Des Moines, Iowa

Chapter 32

Ya-Feng Wen, PharmD
PhD student, Experimental and Clinical Pharmacology, 

College of Pharmacy, University of Minnesota, Minneapolis, 
Minnesota

Chapter 6

Tara Whetsel, PharmD, BCACP, BC-ADM, CTTS
Clinical Associate Professor, Department of Clinical Pharmacy, 

School of Pharmacy, West Virginia University; Clinical 
Pharmacist in Ambulatory Care, WVU Medicine Cheat Lake 
Physicians, Morgantown, West Virginia

Chapter 16

Jon P. Wietholter, PharmD, BCPS, FCCP
Clinical Associate Professor, Department of Clinical Pharmacy, 

School of Pharmacy; Adjunct Associate Professor, Department 
of Medicine, School of Medicine, West Virginia University; 
Internal Medicine Clinical Specialist, WVU Medicine Ruby 
Memorial Hospital, Morgantown, West Virginia

Chapter 16

Sheila M. Wilhelm, PharmD, FCCP, BCPS
Professor (Clinical), Department of Pharmacy Practice, Eugene 

Applebaum College of Pharmacy and Health Sciences, Wayne 
State University, Detroit, Michigan

Chapter 21

Lori Wilken, PharmD, BCACP, AE-C, NCTTP
Clinical Assistant Professor, College of Pharmacy, University of 

Illinois, Chicago, Illinois
Chapter 15

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

of Pharmacy, Midwestern University, Downers Grove, Illinois
Chapter 12

G. Christopher Wood, PharmD, FCCP, FCCM, BCCCP
Professor, Department of Clinical Pharmacy and Translational 

Science, College of Pharmacy, University of Tennessee Health 
Science Center; Clinical Pharmacist in Critical Care, Regional 
One Health, Memphis, Tennessee

Chapter 14

Samantha L. Yeung, PharmD, MS, BCCP
Clinical Translational Sciences Fellow in Cardiovascular 

Pharmacology, School of Pharmacy, University of Southern 
California, Los Angeles, California

Chapter 7

Bryan Zobeck, PharmD
Clinical Assistant Professor, Department of Pharmacy 

Practice, Rockford Regional Program, College of Pharmacy, 
University of Illinois at Chicago, Rockford, Illinois

Chapter 11

Chisholm_FM_pi-xxxviii.indd   24 01/11/21   4:15 PM



x x v

REVIEWERS

Kaitlin Alexander, PharmD
Associate Clinical Professor, Department of Pharmacy Practice, 

Harrison School of Pharmacy, Auburn University, Mobile, 
Alabama

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

Research, College of Medicine, University of Cincinnati, 
Cincinnati, Ohio

Justin Arnall, PharmD, BCOP
Clinical Coordinator, Bleeding Disorders, Malignant and 

Non-malignant Hematology, Atrium Health Specialty 
Pharmacy Service, Charlotte, NC

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

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

Deborah A. ​Yurovich-Berlekamp, PharmD, BCPS 
Adjunct Professor of Pharmacy Practice, College of Pharmacy, 

University of Findlay, Findlay, Ohio

Martha Blackford, PharmD, BCPS
Clinical Pharmacologist and Toxicologist, Akron Childrens 

Hospital, Akron, Ohio

Elizabeth W. Blake, PharmD, BCPS
Director, Interprofessional Education / Clinical Associate 

Professor, College of Pharmacy, University of South Carolina, 
Columbia, South Carolina

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

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

Tina Brock, MS, EdD
Associate Dean for Education and Professor, Department 

of Clinical Pharmacy, Skaggs School of Pharmacy and 
Pharmaceutical Sciences, University of Colorado Anschutz 
Medical Campus, Aurora, Colorado 

Britny R. Brown, PharmD, BCOP
Clinical Assistant Professor Department of Pharmacy Practice 

College of Pharmacy, Kingston, Rhode Island

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

Florida A&M University; Ambulatory Care Pharmacist, 
Tampa General Hospital, Tampa, Florida

Wiyanna Bruck, PharmD, BCPS, BCIDP
Assistant Professor of Pharmacy Practice, South College; Clinical 

Pharmacist, Parkwest Medical Center, Knoxville, Tennessee

Christine Cadiz, PharmD, MA, BCPS
Health Sciences Assistant Clinical Professor, UC Irvine School of 

Pharmacy and Pharmaceutical Sciences, Irvine, California

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

Worcester/Manchester, Massachusetts College of Pharmacy 
and Health Sciences, Worcester, Massachusetts

Chelsea N. Carr, PharmD, BCPP
Advanced Practice Pharmacist, Department of Pharmacy 

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

Manouchkathe Cassagnol, PharmD, BCPS, BCCP, CTTS, 
FACC, FAHA
Clinical Professor; Assistant Dean, Community Engagement, 

Equity, and Belonging; Executive Director, Academic Center 
for Equity and Inclusion; College of Pharmacy and Health 
Sciences, St. John’s University, Queens, New York

Elisabeth L. Chandler, PharmD, BCIDP
Pharmacy Clinical Specialist – Infectious Diseases, Lee Health, 

Fort Myers, Florida

Daniel B. Chastain, PharmD, BCIDP, AAHIVP
Clinical Associate Professor, University of Georgia College 

of Pharmacy, SWGA Clinical Campus; Infectious Diseases 
Pharmacist, Phoebe Putney Memorial Hospital, Albany, 
Georgia

Jonathan Cho, PharmD, MBA, BCIDP, BCPS
Director of Pharmacy, MountainView Hospital, Residency 

Program Director, PGY2 Infectious Diseases Residency 
Program, Las Vegas, Nevada

Julie Cooper, PharmD, BCPS, AQ-Cardiology, BCCP
Associate Professor of Clinical Sciences, Fred Wilson School of 

Pharmacy, High Point University, High Point, North Carolina

Kelli L. Coover, PharmD, BCGP, FASCP
Associate Professor and Vice-Chair of Pharmacy Practice/

Assistant Director of Experiential Education, School of 
Pharmacy and Health Professions, Creighton University, 
Omaha, Nebraska

Elizabeth Covington, PharmD, BCIDP
Assistant Professor of Pharmacy Practice, Samford University 

McWhorter School of Pharmacy Birmingham, Alabama

Sandra Cuellar, PharmD, BCOP, FASHP, FHOPA
Associate Professor, College of Pharmacy, University of Illinois at 

Chicago; Clinical Oncology Pharmacist, UI Health Program 
Director, PGY2 Oncology Residency, Chicago, Illinois

David Dadiomov, PharmD, BCPP
Assistant Professor of Clinical Pharmacy, Titus Family 

Department of Clinical Pharmacy, University of Southern 
California, Los Angeles, California

Lawrence Davidow, PhD, RPh
Clinical Assistant Professor, School of Pharmacy, University of 

Kansas, Lawrence, Kansas

Chisholm_FM_pi-xxxviii.indd   25 01/11/21   4:15 PM



xxvi    REVIEWERS

Joseph M. Davis, PharmD, BCPS
Clinical Nephrology/Decentralized Medicine Pharmacist, Vidant 

Medical Center, Pharmacy Department, Greenville, North 
Carolina

Elina Delgado, PharmD, BCPS
Assistant Professor, Pharmacy Practice Department, School 

of Pharmacy, William Carey University; Ambulatory Care 
Pharmacist, Slidell Memorial Hospital, Slidell, Louisiana

Caroline Derrick, PharmD, BCPS
Clinical Assistant Professor and Infectious Diseases Pharmacist, 

Immunology Clinic, School of Medicine, University of South 
Carolina, Columbia, South Carolina

Kori Dewing, DNP, ANP-BC
Adult Nurse Practitioner, Seattle Arthritis Clinic, University of 

Washington; Affiliate Assistant Professor, School of Nursing, 
University of Washington, BNHS, Seattle, Washington

Emily Dornblaser, PharmD, MS, BCPS
Associate Professor, Director of Interprofessional Education, 

Department of Pharmacy Practice, School of Pharmacy, 
Westbrook College of Health Professions, University of 
New England, Portland, Maine

Nicole K. Early, PharmD, BCPS, BCGP
Associate Professor of Pharmacy Practice, Clinical Consultant 

Pharmacist, College of Pharmacy, Midwestern University, 
Glendale Campus, Glendale, Arizona

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

of Pharmacy, University of Maryland, Baltimore, Maryland

Alicia B. Elam, PharmD
Associate Professor, College of Allied Health Sciences, Physician 

Assistant Department, Augusta University, Augusta, Georgia

David P. Elliott, PharmD, FASCP, FCCP, AGSF, BCGP
Professor and Associate Chair, Department of Clinical 

Pharmacy, School of Pharmacy – Charleston Campus, 
West Virginia University; Clinical Pharmacist Specialist, 
Internal Medicine Clinic, Charleston Area Medical Center, 
Charleston, West Virginia

Clayton English, PharmD, BCPS, BCPP, BCGP
Associate Professor, Department of Pharmacy Practice, Albany 

College of Pharmacy and Health Sciences, Colchester, 
Vermont; Clinical Pharmacist, Pharmacy Department, 
University of Vermont Medical Center, Burlington, Vermont

Karen Fancher, PharmD, BCOP
Associate Professor, Division of Pharmacy Practice, School of 

Pharmacy, Duquesne University, Pittsburgh, Pennsylvania

Sarah Jane E. Faro, PharmD, BCPS, BCOP 
Associate Professor, School of Pharmacy, Pacific University 

Oregon, Hillsboro, Oregon

Jennifer Fix, PharmD, MBA, BCACP, BCGP
Associate Professor of Pharmacotherapy, UNT System College of 

Pharmacy, Fort Worth, Texas

Rachel Foster, PharmD, MBA, BCIDP
Advanced Clinical Pharmacist – Infectious Diseases, 

Intermountain Medical Center, Salt Lake City, Utah

Gabrielle Furgiuele, PharmD, BCIDP, AAHIVP
Medical Science Liaison, Infectious Diseases and Vaccines, 

Janssen Pharmaceutical Companies of Johnson & Johnson, 
Dallas-Fort Worth, Texas

Lisa Garavaglia, PharmD, BCPPS
Clinical Pharmacist, West Virginia University Medicine, 

Morgantown, West Virginia

Patty Ghazvini, PharmD, BCGP
Division Director and Professor of Pharmacy Practice, College 

of Pharmacy and Pharmaceutical Sciences, Institute of Public 
Health, Florida A&M University, Tallahassee, Florida

Caitlin Gibson, PharmD, BCPS, BCCP
Associate Professor, School of Pharmacy, Virginia Commonwealth 

University, Richmond Virginia

Dawn Knudsen Gerber, PharmD, BCGP, FASCP, FAzPA
Associate Professor of Pharmacy Practice (Geriatrics)
Midwestern University College of Pharmacy, Glendale Campus
Glendale, Arizona

Sarah Green, PharmD, BCPS, BCIDP, AAHIVP
Clinical Pharmacy Specialist, Infectious Diseases, Emory 

University Hospital, Atlanta, Georgia

Brooke L. Griffin, PharmD, BCACP
Professor and Vice Chair, Midwestern University College of 

Pharmacy, Downers Grove, Illinois

Benjamin N Gross, Pharm D, MBA, FCCP, BCPS, BCACP, 
BC-ADM, CDCES, ASH-CHC 
Associate Professor and Director of Assessment Department of 

Pharmacy Practice, College of Pharmacy and Health Sciences, 
Lipscomb University, Nashville, Tennessee

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

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

Jin Han, PharmD, PhD
Clinical Assistant Professor, University of Illinois at Chicago, 

Chicago, Illinois

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

Massachusetts College of Pharmacy and Health Sciences, 
Dana Farber Cancer Institute, Boston, Massachusetts

Deborah A. Hass, PharmD, BCOP, BCPS
Associate Professor, West Coast University, Los Angeles, CA

Jillian Hayes, PharmD, BCIDP
Infectious Diseases Clinical Pharmacy Specialist, AdventHealth 

Central Florida, Orlando, Florida

Chisholm_FM_pi-xxxviii.indd   26 01/11/21   4:15 PM



REVIEWERS    xxvii

Erin Hickey Zacholski, PharmD, BCOP
Assistant Professor, Department of Pharmacotherapy 

and Outcomes Science, School of Pharmacy, Virginia 
Commonwealth University (VCU); Clinical Pharmacy Specialist, 
Hematology and Oncology, VCU Health, Richmond, Virginia

Abigail Hoff, PharmD, BCPS
Clinical Pharmacist, West Virginia University Hospitals, 

Morgantown, West Virginia

Mitchell E. Hughes, PharmD, BCPS, BCOP
Clinical Pharmacy Specialist, Hematology/Oncology/Cellular 

Therapy Hospital of the University of Pennsylvania, 
Philadelphia, Pennsylvania

Jason Kielly, PharmD
Associate Professor, School of Pharmacy, Memorial University; 

Clinical Pharmacist, Rheumatic Health Program, Eastern 
Health, St. John’s, Newfoundland and Labrador, Canada

Susan J. Lewis, PharmD, BCPS
Assistant Professor of Pharmacy Practice, College of Pharmacy, 

University of Findlay, Findlay, Ohio

Benjamin Malcolm, PharmD, MPH, BCPP
Founder, Spirit Pharmacist, www.spiritpharmacist.com, Pomona, 

California.

Mark A. Malesker, PharmD, FCCP, FCCP, FCCM, FASHP, BCPS
Professor of Pharmacy Practice, School of Pharmacy and Health 

Professions, Creighton University, Omaha, Nebraska

Jennifer M. Malinowski, PharmD
Assistant Dean, Academic Affairs and Associate Professor of 

Pharmacy Practice, Nesbitt School of Pharmacy, Wilkes 
University, Wilkes-Barre, Pennsylvania

Michael Mancano, PharmD
Assistant Dean of Operations, Clinical Professor of Pharmacy 

Practice, School of Pharmacy, Temple University, Clinical 
Consultant, Internal Medicine, Pennsylvania Hospital, 
Philadelphia, Pennsylvania

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

University; Internal Medicine Clinical Pharmacist, WVU 
Medicine, Morgantown, West Virginia

Ziemowit Mazur, PhD, EdM, MS, PA-C
Associate Professor, Physician Assistant Department, College of 

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

Emily McCoy, PharmD, BCACP
Associate Clinical Professor, Harrison School of Pharmacy, 

Auburn University, Mobile, Alabama

Mary, Mihalyo, PharmD, BCPS
Assistant Professor of Pharmacy Practice, School of Pharmacy, 

Duquesne University, Pittsburgh, Pennsylvania

Lindsey Miller, PharmD, BCPP
Associate Professor and Clinical Pharmacist, College of 

Pharmacy and Health Sciences, Lipscomb University, 
Vanderbilt Psychiatric Hospital, Nashville, Tennessee

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

College of Pharmacy, University of Michigan; Clinical 
Pharmacist, Michigan Medicine, Ann Arbor, Michigan

Shanada Monestime, PharmD, BCOP
Assistant Professor, Hematology/Oncology
HSC College of Pharmacy

Candis Morello, PharmD, APh, CDCES, FASHP, FCSHP
Professor of Clinical Pharmacy, Department of Clinical 

Pharmacy, Skaggs School of Pharmacy and Pharmaceutical 
Sciences, University of California San Diego, La Jolla, 
California; Clinical Pharmacist Specialist, Veterans Affairs San 
Diego Healthcare System, San Diego, California

Jason M. Noel, PharmD, BCPP
Associate Professor, School of Pharmacy, University of 

Maryland, Baltimore, Maryland

Christine K. O’Neil, PharmD, BCPS, BCGP, FCCP, FASCP, TTS
Professor of Pharmacy Practice, School of Pharmacy, Duquesne 

University, Pittsburgh, Pennsylvania; Clinical Consultant 
Pharmacist – Pharmacotherapy Services, St. Barnabas Health 
System, Gibsonia, Pennsylvania 

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

Ryan E. Owens, PharmD, BCPS
Assistant Professor of Pharmacy Practice, Wingate University, 

Hendersonville, North Carolina

Emma C. Palmer, PharmD BCPS BCPP
Associate Professor, Pharmacy Practice and Administrative 

Sciences, James L. Winkle College of Pharmacy, University of 
Cincinnati, Cincinnati, Ohio

Melissa C. Palmer, PharmD, BCPS, BCPP
Clinical Pharmacy Specialist – Mental Health Alaska VA 

Healthcare System, Anchorage, Alaska

Mamta Parikh, PharmD, BCPS, BCPP
Assistant Professor, Clinical and Administrative Sciences, 

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

Dhiren K. Patel, PharmD, CDCES, BC-ADM
Adjunct Associate Professor of Pharmacy Practice, MCPHS 

University, Boston, Massachusetts

Adam Pennoyer, PharmD, BCCCP
Clinical Pharmacist-Critical Care, Morristown Medical Center, 

Morristown, New Jersey

Golden L. Peters, PharmD, BCPS
Associate Professor, Department of Pharmacy Practice, St. Louis 

College of Pharmacy at University of Health Sciences and 
Pharmacy, St. Louis, Missouri

Rebecca S. Pettit, PharmD, MBA, BCPS, BCPPS, FCCP
Pediatric Pulmonary Ambultatory Care Clinical Specialist; 

Program Director, Pediatric PGY2 Residency, Riley Hospital for 
Children at Indiana University Health, Indianapolis, Indiana

Chisholm_FM_pi-xxxviii.indd   27 01/11/21   4:15 PM

http://www.spiritpharmacist.com


xxviii    REVIEWERS

Kara Piechowski, PharmD, BCPS, BC-ADM, CTTS
Internal Medicine Clinical Pharmacist, WVU Medicine, Ruby 

Memorial Hospital; Adjunct Clinical Assistant Professor, 
School of Pharmacy, West Virginia University, Morgantown, 
West Virginia

Holly Rabideau, PharmD, BCPS
Drug Utilization Pharmacy, System Pharmacy, SCL Health, 

Broomfield, Colorado

Erin C. Raney, PharmD, FCCP, BCPS, BC-ADM
Professor of Pharmacy Practice, Midwestern University College 

of Pharmacy, Glendale Campus, Glendale, Arizona

Michael D. Reed, PharmD, FCCP, FCP
Professor Emeritus of Pediatrics, Department of Pediatrics, 

School of Medicine, Case Western Reserve University, 
Cleveland, Ohio

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

Tucson, Arizona

Melissa Santibañez, PharmD, BCCCP
Assistant Professor, Department of Pharmacy Practice, College 

of Pharmacy, Nova Southeastern University, Fort Lauderdale, 
Florida

JoAnne Saxe, DNP, ANP-BC, FAAN
Professor Emerita, Department of Community Health Systems, 

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

Amanda Seddon, PharmD, BCOP, BCPS
Assistant Professor, College of Pharmacy, Midwestern University, 

Downers Grove Campus Downers Grove, Illinois 

Jordan Sedlacek, PharmD, BCACP, BC-ADM
Assistant Professor of Pharmacy Practice, PGY2 Ambulatory 

Care Residency Program Director, Lloyd L. Gregory School of 
Pharmacy, Palm Beach Atlantic University, West Palm Beach, 
Florida

Cassandra M. Simpkins, PharmD, BCPS
Clinical Assistant Professor, Pharmacy Practice Department, School 

of Pharmacy, West Virginia University; Clinical Specialist in 
Family Medicine, WVU Medicine, Charleston, West Virginia

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

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

Eglis Tellez-Corrales, PharmD, MS
Assistant Professor, Pharmacy Practice, Marshall B. Ketchum 

University, Fullerton, California

Meghana Trivedi, PharmD, PhD, BCOP
Associate Professor, Department of Pharmacy Practice and 

Translational Research, College of Pharmacy, University of 
Houston, Houston, Texas

Patrick Tu, PharmD, BCPS, AAHIVP
Clinical Pharmacist Specialist, Infectious Diseases and 

Antimicrobial Stewardship, Charlie Norwood VA Medical 
Center, Augusta, Georgia

Ryan Turner, PharmD
Pharmacist-In-Charge, Highland Pharmacy and Wellness, 

Bruceton Mills, West Virginia

Linda S. Tyler, PharmD, FASHP
Professor (Clinical), Department of Pharmacotherapy College of 

Pharmacy, University of Utah Health, Salt Lake City, Utah

Lee Vermeulen, BSPharm, MS, FCCP, FFIP
Chief Efficiency Officer, UK HealthCare, Professor of Medicine 

and Pharmacy, University of Kentucky, Lexington, Kentucky

L. Evan Ward, DHSc, PA-C
Assistant Professor, Department of Physician Assistant Studies, 

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

Kurt A. Wargo, PharmD, FCCP, BCPS
Professor and Dean, School of Pharmacy, Presbyterian College, 

Clinton, South Carolina

Sarah M. Westberg, PharmD, FCCP, BCPS
Co-Associate Dean for Clinical Affairs, Professor, Department 

of Pharmaceutical Care and Health Systems, College of 
Pharmacy, University of Minnesota; Medication Therapy 
Management Practitioner, Women’s Health Specialists, 
MHealth Fairview Clinics, Minneapolis, Minnesota

Thomas White, JD, PA-C, MA
Clinical Professor, Physician Assistant Program, University of 

New England, Portland, Maine

Joseph Willmitch, MPAS, PA-C, DFAAPA
Assistant Professor, Director of Clinical Education-Memphis, 

College of Medicine, Department of Physician Assistant 
Studies, University of Tennessee Health Science Center, 
Memphis, Tennessee

Mary Joyce Wingler, PharmD, BCIDP
Clinical Pharmacy Specialist, Infectious Diseases and 

Antimicrobial Stewardship, University of Mississippi Medical 
Center, Jackson, Mississippi

Marylee Worley, PharmD, BCIDP 
Assistant Professor, Department of Pharmacy Practice, College 

of Pharmacy, Nova Southeastern University, Fort Lauderdale, 
Florida

Abigail Yancey, PharmD, FCCP, BCPS
Professor, Pharmacy Practice, St. Louis College of Pharmacy; 

Clinical Pharmacy Specialist, SSM Health St. Mary’s Hospital, 
St. Louis, Missouri

Monty Yoder, PharmD, BCCP
Clinical Specialist, Acute Care Pharmacy, Atrium Health – Wake 

Forest Baptist Health, Winston-Salem, North Carolina

Chisholm_FM_pi-xxxviii.indd   28 01/11/21   4:15 PM



x x i x

STUDENT AND RESIDENT 
REVIEWERS

Marie Noelle Bate Baiyee
Doctor of Pharmacy Candidate 2021
Western New England University College of Pharmacy and 

Health Sciences
Springfield, Massachusetts

Michael L. Behal, PharmD
PGY1 Pharmacy Resident
University of Kentucky Healthcare Chandler Medical Center
Lexington, Kentucky

Gina Belfiore
Doctor of Pharmacy Candidate 2021
Albany College of Pharmacy and Health Sciences
Albany, New York

Sam F. Benvie
Doctor of Pharmacy Candidate 2021
University of South Carolina College of Pharmacy
Columbia, South Carolina

Hope Howard Brandon
Doctor of Pharmacy Candidate 2022
University of Tennessee Health Science Center College of Pharmacy
Memphis, Tennessee

L. Claire Calcote
Doctor of Pharmacy Candidate 2021
University of Mississippi School of Pharmacy
University, Mississippi

Jenna L. Creelman
Doctor of Pharmacy Candidate 2021
Roseman University of Health Sciences College of Pharmacy
South Jordan, Nevada

Lauren E. Cummins
Doctor of Pharmacy Candidate 2022
Samford University McWhorter School of Pharmacy
Birmingham, Alabama

Joseph A. Davies
Doctor of Pharmacy Candidate 2021
Idaho State University College of Pharmacy
Pocatello, Idaho

Nakoasha R. Dillard
Doctor of Pharmacy Candidate 2021
Philadelphia College of Osteopathic Medicine School of 

Pharmacy – Georgia 
Suwanee, Georgia

Hannah M. Doles
Doctor of Pharmacy Candidate 2021
Texas Tech University Health Sciences Center Jerry H. Hodge 

School of Pharmacy
Lubbock, Texas

Riley A. Goho
Doctor of Pharmacy Candidate 2021
Wegmans School of Pharmacy, St. John Fisher College
Rochester, New York

Omar N. Gomez Estrada
Doctor of Pharmacy Candidate 2021
University of California San Francisco School of Pharmacy
San Francisco, California

Erin Gurney, PharmD
PGY1 Pharmacy Resident
University of Wyoming Family Medicine & School of Pharmacy
Cheyenne, Wyoming

Jihye Han
Doctor of Pharmacy Candidate 2020
University of California San Diego Skaggs School of Pharmacy
San Diego, California

Joseph Honig
Doctor of Pharmacy Candidate 2021
University of Rhode Island College of Pharmacy
Kingston, Rhode Island

Megan C. Kelly
Doctor of Pharmacy Candidate 2021
University of Tennessee Health Science Center College of 

Pharmacy
Knoxville, Tennessee

Brittany A. Kessel
Doctor of Pharmacy Candidate 2022
Creighton University School of Pharmacy and Health 

Professions
Omaha, Nebraska

Gwendolyn M. Knowles
Doctor of Pharmacy Candidate 2021
University of Toledo College of Pharmacy and Pharmaceutical 

Sciences
Toledo, Ohio

Cody Kossan
Doctor of Pharmacy Candidate 2022
University of Tennessee Health Science Center College of 

Pharmacy
Memphis, Tennessee

Caleb Krebs
Doctor of Pharmacy Candidate 2022
University of Tennessee Health Science Center College of 

Pharmacy
Memphis, Tennessee

Ahmi Lim
Doctor of Pharmacy Candidate 2021
Northeastern University Bouvé College of Health Sciences 

School of Pharmacy
Boston, Massachusetts

Kelsey R. Lock
Doctor of Pharmacy Candidate 2021
University of Mississippi School of Pharmacy
University, Mississippi

Chisholm_FM_pi-xxxviii.indd   29 01/11/21   4:15 PM



xxx    STUDENT AND RESIDENT REVIEWERS

Jasmine E. Manning, PharmD
PGY2 Pediatrics Pharmacy Resident
Prisma Health Children’s Hospital / University of South Carolina 

College of Pharmacy
Columbia, South Carolina

Ryan A. Mayer
Doctor of Pharmacy Candidate 2021
Cedarville University School of Pharmacy
Cedarville, Ohio

Renz Paulo O. Melicor
Doctor of Pharmacy Candidate 2022
Midwestern University College of Pharmacy, Downers Grove 

Campus
Downers Grove, Illinois

Austin R. Moehnke, PharmD
PGY1 Pharmacy Resident
University of Wyoming Family Medicine & School of Pharmacy
Cheyenne, Wyoming

Katherine F. Muilenburg
Doctor of Pharmacy Candidate 2021
University of North Texas Health Sciences College of Pharmacy
Fort Worth, Texas

Duc T. Nguyen
Doctor of Pharmacy Candidate 2021
Medical College of Wisconsin School of Pharmacy
Milwaukee, Wisconsin

Robert Nguyen
Doctor of Pharmacy Candidate 2021
Midwestern University College of Pharmacy, Glendale Campus
Glendale, Arizona

Sinmileoluwa V. Okegbile
Doctor of Pharmacy Candidate 2022
Midwestern University College of Pharmacy, Glendale Campus
Glendale, Arizona

Mason Park
Doctor of Pharmacy Candidate 2021
University of South Carolina College of Pharmacy
Columbia, South Carolina

Emily A. Plauche
Doctor of Pharmacy Candidate 2021
University of Georgia College of Pharmacy
Savannah, Georgia

Eric Rubido
Doctor of Pharmacy Candidate 2021
University of Florida College of Pharmacy
Gainesville, Florida

Tiffiny Sandrapaty
Doctor of Pharmacy Candidate 2021
South University College of Pharmacy
Columbia, South Carolina

Victoria A. Sawyer
Doctor of Pharmacy Candidate 2021
Xavier University of Louisiana College of Pharmacy
New Orleans, Louisiana

Joseph Shassetz
Doctor of Pharmacy Candidate 2021
University of Wyoming School of Pharmacy
Laramie, Wyoming

Gurkirat Singh
Doctor of Pharmacy Candidate 2021
Regis University School of Pharmacy
Denver, Colorado

Katarina Sisk
Doctor of Pharmacy Candidate 2021
Medical University of South Carolina College of Pharmacy
Charleston, South Carolina

Molly E. Steeves
Doctor of Pharmacy Candidate 2021
Texas Tech University Health Sciences Center, Jerry H. Hodge 

School of Pharmacy
Lubbock, Texas

Cindy K. Trac
Doctor of Pharmacy Candidate 2021
University of California San Francisco School of Pharmacy
San Francisco, California

Kelven V. Tran
Doctor of Pharmacy Candidate 2021
University of California San Francisco School of Pharmacy
San Francisco, California

Hung N. Tran
Doctor of Pharmacy Candidate 2021
California Health Sciences University College of Pharmacy
Clovis, California

Mary J. Vernon
Doctor of Pharmacy Candidate 2021
Florida A&M University College of Pharmacy and 

Pharmaceutical Sciences
Tallahassee, Florida

Madeleine L. Villavicencio
Doctor of Pharmacy Candidate 2021
University of North Texas Health Sciences College of Pharmacy
Fort Worth, Texas

Alina Viteri
Doctor of Pharmacy Candidate 2021
Southern Illinois University Edwardsville School of Pharmacy
Edwardsville, Illinois

Jillian M. Walters
Doctor of Pharmacy Candidate 2021
Samford University McWhorter School of Pharmacy
Birmingham, Alabama

Chisholm_FM_pi-xxxviii.indd   30 01/11/21   4:15 PM



STUDENT AND RESIDENT REVIEWERS    xxxi

Mia Warner
Doctor of Pharmacy Candidate 2022
University of Tennessee Health Science Center College of 

Pharmacy
Memphis, Tennessee

Alyssa M. B. White
Doctor of Pharmacy Candidate 2021
School of Pharmacy, Westbrook College of Health Professions, 

University of New England
Portland, Maine

Victoria S. Wolf
Doctor of Pharmacy Candidate 2021
University of Maryland School of Pharmacy
Baltimore, Maryland

Rose Zeng
Doctor of Pharmacy Candidate 2022
University of Tennessee Health Science Center College of 

Pharmacy
Memphis, Tennessee

Chisholm_FM_pi-xxxviii.indd   31 01/11/21   4:15 PM



Carlson_FM_pi-xiv.indd   4 25/10/21   1:18 PM

This page intentionally left blank 



x x x i i i

PREFACE

Safe and effective use of pharmacotherapy is critical for 
preventing and treating acute and chronic medical conditions. 
Although biomedical research continues to lead to production 

of medications with great potential to improve health, medications 
are often overused, underused, or misused, leading to suboptimal 
or unsafe results. As healthcare practitioners, we are responsible for 
optimizing positive health outcomes and limiting adverse effects 
from pharmacotherapy.

Providing high quality, cost-effective pharmacotherapy 
requires integration of scientific knowledge and clinical practice 
skills combined with patient-centered care. The development of 
healthcare practitioners occurs through structured educational 
processes that include didactic and experiential learning, inde-
pendent study, mentorship, interprofessional experiences, and 
direct involvement in patient care.

The sixth edition of Pharmacotherapy Principles & Practice is 
designed to provide student learners and healthcare practitioners 
with essential knowledge of the pathophysiology and pharmaco-
therapy of acute and chronic diseases likely to be encountered in 
routine practice. Chapters are written by content experts and peer 
reviewed by pharmacists, nurse practitioners, physician assis-
tants, and physicians who are authorities in their professional 
disciplines.

Pharmacotherapy Principles & Practice, sixth edition, opens 
with a brief Introduction chapter followed by five chapters focused 
on special populations: pediatrics, geriatrics, palliative care, criti-
cal care, and global health and travel medicine. These chapters 
are followed by 97 disease-based chapters that review epidemi-
ology, etiology, pathophysiology, clinical presentation and diag-
nosis, and nonpharmacologic therapy, followed by an emphasis 
on clear recommendations for medication selection, desired 
outcomes, dosing, and patient monitoring. New chapters in this 
edition include critical care pharmacotherapy; global health and 
travel medicine; systemic lupus erythematosus; and nose, mouth, 
and throat disorders. There is also important new chapter content 
on circulatory shock syndromes, trauma-related anxiety disorder, 
otic disorders, and antimicrobial stewardship.The following text-
book features were designed in collaboration with educational 
design specialists to enhance learning and retention:
•• Structured learning objectives at the beginning of each chapter.
•• Key concepts related to the disease, patient assessment, 

and treatment highlighted with an easily identifiable icon 
throughout the chapter.

•• Patient encounters, updated and revised from the previous 
edition, that facilitate development of critical thinking skills 
and lend clinical relevance to the scientific foundation 
provided.

•• A patient care process section modeling the Joint Commission 
of Pharmacy Practitioners (JCPP) that provides specific 
recommendations about the process of care for an individual 
patient involving five steps: collect information, assess 
information, develop a care plan, implement the care plan, 
and follow-up: monitor and evaluate.

•• Up-to-date literature citations for each chapter to support 
treatment recommendations.

•• Tables, figures, and algorithms that enhance understanding of 
pathophysiology, clinical presentation, medication selection, 
pharmacokinetics, and patient monitoring.

•• Medical abbreviations and their meanings at the end of each 
chapter to facilitate learning the accepted shorthand used in 
real-world healthcare settings.

•• Self-assessment questions and answers for each chapter in 
the Online Learning Center to facilitate self-evaluation of 
learning.

•• Laboratory values expressed as both conventional units and 
Système International (SI) units.

•• Appendices that contain: (1) conversion factors and 
anthropometrics; (2) common medical abbreviations; (3) glossary 
of medical terms (the first use of each term in a chapter appears in 
bold, colored font); and (4) prescription writing principles.

•• A table of common laboratory tests and reference ranges 
appears on the inside covers of the book.
A companion website, Pharmacotherapy Principles and Practice 

Study Guide: A Case-Based Care Plan Approach, is available to 
further enhance learning by guiding students through the process 
of applying knowledge of pharmacotherapy to specific patient 
cases. This study guide contains approximately 100 patient cases 
that correspond to chapters in the textbook.

The Online Learning Center at www.ChisholmPharmacother-
apy.com provides self-assessment questions, grading and imme-
diate feedback on the questions, and reporting capabilities.

We are extremely grateful for the commitment and dedica-
tion of more than 190 contributing authors and more than 100 
peer reviewers of the chapters in this new edition. We also thank 
the many educators, schools/colleges, and healthcare institutions 
that have adopted this textbook in courses or use it as a refer-
ence in practice settings. We extend our sincere thanks to the 
McGraw Hill team for their hard work and commitment to bring-
ing this new edition to our readership.

The Editors 
September 2021
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INTRODUCTION
Jack E. Fincham

INTRODUCTION
Health professionals are given significant responsibilities in 
our healthcare system. These roles may be taken for granted by 
patients until a pharmacist, nurse practitioner, physician assis-
tant, physician, or others perform assigned tasks that make major 
positive impacts upon patients and patients’ families lives in 
countless ways. The exemplary manner in which health profes-
sionals provide necessary care to patients is a hallmark of health 
professional practice and delivery of US health care. Patients are 
thus well served, and fellow health professionals share knowledge 
and expertise specific to their profession. 

However, there are significant problems remaining in the US 
healthcare system from a structural standpoint. In 2018, the 
United States spent twice as much as comparative countries on 
health care, yet the United States ranks 11th in the list that con-
siders increased hospitalization from preventable causes and an 
increase in avoidable deaths.1 Keehan and colleagues2 from the US 
Centers for Medicare and Medicaid Services (CMS) projected the 
costs of health care through 2028 and estimate that by 2028, US 
healthcare expenditures will exceed $6.2 trillion with prescription 
drug spending estimated to be $560.3 billion. This prescription 
drug spending amounts to a projected increase in spending of 
74% between 2016 and 2028.

 A significant issue in the United States is that countless 
Americans in our midst are uninsured or underinsured. They may 
have partial coverage after a fashion, but, for these Americans, 
the high price of deductibles, co-pays, and monthly payments for 
insurance create an economic dilemma each time they seek care 
or pay premiums. The Coronavirus Disease (COVID-19) pan-
demic has amplified the lack of health insurance for many in this 
country.3 The swelling of the ranks of the unemployed also means 
many with prior health insurance through an employer are now 
not only out of work but also without health insurance. In addi-
tion, many other social determinants of care impact who receives 
health care or not.

The use of medications in the healthcare system provides enor-
mous benefit to many; lives are saved or enhanced, and lifespans 
are lengthened. Many other uses of medications lead to significant 
side effects, worsening states of health, and premature deaths. So, 
how to separate these disparate pictures of drug use outcomes? 
You, within your practices and within your networks in the 
healthcare workplace, can help to promote the former and dimin-
ish the latter. The authors of the chapters in this book have written 
informative, current, and superb chapters that can empower you 
to positively influence medication use.

The following are issues that will impact you as you develop 
as a healthcare professional or impact your patients as they 
use medications. These are important issues to consider as you 
enhance your knowledge concerning medications and how they 
can impact your patients.

CORONOVIRUS DISEASE 2019 (COVID-19)
The COVID-19 pandemic has wreaked havoc globally upon 
economic, social, and health structures. Healthcare practitio-
ners have been stressed as never before. Driggin and colleagues4 
have written of the risks heathcare workers are exposed to when 
providing cardiovascular care and become hosts or vectors of 

COVID-19 transmission. Much has been written of the fear 
healthcare workers are experiencing since they fear for their 
coworkers, their family and friends, and their communities.5,6 
Rose7 has noted the rapid change of teaching techniques from 
traditional pre-clerkship course delivery to online learning appli-
cations that are now required for health professional curricula 
during this pandemic.

The general public has experienced significant detrimental 
emotional impacts due to the COVID-19 pandemic. Pfefferbaum 
and North8 have written of the trauma, including post-traumatic 
stress disorders (PTSD), patients are experiencing due to con-
cerns related to their health, safety, well-being, economic status, 
and stress disorders. You will have an enormous opportunity to 
positively impact patients and families in your practices.

DRUG USE IN THE HEALTHCARE SYSTEM
Prescription medications are used daily and problems occurring 
with the use of drugs can include:
•• Medication errors
•• Suboptimal drug, dose, regimen, dosage form, and duration 

of use
•• Unnecessary drug therapy
•• Therapeutic duplication
•• Drug–drug, drug–disease, drug–food, or drug–nutrient 

interactions
•• Drug allergies
•• Adverse drug effects, some of which are preventable

Clinicians are often called upon to resolve problems that occur 
due to undertreatment, overtreatment, or inappropriate treat-
ment. Individuals can purchase medications through numerous 
outlets. Over-the-counter (OTC) medications can be purchased 
virtually anywhere. OTCs are widely used by all age groups. 
Prescription medications can be purchased through traditional 
channels (community chain and independent pharmacies), from 
mail-order pharmacies, through the Internet, from physicians, 
from healthcare institutions, and elsewhere. Herbal remedies and 
countless cannabidiol (CBD) products are marketed and sold in 
numerous outlets. The monitoring of the positive and negative 
outcomes of the use of these drugs, both prescription and OTC, 
can be disjointed and incomplete. Clinicians and health profes-
sionals need to take ownership of these problems and improve 
patient outcomes resulting from drug use.

Although clinicians are the gatekeepers for patients to 
obtain prescription drugs, patients obtain prescription medi-
cations from numerous sources. Patients may also borrow from 
friends, relatives, or even casual acquaintances. In addition, 
patients obtain OTC medications from physicians through 
prescriptions, on advice from pharmacists and other health 
professionals, through self-selection, or through the recom-
mendations of friends or acquaintances. Through all of this, 
it must be recognized that there are both formal (structural) 
and informal (word-of-mouth) components at play. Health 
professionals may or may not be consulted regarding the use 
of medications, and in some cases are unaware of the drugs 
patients are taking.
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External variables may greatly influence patients and their 
drug-taking behaviors. Coverage for prescribed drugs allows 
those with coverage to obtain medications with varying cost-
sharing requirements. However, many do not have insurance cov-
erage for drugs or other health-related needs.

Self-Medication
Self-medication can be broadly defined as a decision made by 
a patient to consume a drug with or without the approval or 
direction of a health professional. The self-medication activi-
ties of patients have increased dramatically in the late 20th and 
early 21st centuries. Many factors affecting patients have con-
tinued to fuel this increase in self-medication. There have been 
many prescription items switched to OTC classification in the 
last 50 years, which is dramatically and significantly fueling the 
rapid expansion of OTC drug usage. In addition, patients are 
increasingly comfortable with self-diagnosing and self-selection 
of OTC remedies.

Through the rational use of drugs, patients may avoid more 
costly therapies or expenditures for other professional services. 
Self-limiting conditions, and even some chronic health condi-
tions (e.g., allergies and dermatologic conditions), if appropri-
ately treated through patient self-medication, allow the patient to 
have a degree of autonomy in healthcare decisions.

Non-Adherence Issues
Non-adherence is not taking a prescribed medication or not 
taking it as prescribed and is one of the most understated prob-
lems in the healthcare system.9 Reasons can include not being 
able to get the medication in a timely manner because of insur-
ance requirements such as a prior approval from the insurance 
being denied or delayed, the prescribed drug may not be cov-
ered under the patient’s insurance, the patient cannot afford to 
pay the drug cost or the copay, regimens are complicated or not 
understood by the patient, etc. The effects of non-adherence 
have enormous ramifications for patients, caregivers, and 
health professionals. Non-adherence is a multifaceted problem 
with a need for interprofessional, multidisciplinary solutions. 
Interventions that are organizational (how clinics are struc-
tured), educational (patient counseling, supportive approach), 
and behavioral (impacting health beliefs and expectations) are 
necessary. Compliant behavior can be enhanced through your 
actions with the patients for whom you provide care. Sometimes 
what is necessary is referral to specific clinicians for individual-
ized treatment and monitoring to enhance compliance. The case 
histories provided in this textbook will allow you to follow what 
others have done in similar situations to optimally help patients 
succeed in improving adherence rates and subsequent positive 
health outcomes.

Drug Use by the Elderly
The major source of payment for prescription drugs for those age 
65 years and older in the United States is the Medicare Part D 
Drug Benefit. Seniors have benefitted tremendously from this 
component. Estimates place the expenditure for Medicare Part D 
to be $88 billion in 2020.10

A joint effort by health professionals working together is the 
best approach to aiding seniors in achieving optimal drug ther-
apy. Evaluation of all medications taken by seniors at each patient 
visit can help prevent polypharmacy from occurring.

IMPACTING THE PROBLEMS OF DRUG USE
Medication Errors
There is a tremendous opportunity in medication use and moni-
toring to reduce medication errors. Untold morbidity and mor-
tality occur due to the many errors occurring in medication use. 
The increasing availability of artificial intelligence applications, 
and increased usage by healthcare professionals can enhance the 
proper provision of patient care for all patients.11 

Avoiding Prescribing Cascades 
Prescribing cascades occur in healthcare when the side effect 
from a medication is interpreted as a new condition—and a 
second drug is prescribed to “treat” the side effect. Prescribing 
cascades are important because they can be prevented.12

Impacting the Opioid Crisis
The use and misuse of prescription opioid analgesic medications 
are at an all-time high and are increasing, and the negative con-
sequences of this epidemic are many.13 Health professionals will 
play a key, vital role in reversing this epidemic and enhancing the 
health of many and society as well.

SUMMARY
Health professionals are at a crucial juncture facing an uncertain, 
yet promising future. The skills and knowledge that enable effec-
tive practice have never been more daunting among the numer-
ous health professions. Technology can further empower health 
professionals to play an effective role in helping patients and fel-
low health professionals to practice safe and effective medicine. 
Continuing healthcare reforms will have the potential to dramati-
cally impact your practices in the healthcare system for the length 
of your careers.

The use of this text, which incorporates materials written by 
the finest minds in pharmacy practice and education, can enable 
the reader to play a crucial role in improving the drug use process 
for patients, providers, payers, and society. The thorough analysis 
of common disease states, discussion of therapies to treat these 
conditions, and specific advice for patients will help you in your 
practices. The purpose of this book is to help you make a real 
improvement in the therapies you provide to your patients. Cur-
rent and future clinicians can rely on the information laid out here 
to enhance your knowledge and allow you to assist your patients 
with the sound advice that they expect you to provide. Use the 
text, case histories, and numerous examples here to expand your 
therapeutic skills, and to help positively impact your patients in 
the years to come.

You can help to reverse medication-related problems, improve 
outcomes of care both clinically and economically, and enable 
drug use to meet stated goals and objectives. This text provides 
a thorough analysis and summary of treatment options for com-
monly occurring diseases and the medications or alternative ther-
apies used to successfully treat these conditions.
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1 Geriatrics: Safe Medication 
Use in Older Adults
Jeannie K. Lee, Damian M. Mendoza, and 
Shaun M. Chatelain 

INTRODUCTION

The growth of the aging population and increasing lifespan 
require healthcare professionals to gain knowledge neces-
sary to meet the needs of this patient group. Despite the 

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

EPIDEMIOLOGY AND ETIOLOGY
As humans age, they are at increasing risk of disease, disability, and 
death for three reasons: genetic predisposition; reduced immu-
nological surveillance; and the accumulated effects of physi-
cal, 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 clinicians to better understand the epidemiol-
ogy of aging to comprehensively provide high-value services to 
optimize the function and health-related quality of life of older 
adults.1

Sociodemographics
▶▶ Population

 The population is rapidly growing older. In 2020, 
56.1 million US residents were 65 years and older, with projec-
tions to increase to 94.7 million by 2060.2 Almost 6.7 million 
people were 85 years or older (the “oldest-old”), and 100 thou-
sand persons were aged 100 or older.2 Those 85+ years individuals 
are projected to grow from 6.4 million in 2016 to 14.4 million in 
2040 and further increase to 19 million by 2060.2 In 2020, older 
women aged 65 years and above (31 million) outnumbered older 
men (25 million), with a ratio of 100 to 81; this ratio widens as 
elders age.2 Additionally, minority elders are projected to increase 

to 21.1 million in 2020.3 With changing aging population demo-
graphics, surviving baby boomers will be disproportionally female, 
more ethnically/racially diverse, better educated, live alone, and 
have more financial resources than elders in previous generations.

▶▶ Economics
More elders have higher economic prosperity than ever before. In 
2017 only 9.2% of Americans of 65 years and older and 11.6% of 
80 years and older lived below the poverty line.4 However, major 
inequalities persist, with older Blacks (poverty rates of 16.1% for 
men and 21.5% for women) and those without high school diplo-
mas reporting fewer financial resources.4,5 Considerable dispari-
ties exist and may prevent less advantaged elders from purchasing 
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.6 Nearly 40% of 
people 75+ years have low health literacy, more than any other 
age group.5 Despite these limitations, the Pew Trust reports that 
67% of adults aged 65 years and older say they use the Internet,7 
and healthcare systems are increasingly offering online health 
information to older consumers. These advances are important 
because communication between healthcare providers and elders 
is vital in providing quality care, supporting self-care, and navi-
gating care transitions.

Health Status
▶▶ Life Expectancy

Americans are living longer than ever (average of 78.6 years in 
2017), and life expectancy has increased (people who survive 
to age 65 can expect to live an average of 19.3 more years).5 Yet, 
US life expectancy lags behind that of many other industrialized 
nations.5,8 Disparities in mortality persist; in 2014 life expectancy 
at birth for the Whites was 3.4 years longer than for the Blacks.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.	 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.
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Nearly 35% of US deaths in 2000 were attributed to three risk 
behaviors: smoking, poor diet, and physical inactivity. Though 
only 8.4% of Americans 65+ years smoked in 2018, nearly 54% 
of men and 21% of women were former smokers.5,9 Overweight 
elders aged 65 to 74 years increased from 57% to 73% in 2004, 
largely due to inactivity and a diet high in refined foods, satu-
rated fats, and sugared beverages.5 Despite proven health ben-
efits of physical activity, 47% of elders 65 to 74 years and 61% 
of 75+ years reported no physical activity, and only 12% of older 
adults reported participating in aerobic and muscle-strengthening 
activities that meet US physical activity guidelines.5,10

The 2016 National Health Interview Survey indicated that in 
2012 to 2014 older non-Hispanic Whites were more likely to report 
good to excellent health than non-Hispanic Blacks and Hispanic 
peers (80% vs 65% and 66%, respectively).11 Approximately 85% 
of older adults have at least one chronic condition, and 60% have 
at least two. The prevalence of certain chronic conditions differs 
by sex, with women reporting higher levels of arthritis (54% vs 
43%), and men reporting higher levels of heart disease (37% vs 
26%) and cancer (24% vs 19%).8 Figure 1–1 specifies the most 
common chronic conditions of older adults by sex. Frailty is a 
common biological syndrome in the elderly. Once frail, elders 
may rapidly progress toward failure to thrive and death. Among 
US adults 65 years and older, 15.3% were frail according to the 
National Health and Aging Trends Study.12

Healthcare Utilization and Cost
 Older Americans use more healthcare services than 

younger Americans do. Although older adults with one or more 
hospital stays decreased from 2000 to 2017 (18% vs 15.3%), they 
accounted for more than half of hospitalizations overall, with 
longer lengths of stay corresponding to increasing age.8 Between 
2015 and 2016, there were 1.2 million US nursing home residents 
aged 65+ years, and as the aged live longer, more will require 
assistance, which will be increasingly performed in the home.8 

Healthcare costs among older Americans are higher than costs 
for younger Americans. In 2015 older Americans spent 12.9% of 
their total expenditures on health compared with 7.8% among all 
consumers.3 Medicare plays a major role in US healthcare costs, 
accounting for 20% of total health spending in 2012, 27% of 
spending on hospital care and 23% on physician services.13
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FIGURE 1–1.  Percentage of people 65 years and older who reported having selected chronic conditions, by sex, 2005 to 2006.  
Note: Data are based on a 2-year average from 2005 to 2006. Reference population: These data refer to the noninstitutionalized 
population. (From Centers for Disease Control and Prevention, National Center for Health Statistics, National Health Interview Survey.)

Patient Encounter Part 1

CS is an 85-year-old widow who moved to California with 
her sister 10 years ago to be near their children at the end 
of life. Though CS has a college degree in art in Japan, she 
speaks very little English, has limited health literacy, and 
requires interpretation during health visits. CS comes to the 
Interprofessional Geriatrics Clinic to receive comprehensive 
care of her multimorbidity and polypharmacy management. 
Her past medical history includes depression, diabetes, 
dyslipidemia, hypertension, hypothyroidism, insomnia, 
myocardial infarction (14 years ago), and peripheral 
neuropathy. CS uses 19 medications that include prescription 
medications for her multiple chronic conditions, vitamins, 
and herbal supplements for “immune system and sleep.” She 
is underweight, despite eating often to maintain her weight. 
She walks around her neighborhood with her sister for about 
30 minutes every morning, then drinks three to four cups 
(about 0.75–1 L) of tea while listening to Japanese news.

What information is consistent with epidemiology of aging?

Which of CS’s medical conditions are commonly found in 
older adults?

What additional information do you need before conducting 
a comprehensive medication review?
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AGE-RELATED CHANGES
In basic terms, pharmacokinetics is what the body does to the 
drug, and pharmacodynamics is what the drug does to the 
body.  All four components of pharmacokinetics— 
absorption, distribution, metabolism, and excretion—are affected 
by aging; the most clinically important and consistent is the 
reduction of renal elimination of drugs.14 As people age, they 
can become frailer and are more likely to experience altered and 
variable drug pharmacokinetics and pharmacodynamics. Even 
though this change is influenced by a patient’s clinical state more 
than their chronological age, the older patient is more likely to 
be malnourished or suffer from diseases that affect pharmaco-
kinetics and pharmacodynamics.14 Older adults can develop 
significant drug-related problems when alterations in pharmaco-
kinetics and pharmacodynamics are not appropriately accounted 
for in prescribing and monitoring medications.13 Clinicians have 
the responsibility to use pharmacokinetic and pharmacodynamic 
principles to improve elder care and avoid adverse effects of phar-
macotherapy. Due to the many changes described below, certain 
chronic medications should be started at 50% of the recommended 
initial adult dose with doses titrated slowly in older adults. This 
is a general recommendation for initiating medications, such as 
antihypertensives and antidepressants, but does not apply to the 
treatment of acute illness (eg, antibiotics for pneumonia).

Pharmacokinetic Changes
▶▶ Absorption

Multiple changes occur throughout the gastrointestinal (GI) tract 
with aging, but little evidence indicates that drug absorption is 
significantly altered. The changes include decreases in overall 
surface of the intestinal epithelium, gastric acid secretion, and 
splanchnic blood flow.14 Peristalsis becomes weaker, and gastric 
emptying is delayed. These changes slow absorption in the stom-
ach, especially for enteric-coated and delayed-release prepara-
tions. Delays in absorption may lead to a longer time required 
to achieve peak drug effects, but it does not significantly alter the 
amount of drug absorbed, and drug movement from the GI tract 
into circulation is not meaningfully changed.14,15 However, rela-
tive achlorhydria can decrease the absorption of nutrients, such 
as vitamin B12, calcium, and iron.15

Aging facilitates atrophy of the epidermis and dermis along 
with a reduction in barrier function of the skin. Tissue blood 
perfusion is reduced, leading to decreased or variable rates of 
transdermal, subcutaneous, and intramuscular drug absorption. 
Therefore, intramuscular injections should generally be avoided 
in older adults due to unpredictable drug absorption.14 Addi-
tionally, because saliva production decreases with age, medica-
tions that need to be absorbed rapidly by the buccal mucosa are 
absorbed at a slower rate. Yet, for most drugs, absorption is not 
significantly affected, and the changes described are clinically 
inconsequential.15,16

▶▶ Distribution
The main physiological changes that affect distribution of drugs 
in older adults are with body fat and water and protein binding. 
Lean body mass can decrease by 12% to 19% through loss of skel-
etal muscle in older adults. Thus, blood levels of drugs primar-
ily distributed in muscle increase (eg, digoxin), presenting a risk 
for overdose.15 While lean muscle mass decreases, adipose tissue 
can increase with aging by 18% to 36% in men and 33% to 45% 
in women. Therefore, fat-soluble drugs (eg, diazepam, amitripty-
line, and amiodarone) have increased volume of distribution (Vd), 

leading to higher tissue concentrations and prolonged duration of 
action. Greater Vd leads to increased half-life and time required to 
reach steady-state serum concentration.14,15

Total body water decreases by 10% to 15% by age 80. This low-
ers Vd of water-soluble drugs (eg, aspirin, digoxin, and morphine) 
leading to higher plasma drug concentrations than in younger 
adults when equal doses are used.14,15 Thus lower doses are needed 
to prevent toxicity. Toxic drug effects may be worsened when 
dehydration occurs, and when the extracellular space is reduced 
by diuretic use.

Likewise, plasma albumin concentration decreases by 10% 
to 20%, although disease and malnutrition contribute more 
to this decrease than age alone.14 In patients with an acute ill-
ness, rapid decreases in serum albumin can increase drug 
effects. Examples of highly protein-bound medications include 
warfarin, phenytoin, and diazepam.15 For most chronic medi-
cations, these changes are not clinically significant because 
although the changes affect peak level of a single dose, mean 
serum concentrations at steady state are not altered unless clear-
ance is affected.15 For highly protein-bound drugs with narrow 
therapeutic indices (eg, phenytoin), however, it is important to 
appropriately interpret serum drug levels in light of the older 
patient’s albumin status. In a malnourished patient with hypo-
albuminemia, a higher percentage of the total drug level con-
sists of free drug than in a patient with normal serum albumin.14 
Hence, if a hypoalbuminemic patient has a low total phenytoin 
level, and phenytoin dose is increased, the free phenytoin con-
centration may reach toxicity.

▶▶ Metabolism
Drug metabolism is affected by age, acute and chronic diseases, 
and drug–drug interactions. The liver is the primary site of drug 
metabolism, which undergoes changes with age; though the 
decline is not consistent, older patients have decreased metabo-
lism of many drugs.14,16 Liver mass is reduced by 20% to 30% with 
aging, and hepatic blood flow is decreased by as much as 50%.15 
These changes can drastically reduce the amount of drug delivered 
to the liver per unit of time, reduce its metabolism, and increase 
the half-life.15 Metabolic clearance of some drugs is decreased by 
20% to 40% (eg, amiodarone, amitriptyline, and morphine), but 
it is unchanged for drugs with a low hepatic extraction.15 Drugs 
that have high extraction ratios have significant first-pass metab-
olism, resulting in higher bioavailability for older adults. For 
example, the effect of morphine is increased due to a decrease 
in clearance by around 33%. Similar increases in bioavailability 
are seen with propranolol, levodopa, calcium channel blockers, 
tricyclic antidepressants, and statins. Thus, older patients may 
respond similarly to younger patients using lower doses of these 
medications.14-16

Aging affects liver enzymes (cytochrome P450 system 
[CYP450]) that may lead to a decreased elimination rate of 
drugs that undergo oxidative phase I metabolism, but this is 
controversial.14 Originally, it was thought that the CYP450 system 
was impaired in older adults, leading to decreased drug clear-
ance and increased serum half-life, but studies have not consis-
tently confirmed this. The variations in the CYP450 activity may 
not be due to aging but lifestyle (eg, smoking), illness, or drug 
interactions.14-16 Nutritional status also plays a role in drug metab-
olism. Frail elders have a more diminished drug metabolism than 
those with healthy body weight.14,16 Aging does not affect drugs 
that undergo phase II hepatic metabolism (eg, lorazepam and 
temazepam), known as conjugation or glucuronidation, but con-
jugation is reduced with frailty.15
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▶▶ Elimination
Clinically, the most important pharmacokinetic change in older 
adults is decreased renal drug elimination.14 As people age, renal 
blood flow, renal mass, glomerular filtration rate, filtration frac-
tion, and tubular secretion decrease. After age 40, the number of 
functional glomeruli declines, and renal blood flow decreases by 
approximately 1% yearly. From age 25 to 85 years, average renal 
clearance declines by as much as 50% and is independent of 
the effects of disease.14,15 Still, the impact of age on renal func-
tion is variable and not always linear. Longitudinal studies have 
suggested that a percentage (up to 33%) of older adults do not 
experience this age-related decline in renal function.15 Clinically 
significant effects of decreased renal clearance include prolonged 
drug half-life, increased serum drug level, and increased potential 
for adverse drug reactions (ADRs).14 Special attention should be 
given to renally eliminated drugs with a narrow therapeutic index 
(eg, digoxin and aminoglycosides). Monitoring serum concentra-
tion and making appropriate dose adjustment for these agents 
can prevent serious ADRs resulting from drug accumulation.17 
Importantly, despite a dramatic decrease in renal function (cre-
atinine clearance) with aging, serum creatinine may remain fairly 
unchanged and remain within normal limits. This is because frail 
older patients have decreased muscle mass resulting in less cre-
atinine production for input into circulation.14,15 Because chronic 
kidney disease can be overlooked if a clinician focuses only on the 
serum creatinine value, overdose and ADR can occur.

Creatinine clearance should be calculated when starting or 
adjusting pharmacotherapy in older adults. The Cockcroft-Gault 
equation is the most widely used formula for estimating cre-
atinine clearance (mL/min; or multiply by 0.0167 to express in 
mL/s) for adjusting drug doses. See Chapter 26 (Table 26–3) for 
more details.

When serum creatinine is expressed in mg/dL,

Creatinine Clearance  
(140 Age) Weight (kg)

Serum creatinine (mg/dL) 72
(0.85 if female)

=
− ×

×
×

When serum creatinine is expressed in μmol/L,

Creatinine Clearance  1.2
(140 Age) Weight (kg)
Serum creatinine ( mol/L)
(0.85 if female)

= ×
− ×

µ
×

This equation is also used by most drug manufacturers to 
determine renal dosing guidelines. The Cockcroft-Gault equa-
tion provided the best balance between predictive ability and bias 
in a comparison study with the Modification of Diet in Renal 
Disease (MDRD) and Jelliffe “bedside” clearance equations.15 
The Cockcroft-Gault equation can overestimate renal function in 
obese individuals, so an adjusted body weight should be used in 
the calculation [AjBW = IBW + 0.4 (ABW − IBW)]. Understand 
that predictive formulas can also significantly overestimate actual 
renal function in chronically ill, debilitated older patients.

Pharmacodynamic Changes
Pharmacodynamics refers to the actions of a drug at its target 
site and the body’s response to that drug. Compared to pharma-
cokinetics, there is less data on age-related pharmacodynamic 
changes.  In general, the pharmacodynamic changes 
that occur in older adults tend to increase their sensitivity to drug 
effects. Most pharmacodynamic changes in elders are associated 

with a progressive reduction in homeostatic mechanisms and 
changes in receptor properties. Although the result of these 
changes is an increased sensitivity to the effects of many drugs, a 
decrease in response can also occur. The changes in the receptor 
site include alterations in binding affinity of the drug, number/
density of active receptors at the target organ, structural features, 
and postreceptor effects (biochemical processes/signal transmis-
sion). These include receptors in the adrenergic, cholinergic, and 
dopaminergic systems, as well as γ-aminobutyric acid (GABA) 
and opioid receptors.14,15

▶▶ Cardiovascular System
Decreased homeostatic mechanisms in older adults increase their 
susceptibility to orthostatic hypotension when taking drugs that 
affect the cardiovascular system and lower the arterial blood pres-
sure. This is explained by decreased arterial compliance and baro-
receptor reflex response, which limits the ability to compensate 
quickly for postural changes in blood pressure. It has been estimated 
that 5% to 33% of older adults experience drug-induced orthosta-
sis. Examples, other than typical antihypertensives, that can cause 
orthostatic hypotension in older patients are antipsychotics, direct 
vasodilators, loop diuretics, and opioids.14,15,17 Older people have a 
decreased β-adrenergic receptor function, and they are less sensitive 
to β-agonist and β-adrenergic antagonist effects in the cardiovascu-
lar system and possibly in the lungs, but their response to α-agonists 
and antagonists is unchanged.14,15 Increased hypotensive and heart 
rate response (to a lesser degree) to calcium channel blockers 
(eg, verapamil) are reported. Increased risks of developing drug-
induced QT prolongation and torsade de pointes are also present.17 
Therefore, clinicians must start medications at low doses and titrate 
slowly, closely monitoring the patient for any adverse effects.

▶▶ Central Nervous System
Overall, elders exhibit a greater sensitivity to the effects of drugs that 
gain access to the central nervous system (CNS), especially anti-
cholinergic medications. In most cases, lower doses result in ade-
quate response, and higher incidence of adverse effects may be seen 
with standard and high doses. For example, lower doses of opioids 
provide sufficient pain relief for older patients, whereas conven-
tional doses can cause oversedation and respiratory depression.14,15 
The blood–brain barrier becomes more permeable as people age; 
more medications can cross the barrier and cause CNS effects. 
Examples include benzodiazepines, antidepressants, antipsychot-
ics, neuroleptics, and antihistamines. There are decreased numbers 
of cholinergic neurons as well as nicotinic and muscarinic recep-
tors, decreased choline uptake from the periphery, and increased  
acetylcholinesterase.14,15 Older adults have a decreased ability to 
compensate for these imbalances of the neurotransmitters, lead-
ing to movement and memory disorders. Older adults have an 
increased number of dopamine type 2 receptors, making them 
more susceptible to delirium from anticholinergic and dopaminer-
gic medications. At the same time, they have a reduced number of 
dopamine and dopaminergic neurons in the substantia nigra of the 
brain resulting in higher incidence of extrapyramidal symptoms 
from antidopaminergic medications (eg, antipsychotics).14,15

▶▶ Fluids and Electrolytes
Fluid and electrolyte homeostatic mechanism is decreased in 
elders. Older adults experience more severe dehydration with equal 
amounts of fluid loss compared with younger adults. The multi-
tude of factors involved include decreased thirst and cardiovascular 
reflexes, decreased fluid intake, decreased ability of the kidneys to 
concentrate urine, increased atrial natriuretic peptide, decreased 
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aldosterone response to hyperkalemia, and decreased response to 
antidiuretic hormone.17 The result is increased incidences of hypo-
natremia, hyperkalemia, and prerenal azotemia, especially when 
the older patient is taking a diuretic (eg, hydrochlorothiazide, 
furosemide). Angiotensin-converting enzyme inhibitors have an 
increased potential to cause hyperkalemia and acute renal failure in 
older adults.14 Thus, these agents need to be started with low doses, 
titrated slowly with frequent renal function monitoring.

▶▶ Glucose Metabolism
An inverse relationship between glucose tolerance and age has 
been reported, likely due to reduced insulin secretion and sensi-
tivity (greater insulin resistance). Consequently, hypoglycemia 
incidences are increased when using sulfonylureas (eg, glyburide, 
glipizide) from age-related impairment to counter-regulate hypo-
glycemic responses.14 Due to an impaired autonomic nervous sys-
tem, older patients may not distinguish symptoms of hypoglycemia 
such as sweating, palpitations, or tremors. They still experience 
neurological symptoms of syncope, ataxia, confusion, or seizures.

DRUG-RELATED PROBLEMS
 Comorbidities and polypharmacy complicate health 

status of older adults, particularly inappropriate medications that 
lead to drug-related problems. It is estimated that 43.6% of emer-
gency department visits leading to hospitalizations in older adults 
are due to adverse drug events.18 Studies indicated that 59% of the 
older Medicare beneficiaries’ sample had at least one medication-
related problem, and drug-related morbidity and mortality costed 
US healthcare system $528.4 billion in 2016.19,20 Drug-related prob-
lems result in poor health outcomes for older adults such as 
withdrawal effects, therapeutic failure, and adverse drug events.21 
Collaboration among interprofessional providers and older patients 
can ensure appropriate therapy, minimize adverse drug events, and 
maximize medication adherence and health outcomes.

Polypharmacy
Polypharmacy is defined as taking multiple medications concur-
rently (≥ 4–10 medications have been used as criteria in studies). 
Polypharmacy is prevalent among elders with 39% reporting the use 
of five or more medications in 2012 compared with polypharmacy 
use by 24% in 1999, signifying a dramatic increase.22 In 2011, 67% 
of older adults used polypharmacy including nonprescription prod-
ucts, an increase from 53% in 2006.18 The common use of dietary 
supplements and herbal products in this population adds to poly-
pharmacy. In nursing home settings 50.7% of patients with severe 
cognitive impairment received polypharmacy (5–9 medications), 
and 16.9% received excessive polypharmacy (≥ 10 medications).23 
Among various reasons for polypharmacy, an apparent one is an 
older patient receiving multiple medications from different provid-
ers who treat the patient’s comorbidities without coordinated care. 
Hence, medication reconciliation becomes increasingly important 
as the aging population continues to grow.

A complete evaluation of all medications should be conducted 
by healthcare providers at each elder’s visit to prevent inappro-
priate polypharmacy. Efforts should be made to reduce poly-
pharmacy by discontinuing any medication without indication. 
However, clinicians should also understand that appropriate 
polypharmacy is indicated for older adults who have multimor-
bidity, and support should be provided for optimal adherence. 
Drug-related problems associated with polypharmacy can be 
identified by performing a comprehensive medication review (see 
Patient Care Process).

Inappropriate Prescribing
Inappropriate prescribing is defined as prescribing medications 
that cause a significant risk of an adverse event when there is an 
effective and safer alternative. Potentially inappropriate medica-
tions in older adults have been associated with negative outcomes 
such as confusion, falls, and mortality.24 At times, medications 
are continued long after the initial indication has resolved. The 
clinician prescribing for older adults must understand the rate of 
adverse reactions and drug–drug interactions, the evidence avail-
able for using a specific medication, and patient’s use of over-the-
counter (OTC) agents and herbal supplements.21

Screening tools have been developed to help the clinician iden-
tify potentially inappropriate medications in older adults. The 
most utilized tool in the US is the Beers criteria.24 The 2019 Beers 
criteria includes 30 medications and medication classes that are 
potentially inappropriate in older patients, listed in five catego-
ries: medications potentially inappropriate in most older adults, 
medications that should typically be avoided in older adults 
with certain conditions, medications to use with caution, drug–
drug interactions, and drug dose adjustment based on kidney 
function.24

Examples of medications included in the Beers criteria are as 
follows24:
•• Benzodiazepines such as diazepam and alprazolam (risk of 

cognitive impairment, delirium, falls, fractures, and motor 
vehicle accidents)

•• First-generation antihistamines such as diphenhydramine and 
hydroxyzine (risk of confusion, dry mouth, constipation, and 
other anticholinergic symptoms)

•• Tricyclic antidepressants (TCAs) such as amitriptyline and 
nortriptyline (risk of sedation, orthostatic hypotension, and 
anticholinergic symptoms)

•• Nonsteroidal anti-inflammatory drugs (NSAIDs) such as 
ibuprofen and naproxen (risk of GI bleeding and ulcers)
Practical strategies for appropriate medication prescribing 

include establishing a partnership with patients and their care 
partners to enable them to understand and monitor medication 
effects. Clinicians should perform a comprehensive medication 
assessment to obtain accurate history of medication use, deter-
mine appropriateness of the regimen, conduct drug–drug and 
drug–disease interaction screenings, use time-limited trials to 
evaluate the benefits and risks of new medications, and trial off 
medications to assess continued need.21

Undertreatment
Much has been written about the consequences of overmedi-
cation and polypharmacy in older adults. However, underuti-
lization of medications is just as harmful, resulting in reduced 
functioning, and increased morbidity and mortality. There are 
instances when a drug is truly contraindicated, when a lower 
dose is indicated, or when prognoses dictate withholding ther-
apy. Outside of these scenarios, many elders do not receive 
therapeutic interventions that would provide benefit.21,25 Under-
treatment is prevalent across diverse settings in the community, 
hospitals, and long-term care facilities.21 Many reasons include 
multimorbidity, polypharmacy, cost, concerns of nonadher-
ence, fear of adverse effects and associated liability, limited evi-
dence in the age group, starting low and failing to increase to 
an appropriate dose, skepticism regarding secondary prevention 
benefits, or ageism.21,26 Common categories of geriatric under-
treatment are listed in Table 1–1.
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A clinical assessment to weigh the potential benefit ver-
sus harm of the older patient’s complete medication regimen is 
required. Once obvious contraindications have been dismissed, 
the patient’s goals and preferences, prognosis or life expectancy, 
and time to therapeutic benefit should be taken into consider-
ation to determine whether pharmacotherapy meets treatment 
goals. Underprescribing can best be avoided by using clinical 
assessment strategies, improving adherence support, and assist-
ing financial coverage of drugs.

Adverse Drug Reaction
ADR is defined by the World Health Organization as a reac-
tion that is noxious and unintended, which occurs at dosages 
normally used in humans for prophylaxis, diagnosis, or therapy. 
ADRs increase with polypharmacy use and are the most fre-
quently occurring drug-related problem among older nursing 
home residents. A brown bag medication review study found 
that 25% of community-dwelling older adults using at least five 
medications experienced ADRs.27 Approximately 9% of hospital-
izations among older adults are caused by ADRs.28 Medication 
classes causing serious ADRs in older adults include anticoagu-
lants, antidiabetics, and opioids.29

Seven predictors of ADRs in elders are30 taking more than four 
medications; more than 14-day hospital stay; having more than 
four active medical problems; general medical unit admission ver-
sus geriatric ward; alcohol use history; lower Mini-Mental State 
Examination score (confusion, dementia); and two to four new 
medications added during a hospitalization. Similarly, four predic-
tors of severe ADRs in older adults are31 use of certain medications 
including diuretics, NSAIDs, antiplatelets, and digoxin; number of 
drugs taken; age; and comorbidities. Suggested strategies to pre-
vent ADRs in older adults are described in Table 1–2.31 Particular 
caution must be taken when prescribing drugs that alter cognition 
in older adults, including antidepressants, antihistamines, antipsy-
chotics, benzodiazepines, opioids, and muscle relaxants.31

One of the most damaging ADRs that frequently occurs in 
elders is medication-related falls. Falls are associated with a poor 

prognosis ranging from premature institutionalization to early 
death, and polypharmacy is a risk factor. Multiple medications 
included in the Beers criteria are related to falls.24 For example, 
benzodiazepine studies found significant association with falls 
including an increased risk after a new prescription for benzo-
diazepines and twofold risk with combined use of two or more 
benzodiazepines.32 Other agents having strong association with 
increased fall risk include sedative hypnotics, neuroleptics, anti-
depressants, and antipsychotics.32 A comprehensive fall preven-
tion intervention should include deprescribing by slow taper with 
close monitoring.

Nonadherence
America’s other drug problem is the term given to medication non-
adherence by the National Council on Patient Information and 
Education. Nonadherence to chronic medications is prevalent 
and escalates healthcare costs associated with worsening disease 
and increased hospitalization. Medication adherence describes 
a patient’s medication-taking behavior, generally defined as the 
extent to which one adheres to an agreed regimen derived from 
collaboration with their healthcare provider.33

 Older adults are at greater risk for medication non-
adherence due to the high prevalence of multimorbidities, cogni-
tive deficit, polypharmacy use, and financial barriers. Numerous 
barriers to optimal adherence exist and include patient’s lack of 
understanding, provider’s failure to educate, polypharmacy lead-
ing to complex regimen and inconvenience, treatment of asymp-
tomatic conditions (such as hypertension and dyslipidemia), and 
cost of medications.33 Factors influencing nonadherence are listed 
in Table 1–3.

Following is a list of six “how” questions to ask when assessing 
medication adherence34:
1.	 How do you take your medicines?
2.	 How do you organize your medicines to help you remember 

to take them?
3.	 How do you schedule your meal and medicine times?
4.	 How do you pay for your medicines?
5.	 How do you think the medicines are working for your 

conditions?
6.	 How many times in the last week/month have you missed 

your medicines?

	 Table 1–1
Common Categories of Geriatric Undertreatment

Therapy Concern

Anticoagulation in patients 
with atrial fibrillation

Overly concerned with risk of 
bleeding or the risk of falls if 
anticoagulated

Malignant and 
nonmalignant pain

Hesitant to prescribe opioids due to 
possible cognitive and bowel side 
effects, concerns about addiction; 
patients may often be hesitant to 
use opioids

Antihypertensive therapy Underestimate the benefit on 
stroke and cardiovascular event 
prevention and/or fail to add 
the second or third medication 
needed to attain control

β-Blocker treatment in 
heart failure

Concerned about complications 
in high-risk patients despite the 
substantial evidence of mortality 
benefit

Statin treatment for ASCVD Underestimate benefit or have 
concerns about adverse events

ASCVD, atherosclerotic cardiovascular disease.

	 Table 1–2
Strategies to Prevent Adverse Drug Reactions in Older 
Adults

•• Evaluating comorbidities, frailty, and cognitive function
•• Identifying caregivers to take responsibility for medication 
management

•• Evaluating renal function and adjusting doses appropriately
•• Monitoring drug effects
•• Recognizing that clinical signs or symptoms can be an ADR
•• Minimizing number of medications prescribed
•• Adapting treatment to patient’s life expectancy
•• Realizing that self-medication and nonadherence are common 
and can induce ADRs

ADR, adverse drug reaction.
Adapted, with permission, from Merle L, Laroche ML, Dantoine T, 
Charmes JP. Predicting and preventing adverse drug reactions in the 
very old. Drugs Aging. 2005;22(5):375–392.
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Although no single intervention has found to improve adher-
ence consistently, older person-centered multicomponent inter-
ventions, such as combining education, adherence aid, and 
regular follow-up, have resulted in a positive impact on medica-
tion adherence and associated health outcomes.35 Future research 

needs include adherence studies evaluating belief-related vari-
ables, such as personal and cultural beliefs, in larger and more 
ethnically/racially diverse samples of older populations.

GERIATRIC ASSESSMENT
The term geriatric assessment is used to describe the compre-
hensive interprofessional team evaluation of the frail or complex 
older adult’s health including multimorbidity with functional and 
cognitive status. Such a team may include, but is not limited to, 
a geriatrician, nurse, pharmacist, case manager/social worker, 
physical therapist, occupational therapist, speech therapist, psy-
chologist, dietician, dentist, optometrist, and audiologist. Assess-
ment may be performed in various care settings and by a series 
of evaluations after which the team will conduct an interprofes-
sional case conference to discuss the patient’s care plan.

Patient Interview
 The clinical approach to assessing older adults fre-

quently goes beyond a traditional “history and physical” used in 
general internal medicine practice.36 Functional status must be 
determined, including the activities of daily living (ADLs) and 
instrumental activities of daily living (IADLs), see Table 1–4. 
Cognitive assessment, which may require collateral history from 
family or care partners, is important in determining the patient’s 
capacity to manage their medications and consent to medical 
treatment.37 The mini-cog mental status examination38 shown 
in Figure 1–2, is a quick tool to assess patient’s cognition. Elders 
commonly have decreased visual acuity, hearing loss, dysphagia, 
and impaired dexterity. Decreased skin integrity greatly increases 
risk for pressure ulcers. Sexual function is a sensitive but impor-
tant topic and should be specifically addressed. Cardiac, renal, 
hepatic, and digestive insufficiencies can have significant impli-
cations for pharmacotherapy. Inadequate nutrition may lead to 
weight loss and impaired functioning at the cellular or organ level. 
See Table 1–5 for common problems experienced by older adults.

It is important to recognize geriatric syndromes such as cog-
nitive decline, functional impairment, polypharmacy, delirium, 
frailty, falls, osteoporosis, insomnia, and incontinence. In elders, 
common diseases may present with atypical symptoms, such as 
thyroid dysfunction or infection presenting as delirium. It is also 
important to assess for caregiver stress and be aware of older 

	 Table 1–3
Factors Influencing Medication Nonadherence

Three or more chronic medical 
conditions

Significant cognitive or 
physical impairments

Five or more chronic medications Recent hospital discharge
Three times or more per day 

dosing or 12 or more medication 
doses per day

Four or more medication changes 
in past 12 months

Three or more prescribers

Caregiver reliance
Low health literacy
Medication cost
History of medication 

nonadherence
Living alone in the community

Patient Encounter Part 2

CS was recently hospitalized after an episode of dizziness and 
near-fall. Her daughter (interpreter) states that there were 
several medication changes while CS was in the hospital 
with some confusion as to what to do at home. CS brought 
in all medication bottles used at home: (1) amlodipine 
10 mg by mouth every morning, (2) aspirin 81 mg by mouth 
every morning, (3) calcium-vitamin D 600 mg-500 units by 
mouth every morning and evening, (4) eszopiclone 2 mg 
by mouth at bedtime, (5) gabapentin 900 mg by mouth 
three times a day, (6) hydrochlorothiazide 50 mg by mouth 
every morning, (7) levothyroxine 50 mcg by mouth in the 
morning, (8) melatonin 3 mg by mouth at bedtime, (9) 
metformin 500 mg morning and evening, (10) omeprazole 
40 mg by mouth every morning, (11) rosuvastatin 5 mg by 
mouth every evening, (12) valsartan 40 mg by mouth every 
morning and evening, (13) vitamin B6 200 mg by mouth 
every morning and evening, (14) vitamin C 5000 mg by 
mouth every morning and evening, (15) vitamin E 400 units 
by mouth every morning and evening, (16) acetaminophen 
500 mg two tablets by mouth every 4 hours as needed for 
pain, (17) ibuprofen 200 mg by mouth three times a day as 
needed for headaches, (18) pantoprazole 20 mg by mouth in 
the morning as needed for stomach upset, (19) valerian root 
1200 mg by mouth at night as needed for sleep.
She is allergic to sulfa drugs (rash) and intolerant to ramipril 
(cough).
She does not smoke, has one or two drinks a night, does not 
use any illicit drug.
VS: BP 122/64 mm Hg, P: 70 beats/min, RR: 12, T: 37.2°C (99°F)
Ht: 5 ft (152 cm), Wt: 42 kg, Pain 1/10
Labs: Na 139 mEq/L (mmol/L), K 4.1 mEq/L (mmol/L), Cl 98 
mEq/L (mmol/L), CO2 25 mEq/L (mmol/L), BUN 22 mg/dL 
(7.9 mmol/L), creatinine 1.5 mg/dL (133 μmol/L), glucose 97 
mg/dL (5.4 mmol/L), HgbA1c 6.5% (0.065; 48 mmol/mol Hgb), 
eGFR 35.1 mL/min/1.73 m2

What is CS’s estimated creatinine clearance?

What drug-related problems are included in CS’s medication list?

What steps should be taken to simplify CS’s medication regimen?

Patient Encounter Part 3

CS is now 91 years old and has been living at a long-term care 
facility for a year. She still struggles to maintain her weight, is 
in pain daily, and has developed a new coccyx ulcer. She is 
currently on multiple medications including (1) amitriptyline 
10 mg by mouth at bedtime, (2) aspirin 81 mg by mouth 
daily, (3) docusate sodium 100 mg by mouth twice daily, 
(4) hydrochlorothiazide 25 mg by mouth daily, (5) ibuprofen 
600 mg by mouth daily, (6) levothyroxine 25 mcg by mouth 
daily, (7) lorazepam 1 mg by mouth twice daily, (8) metformin 
500 mg by mouth daily, (9) rosuvastatin 5 mg by mouth every 
evening, (10) vitamin C 500 mg by mouth twice daily, (11) 
valsartan 40 mg by mouth twice daily.
Today her pain score is 8/10.

Which quality indicators should be of concern in CS?

What recommendations can be made about CS’s medication 
regimen at this time?
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patients’ support systems that may include family, friends, social 
or religious networks, home health agencies, and hired caregivers. 
Such networks may facilitate older individuals to continue living 
independently. Safety should be assessed and includes a home 
safety assessment and a driving assessment for patients with cog-
nitive or functional limitations. In addition, look for signs and 
symptoms of elder abuse, neglect, or exploitation. Health profes-
sionals are mandatory reporters of elder mistreatment to Adult 
Protective Services.39

Drug Therapy Monitoring
Geriatric patients often have multiple medications, comorbidities, 
and prescribers. It is essential that there be a single provider who 
oversees the patient’s pharmacotherapy. Particularly challenging 
in elders is identifying the cause(s) of medication nonadherence. 
Providers assessing older patients’ medication regimens should 
keep the following questions in mind:
•• Are medications skipped or reduced due to cost?
•• Can the patient benefit from sample drugs? Starting a patient 

on a free drug sample may increase patient costs in the 
long term because samples typically are newer, expensive 
medications.40

•• Is there an educational barrier such as low health literacy?
•• Does the patient speak English but only read in another 

language?
•• Can the patient see labels and written instructions?
•• Does the patient have hearing problems? Patients might not 

admit they cannot hear instructions.
•• Can the patient manipulate pill bottles, syringes, inhalers,  

eye/ear drops?
•• Has the patient’s cognitive functioning worsened over 

time such that they can no longer follow the medication 
regimen?
Regarding cost, the providers need to be aware of the patient’s 

Medicare Part C or D plan, and what type of coverage these plans 
afford. What is the copayment for generic, formulary, and non-
formulary drugs? Is the patient responsible for all drug costs 
during the Medicare “donut hole” period? (In basic part D plans, 
patients pay increasing percentages of drug costs up to $7425 per 
year.40) Many Medicare patients, especially the socioeconomically 
challenged, have limited understanding of the complex Medicare 
drug benefit. This problem is compounded when the prescriber 

	 Table 1–4
Activities of Daily Living and Instrumental Activities of 
Daily Living

ADLs
Transfers
Bathing

Dressing
Toileting

Mobility
Grooming

Eating

IADLs
 

Using transportation If still driving, assess driving ability 
(including cognitive function, medications 
that can impair driving ability, vision, 
neuromuscular conditions that may 
interfere with reaction time, ability to turn 
head) at the time of license renewal

Using the telephone Check for emergency phone numbers 
located near the telephone

Management of 
finances

Assess the ability to balance checkbook 
and pay bills on time

Cooking Check for safe operation of appliances and 
cooking tools as well as ability to prepare 
balanced meals

Housekeeping Check for decline in cleanliness or neatness
Medication 

administration
Assess organization skills and adherence

ADL, activity of daily living; IADL, instrumental activity of daily living.

12 1
2

3

48

9

10

11

57 6

12 1
2

3

48

9

10

10
11

57 6

Correct Incorrect hands and
inserted number

Three item recall
1. Ask the patient if you may test his or her memory.
2. Give the patient 3 words (eg. apple, table, penny)
      to repeat and remember.
3. Have the patient repeat the 3 words from memory later
 (eg. after the clock drawing test).

Clock drawing test
1. Have the patient draw the face of a clock, including numbers.
2. Instruct the patient to place the hands at a specific time, 
      such as 11:10.

A positive dementia screen
1. Failure to remember all 3 words.
2. Failure to remember 1–2 words plus an abnormal
      clock drawing.

FIGURE 1–2.  The mini-cog mental status examination. 
(Adapted from Borson S, Scanlan J, Brush M, Vitaliano P, Dokmak A. 
The mini-cog: a cognitive “vital signs” measure for dementia 
screening in multi-lingual elderly. Int J Geriatr Psychiatry. 
2000;15(11):1021–1027.)

	 Table 1–5
The Is of Geriatrics: Common Problems in Older Adults

Immobility Instability
Isolation Intellectual impairment
Incontinence Impotence
Infection Immunodeficiency
Inanition (malnutrition) Insomnia
Impaction Iatrogenesis
Impaired senses  

From Hajjar ER, Hersh LR, Gray SL. Prescribing in the older adult. 
In: DiPiro JT, Yee GC, Posey L, Haines ST, Nolin TD, Ellingrod V, eds. 
Pharmacotherapy: A Pathophysiologic Approach, 11th ed. New York, 
NY: McGraw-Hill; 2020. Available from: https://accesspharmacy.
mhmedical.com/content.aspx?bookid=2577&sectionid=233054609. 
Accessed September 1, 2020.
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also does not understand the patient’s insurance program.41 Pro-
viders can assist patients by prescribing generic medications 
that are offered through community pharmacy discount plans 
($4 retail pharmacy programs do not bill insurance, thus are 
not counted toward their Medicare part D deductible) and help 
patients apply for the medication assistance programs offered by 
drug manufacturers.

Documentation
A clear, current, and accurate medication list must be available to 
the patient and all individuals involved in their care. It is particu-
larly important for older adults to bring medication containers for 
reconciliation by a clinician. Medication adherence may require 
verification with the pharmacist, caregivers, or family. Transitions 
in care, such as hospital to subacute nursing facility or home, lead 
to medication errors because medications may have been deleted 
or added.42 It is standard of care to conduct medication reconcili-
ation upon hospital admission and discharge to ensure that the 
medication list is up to date.

Patient Education
Geriatric patients often have difficulty understanding and retain-
ing provider instructions. “Ask me 3” cues the patient to ask 
three important questions of their providers to improve health 
literacy43:
1.	 What is my main problem?
2.	 What do I need to do?
3.	 Why is it important for me to do this?

The provider can assess patient grasp of medication instruc-
tions by asking the patient to repeat instructions initially and 
again in 3 minutes (teach-back method).

 Addressing deficits in vision, hearing, swallow-
ing, cognition, motor impairment, and health literacy can lead 
to enhanced medication adherence. Specific drug formula-
tions, such as inhalers, ophthalmic/otic drops, nasal sprays, 
and subcutaneous injections, will require detailed education 
and practice. Patients who cannot swallow tablets/capsules 
need instructions on which tablets are safe to crush and which 
capsules safe to open and sprinkle on food. Patients and/or 
caregivers need to be advised of potential ADRs and when to 
notify the provider.

GERIATRIC PRACTICE SITES
Some say geriatrics has become a nonspecialty due to the aging 
population. Clinicians with geriatric certification or training 
practice in nearly all settings of healthcare, primary care to wide 
spectrums of specialty care and long-term care. A few interpro-
fessional practice sites are highlighted here. See Chapter e3 for 
information on palliative care practices.

Ambulatory Care Clinic and 
Home-Based Primary Care
Geriatric clinics are established to provide a multitude of primary 
care needs specifically tailored to older adults. Home-based pri-
mary care is delivered in the home or independent living facility of 
homebound patients to facilitate independent living. Patients are 
usually referred by their primary care providers to increase access 
to services, meet complex care needs due to multimorbidity and 
polypharmacy, and offer a comprehensive geriatric assessment. It 
is common for the onset of cognitive impairment to be the cata-
lyst for a referral to geriatric services. Interprofessional team care 

is the norm in these settings, which benefits patients with mul-
tifaceted needs. The interprofessional teams hold regular meet-
ings to discuss care plans of involved patients. Geriatricians, who 
specialize in elder care, assess and treat physical, medical, emo-
tional, and social needs. Nurses provide medical triage and day-
to-day patient care activities such as obtaining vitals, providing 
wound care, educating and ensuring adherence. Clinical pharma-
cists focus on medication regimen optimization, evidence-based 
disease state management, drug-related problem resolution, and 
patient, caregiver, and healthcare team education about pharma-
cotherapy and monitoring parameters. Social workers address 
social and structural needs, in addition to assessing mood and 
cognitive status, facilitating completion of advance directives and 
obtaining placement in higher levels of care. Physical/occupational  
therapists work to improve the patient’s functional status, pro-
vide fall prevention interventions, and maintain a safe home 
environment. They provide adaptive equipment such as grab 
bars, raised toilet seats and shower benches for the bathroom, 
and cane/walker for ambulation. Dieticians evaluate the patient’s 
nutritional status and educate on proper diet and weight man-
agement. Using these team collaborations, specialty settings have 
been developed including a multidisciplinary geriatric oncology 
clinic44 and PACE centers (Programs of All-inclusive Care for the 
Elderly) that incorporate the interdisciplinary team and adult day 
healthcare in one center.45

Long-Term Care
Long-term care provides support for people who are depen-
dent to varying degrees in ADLs and IADLs, numbering about 
9 million people 65+ years in 2008.46 Care is provided in the 
patient’s home, in community settings such as adult care homes 
or assisted living facilities, and in nursing homes. Long-term care 
is expensive, typically several thousand dollars per month. Most 
care is provided at home by unpaid family members or friends. 
Medicare covers all or part of the cost of skilled nursing care 
for a limited-period posthospitalization.46 Medicare does not 
cover long-term care. Financing of long-term care comes from 
patients’ and family savings and/or private long-term care insur-
ance. When a patient’s assets have been depleted, Medicaid pro-
vides basic nursing home care under long-term care insurance 
coverage.46 However, this care is heavily discounted, often result-
ing in economizing such as lower caregiver-to-patient ratios and 
higher number of patients per room. Nursing homes are highly 
regulated by state and federal government through the Center for 
Medicare and Medicaid Services.47 Initial and continuing certifi-
cation of the facility depends on periodic state and federal review 
of the facility. Auditors’ ratings are available to consumers in an 
online Nursing Home Report Card.47 Quality indicators are used 
by facility administrators and government overseers to identify 
the following problem areas48:
•• Use of more than nine medications in a single patient
•• Prevalence of indwelling catheters
•• Prevalence of antipsychotic, anxiolytic, and hypnotic use
•• Use of physical restraints
•• Prevalence of depression in patients without antidepressant 

therapy
•• Clinical quality measures such as pressure ulcers
•• Moderate daily pain or excruciating pain

Long-term care practices emphasize the interprofessional team 
approach. The medical director leads regular meetings with care 
providers. The pharmacist conducts a monthly drug review of 
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each patient’s medication list.46 The physician is alerted to medi-
cation concerns and approves the patient’s orders every 60 days. 
Such a team approach is vital to coordinate care for the typical 
frail, complex long-term care patient.

CONCLUSION
By applying the principles of geriatrics, clinicians can better 
intervene with pharmacotherapy to postpone disease, disabil-
ity, and mortality, and promote health, functioning, and health-
related quality of life. In addition, interprofessional geriatric care 
improves health outcomes.

List of Abbreviations
ADL Activities of daily living
ADR Adverse drug reaction
GABA γ-Aminobutyric acid
HgbA1c Hemoglobin A1c
IADL Instrumental activities of daily living
LDL-C Low-density lipoprotein-cholesterol
MDRD    Modification of diet in renal disease
NSAID Nonsteroidal anti-inflammatory drug
OTC Over-the-counter
Vd Volume of distribution

Patient Care Process

1. Collect Information:
•• Perform a comprehensive medication reconciliation and 

review.
•• Have the patient bring all medication bottles, including 

prescriptions, OTC agents, vitamins, supplements, and herbal 
products.

•• Review medical history and physical assessment.
•• Ask about allergies/intolerance.
•• Inquire about ADRs (Table 1–2).
•• Collect adherence information using combination of 

methods (eg, self-report, refill history, dosage form count, 
demonstration of nonoral agent use).

•• Ask about prevention including vaccinations.
•• Collect vital signs and laboratory results.
•• Inquire about functional status (Table 1–4).
•• Measure cognitive status (Figure 1–2).

2. Assess the Information:
•• Identify indication(s) for all medications.
•• Assess for potential inappropriate medications using Beers 

criteria.24

•• Assess medication doses to determine underdose/overdose.
•• Screen for drug–drug/disease/supplement/herbal/food 

interactions.
•• Check against allergies/intolerance.
•• Identify ADRs.
•• Assess medication adherence (Table 1–3).
•• Identify untreated indication/undertreatment (Table 1–1).
•• Evaluate vital signs, including pain, and laboratory.
•• Assess medication needs based on cognitive and functional 

status.
•• Recognize common problems in older adults (Table 1–5).

3. Develop a Care Plan:
•• Discontinue unnecessary medications.
•• Tailor regimen: simplify dosing frequency, modify time 

of dosing based on ADRs and drug interactions, and tie 

medication taking to individuals’ daily routine to improve 
adherence.

•• Develop educational materials, keeping in mind health 
literacy and cognitive status.

•• Create solutions to any functional barriers (eg, non–child-
resistant caps, tablet cutters).

•• Draft referral plan to target nonpharmacological strategies 
(eg, diet, physical therapy, behavioral health, integrative 
health approaches).

4. Implement the Care Plan:
•• Educate about medications and disease states in health 

literacy-sensitive manner.
•• Highlight any medication changes and tailored regimen.
•• Educate on the use of nonoral agents (eg, inhalers, insulin, 

ophthalmic/otic drops).
•• Provide a medication chart/list to include generic/brand 

names, indication, dose, directions for use, timing of dose, etc.
•• Teach about medication storage, expiration date, and refill 

status.
•• Emphasize adherence and what to do when a dose is 

missed/forgotten.
•• Use medication organizers (eg, pillbox, blister pack) or other 

adherence aids (eg, alarm, phone reminder) when indicated.
•• Implement solutions to any physical/functional barriers 

(eg, non-childproof caps).
•• Refer for nonpharmacological interventions.

5. Follow-up: Monitor and Evaluate:
•• Provide a list of future appointments and follow-up.
•• Promote self-monitoring (eg, recognize and report ADRs, use 

blood pressure monitor or glucometer).
•• Encourage therapeutic lifestyle modifications including diet, 

exercise, and smoking cessation.
•• Endorse prevention including immunizations, wellness visits, 

eye examinations, and dental care.
•• Formulate a patient-centered and interprofessional team-

based follow-up plan to track patient response, adverse 
events, adherence, and health outcomes.
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2 Pediatrics 
Pharmacotherapy
Hanna Phan, Vinita B. Pai, and Milap C. Nahata 

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 devel-
opment, and organ function development, which affect the effi-
cacy 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 pedi-
atric 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 pre-
maturity status (Table 2–1).1–3

Growth and Development
Children are monitored for physical, motor, cognitive, and psy-
chosocial development through clinical recognition of timely 
milestones during routine well-child visits. As a newborn con-
tinues to progress to infant, child, and adolescent stages, differ-
ent 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 for a graphical 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 measure-
ment is important. For children younger than 2 years, one should 
use the World Health Organization’s (WHO) growth standards 
(Figure 2–1).4 For children 2 years and older, the Centers for Dis-
ease Control and Prevention (CDC) Growth Charts (Figure 2–2) 
are used.5,6 These tools assess whether a child is meeting the 
appropriate physical growth milestones, thereby allowing identi-
fication 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 fifth 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 body mass index (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.7 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. Growth charts specific to disease states (eg, Turner syn-
drome or cystic fibrosis) with regard to expected growth trajec-
tory and/or nutritional goals may be utilized by clinicians as part 
of care.

Differences in Vital Signs
Normal values for heart rate and respiratory rate vary based 
on age. Normal values for blood pressure vary based on gen-
der and age for all pediatric patients and 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).8–10 
(Table 2–2).

Normal values for blood pressure in pediatric patients are 
found in various national guidelines and other pediatric diag-
nostic references. In general, blood pressure increases with 
age, with average blood pressures of approximately 70/50 in 
neonates, increasing throughout childhood to approximately 

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.
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110/65 in adolescents.8,9 Heart rates are highest in neonates 
and infants, ranging from 90 to 205 beats/min and decrease 
with age, reaching adult rates (60–100 beats/min) around 
10 years of age.8-10

Another vital sign commonly monitored in children by their 
caregivers is body temperature, especially when they seem “warm 
to the touch.” The American Academy of Pediatrics (AAP) sup-
ports the use of rectal measurement of body temperature as it is 
most accurate when appropriate technique is used; however, for 
other routes, the AAP offers an age-specific guideline on routes 
of measurement.11,12 For patients younger than 3 months, rectal 
measurement using a digital thermometer is recommended. For 
those 3 months and older, use of temporal artery is an available 
option. The use of tympanic measurement is appropriate for 
patients who are 6 months and older. Axillary measurement is 
not considered first-line in all these age groups, as proper tech-
nique is important for accurate measurement, and other accu-
rate options are available. For patients age 4 or 5 years and older, 
oral measurement is reliable. Generally, fever is defined as tem-
perature 100.4°F (38°C) and greater measured via rectal, otic, or 
temporal artery technique. For oral and axillary measurement, 
fever is defined as temperature 100°F (37.8°C) and 99°F (37.2°C) 
and greater, respectively.12 Low-grade fevers range from 100° to 
102°F (37.8°–38.9°C), with antipyretic treatment (eg, acetamino-
phen) considered by most pediatricians in cases of temperature 
greater than 38.3°C (101°F, any measurement route) accom-
panied by patient discomfort. Formal definition of fever, like 
other vital signs, is also age dependent, with a lower temperature 
threshold for neonates (38°C or 100.4°F) and infants (38.2°C or 
100.7°F).11,12

Pain assessment is more challenging in neonate, infants, and 
young children due to their inability to communicate symptoms. 
Indicators of possible pain include physiological changes, such 
as increased heart rate, respiratory rate, and blood pressure, 

decreased oxygen saturation, as well as behavior changes such 
as prolonged, high-pitched crying, and facial expressions.13 Such 
indicators are used in validated assessment scales, such as the 
FACES scale and FLACC behavioral tools.14,15 The FACES scale 
is a visual analog scale, where patients age 3 years and older 
can select a face that best associates with their current pain 
level.14 The FLACC scale, intended for patients of age 2 months 
to 7 years or those patients unable to communicate pain, is a 
scale in which a clinician scores a patient based on series of 
criteria (facial expression, leg movement, activity, crying, and 
consolability).15

Fluid Requirements
Fluid requirement and balance are important to monitor in 
pediatric patients, especially in premature neonates and infants. 
Maintenance fluid requirement can be calculated based on body 
surface area for patients greater than 10 kg, with a range of 1500 
to 2000 mL/m2 per day. However, a weight-based method of 
determining normal maintenance fluid requirement for children 
is often used (Table 2–3).16

	 Table 2–1
Pediatric Age Groups, Age Terminology, and Weight Classification1-3

Age Group Age

Neonate ≤ 28 days (4 weeks) of life
Infant 29 days to < 12 months
Child 1–12 years
Adolescent 13–17 years (most common definition)

Age Terminology Definition
GA Age from date of mother’s first day of last menstrual period to date of birth
Full term Describes infants born at 37-weeks’ gestation or greater
Premature Describes infants born before 37-weeks’ gestation
Small for GA Neonates with birth weight below the 10th percentile among neonates of the same GA
Large for GA Neonates with birth weight above the 90th percentile among neonates of the same GA
Chronological or postnatal age Age from birth to present, measured in days, weeks, months, or years
Corrected or adjusted age May be used to describe the age of a premature child up to 3 years of age: Corrected age = Chronological 

age in months – [(40 – GA at birth in weeks) × 1 month ÷ 4 weeks]. For example, if a former 29-week GA 
child is now 10 months old chronologically, his corrected age is approximately 7 months: 10 months – 
[(40–29 weeks) × 1 month ÷ 4 weeks] = 7.25 months

Weight Classification Definition
LBW infant Premature infant with birth weight between 1500 and 2500 g
VLBW infant Premature infant with birth weight 1000 g to < 1500 g
ELBW infant Premature infant with birth weight < 1000 g

ELBW, extremely low birth weight; GA, gestational age; LBW, low birth weight; VLBW, very low birth weight.

Patient Encounter Part 1

HM is a 33-week GA premature newborn boy weighing 1.6 kg 
(3.5 lb), length 39 cm (15.4 in), born to a 25-year-old woman today. 
HM is currently admitted to the neonatal intensive care unit.
What is HM’s weight classification as a neonate?
Calculate HM’s corrected age for 6 months from today.
How much maintenance fluid per day (mL) and overall rate 
(mL/hour), is appropriate at this time for HM?
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EFFECTS OF PHARMACOKINETIC AND 
PHARMACODYNAMIC DIFFERENCES 
ON DRUG THERAPY
Drug selection strategy may be similar or different depending 
on age and disease state, as a result of differences in pathophysi-
ology of certain diseases and pharmacokinetic and pharmaco-
dynamic parameters among pediatric and adult patients. It is 
noteworthy that pediatric patients may require different medi-
cations from those used in adults affected by certain diseases. 
For example, phenobarbital is commonly used for treatment 

of neonatal seizures, but seldom used for seizure treatment in 
adults, due to differences in seizure etiology and availability 
of extensive data regarding its use in neonates compared with 
newer antiepileptic medications. There also exist commonalties 
between pediatric and adult patients, such as therapeutic serum 
drug concentrations required to treat certain diseases. For exam-
ple, target vancomycin serum concentrations needed for treat-
ment of a given infection are often similar between children and 
adults. Appropriate selection and dosing of drug therapy for a 
pediatric patient depends on a number of specific factors, such as 
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FIGURE 2–1.  Example of WHO growth chart of girls, birth to 24 months: Head circumference-for-age and weight-for-length percentile, 
2000. (From Centers for Disease Control and Prevention from the WHO Growth Standards. World Health Organization [WHO] Growth 
Standards are recommended for use in the U.S. for infants and children 0 to 2 years of age. [updated 2010 Sept 9; cited 2020 Nov 16]. 
Available from: http://www.cdc.gov/growthcharts/who_charts.htm.)
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age, weight, height, disease, comorbidities, developmental phar-
macokinetics, and available drug dosage forms. Pediatric drug 
doses are often calculated based on body weight (eg, mg/kg/
dose) compared with uniform dosing (eg, mg/day or mg/dose) 
for adult patients. Thus, accurate weight should be available 
while prescribing or dispensing medications for this patient pop-
ulation. Pediatric doses may exceed adult doses by body weight 
for certain medications due to differences in pharmacokinetics 
and pharmacodynamics; hence, the use of pediatric drug dosing 
guides is recommended.

 Due to multiple differences, including age-
dependent development of organ function in pediatric 

patients, the pharmacokinetics, efficacy, and safety of drugs 
often differ between pediatric and adult patients; thus, pedi-
atric dosing should not be calculated based on a single factor 
of difference. Equations proposed to estimate pediatric doses 
based on adjusted age or weight, such as the Clark’s, Fried’s, 
or Young’s rule, should not be routinely used to calculate 
pediatric doses because they account for only one factor of 
difference (eg, age or weight) and lack integration of the 
effect of growth and development on drug pharmacokinet-
ics and pharmacodynamics in this population. For off-label 
medication dosing, when no alternative treatment is available 
and limited dosage guidelines have been published, clinicians 
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FIGURE 2–2.  Example of CDC growth chart of boys, 2 to 20 years: Body mass index for age percentile, 2000. (From Centers for 
Disease Control and Prevention. CDC Growth Charts. [updated 2016 Dec 7; cited 2020 Nov 16]. Available from: https://www.cdc.gov/
growthcharts/cdc_charts.htm.)
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may estimate a pediatric dose based on body surface area 
ratio.

Approximate pediatric dose = Adult dose × [BSA (in m2) 
                                    ÷ 1.73 m2]

Limitations for this dose-estimating approach include the need 
for the patient to be of normal height and weight for age and lack 
of incorporation of exact pharmacokinetic differences regarding 
each medication.17

Absorption
Oral absorption may be different in premature infants and neo-
nates due to differences in gastric acid secretion and pancreatic 
and biliary function. Neonates and infants have increased gastric 
pH (eg, pH 6–8) due to lower gastric acid output by body weight, 
reaching adult values by approximately 2 years of age.18 Low gastric 
acid secretion can result in increased serum concentrations of weak 
bases and acid-labile medications, such as penicillin, and decreased 
serum concentrations of weak acid medications, such as phenobar-
bital, due to increased ionization. Additionally, gastric emptying 
time and intestinal transit time are delayed in premature infants, 
increasing drug contact time with the gastrointestinal (GI) mucosa 
and drug absorption.18,19 Diseases, such as gastroesophageal reflux, 
respiratory distress syndrome, and congenital heart disease may 
further delay gastric emptying time. Pancreatic exocrine and biliary 
function are also reduced in newborns, with about 50% less secre-
tion of amylase and lipase than adults, reaching adult values as early 
as the end of the first year and as late as 5 years of age. Deficiency in 
pancreatic secretions and bile salts in newborns can decrease bio-
availability of prodrug esters, such as erythromycin, which requires 

solubilization or intraluminal hydrolysis.18 Due to limited data on 
oral bioavailability of medications in infants and children for newer 
agents, some drug dosing recommendations may be extrapolated 
from adult safety and efficacy studies and case reports.

Topical or percutaneous absorption in neonates and infants is 
increased due to a thinner stratum corneum, increased cutane-
ous perfusion, and greater body surface-to-weight ratio. Hence, 
application of topical medications, such as corticosteroids, should 
be limited to the smallest amount possible. Limiting exposure can 
help minimize serum concentrations of active as well as inactive 
drugs, yet potentially harmful additives such as propylene glycol.

Intramuscular absorption in premature and full-term infants 
can be erratic due to variable perfusion, poor muscle contraction, 
and decreased muscle mass compared with older patients.18 Intra-
muscular administration may be appropriate for some medica-
tions; however, use of this route of administration can be painful 
and is usually reserved when other routes are not accessible, for 
example, initial intravenous (IV) doses of ampicillin and genta-
micin for neonatal sepsis.

Intrapulmonary absorption and distribution are largely due to ana-
tomical size of the lungs and drug delivery. The smaller airways of 
neonates and lower inspiratory volume can result in greater drug con-
centrations in the upper and central airways. Particle size, breathing 
pattern, and route (eg, oral vs nasal) can impact the amount of drug 
absorbed and should be considered when utilizing pulmonary drug 
delivery devices such as nebulizers or inhalers.20

Rectal absorption can also be erratic due to increased peristalsis 
causing early expulsion of the dosage form in younger patients (ie, 
infants and young children).21 Thus it is not commonly recom-
mended if other routes are available. This route is useful in cases 
of severe nausea and vomiting or seizure activity. For medica-
tions that undergo extensive first-pass metabolism, bioavailability 
increases as the blood supply bypasses the liver from the lower rec-
tum directly to the inferior vena cava. Availability of rectal dosage 
forms varies and use of oral medications or other dosage forms 
rectally is based on limited studies and case reports. High osmo-
lality and large volume of a liquid dosage form may present as a 
limitation to using an oral liquid formulation for rectal use.

Volume of Distribution
In pediatric patients, apparent volume of distribution (Vd) is 
normalized based on body weight and expressed as L/kg. Extra-
cellular fluid and total body water per kilogram of body weight 

	 Table 2–2
Normal Ranges of Vital Signs (Heart Rate, Respiratory Rate, Blood Pressure) by Age Group8-10

Age Group
Heart Rate 
(Sleep)a

Heart Rate 
(Awake)a

Respiratory  
Rateb

Systolic Blood 
Pressurec,d

Diastolic Blood 
Pressurec,d

Neonate (< 28 days) 90–160 100–205 30–60 67–84 31–45
Infant (1–12 months) 90–160 100–190 30–53 72–104 37–56
Toddler (1–2 years) 80–120 98–140 22–37 86–106 42–63
Preschool (3–5 years) 65–100 80–120 20–28 89–112 46–72
School–Age (6–11 years) 58–90 75–118 18–25 97–115 57–76
Adolescent (12–15 years) 50–90 60–100 12–20 102–131 61–83

Note: prematurity can affect values. Values listed are average ranges.
aBeats per minute
bBreaths per minute
cmm Hg
dExact normal values will vary based on age, height, and sex.

	 Table 2–3
Maintenance Fluid Calculations by Body Weight16

Patient Body Weight Maintenance Fluid Requirement

< 10 kg 100 mL/kg/day
11–20 kg 1000 mL + 50 mL/kg over 10 kg
> 20 kg 1500 mL + 20 mL/kg over 20 kg

Reproduced with permission from Holiday MA, Segar WE. The 
maintenance need for water in parenteral fluid therapy. Pediatric. 
1957;19(5):823–832, by the AAP.
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are increased in neonates and infants, resulting in higher Vd for 
water-soluble drugs, such as aminoglycosides, and decrease with 
age. Therefore, neonates and infants often require higher indi-
vidual doses by weight (mg/kg) than older children and adoles-
cents to achieve the same therapeutic serum concentrations.18 
Fluid overload and diuresis can affect Vd and should be assessed 
for when evaluating drug dosing and pharmacokinetics. The use 
of extracorporeal membrane oxygenation (ECMO) can further 
affect Vd of medications in patients due to the added volume from 
the circuit and potential fluid changes (eg, edema) while on the 
circuit. Thus, the use of additional clinical and, when available, 
therapeutic drug monitoring is recommended for those patients 
requiring ECMO.22 Neonates and infants have a lower normal 
range for serum albumin (2–4 g/dL, 20–40 g/L), reaching adult 
levels after 1 year of age. Highly protein-bound drugs, such as 
sulfamethoxazole-trimethoprim and ceftriaxone, are not typically 
used in neonates due to theoretical concern for bilirubin displace-
ment. This displacement may result in a complication known as 
kernicterus, from bilirubin encephalopathy.23

Although neonates have lower body adipose composition com-
pared with older children and adults, their overall Vd for many 
lipid-soluble drugs (eg, lorazepam) is similar to infants and 
adults. Some medications (eg, vancomycin, phenobarbital) may 
also reach higher concentrations in the central nervous system 
(CNS) of neonates due to an immature blood–brain barrier.24

Metabolism
Hepatic drug metabolism is slower at birth in full-term infants 
compared with adolescents and adults, with further delay in pre-
mature neonates. Phase 1 reactions and enzymes, such as oxi-
dation and alcohol dehydrogenase, are impaired in premature 
neonates and infants and do not fully develop until later child-
hood or adolescence. Accordingly, the use of products contain-
ing ethanol (eg, elixirs) can cause toxicities such as respiratory 
depression and thus should be avoided, whenever possible, in 
neonates and infants. Age at which cytochrome P450 isoen-
zymes (eg, CYP3A4, CYP2C19) activity reaches adult values var-
ies, depending on the isoenzyme, with delayed development in 
premature infants. Increased dose requirements by body weight 
(eg, mg/kg) for some hepatically metabolized medications (eg, 
phenytoin, valproic acid) in young children (ie, ages 2–4 years) 
is theorized due to an increased liver mass to body mass ratio.23 
This increase in metabolism slows to adult levels as the child goes 
through puberty into adulthood.18

Among phase 2 reactions, sulfate conjugation by sulfotransfer-
ases is well developed at birth in term infants. Glucuronidation 
by the uridine diphosphate glucuronosyltransferases, in contrast, 
is immature in neonates and infants, reaching adult values at 2 
to 4 years of age. In neonates, this deficiency results in adverse 
effects including cyanosis, ash gray color of the skin, limp body 
tone, and hypotension, also known as “gray baby syndrome” with 
use of chloramphenicol.18 Products containing benzyl alcohol 
or benzoic acid should be avoided in neonates due to imma-
ture glycine conjugation, resulting in accumulation of benzoic 
acid. This accumulation can lead to “gasping syndrome,” which 
includes respiratory depression, metabolic acidosis, hypotension, 
seizures or convulsions, and gasping respirations. Similarly, due 
to limited metabolic capacity, propylene glycol, a solvent found 
in some dosage forms, should be avoided, as toxicity results in 
serum hyperosmolality, seizures, and respiratory distress.25 Acety-
lation via N-acetyltransferase reaches adult maturation at around 
1 year of life; however, overall activity is dependent on genotypic 
variability.18

Elimination
Nephrogenesis completes at approximately 36 weeks gestation; 
thus, premature neonates and infants have compromised glo-
merular and tubular function that may correlate with a glo-
merular filtration rate (GFR). This reduction in GFR affects 
renal drug clearance, thereby necessitating longer dosing 
intervals for renally cleared medications, such as vancomycin, 
to prevent accumulation. GFR increases with age and exceeds 
adult values in early childhood, after which there is a gradual 
decline to approximate adult value during adolescence. For 
example, vancomycin is often given every 18 to 24 hours in a 
low-birth-weight (LBW) premature neonate, every 6 hours in 
children with normal renal function, and every 8 to 12 hours in 
adult patients with normal renal function. Children with cys-
tic fibrosis also present with greater renal clearance of drugs 
such as aminoglycosides, compared with children without the 
disease, requiring higher doses by weight and more frequent 
dosing intervals.26

Creatinine clearance is used as a surrogate marker for GFR; 
however, there are equations available to estimate GFR in 
the pediatric population. Pediatric GFR is often calculated to 
mL/min/1.73 m2. The Cockroft-Gault, Jelliffe, Chronic Kidney 
Disease Epidemiology Collaboration (CKD-EPI) equation, or 
Modification of Diet in Renal Disease (MDRD) equations for 
estimating creatinine clearance or GFR in adults should not be 
used for evaluating patients younger than 18 years. This is due 
to potential for significant overestimation of GFR and/or lack of 
validation of these equations in pediatric age ranges, even ado-
lescents. For example, past attempts for proposed application 
of equations, such as Cockroft-Gault, demonstrated that lack of 
agreement with measured GFR (via renal scan) in adolescents 
as young as 13 years of age.27 The Schwartz’s equation was pre-
viously used method of estimating pediatric GFR from infancy 
up to 21 years of age (Figure 2–3). This equation uses patient 
length (cm), serum creatinine (mg/dL) (or μmol/L × 0.0113), and 
a constant, k, which depends on age (including low-birth-weight 
status for infants).28 This “original” Schwartz equation is no lon-
ger used by many clinicians, due to a change in measurement of 
serum creatinine methods with calibration traceable to isotope 
dilution mass spectrometry (IDMS), invalidating the original 

K = proportionality constant
L = length in cm

SCr = serum creatinine in mg/dL
GFR = estimated glomerular filtration rate in mL/min/1.73 m2

“Original Schwartz” Equation

Age

Low birth weight < 1 year

Full term < 1 year

1–12 years

13–21 years (female)

13–21 years (male)

K

0.33

0.45

0.55

0.55

0.70

GFR = kL/SCr

FIGURE 2–3.  “Original” Schwartz equation for estimation of 
glomerular filtration rate (GFR)in pediatric patients up to 21 years 
of age. (From Schwartz GJ, Brion LP, Spitzer A. The use of plasma 
creatinine concentration for estimating glomerular filtration 
rate in infants, children, and adolescents. Pediatr Clin North Am. 
1987;34(3):571–590.)

Chisholm_Ch002_p0015-0026.indd   20 01/11/21   9:47 AM



CHAPTER 2  |  PEDIATRICS PHARMACOTHERAPY    21

equation’s clinical application and can overestimate GFR by up 
to 40%.27–31 The preferred method to estimate GFR in children 
(ages 1–18 years) is the “bedside” Schwartz as it was devised for 
use with creatinine methods traceable to IDMS (Figure 2–4).29–31

Urine output is also a parameter used to assess renal func-
tion in pediatric patients. Infants and children with acute kidney 
injury are likely to present with oliguria or anuria with urine out-
put less than 1 mL/kg/hour.

SPECIFIC CONSIDERATIONS IN DRUG THERAPY
In addition to differences in pharmacokinetics and pharmacody-
namic parameters, other factors, including dosage formulations, 
medication administration techniques, and parent/caregiver edu-
cation, should be considered when selecting drug therapy.

Off-Label Medication Use
Currently, there is a lack of pediatric dosing, safety, and efficacy 
information; thus, many drugs remain off-label for children.32 
Off-label use of medications occur in both outpatient and inpa-
tient settings. Off-label use of medication is the use of a drug out-
side of its approved labeled indication. This includes the use of a 
medication in the treatment of illnesses not listed on the manufac-
turer’s package insert, use outside the licensed age range, dosing 
outside those recommended, or use of a different route of admin-
istration.32  It is appropriate to use a drug off-label when 
no alternatives are available; however, clinicians should refer to 
published studies and case reports for available safety, efficacy, 

and dosing information. Food and Drug Administration (FDA) 
regulatory changes provide incentives for a pharmaceutical man-
ufacturer to study and market new drugs for pediatric patients. 
However, such incentives are not available for generic drugs.

Routes of Administration and Drug Formulations
Depending on age, disease, and disease severity, different 
routes of administration may be considered. The rectal route 
of administration is reserved for cases where oral adminis-
tration is not possible and IV route is not necessary. Topical 
administration is often used for treatment of dermatologic ail-
ments. Transdermal routes are not often used due to limited 
product availability. The injectable route of administration is 
used in patients with severe illnesses or when other routes of 
administration are not possible. As done with adult patients, 
IV compatibility and access should be evaluated when giving 
parenteral medications. Dilution of parenteral medications 
may be necessary to measure smaller doses for neonates. How-
ever, a higher concentration of parenteral medications may be 
necessary for patients with fluid restrictions, such as prema-
ture infants and patients with cardiac anomalies and/or renal 
disease. Appropriate stability and diluent selection data should be 
obtained from the literature.

When oral drug therapy is needed, one must also consider 
the dosage form availability and child’s ability to swallow a solid 
dosage form. Children younger than 6 years are often not able to 
swallow oral tablets or capsules and may require oral liquid for-
mulations. Not all oral medications, especially those unapproved 
for use in infants and children, have a commercially available liq-
uid dosage form. Use of a liquid formulation compounded from 
a solid oral dosage form is an option when compounding and 
stability data are available. Factors such as drug stability, suspend-
ability, dose uniformity, and palatability should be considered 
when compounding a liquid formulation.33 Commonly used sus-
pending agents include methylcellulose and carboxymethylcel-
lulose (eg, Ora-Plus). Palatability of a liquid formulation can be 
enhanced by using simple syrup or OraSweet. If no dietary con-
traindications or interactions exist, doses can be mixed with food 
items such as pudding, fruit-flavored gelatin, chocolate syrup, 
applesauce, or other fruit puree immediately before administra-
tion of individual doses. There may be instances when clinicians 
may elect to prescribe tablets or capsules that are to be crushed or 
opened, respectively, and mixed in soft foods. This should be lim-
ited to instances when a commercial or compounded liquid dos-
age form is not appropriate. Additionally, it is important in this 
scenario, to avoid use of sustained or extended formulations of 
tablets or capsules. Use should also be limited to wide therapeutic 
index medications (eg, β-lactam antibiotics) as they have a wide 
margin of safety, and dose rounding to a certain extent (eg, 10%) 
is likely feasible to fit an available tablet or capsule strength. To 
help with palatability of oral medication, some clinicians pair bit-
ter tasting medications (eg, clindamycin) with chocolate flavoring 
and metallic tasting medications (eg, ferrous sulfate drops) with 
fruit (eg, citrus) flavoring. Honey, although capable of masking 
unpleasant taste of medication, may contain spores of Clostridium 
botulinum and should not be given to infants younger than 1 year 
due to increased risk for developing botulism. Most hospitals car-
ing for pediatric patients compound formulations in their inpa-
tient pharmacy. Limited accessibility to compounded oral liquids 
in community pharmacies poses a greater challenge. A list of 
community pharmacies with compounding capabilities should 
be maintained and provided to the parents and caregivers before 
discharge from the hospital.

H = height in cm
SCr = serum creatinine (in mg/dL)

GFR = estimated glomerular filtration rate in mL/min/1.73 m2

“Bedside Schwartz” Equation

GFR = [0.413 x h]/SCr

FIGURE 2–4.  Bedside Schwartz equation for estimation of 
glomerular filtration rate (GFR)in pediatric patients ages 1 to 
18 years old. (From Staples A, LeBlong R, Watkins CW, Brandt 
J. Validation of the revised Schwartz estimating equation 
in a predominantly non-CKD population. Pediatr Nephrol. 
2010;25:2321–2326.)

Patient Encounter Part 2

RG is a 1-week-old (weight 3.5 kg [7.7 lb], length 50 cm 
(19.7 in), no known drug or food allergies), full-term newborn 
male child admitted to the NICU now presenting lethargy, 
poor oral intake, and temperature instability. A neonatal 
sepsis and meningitis rule-out is started. Blood samples, 
cerebral spinal fluid, and urine were collected for Gram stain 
and culture, still pending results. Other laboratory results 
(complete blood count, complete metabolic panel) are still 
pending. The team requests the consultation regarding 
empiric antibiotic selection.

The medical resident asks you whether ceftriaxone (highly 
protein binding) or cefotaxime (low protein binding) should 
be used as part of the antibiotic regimen to treat RG. Which is 
the most appropriate and why?
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Common Errors in Pediatric Drug Therapy
Prevention of errors in pediatric drug therapy begins with iden-
tification of possible sources. Unfortunately, medication errors 
are common in pediatrics with up to 27% of all pediatric medica-
tion orders resulting in an error.34 Off-label use of medications 
increases risk of medication error and has been attributed to 
difference in frequency of errors compared with adults. One of 
the most common reasons for medication errors in this special-
ized population is incorrect dosing such as calculation error.35 

 Medication errors among pediatric patients are pos-
sible due to differences in dose calculation and preparation; it 
is important to identify potential errors through careful review 
of orders, calculations, dispensing, and administration of drug 
therapy to infants and children. It is crucial to verify accurate 
weight, height, and age for dosing calculations and dispensing of 
prescriptions because pediatric patients are a vulnerable population 
for medication error. Consistent units of measurements in report-
ing patient variables, such as weight (kg) and height (cm), should 
be used. Dosing units such as mg/kg, mcg/kg, mEq/kg, mmol/kg, 
or units/kg should also be used accurately. Given the age-related 
differences in metabolism of additives, such as propylene glycol 
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 trim-
ethoprim component).

Use of standardized concentrations and programmable infu-
sion 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. Elec-
tronic health records (EMR) with clinical decision support sys-
tems and barcoding technology, with ability for dose range checks 
by weight for pediatric medication orders and accurate match-
ing of correct ordered medication to patient, respectively, have 
decreased medication errors.34

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), simpli-
fication 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. 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, includ-
ing interdisciplinary discussion between CAM providers and 
pediatric healthcare providers.36 It is critical to appreciate that 
there are limited data establishing efficacy of various CAM ther-
apies in children. For example, colic is a condition of unclear eti-
ology in which an infant cries inconsolably for over a few hours 
in a 24-hour period, usually during the same time of day. Symp-
toms 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 colic; however, parents may be advised 
by family and friends to use products that may have harmful 
additive ingredients. Gripe water is an oral solution containing 
a combination of ingredients, such as chamomile and sodium 
bicarbonate, and is not regulated by the FDA. Some gripe water 
products may contain alcohol, which is not recommended for 
infants due to their limited metabolism ability (ie, alcohol dehy-
drogenase). Further, some CAM products (eg, St. John’s wort) 
can interact with prescription drugs and produce undesired out-
comes. 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 dem-
onstrated some potential for alleviation of symptoms, such as 
cough, based on survey studies of parents for children of 2 years 
and older.37,38 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 dextrometho-
rphan) 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 medica-
tions may be less effective in children younger than 6 years com-
pared with older children and adults.39,40 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 over-
dose a child on one active ingredient, such as acetaminophen, 
by administering acetaminophen suspension for fever and an 
acetaminophen-containing combination product for cold symp-
toms. The use of aspirin in patients younger than 18 years with 
viral infections is not recommended due to the risk of Reye syn-
drome. Signs or symptoms of Reye syndrome, usually appearing 
several days after start of a viral infection, are relatively nonspe-
cific, including diarrhea, persistent vomiting, increased respi-
ratory 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.
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Medication Administration to Pediatric Patients 
and Caregiver Education
Considering the challenges in cooperation from infants and 
younger children, medication administration can become a dif-
ficult task for any parent or caregiver. One should also consider 
factors that may affect adherence to prescribed therapy includ-
ing caregiver’s and/or patient’s personal beliefs, socioeconomic 
limitation(s), and fear of adverse drug effects. One common fac-
tor 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 suspen-
sion, 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 liquid amount or available 
tablet/capsule strength is commonly practiced for most medica-
tions (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 mea-
suring 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 liq-
uid medications. Studies have demonstrated less error in dose 
measurement using an oral syringe compared to other devices 
(eg, dosing cup, dropper, dosing spoon) and that in addition 
to appropriate device caregiver health literacy contributes to 
potential for medication dose measurement error.41 Due to 
inconsistencies and risk for possible inaccuracy of measuring 
smaller doses, dosing or measuring spoons, oral droppers, and 
medicine cups are not recommended for measuring doses for 

infants and young children. Household dining or measuring 
spoons are not accurate or consistent and should not be used 
for the administration of oral liquids. Additionally, consistency 
in dosing units used for liquid formulation (eg, milliliters 
instead of teaspoons or ounces) is necessary to minimize fur-
ther medication dosing errors.42 Individuals in supervision of 
infants and children attending daycare and schools should also 
be educated about medication administration. Guidelines with 
regard to medication use in school settings are available.43–45

 Comprehensive and clear parent/caregiver educa-
tion improves medication adherence, safety, and therapeutic 
outcomes and is essential in care of infants and young chil-
dren. Information about the drug, including appropriate and 
safe storage away from children, possible drug interactions, 
duration of therapy, importance of adherence, possible adverse 
effects, and expected therapeutic outcomes should be pro-
vided. Parent/caregiver education is important in both inpa-
tient and outpatient care settings and should be reviewed at 
each point of care.

Because parents/caregivers are often sole providers of home care 
for ill children, it is important to demonstrate appropriate dose 
preparation and administration techniques to the caregivers before 
medication dispensing. First, a child should be calm for success-
ful dose administration. Yet, calming a child is often a challenge 
during many methods of administration (eg, otic, ophthalmic, rec-
tal). Parents/caregivers should explain the process in a simple and 
understandable form to the child because this may decrease the 
child’s potential anxiety. In addition, it is also recommended to dis-
tract younger children using a favorite item such as toy or to reward 
cooperative or “good” behavior during medication administration. 
Helpful tips regarding administration of selected dosage forms in 
pediatric patients are listed in Table 2–4.46

	 Table 2–4
Helpful Tips for Medication Administration for Selected Dosage Forms46

Dosage Form Recommendations

Ophthalmic drops 
or ointment

•• Wash hands thoroughly prior to administration
•• Position child laying down in supine position
•• Avoid contact of applicator tip to surfaces, including the eye
•• Drops should be placed in the pocket of the lower eyelid
•• Ointment strip should be placed along the pocket of the lower eyelid

Otic drops •• Wash hands thoroughly prior to administration
•• Position child laying down in prone position
•• Tilt head to expose treated ear, gently pull outer ear outward, then due to age-dependent change in angle of 
eustachian tube:
•• If child < 3 years of age, gently pull downward and back; apply drops
•• If child is > 3 years of age, gently pull upward and back; apply drops

Nasal drops •• Wash hands thoroughly prior to administration
•• Position child laying down in supine position
•• Slightly tilt head back; place drops in nostril(s)
•• Remain in position for appropriate distribution of medication

Rectal suppository •• Similar to adult administration; challenging route for administration
•• For younger patients (ie, < 3 years), a smaller finger (eg, pinky finger) should be used to insert suppository

Metered-dose 
inhalers

•• Use a spacer
•• For younger children, use one with a mask, be sure the mask is secured/placed closely up against the child’s face, 
avoiding gaps between face and mask and creating a seal to ensure medication delivery

•• Child should take slow breaths in with each dose
•• Wait at least 1 minute between doses

From Buck MI, Hendrick AE. Pediatric Medication Education Text, 5th ed. American College of Clinical Pharmacy, 2009; Sec1: xvii–xxvii.
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Accidental Ingestion in Pediatric Patients
Pediatric accidental ingestions most often occur in the home. 
Various factors account for incidence of accidental ingestions in 
young children, including hand-to-mouth behaviors as well as 
new and increased mobility resulting in easier access areas where 
harmful substances are stored (eg, medication cabinets). Indeed, 
caregivers are encouraged to use “child-safe” devices to lock clos-
ets and cabinets to reduce risk of accidental ingestions; however, 
this is not a substitute for appropriate caregiver supervision.

Ingested substances can vary, from household cleaning solu-
tions to prescription and nonprescription medications. The 
most common exposures in children younger than 5 years 
were cosmetics/personal care products, analgesics, household 
cleaning substances, foreign bodies (eg, small toys), and topi-
cal preparations.47 Unintentional or accidental ingestions are 
the most common type in younger children (ie, younger than 
5 years) with fatalities possible with as little as one to two tablets/ 
capsules of medications such as calcium channel blockers, tricyclic 

Patient Encounter Part 3

DD is a 13-year-old adolescent boy who is brought to the 
clinic with a weeklong history of productive cough, rhinorrhea, 
and congestion. The child’s temperature last night was 39°C 
(102.2°F) by electronic axial thermometer. Mom reports to have 
given the child several doses of acetaminophen, but symptoms 
did not improve and thus she brought him to be seen. Patient 
has history of allergic rhinitis and eczema. The pediatrician 
diagnoses DD with community-acquired pneumonia requiring 
antibiotic treatment and asks you to develop a treatment care 
plan for DD including use of cefdinir 14 mg/kg/dose by mouth 
divided twice a day for 10 days.

What additional information would you need to develop an 
appropriate treatment care plan for DD?

Mom asks you if acetaminophen was the right choice for DD’s 
fever and pain and if other options such as aspirin could be 
used instead. What would you recommend for pain and fever 
for DD? Why?

The medical assistant provides you DD’s weight as 85.8 lb (39 kg).  
Mom states that DD would prefer a liquid form as he is still 
working on swallowing pills. Cefdinir is available as a 125 mg/ 
5 mL or 250 mg /5 mL suspension. What is the most appropriate 
dosage strength and calculated dose of cefdinir for DD?

Two days later, Mom calls the clinic stating that DD did not like 
the taste of cefdinir and would like to change to a capsule or 
tablet. Cefdinir comes as a 300-mg capsule. Explain whether or 
not this change is appropriate.

Patient Care Process

Collect Information:
•• For patients up to 2 years of age, review birth history, 

including gestational age, birth weight, medical 
complications, postnatal age, and corrected age.

•• Review patient’s past medical history, comorbidities.
•• Review patient’s available laboratory data (eg, serum 

creatinine, liver function tests).
•• Review all current medication therapy, including CAM 

and OTC.
•• Review patient’s medication allergies and/or intolerances.

Assess the Information:
•• Assess appropriateness of therapy. Is patient on appropriate 

drug therapy for current diagnoses? Are current medication 
doses appropriate (ie, for age, weight, etc.)? Any medications 
without indication?

•• Evaluate patient’s organ function (renal and hepatic), 
including use of appropriate equations (eg, bedside 
Schwartz).

•• Assess current therapy for safety and efficacy. Is the 
medication effective for this patient? Is the patient 
experiencing any adverse effects?

•• Consider available data regarding safe and effective dosing of 
selected drug.

•• Assess patient’s (or patient’s caregiver) history of medication 
adherence and health care beliefs.

Develop a Care Plan:
•• Consider available routes of administration. What is the most 

appropriate route? If IV medication is needed, what types of 
IV accesses are available? For example, does the patient have 
a central or peripheral line? Determine if IV medication needs 
to be further diluted or concentrated based on patient’s 
comorbidities and fluid status.

•• Consider ease of administration for the patient and/or 
caregiver. Is the dose easily measurable? Is the dosing 
frequency reasonable for their family schedule?

•• Verify accuracy of dose calculations. Verify current weight and 
dosing units (e.g., mg/kg/day, mg/kg/dose). Is the dosing 
interval appropriate?

•• Determine what drug-drug/drug-food interactions are 
possible with this new therapy. How can they be managed?

Implement the Care Plan:
•• Communicate plan for care with patient care team.
•• Educate parent/caregiver/patient regarding selected drug 

therapy including purpose, dose, administration, duration 
therapy, possible side effects, etc.

Follow-up: Monitor and Evaluate:
•• Monitor signs and symptoms of clinical outcomes 

(improvement and decline). Measure drug serum 
concentrations when appropriate. Monitor for possible 
adverse drug events.

•• Reinforce patient/caregiver education.
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antidepressants, or opioids. For those age between 13 and 19 years 
and older, intentional exposures outnumber those classified as 
unintentional/accidental and include recreational and self-harm 
attempts.47 Management of accidental ingestions varies depend-
ing on the ingested substance, the amount, and the age and size of 
the child. The American Academy of Clinical Toxicology and the 
AAP do not recommend the use of ipecac syrup for treatment of 
accidental ingestion; thus, inducing emesis is not a recommended 
approach for any type of ingestion.48 Clinicians receiving calls 
regarding management of accidental ingestions, depending on 
severity of case, should direct them to the emergency department 
for evaluation and/or the local or regional poison control center 
for specific recommendations, which can reached via a univer-
sal contact number (1-800-222-1222), with additional informa-
tion located through the American Association of Poison Control 
Centers (www.aapcc.org).49

Abbreviations Introduced in This Chapter
AAP American Academy of Pediatrics
ACIP Advisory Committee on Immunization Practices
bpm Beats per minute
CAM Complementary and alternative medicine
CDC Centers for Disease Control and Prevention
CPOE Computer physician order entry
ELBW    Extremely low birth weight
GA Gestational age
GFR Glomerular filtration rate
LBW Low birth weight
MDI Metered-dose inhaler
OTC Over-the-counter
Vd Volume of distribution (apparent)
VLBW Very low birth weight
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