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NOTICE

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

treating acute and chronic medical conditions. Although

biomedical research continues to develop and provide
medications with enormous potential to improve health, these
same medications are often overused, underused, or misused,
leading to suboptimal or unsafe results. It is our responsibility
as health care practitioners to optimize positive health outcomes
and limit adverse pharmacotherapeutic effects.

Provision of high quality, cost-effective pharmacotherapy
requires an integration of scientific knowledge and clinical practice
skills combined with a fiduciary responsibility to put the patient’s
needs first. The development of mature pharmacotherapists
occurs through structured learning processes that include formal
coursework, independent study, mentorship, interprofessional
experiences, and direct involvement in the care of actual patients.

The fifth edition of Pharmacotherapy Principles ¢ Practice
is designed to provide student learners and health care
practitioners with essential knowledge of the pathophysiology
and pharmacotherapeutics of disease states likely to be
encountered in routine practice. Chapters are written by content
experts and peer reviewed by pharmacists, nurse practitioners,
physician assistants, and physicians who are authorities in their
professional disciplines.

Pharmacotherapy Principles & Practice, fifth edition, opens
with an introductory chapter followed by chapters on pediatrics,
geriatrics, and palliative care. Most of the remainder of the
book consists of disease-based chapters that review disease
epidemiology, etiology, pathophysiology, clinical presentation
and diagnosis, and nonpharmacologic therapy, followed
by an emphasis on clear therapeutic recommendations for
medication selection, desired outcomes expected, dosing, and
patient monitoring. The following features were designed in
collaboration with educational design specialists to enhance
learning and retention:

Effective use of pharmacotherapy is vital for preventing and

o Structured learning objectives at the beginning of each
chapter, with information in the text that corresponds to
each learning objective identified by a vertical rule in the
margin, allowing the reader to quickly find content related to
each objective.

o Key concepts related to the disease, patient assessment,
and treatment highlighted with an easily identifiable icon
throughout the chapter.

o Patient encounters that facilitate development of critical
thinking skills and lend clinical relevance to the scientific
foundation provided.

o A newly designed patient care process section modeling
the Joint Commission of Pharmacy Practitioners (JCPP)
Pharmacists’ Patient Care Process that provides specific
recommendations about the process of care for an individual

patient involving five steps: collecting information, assessing
information, developing a care plan, implementing the care
plan, and following-up: monitor and evaluate.

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

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

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

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

o Laboratory values expressed as both conventional units and
Systeme International (SI) units.

o 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.

o A table of common laboratory tests and reference ranges
appears on the inside covers of the book.

A companion textbook, 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 published in the
textbook.

The Online Learning Center at www.ChisholmPharmaco
therapy.com provides self-assessment questions, grading and
immediate feedback on the questions, and reporting capabilities.
The complete textbook and study guide are available to subscribers
of the publisher’s AccessPharmacy site (www.accesspharmacy.
com), an online educational resource for faculty and students of
the health professions.

We are extremely grateful for the commitment and dedication
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 health care institutions
that have adopted this textbook in courses or use it as a reference
in practice settings. In closing, we extend our sincere thanks to
the McGraw-Hill Education editorial team for their hard work
and commitment to bringing this new edition to our readership.

The Editors
August 2018
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INTRODUCTION
Health professionals are given significant responsibilities

in our health care system. These roles may be taken for

granted by patients until a pharmacist, nurse practitio-
ner, physician assistant, physician, or others perform assigned
tasks that make positive impacts upon patients and patients’
families lives in countless ways. The exemplary manner in which
health professionals provide necessary care to patients is a hall-
mark of health professional practice and delivery of US health
care. Patients are thus well served, and fellow health profession-
als share knowledge and expertise specific to their profession.
However, there are significant problems remaining in the US
health care system from a structural standpoint. In 2016, the
United States spent 17.2% of the gross domestic product (GDP)
on health care,' yet the United States ranks 37th in the world
when considering outcomes of care. Comparing the United
States to similar industrialized countries, we rank 11th out of 11
comparator countries, and have poorer health outcomes.? The
reasons for why the United States compares poorly with other
countries will be discussed in the following paragraphs.

Tremendous uncertainty surrounds the current health care
system in the United States. Efforts to repeal and replace the
Patient Protection and Affordable Care Act (ACA) have failed
at the US Congressional level. Bipartisan calls for improving the
current ACA have met with both encouragement and disdain,
depending upon the point of view of those speaking. Regardless
of the form of health care delivery and insurance for such, the
very bright note to point out is the realization of the excellence
of the delivery and outcomes of care provided by US health
care professionals. Health professionals improve the health of
Americans daily through many efforts and accomplishments.

A significant issue in the United States is that countless other
Americans in our midst are 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.
In a comprehensive report from Kalorama Information,’ it was
noted that consumer out-of-pocket health care costs have risen
from $250 per year in 1980 to over $1400 in 2016. It was also
noted in this report that those in less comprehensive health care
coverage insurance plans have delays in treatment, which lead to
increasing costs in the long term. Recently, Howard Bauchner,
MD, the editor-in-chief of JAMA and The JAMA Network, has
called for health professionals and professional organizations to
speak with one voice and support health care coverage as a right
for all.*

Recent US Center for Medicare and Medicaid (CMS) expenditure
data projections posit that, in 2025 in the United States, a total of
$4.72 trillion will be spent on health care.” The projection for
spending on prescription drugs in 2025 is estimated to total
$1.7 billion.®

Introduction

Jack E. Fincham

There are tremendous opportunities for health professionals
due to the implementation of outcome measures (clinical,
economic, humanistic) via the ACA. For the first time in the
structure of the US health care system there is now a tangible,
significant effort to enhance the quality and outcomes of health
care delivered.

The use of medications in the health care system provides
enormous help 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 health care workplace, can help to promote the former
and diminish 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.

DRUG USE IN THE HEALTH CARE SYSTEM

Prescription medications are used daily; 48.5% of the population
uses one prescription drug daily, 21.7% use three or more drugs
daily, and 10.6% use five or more prescription drugs daily.’
Problems occurring with the use of drugs can include:

o Medication errors

« Suboptimal drug, dose, regimen, dosage form, and duration
of use

o Unnecessary drug therapy
o Therapeutic duplication

o Drug-drug, drug-disease, drug-food, or drug-nutrient
interactions

o 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
treatment. 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 health care institutions, and elsewhere.
Herbal remedies 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 professionals 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 medications
from numerous sources. Patients may also borrow from friends,
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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 recommendations 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.

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
coverage 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 activities
of patients have increased dramatically in the late 20th and early
21st centuries. Many factors affecting patients have continued
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 conditions
(eg, allergies and dermatologic conditions), if appropriately
treated through patient self-medication, allow the patient to have
a degree of autonomy in health care decisions.

Compliance Issues

Noncompliance with prescription regimens is one of the most
understated problems in the health care system. Approximately
10% of initial prescriptions written by physicians are never
filled.® Reasons can include trying too soon to obtain a new
prescription, prior approval requirements, the prescribed drug
may not be covered under the patient’s insurance, and so on.
The effects of noncompliance have enormous ramifications for
patients, caregivers, and health professionals. Noncompliance
is a multifaceted problem with a need for interprofessional,
multidisciplinary solutions. Interventions that are organizational
(how clinics are structured), 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 individualized 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
compliance rates and subsequent positive health outcomes.

Drug Use by the Elderly

The major source of payment for prescription drugs for those
aged 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 $94 billion in 2017; this is 15.6% of Medicare expenditures.’

Since the inception of Medicare Part D, recipients have had to pay
costs after initial minimum threshold amounts are reached, then
enter the so-called “donut hole” requiring payment out of pocket
until a certain amount would be paid, and then coverage for
payment would ensue. This so-called donut hole closes in 2020,
which will provide more benefits for more enrollees. Enhanced
use of pharmacoeconomic tenets to select appropriate therapy,
while considering cost and therapeutic benefits for seniors and
others, will become even more crucial for clinicians in the future.

Unnecessary drug therapy and over medication are problems
with drug use in the elderly. Cost estimates are projected to be
$1.3 billion per year for elderly patient polypharmacy alone.”® A
joint effort by health professionals working together is the best
approach to aiding seniors in achieving optimal drug therapy.
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
monitoring for working to reduce medication errors. Untold
morbidity and mortality occur due to the many errors in medication
use. Studies have shown that reconciling the medications that
patients take, with coordination by various caregivers providing
care, can help reduce medication errors in patient populations.®

The incorporation of three key interventions—computerized
physician order entry (CPOE), additional staffing, and bar
coding—has been shown in an institutional setting to help reduce
medication errors."

Avoiding Prescribing Cascades

Prescribing cascades occur in health care 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.'

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
consequences of this epidemic are many."® According to the
Centers for Disease Control and Prevention (CDC), 91 Americans
die daily from an opioid overdose, including prescription opioids
and heroin.”* The opioid crisis is not limited to the United
States; it is a North American crisis as well, with the Canadian
government providing funding to address the problem."*® The
CDC has published and promoted prescribing guidelines to
help stem inappropriate prescribing of opioids for chronic
pain.'® Health professionals will play a 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
effective practice have never been more daunting among the
numerous health professions. Technology can further empower
health professionals to play an effective role in helping patients
and fellow health professionals to practice safe and effective
medicine. Health care reform has the potential to dramatically
impact your practices in the health care 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.
Current 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 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
commonly occurring diseases and the medications or alternative
therapies used to successfully treat these conditions.
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Geriatrics

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

LEARNING OBJECTIVES

Upon completion of the chapter, the reader will be able to:

1. Explain changing aging population demographics.

Describe major components of geriatric assessment.

vk W

INTRODUCTION
The growth of the aging population and increasing lifespan

require that health care professionals gain knowledge

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

EPIDEMIOLOGY AND ETIOLOGY

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

Sociodemographics
» Population

Our population is rapidly growing older. In 2015,
47.8 million US residents were 65 years and older (nearly 15%
of the total population), with projections to more than double to
98 million by 2060.> Almost 6.3 million people were 85 years or
older (the “oldest-old”), and nearly 77 thousand persons were aged
100 or older.’ Those 85+ years individuals are projected to triple
from 6.3 million in 2015 to over 14.6 million in 2040.% In 2015,
older women aged 65 years and above (26.7 million) outnumbered
older men (21.1 million), with a ratio of 100 women to 79 men;

Discuss age-related pharmacokinetic and pharmacodynamic changes.
Identify drug-related problems and associated morbidities commonly experienced by older adults.

Recognize interprofessional patient care functions in various geriatric practice settings.

this ratio widens as elders age. In addition, minority elders are
projected to increase to 21.1 million in 2020.> With changing
aging population demographics, surviving baby boomers will be
disproportionally female, more ethnically/racially diverse, better
educated, live alone, and have more financial resources than were
elders in previous generations.

» Economics

More elders are enjoying higher economic prosperity than ever
before, with only 10% living below the poverty line.* However,
major inequalities persist, with older blacks and those without
high school diplomas reporting fewer financial resources.*
Considerable disparities exist, and may prevent less advantaged
elders from being able to purchase all prescribed medications.

» Education and Health Literacy

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

Health Status
» Life Expectancy

Although Americans are living longer than ever before, an
estimated average of 78.74 years overall in 2015, US life expectancy
lags behind that of many other industrialized nations.” Life
expectancy has increased; elders who survive to age 65 can expect
to live an average of 19.3 more years.* Disparities in mortality
persist, in 2014 life expectancy at birth for the white population
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was 3.4 years longer than for the black population, a decrease
of 1.8 years since 2004.* Nearly 35% of US deaths in 2000 were
attributed to three risk behaviors: smoking, poor diet, and
physical inactivity. Currently, only 9% of Americans older than
65 years smoke; however, nearly 54% of men and 21% of women
are former smokers.*” Overweight elders 65 to 74 years of age
increased from 57% to 73% in 2004 largely due to inactivity and a
diet high in refined foods, saturated fats, and sugared beverages.*
Despite the proven health benefits of regular physical activity,
more than half of the older population is sedentary; 47% of those
65 to 74 years and 61% older than 75 years report no physical
activity and only 12% of people aged 65 years and older report
participating in leisure-time aerobic and muscle-strengthening
activities that meet US physical activity guidelines.**

The 2016 National Health Interview Survey indicated that in
2012-2014, older non-Hispanic White people were more likely to
report good to excellent health than were non-Hispanic Black and
Hispanic peers (80% vs 65% and 66%, respectively).” Approximately
80% of older adults have at least one chronic condition, and 50%
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%).° In 2014, the leading causes of death were
heart disease, cancer, chronic lower respiratory diseases, stroke,
Alzheimer disease, diabetes, unintentional injuries (mostly falls),
and influenza and pneumonia regardless of sex, race, or ethnicity.*
Figure 2-1 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. Only 3% to 7% of elders between the ages of 65 and 75 years
are frail, increasing to more than 32% in those older than 90 years."

Health Care Utilization and Cost

TATG@E50 Older Americans use more health care services than
younger Americans do. Although older adults with one or
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Patient Encounter Part 1

UA is a 78-year-old woman who moved to the United States
after she retired to help care for her three grandchildren.
Though UA finished high school in Brazil, she speaks very
little English and has limited health literacy, even with the
interpretation service. UA comes to the Interprofessional
Geriatrics Clinic to receive comprehensive care of her
multimorbidity and polypharmacy. Her past medical
history includes hypertension, diabetes, dyslipidemia,
stroke, hypothyroidism, arthritis, depression, insomnia, and
peripheral neuropathy. UA uses 16 medications for her
multiple chronic conditions and herbal supplements for
“brain health! She is overweight, though reports trying to
eat “healthy.” She walks the family dog for about 30 minutes
once a week and daily when her daughter’s family is out of
town.

What information is consistent with epidemiology of aging?

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

What additional information do you need before conducting
a comprehensive medication review?

more hospital stays decreased from 2000 to 2014 (18% vs
15.2%), they accounted for more than half of hospitalizations
overall, with longer lengths of stay corresponding to increasing
age."' In 2010 there were 1.3 million (3.6%) US nursing home
residents aged 65 and older, and as the aged live longer, more
will require assistance, which will be increasingly performed in
the home. Health care costs among older Americans are greater
than the cost for someone younger than 65 years. In 2015, older
Americans spent 12.9% of their total expenditures on health
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FIGURE 2-1. 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.)



compared with 7.8% among all consumers.”> Medicare plays a
major role in health care costs, accounting for 20% of total US
health spending in 2012, 27% of spending on hospital care, and
23% of spending on physician services."

By applying the epidemiology of aging, clinicians can better
intervene with pharmacotherapy to postpone disease, disability,
and mortality, and promote health, functioning, and health-
related quality of life.

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."”> As people age, they can
become more frail and are more likely to experience altered and
variable drug pharmacokinetics and pharmacodynamics. Even
though this alteration is influenced more by a patients clinical
state than their chronological age, the older patient is more
likely to be malnourished and suffering from diseases that affect
pharmacokinetics and pharmacodynamics.* Older adults can
develop significant drug-related problems when alterations in
pharmacokinetics and pharmacodynamics are not appropriately
accounted for in prescribing and monitoring of medications.”
Clinicians have the responsibility to use pharmacokinetic and
pharmacodynamic principles to improve the care of older
patients and avoid adverse effects of pharmacotherapy. Due to the
multitude of changes described below, many medications used to
treat chronic conditions in older adults should be started at 50%
of the recommended initial adult dose, and doses titrated slowly.
This is a general recommendation to consider when 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 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."? Peristalsis is weaker and gastric emptying delayed. These
changes slow absorption in the stomach, especially for enteric-
coated and delayed-release preparations. 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.”** However, relative achlorhydria can
decrease the absorption of nutrients such as vitamin B_, calcium,
and iron."

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.”* Additionally,
because saliva production decreases with age, medications 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 in older patients and the changes described are clinically
inconsequential.'*"
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» Distribution

The main physiological changes that affect distribution of drugs
in older adults are changes in body fat and water, and changes
in protein binding. Lean body mass can decrease by 12% to
19% through loss of skeletal muscle in older adults. Thus, blood
levels of drugs primarily distributed in muscle increase (eg,
digoxin), presenting a risk for overdose.* 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, amitriptyline, amiodarone, valproic acid, and
verapamil) have increased volume of distribution (V,), leading to
higher tissue concentrations and prolonged duration of action.
Greater V, leads to increased half-life and time required to reach
steady-state serum concentration.'>!*

Total body water decreases by 10% to 15% by age 80. This lowers
V, of hydrophilic drugs (eg, aspirin, digoxin, morphine, lithium,
and ethanol) leading to higher plasma drug concentrations than
in younger adults when equal doses are used.’** Thus lower
doses are needed to prevent toxicity. Toxic drug effects may be
enhanced 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.”® In patients with an acute illness, rapid decreases in
serum albumin can increase drug effects. Examples of highly protein-
bound drugs include warfarin, phenytoin, and diazepam.'* For most
chronic medications, these changes are not clinically important
because although the changes affect peak level of a single dose, mean
serum concentrations at steady state are not altered unless clearance
is affected.* 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 patients albumin
status. In a malnourished patient with hypoalbuminemia, a higher
percentage of the total drug level consists of free drug than in a
patient with normal serum albumin. Thus, if a hypoalbuminemic
patient has a low total phenytoin level and phenytoin dose is
increased, the free phenytoin concentration may rise to a toxic level.

» 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 metabolism
of many drugs.”'¢ Liver mass is reduced by 20% to 30% with
advancing age, and hepatic blood flow is decreased by as much
as 50%." 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."* Metabolic clearance of some drugs
is decreased by 20% to 40% (eg, amiodarone, amitriptyline,
warfarin, and verapamil), but it is unchanged for drugs with a low
hepatic extraction.” Drugs that have high extraction ratios have
significant first-pass metabolism, 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 can be seen with propranolol, levodopa, calcium
channel blockers, tricyclic antidepressants, and statins. Thus,
older patients may experience a similar clinical response to that of
younger patients using lower doses of these medications.'*®

The effect of aging on liver enzymes (cytochrome P450 system
[CYP450]) may lead to a decreased elimination rate of drugs that
undergo oxidative phase I metabolism, but this is controversial.”?
Originally, it was thought that the CYP450 system was impaired
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in older adults, leading to decreased drug clearance and increased
serum half-life, but studies have not consistently confirmed this.
Thus variations in the CYP450 activity may not be due to aging
but to lifestyle (eg, smoking), illness, or drug interactions.'*¢
A patient’s nutritional status plays a role in drug metabolism as
well. Frail elderly have a more diminished drug metabolism than
those with healthy body weight.'*'¢ Aging does not affect drugs
that undergo phase II hepatic metabolism, known as conjugation
or glucuronidation, but conjugation is reduced with frailty.
Temazepam and lorazepam are examples of drugs that undergo
phase II metabolism."

» Elimination

Clinically, the most important pharmacokinetic change in older
adults is the decrease in renal drug elimination.”” As people
age, renal blood flow, renal mass, glomerular filtration rate,
filtration fraction, and tubular secretion decrease. After age
40, there is a decrease in the number of functional glomeruli,
and renal blood flow declines by approximately 1% vyearly.
From age 25 to 85 years, average renal clearance declines by as
much as 50% and is independent of the effects of disease.'>!*
Still, the impact of age on renal function 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.'” Clinically significant effects
of decreased renal clearance include prolonged drug half-life,
increased serum drug level, and increased potential for adverse
drug reactions (ADRs)." Special attention should be given to
renally eliminated drugs with a narrow therapeutic index (eg,
digoxin, aminoglycosides). Monitoring serum concentration
and making appropriate dose adjustment for these agents can
prevent serious ADR resulting from drug accumulation.” It
is important to note that despite a dramatic decrease in renal
function (creatinine clearance) with aging, serum creatinine may
remain fairly unchanged and remain within normal limits. This is
because older patients, especially the frail elderly, have decreased
muscle mass resulting in less creatinine production for input into
circulation.’** Because chronic kidney disease can be overlooked
if a clinician focuses only on the serum creatinine value, overdose
and ADR can occur.

Thus, creatinine clearance should be calculated when starting
or adjusting pharmacotherapy in older adults. Clearance measure
using 24-hour urine collection is impractical, costly, and often
done inaccurately. The Cockcroft-Gault equation is the most
widely used formula for estimating creatinine clearance (mL/min)
for adjusting drug doses. See Chapter 25 (Table 25-2) for more
details.

(140— Age) x Weight (kg)

Serum creatinine X 72

Creatinine clearance = X (0.85 if female)

This equation is also used by most drug manufacturers to
determine renal dosing guidelines. The Cockcroft-Gault equation
provides the best balance between predictive ability and bias in
a study that compared it with the Modification of Diet in Renal
Disease (MDRD) and Jelliffe “bedside” clearance equations.™
The Cockcroft-Gault equation can overestimate renal function in
obese individuals. In these cases an adjusted body weight should
be used in the calculation [AjJBW = IBW + 0.4(ABW - IBW)].
Understand that the 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 pharmacokinetics,
there is much 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 the elderly are associated with a
progressive reduction in homeostatic mechanisms and changes
in receptor properties. Although the end 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 or density
of active receptors at the target organ, structural features, and
postreceptor effects (biochemical processes/signal transmission).
These include receptors in the adrenergic, cholinergic, and
dopaminergic systems, as well as y-aminobutyric acid (GABA)
and opioid receptors.'>!®

» 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 pressure. This is explained by a decrease in arterial
compliance and baroreceptor reflex response, which limits
their ability to compensate quickly for postural changes in
blood pressure. It has been estimated that 5% to 33% of older
adults experience drug-induced orthostasis. Examples, other
than typical antihypertensives, that have a higher likelihood of
causing orthostatic hypotension in geriatric patients are tricyclic
antidepressants, antipsychotics, loop diuretics, direct vasodilators,
and opioids.””"* Older patients have a decreased (B-adrenergic
receptor function, and they are less sensitive to B-agonist and
B-adrenergic antagonist effects in the cardiovascular system
and possibly in the lungs, but their response to a-agonists and
antagonists is unchanged.'*'® Increased hypotensive and heart
rate response (to a lesser degree) to calcium channel blockers
(eg, verapamil) are reported. Increased risk of developing drug-
induced QT prolongation and torsade de pointes is also present.'®
Therefore, clinicians must start medications at low doses and
titrate slowly, closely monitoring the patient for any adverse
effects.

» Central Nervous System

Opverall, geriatric patients exhibit a greater sensitivity to the effects
of drugs that gain access to the CNS, especially anticholinergic
medications. In most cases, lower doses resultin adequate 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 conventional
doses can cause oversedation and respiratory depression.'>!
The blood-brain barrier becomes more permeable as people
age; thus more medications can cross the barrier and cause CNS
adverse effects. Examples of problematic medications include
benzodiazepines, antidepressants, antipsychotics, neuroleptics,
and antihistamines. There is a decrease in the number of
cholinergic neurons as well as nicotinic and muscarinic receptors,
decreased choline uptake from the periphery, and increased
acetylcholinesterase."*'* Older adults have a decreased ability
to compensate for these imbalances of the neurotransmitters,
which can lead 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 dopaminergic 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)."***

» Fluids and Electrolytes

Fluid and electrolyte homeostatic mechanism is decreased
in the older adult population. Older adults experience more
severe dehydration with equal amounts of fluid loss compared
with younger adults. The multitude 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 aldosterone
response to hyperkalemia, and decreased response to antidiuretic
hormone. The result is an increased incidence of hyponatremia,
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

Patient Encounter Part 2

UA was recently hospitalized for urinary tract infection. Her
daughter (interpreter) states that one of the hospital staff
thought UA may need to double up her gabapentin dose
due to complaints about pain and stop lisinopril because

she was coughing. UA brought in medications used at home
since the hospital discharge: (1) lisinopril 20 mg by mouth in
the morning, (2) amlodipine 5 mg by mouth in the morning
and evening, (3) hydrochlorothiazide 25 mg by mouth in the
morning, (4) sertraline 100 mg by mouth in the evening, (5)
glyburide 10 mg by mouth in the morning and evening, (6)
gabapentin 600 mg by mouth twice a day, (7) atorvastatin

10 mg in the evening, (8) levothyroxine 50 mcg by mouth

in the morning, (9) zolpidem 10 mg by mouth at bedtime,
(10) calcium-vitamin D 600 mg-500 units by mouth in the
morning and evening, (11) acetaminophen 500 mg 2 tablets
by mouth every 4 hours as needed for pain, (12) pantoprazole
20 mg by mouth in the morning, (13) vitamin C 5000 mg

by mouth in the morning, (14) ibuprofen 200 mg 2 tablets
three times a day, (15) gingko biloba 240 mg by mouth in the
morning, (16) diphenhydramine 25 mg by mouth at bedtime.

She is allergic to penicillin (hives) and intolerant to lisinopril
(cough).

UA does not smoke; has one or two drinks a night.
VS: BP 110/56, P: 70 bpm, RR: 14, T: 38.4°C (101.1°F)
Ht: 52" (157 cm), Wt: 66 kg, Pain 2/10

Labs: Na 141 mEg/L (mmol/L), K4.2 mEg/L (mmol/L),

€198 mEg/L (mmol/L), CO, 25 mEg/L (mmol/L), BUN 20 mg/dL
(7.1 mmol/L), creatinine 1.5 mg/dL (133 umol/L), glucose

98 mg/dL (54 mmol/L), HgbA, _6.5% (0.065; 48 mmol/mol Hgb)

What is UA’s estimated creatinine clearance?

What steps should be taken prior to increasing UA's
gabapentin dose?

What drug-related problems are included in UA’s medication
list?
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older adults. Thus these agents need to be started with low
doses, titrated slowly, and renal function should be monitored
frequently.”

» Glucose Metabolism

An inverse relationship between glucose tolerance and age has
been reported. This is likely due to reduced insulin secretion
and sensitivity (greater insulin resistance). Consequently, the
incidences of hypoglycemia are increased when using sulfonylureas
(eg, glyburide, glipizide) from age-related impairment to counter-
regulate the hypoglycemic response.”” Due to an impaired
autonomic nervous system, older patients may not distinguish
symptoms of hypoglycemia such as sweating, palpitations, or
tremors. They do 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 reported that 28% of
hospitalizations in older adults are due to medication-related
problems including nonadherence and ADRs. Studies indicated
that over 58% of community-dwelling and hospital older
adults were prescribed at least one potentially inappropriate
medication.”” Drug-related problems result in poor health
outcomes for older adults such as adverse drug withdrawal effects,
therapeutic failure, and adverse drug events.”® 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
concurrently (four to ten medications or more have been used as
criteria in studies). Polypharmacy is prevalent among older adults
with 39% reporting the use of 5 or more medications in 2012
compared with polypharmacy use by 24% in 1999, signifying a
dramatic increase.” In 2010, 38% of people aged 62-85 years used
at least one over-the-counter (OTC) medication and 64% used at
least one supplement.” The common use of dietary supplements
and herbal products in this population adds to polypharmacy. 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) in the
Services and Health for Elderly in Long Term Care (SHELTER)
study.”’ As expected, polypharmacy contributes to increased
outpatient visits and hospitalizations with an approximately 30%
higher medical costs.”” Among various reasons for polypharmacy,
an apparent one is an older patient receiving multiple medications
from different providers who treat the patients comorbidities
without coordinated care. Thus medication reconciliation becomes
increasingly important as the aging population continues to grow.

A complete evaluation of all medications should be conducted
by health care providers at each older patient visit to prevent
inappropriate polypharmacy. Efforts should be made to reduce
polypharmacy by discontinuing any medication without
indication. However, clinicians should also understand that
appropriate polypharmacy is indicated for older adults who have
multiple diseases, 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).
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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. A systematic review in 2012
reported that the median rate of inappropriate medication
prescribing among elderly patients in the primary care setting was
19.6%.% The potentially inappropriate medications in older adults
have been associated with negative outcomes such as confusion,
falls, and mortality.”® 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 available for using a
specific medication, and patient use of OTC medications and
herbal supplements."”

Screening tools have been developed to help the clinician
identify potentially inappropriate medications in older adults. The
most utilized in the United States is the Beers criteria.”® The 2015
Beers Criteria includes medications or medication classes that are
potentially inappropriate in older patients, listed in five categories:
(a) medications to avoid in most older adults, (b) medications
to avoid in older adults with certain diseases/syndromes, (c)
medications to use with caution, (d) non-anti-infective medications
with important drug interactions, and (e) non-anti-infective
medications to avoid or renal-dose based on kidney function.”

Common medications included in the Beers criteria are:*

o Benzodiazepines such as lorazepam and diazepam (risk of
cognitive impairment, delirium, falls, fractures, and motor
vehicle accidents)

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

o Tertiary 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 drug-drug and drug-disease
interaction screening, use time-limited trials to evaluate the
benefits and risks of new medications, and trial off medications
to assess need.”

Undertreatment

Much has been written about the consequences of overmedication
and polypharmacy in older adults. However, underutilization 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 therapy. Outside of these
scenarios, many elders do not receive therapeutic interventions
that would provide benefit.!>** Undertreatment is prevalent
across diverse settings in the community, hospitals, and long-
term care facilities.”® This occurs for many reasons including:
multimorbidity, polypharmacy, cost, concerns of nonadherence,
fear of adverse effects and associated liability, limited evidence in
the age group, starting low and failing to increase to an appropriate
dose, skepticism regarding secondary prevention benefits, or
ageism.” Common categories of geriatric undertreatment are
listed in Table 2-1.

Table 2-1

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

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

Antihypertensive therapy

control
-Blocker treatment in heart Concerned about complications
failure in high-risk patients despite

the substantial evidence of

mortality benefit
Underestimate benefit or have

concerns about adverse events

Statin treatment for ASCVD

ASCVD, atherosclerotic cardiovascular disease.

A clinical assessment to weigh the potential benefit versus
harm of the older patient’s complete medication regimen is
required. Once obvious contraindications have been dismissed,
the patient’s (a) goals and preferences, (b) prognosis, and (c)
time to therapeutic benefit should be taken into consideration
to determine whether the pharmacotherapy meets treatment
goals. Underprescribing can best be avoided by using clinical
assessment strategies, improving adherence support, and
liberalizing financial coverage of drugs.

Adverse Drug Reaction

ADR is defined by the World Health Organization as a reaction
that is noxious and unintended, which occurs at dosages
normally used in humans for prophylaxis, diagnosis, or therapy.
(See the glossary for the American Society of Health-System
Pharmacists’ definition of an ADR.**) ADRs increase with
polypharmacy use, and are the most frequently 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.” Similarly, another study evaluating ADRs in patients
after hospital discharge showed that 18.7% of them experienced
an adverse drug event within 45 days.?®

Seven predictors of ADRs in older adults have been identified®:
(a) taking more than four medications; (b) more than 14-day
hospital stay; (c) having more than four active medical problems;
(d) general medical unit admission versus geriatric ward; (e)
alcohol use history; (f) lower Mini-Mental State Examination
score (confusion, dementia); and (g) two to four new medications
added during a hospitalization. Similarly, there are four predictors
for severe ADRs experienced by older adults®: (a) use of
certain medications including diuretics, NSAIDs, antiplatelet
medications, and digoxin; (b) number of drugs taken; (c) age; and
(d) comorbidities. Suggested strategies to preventing ADRs in
older adults are described in Table 2-2. Particular caution must



Table 2-23°

Strategies to Prevent Adverse Drug Reactions in
Older Adults

« Evaluating comorbidities, frailty, and cognitive function

« |dentifying 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.

be taken when prescribing drugs that alter cognition in older
adults, including antidepressants, antihistamines, antipsychotics,
benzodiazepines, opioids, and muscle relaxants.*

One of the most damaging ADRs that frequently occur in older
adults 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.” For example,
multiple studies of benzodiazepines found significant association
with falls including an increased risk after a new prescription for
benzodiazepines and twofold risk with combined use of two or
more benzodiazepines.”® Other agents having strong association
with increased fall risk include sedative hypnotics, neuroleptics,
antidepressants, and antipsychotics.”> A comprehensive fall
prevention intervention should include deprescribing by slow
medication taper with close monitoring to prevent or resolve ADRs.

Nonadherence

America’s other drug problem is the term given to medication
nonadherence by the National Council on Patient Information
and Education. Nonadherence to chronic medications is prevalent
and escalates health care costs associated with worsening disease

Patient Encounter Part 3

UA is now 88 years old and has been living at a long-term
care facility for a year. Even though she was overweight
most of her life, she has lost 7 kg in the past 6 months and
developed a new coccyx ulcer. She is currently on multiple
medications including: (1) aspirin 81 mg by mouth daily, (2)
hydrochlorothiazide 25 mg by mouth daily, (3) metformin
500 mg by mouth twice daily, (4) levothyroxine 25 mcg

by mouth daily, (5) ibuprofen 600 mg by mouth daily,

(6) docusate sodium 100 mg by mouth twice daily, (7)
lorazepam 1 mg by mouth twice daily, (8) atorvastatin 40 mg
by mouth daily, (9) amitriptyline 10 mg by mouth at bedtime.

Today her pain score is 7/10.

What recommendations can be made about UA's medication
regimen at this time?

Which quality indicators should be of concern in UA?
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Table 2-3

Factors Influencing Medication Nonadherence

Three or more chronic medical  Significant cognitive or physical

conditions impairments
Five or more chronic Recent hospital discharge
medications Caregiver reliance

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

Low health literacy

Medication cost

History of medication
nonadherence

Living alone in the community

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 health care provider.*

Older adults are at greater risk for medication
nonadherence due to the high prevalence of multimorbidities,
cognitive deficit, polypharmacy, and financial barriers. Numerous
barriers to optimal medication adherence exist and include
patient’s lack of understanding, provider’s failure to educate,
polypharmacy leading to complex regimen and inconvenience,
treatment of asymptomatic conditions (such as hypertension
and dyslipidemia), and cost of medications.* Factors influencing
medication nonadherence are listed in Table 2-3.

Following is a list of six “how” questions to ask when assessing
medication adherence:*

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?

Although no single intervention has found to improve
adherence consistently, older person-centered multicomponent
interventions, such as combining education, convenience,
and regular follow-up, have resulted in a positive impact on
medication adherence and associated health outcomes.* Future
research needs to include adherence studies evaluating belief-
related variables, such as personal and cultural beliefs, in larger
and more ethnically diverse samples of older populations.

GERIATRIC ASSESSMENT

The term geriatric assessment is used to describe the
comprehensive 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, psychologist, dietician, dentist, optometrist, and
audiologist. Assessment may be performed in a number of care
settings and by a series of evaluations after which the team will
conduct an interprofessional case conference to discuss the
patient’s care plan.
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Table 2-4

Activities of Daily Living and Instrumental Activities of
Daily Living

ADLs

Transfers Dressing Mobility Eating
Bathing Toileting Grooming

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

Check for emergency phone
numbers located near the
telephone

Assess the ability to balance
checkbook and pay bills on
time

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

Check for decline in cleanliness
or neatness

Assess organization skills and
adherence

Using the telephone

Management of finances

Cooking

Housekeeping

Medication administration

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

Patient Interview

The clinical approach to assessing older adults
frequently goes beyond a traditional “history and physical” used
in general internal medicine practice.” Functional status must be
determined, which includes the activities of daily living (ADL)
and instrumental activities of daily living (IADL) (see Table 2-4).
Cognitive assessment, which may require collateral history from
family, friends, or other caregivers, is important in determining
the patient’s capacity to manage their medications and consent to
medical treatment.*® The mini-cog mental status examination®
shown in Figure 2-2 is a quick tool to assess patient’s cognitive
abilities. Patients commonly have decreased visual acuity, hearing
loss, dysphagia, and impaired dexterity. Decreased skin integrity,
another common problem, greatly increases risk for pressure
ulcers. Sexual function is a sensitive but important topic and
should be specifically inquired about. Cardiac, renal, hepatic,
and digestive insufficiencies can have significant implications
for pharmacotherapy. Inadequate nutrition may lead to weight
loss and impaired functioning at the cellular or organ level. See
Table 2-5 for common problems experienced by older adults.

It is important to recognize “geriatric syndromes” such as
cognitive impairment, functional impairment, polypharmacy,
delirium, frailty, falls, osteoporosis, insomnia, and incontinence.
In the older adult, 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 patients’ support systems, which may include
family, friends, social or religious networks, home health agencies,
and hired caregivers. Such networks may facilitate older adults

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.

Incorrect hands and
inserted number

Correct

A positive dementia screen

1. Failure to remember all 3 words.

2. Failure to remember 1-2 words plus an abnormal
clock drawing.

FIGURE 2-2. 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.)

to continue to live independently. Safety should be assessed and
includes a home safety assessment by an occupational therapist
and a driving assessment for patients with cognitive or functional
limitations. In addition, look for signs and symptoms of elder
abuse, neglect, or exploitation. Health professionals are required
to report suspicion of elder mistreatment to Adult Protective
Services.”

Drug Therapy Monitoring

Geriatric patients often have multiple medications, medical
comorbidities, and prescribers. It is essential that there be a

Table 2-5

The Is of Geriatrics: Common Problems in Older Adults

Immobility Instability

Isolation Intellectual impairment
Incontinence Impotence

Infection Immunodeficiency
Inanition (malnutrition) Insomnia

Impaction latrogenesis

Impaired senses

Hajjar ER, Gray SL, Slattum PW, Hersh LR, Naples JG, Hanlon JT.
Geriatrics. In: DiPiro JT, Talbert RL, Yee GC, Matzke GR, Wells BG,
Posey LM, eds. Pharmacotherapy: A Pathophysiologic Approach,
10th ed. New York, NY: McGraw-Hill; 2017. https://accesspharmacy.
mhmedical.com/book.aspx?bookid=1861 Accessed August 2, 2017.
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single provider who oversees the patients pharmacotherapy.
Particularly challenging in the geriatric population is identifying
the cause(s) of medication nonadherence. Providers assessing
older patients’ medication regimens should keep the following
questions in mind:

o 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 drugs.”

o Is there an educational barrier such as low health literacy?
o Does the patient speak English but only read in another language?
o Can the patient see labels and written instructions?

« Does the patient have hearing problems? Patients might not
admit they cannot hear instructions.

o 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?

Older patients require more frequent monitoring for adverse
effects: symptoms, abnormal laboratory results, drug interactions,
and drug levels.

On the subject of 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 nonformulary 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 $7,425 per year*) Many Medicare patients, especially the
socioeconomically challenged, have limited understanding of the
complex Medicare drug benefit. This problem is compounded
when the prescriber also does not understand the patient’s
insurance program.* Providers can assist patients by prescribing
generic medications that are offered through retail 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
particularly important for geriatric patients to bring medication
containers for reconciliation by a provider. Medication adherence
may require verification with the pharmacist, caregivers, or family.
Transitions in patient care, such as hospital to sub-acute nursing
facility or home, lead to medication errors because medications
may have been deleted or added.*! It is standard of care to conduct
medication reconciliation upon hospital admission and discharge
to ensure that the medication list is up to date.

Patient Education

Geriatric patients often have difficulty understanding and
retaining provider instructions. “Ask me 3” cues the patient to
ask three important questions of their providers to improve
health literacy*:

1. What is my main problem?

2. What do I need to do?

3. Why is it important for me to do this?
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The provider can assess patient grasp of medication instructions
by asking the patient to repeat instructions initially and again in
3 minutes (teach-back method).

Addressing deficits in vision, hearing, swallowing,
cognition, motor impairment, and health literacy can lead to
enhanced medication adherence. Specific drug formulations, such
as metered-dose inhalers, ophthalmic/otic drops, nasal sprays, and
subcutaneous injections, will require detailed education and practice.
Patients who cannot swallow tablets or capsules need instructions on
which tablets are safe to crush and which capsules are 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 health care, primary care to
various spectrums of specialty care and long-term care. A couple
of interprofessional practice sites are highlighted here.

Ambulatory Clinic and Home-Based Primary Care

Ambulatory geriatric clinics are established to provide a multitude
of primary care needs specifically tailored to older adults. Home-
based primary care is delivered in the home or independent living
facility of homebound patients to facilitate independent living
as long as possible. Patients are usually referred by their primary
care physicians due to the desire for increased access to services,
complex care needs due to multimorbidity and polypharmacy,
and need for a comprehensive geriatric assessment. It is common
for the onset of cognitive impairment to be the catalyst for a
referral to such services. Interprofessional team care is the norm
in these settings, which benefits patients with varied needs. The
interprofessional teams hold regular meetings to discuss care plans
of the patients. The geriatrician, who has specialized training in
treating older adults, assesses physical, medical, emotional, and
social needs. The clinical pharmacist focuses on optimizing the
medication regimen by conducting comprehensive medication
reviews; making evidence-based disease state management
recommendations; screening and resolving drug-related problems;
and educating patients, caregivers, and members of the health care
team about pharmacotherapy and monitoring parameters. Nurses
provide medical triage and day-to-day patient care activities such
as obtaining vitals, providing wound care, educating patients, and
ensuring adherence. Social workers are involved in various aspects
from assessing mood and cognitive status, facilitating completion
of advanced directives, and obtaining placement in higher levels
of care. Physical/occupational therapists are often involved in
improving the patients functional status, providing fall prevention
interventions, and maintaining a safe home environment. They
provide adaptive equipment such as grab bars, raised toilet seat
and shower bench for the bathroom, and cane or walker for
ambulation. Dieticians evaluate the patients nutritional status and
educate on proper diet and weight management. Using these team
collaborations, specialty geriatric clinical settings have developed
including a multidisciplinary geriatric oncology clinic** and PACE
centers (Programs of All-inclusive Care for the Elderly) which
incorporate the interdisciplinary team as well as adult day health
care in one center.*!

Long-Term Care

Long-term care provides support for people who are dependent
to varying degrees on ADLs and IADLs, numbering about
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Patient Care Process

Collect Information:
o Perform a comprehensive medication review.

» Have the patient bring all medication bottles, including:
prescriptions, OTC agents, vitamins, supplements, and herbal
products.

» Review medical history and physical assessment.
o Ask about allergies/intolerance.
e Inquire about ADRs (Table 2-2).

« Collect adherence information using combination of
methods (eg, self-report, refill history, dosage form count,
demonstration of nonoral agent use).

o Ask about prevention including vaccinations.
« Collect vital signs and laboratory results.

e Inquire about functional status (Table 2-4).

e Measure cognitive status (Figure 2-2).

Assess the Information:
e |dentify indication(s) for all medications.
o Assess medication doses to determine underdose/overdose.

o Screen for drug-drug/disease/supplement/herbal/food
interactions.

e Check against allergies/intolerance.

o |dentify ADRs.

o Assess medication adherence (Table 2-3).

« |dentify untreated indication/undertreatment (Table 2-1).
« Evaluate vital signs, including pain and laboratory.

o Assess medication needs based on cognitive and functional
status.

» Recognize common problems in older adults (Table 2-5).

Develop a Care Plan:

« Tailor regimen: discontinue unnecessary medications,
simplify dosing times, and tailor regimen to individuals’ daily
routine to improve adherence.

9 million people older than 65 years in 2008.* Care is provided
in the patients 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 post hospitalization.*
Medicare does not cover long-term care. Financing of long-term
care comes from patients’ and family savings and/or private long-
term care insurance. When a patient’s assets have been depleted,
Medicaid provides basic nursing home care under long-term care
insurance coverage.” However, this care is heavily discounted,
often resulting 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.*
Initial and continuing certification 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

o Develop educational materials, keeping in mind health
literacy and cognitive status.

o Create solutions to any functional barriers (eg, non-child-
resistant caps, tablet cutters).

o Draft referral plan to target nonpharmacological strategies
(eg, diet, physical therapy, behavioral health, integrative health
approaches).

Implement the Care Plan:

o Educate about medications and disease states in a 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.

e 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.

o Implement solutions to any physical/functional barriers.
o Refer for nonpharmacological interventions.

Follow-up: Monitor and Evaluate:

e Provide a list of future appointments and follow-up.

» Promote self-monitoring (eg, recognize and report ADRs, use
blood pressure monitors and glucometers).

» Encourage therapeutic lifestyle modifications including diet,
exercise, and smoking cessation.

 Endorse prevention including immunizations, wellness Visits,
eye examinations, and dental care.

o Formulate a patient-centered and interprofessional team-
based follow-up plan to track patient response, adverse
events, adherence, and health outcomes.

Card.* Quality indicators are used by facility administrators and
government overseers to identify problem areas including*:

« Use of nine or more medications in single patient

o Prevalence of indwelling catheters

o Prevalence of antipsychotic, anxiolytic, and hypnotic use
o Use of physical restraints

o Prevalence of depression in patients without antidepressant
therapy

o Clinical quality measures such as pressure ulcers
o Moderate daily pain or excruciating pain in residents

Long-term care geriatric practices emphasize the inter-
professional team approach. The medical director leads regular
meetings with disciplines delivering care. The pharmacist conducts
a monthly drug review of each patients medication list.*" The
physician is alerted to medication 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.



Abbreviations Introduced in
This Chapter

ADL Activities of daily living
ADR Adverse drug reaction
GABA y-Aminobutyric acid
HgbA Hemoglobin A
IADL Instrumental activities of daily living
MDRD Modification of diet in renal disease
NSAID Nonsteroidal anti-inflammatory drug
OTC Over-the-counter
A Volume of distribution
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Pediatrics

Hanna Phan, Vinita B. Pai, and Milap C. Nahata

LEARNING OBJECTIVES

Upon completion of the chapter, the reader will be able to:
¥ 1. Define different age groups within the pediatric population.

HoweoN

children.

INTRODUCTION

ediatric clinical practice involves care of infants, children,
P and adolescents with the goal of optimizing health, growth,

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

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

FUNDAMENTALS OF PEDIATRIC PATIENTS
Classification of Pediatric Patients

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

Growth and Development

Children are monitored for physical, motor, cognitive, and
psychosocial development through clinical recognition of
timely milestones during routine well-child visits. As a newborn
continues to progress to infant, child, and adolescent stages,
different variables are monitored to assess growth compared with
the general population of similar age and size. Growth charts
are used to plot head circumference, weight, length or stature,
weight-for-length, and body mass index (BMI) for a graphical

Identify factors that affect selection of safe and effective drug therapy in pediatric patients.
Explain general pharmacokinetic and pharmacodynamic differences in pediatric versus adult patients.
Develop strategies for appropriate and effective medication administration to infants and young

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

representation of a childs growth compared with the general
pediatric population. These markers of growth and development
are both age- and gender-dependent; thus, the use of the correct
tool for measurement is important. For children younger than
2 years, one should use the World Health Organization (WHO)
growth standards (Figure 3-1).* For children 2 years and older,
the Centers for Disease Control and Prevention (CDC) Growth
Charts (Figure 3-2) are used.” These tools assess whether a child
is meeting the appropriate physical growth milestones, thereby
allowing identification of nutritional issues such as poor weight
and height gain (eg, failure to thrive). Failure to thrive is defined
as inadequate physical growth with weight that falls below the
5th percentile or decreases over time, crossing two or more major
percentile lines. Body habitus is often evaluated at routine checkups
or well-check visits, with definitions of underweight as BMI less
than the 5th percentile for age, overweight as BMI between 85th
to 94th percentile for age, and obese as BMI greater than 95th
percentile.® Since these charts were developed based on a general,
healthy population, growth charts may not be accurate evaluation of
physical development in children with congenital diseases.

Differences in Vital Signs

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

Normal values for blood pressure in pediatric patients can
be found in various national guidelines and other pediatric
diagnostic references. In general, blood pressure increases with
age, with average blood pressures of approximately 70/50 in
neonates, increasing throughout childhood to approximately
110/65 in adolescents.” Heart rates are highest in neonates and
infants, ranging from 90 to 205 beats per minute (bpm) and
decrease with age, reaching adult rates (60-100 bpm) around
10 years of age.””
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Table 3-1

Pediatric Age Groups, Age Terminology, and Weight Classification'

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

Gestational age (GA)

Full term

Premature

Small for GA

Large for GA

Chronological or postnatal age
Corrected or adjusted age

Weight Classification

Age from date of mother’s first day of last menstrual period to date of birth

Describes infants born at 37-weeks gestation or greater

Describes infants born before 37-weeks gestation

Neonates with birth weight below the 10th percentile among neonates of the same GA

Neonates with birth weight above the 90th percentile among neonates of the same GA

Age from birth to present, measured in days, weeks, months, or years

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) x 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) x 1 month + 4 weeks] = 7.25 months

Definition

LBW infant
VLBW infant

Premature infant with birth weight between 1500 and 2500 g
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.

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)
supports 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.'®'! For patients aged less than 3 months, rectal
measurement using a digital thermometer is recommended. For
those 3 months and older, use of temporal artery measurement is an
available option. The use of tympanic measurement is appropriate
for those age 6 months and older. Axillary measurement is not
considered first-line in this all age groups, as proper technique is
important for accurate measurement and other accurate options
are available. For patients age 4 or 5 years and older, oral
measurement is reliable. Generally, fever is defined as temperature
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.! Low-grade fevers range from 100° to 102°F
(37.8°-38.9°C), with antipyretic treatment (eg, acetaminophen)
considered by most pediatricians in cases of temperature greater
than 38.3°C (101°E any measurement route) accompanied 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).!%!!

Pain assessment is more challenging to assess 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 pitch crying, and facial expressions.'
Such indicators are used in validated assessment scales, such as
the FACES scale and FLACC behavioral tools.”*'* The FACES
scale is a visual analog scale, where patients aged 3 years and older
can select a face that best associates with their current pain level.”?
The FLACC scale, intended for patients 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 a series of criteria (facial
expression, leg movement, activity, crying, and consolability)."

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/m?* per day. However, a weight-based method of
determining normal maintenance fluid requirement for children
is often used (Table 3-3).1®

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 pathophysiology
of certain diseases and pharmacokinetic and pharmacodynamic
parameters among pediatric and adult patients. It is noteworthy
that pediatric patients may require the use of different medications
from those used in adults affected by certain diseases. For

Patient Encounter Part 1

AB is a 30-week GA premature baby girl weighing 1.25 kg,
length 38 cm, born to a 21-year-old woman today. AB is
currently admitted to the neonatal intensive care unit.

What is AB's weight classification as a neonate?
Calculate AB’s corrected age for TS 6 months from today.

How much maintenance fluid per day (mL) and overall rate
(mL/hour) is appropriate at this time for AB?
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FIGURE 3-1. 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 [WHQO] Growth
Standards, 2009 [updated September 9, 2010], http://www.cdc.gov/growthcharts/who_charts.htm.)

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
example, gentamicin peak and trough serum concentrations
needed for bacteremia treatment are the same in children and
adults. Appropriate selection and dosing of drug therapy for a
pediatric patient depends on a number of specific factors, such
as age, weight, height, disease, comorbidities, developmental

| pharmacokinetics, 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 population.
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
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FIGURE 3-2. Example of CDC growth chart of boys, 2 to 20 years: Body mass index for age percentile, 2000. (From National Center for
Health Statistics and National Center for Chronic Disease Prevention and Health Promotion. Center for Disease Control Growth Charts,
2000 [updated September 9, 2010], http://www.cdc.gov/growthcharts.)

between pediatric and adult patients; thus, pediatric 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
pharmacokinetics and pharmacodynamics in this population.
For off-label medication dosing, when no alternative treatment
is available and limited dosage guidelines have been published,
clinicians may estimate a pediatric dose based on body surface
area ratio.

Approximate pediatric dose
= Adult dose x [BSA (in m?) + 1.73 m?]

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.'

Absorption

Oral absorption may be different in premature infants and neonates
due to differences in gastric acid secretion and pancreatic and biliary
i function. Neonates and infants have increased gastric pH (eg, pH 6-8)


http://www.cdc.gov/growthcharts
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Table 3-2

Normal Ranges of Vital Signs (Heart Rate, Respiratory Rate, Blood Pressure) by Age Group’-®

Heart Rate Heart Rate Respiratory Systolic Blood Diastolic Blood
Age Group (Sleep)? (Awake)? Rate® Pressure< Pressure<?
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.
*Beats per minute

®Breaths per minute

‘mm Hg

dExact normal values will vary based on age, height, and sex.

due to lower gastric acid output by body weight, reaching adult
values by approximately 2 years of age."” 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 phenobarbital,
due to increased ionization. Additionally, gastric emptying time and
intestinal transit time are delayed in premature infants, increasing
drug contact time with the GI mucosa and drug absorption.'”'®
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 secretion 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 bioavailability of prodrug
esters, such as erythromycin, which requires solubilization or
intraluminal hydrolysis."® 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 cutaneous
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 drug as well as
inactive, 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.”
Intramuscular administration may be appropriate for some
medications; however, use of this route of administration can be
painful and is usually reserved when other routes are not accessible,
eg, initial IV doses of ampicillin and gentamicin for neonatal sepsis.

Table 3-3

Maintenance Fluid Calculations by Body Weight'®

Patient Body Weight Maintenance Fluid Requirement

<10kg 100 mL/kg/day
11-20 kg 1000 mL + 50 mL/kg over 10 kg
> 20 kg 1500 mL + 20 mlL/kg over 20 kg

Intrapulmonary absorption and distribution is largely due
to anatomical size of the lungs and drug delivery. The smaller
airways of neonates and lower inspiratory volume can result in
greater drug concentrations 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."”

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).® Thus it is not commonly
recommended if other routes are available. This route is useful
in cases of severe nausea and vomiting or seizure activity. For
medications that undergo extensive first-pass metabolism,
bioavailability increases as the blood supply bypasses the liver from
the lower rectum 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 osmolality and large volume form may present as limitations
to using an oral liquid formulation for rectal use.

Volume of Distribution

In pediatric patients, apparent volume of distribution (V)
is normalized based on body weight and expressed as L/kg.
Extracellular fluid and total body water per kilogram of body
weight are increased in neonates and infants, resulting in higher V,
for water-soluble drugs, such as aminoglycosides, and decreases
with age. Therefore, neonates and infants often require higher
doses by weight (mg/kg) than older children and adolescents
to achieve the same therapeutic serum concentrations.'”? Fluid
overload and diuresis can affect V, and should be assessed for
when evaluating drug dosing and pharmacokinetics. The use
of extracorporeal membrane oxygenation (ECMO) can further
effect V, 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 reccommended for those
patients requiring ECMO.* 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
displacement. This displacement may result in a complication
known as kernicterus, from bilirubin encephalopathy.?



24 PART | | BASIC CONCEPTS OF PHARMACOTHERAPY PRINCIPLES AND PRACTICES

Although neonates have lower body adipose composition
compared with older children and adults, their overall V,
for many lipid-soluble drugs (eg, lorazepam) is similar to
that of infants and adults. Some medications (eg, vancomycin,
phenobarbital) may also reach higher concentrations in the CNS
of neonates due to an immature blood-brain barrier.®

Metabolism

Hepatic drug metabolism is slower at birth in full-term infants
compared with adolescents and adults, with further delay in
premature neonates. Phase 1 reactions and enzymes, such as
oxidation and alcohol dehydrogenase, are impaired in premature
neonates and infants and do not fully develop until later childhood
or adolescence. Accordingly, the use of products containing
ethanol or propylene glycol can result in increased toxicities,
including respiratory depression, hypoglycemia, hyperosmolarity,
metabolic acidosis, and seizures, and thus should be avoided in
neonates and infants. Age at which cytochrome P450 isoenzymes
(eg, CYP3A4, CYP2C19) activity reaches adult values varies,
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 of
age) are theorized due to an increased liver mass to body mass
ratio.”> This increase in metabolism slows to adult levels as the
child goes through puberty into adulthood.'”*

Among phase 2 reactions, sulfate conjugation by sulfotransferases
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* Products containing benzyl alcohol
or benzoic acid should be avoided in neonates due to immature
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.”® Acetylation via
N-acetyltransferase reaches adult maturation at around 1 year of
life; however, overall activity is dependent on genotypic variability.””

Elimination

Nephrogenesis completes at approximately 36 weeks gestation;
thus, premature neonates and infants have compromised glomerular
and tubular function that may correlate with a glomerular 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 cystic 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.?

Creatinine clearance (CrCl) 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 m? The Cockroft-Gault, Jelliffe, or Modification

GFR= L
SCr

k = Proportionality constant

L = Length in cm

SCr = Serum creatinine in mg/dL

GFR = estimated glomerular filtration rate
(ie, creatinine clearance) in mL/min/1.73 m?

FIGURE 3-3. "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.)

of Diet in Renal Disease (MDRD) equations for estimating CrCl
or GFR in adults should not be used for evaluating patients
younger than 18 years, due to lack of validation of these equations
in pediatric age ranges, even adolescents.?”?® 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.”” Schwartz
equation was the previously used method of estimating pediatric
GFR from infancy up to 21 years of age (Figure 3-3). This
equation uses patient length (cm), serum creatinine (mg/dL)
(or umol/L x 0.0113), and a constant, k, which depends on
age (including LBW status for infants) for all patients and also
gender for those older than 12 years.*® This “original” Schwartz
equation is no longer used by many clinicians due to the change
in measurement of serum creatinine methods with calibration
traceable to isotope dilution mass spectrometry (IDMS), which
invalidates the equation’s clinical application.””' Currently the
best method, according to the National Kidney Foundation, is the
“bedside” Schwartz equation (Figure 3-4).%!

FIGURE 3-4. Bedside Schwartz equation for estimation of
glomerular filtration rate (GFR) in pediatric patients ages 1-18 years
old. (Data 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

JJis a 3-week-old (weight 4 kg, length 55 cm, no known
drug or food allergies), full-term male who presents to the
emergency department with lethargy, poor oral intake, and
fever. JJ is admitted to the general pediatric ward for further
assessment including a neonatal sepsis and meningitis rule-
out. Blood samples, cerebral spinal fluid, and urine were
collected for Gram stain and culture, still pending results.
Given his poor oral intake on admission, the team requests
the consultation regarding antibiotic selection.

JJ's Laboratory Values
WBC 19 X 10%/mm?

Normal Ranges
6-17.5 X 103/mm?

(19 x 10%/L) (6-17.5 x 10%/L)
Bands 8% (0.08) 4-12% (0.04-0.12)
Segs 38% (0.38) 13-33% (0.13-0.33)
Lymphs 60% (0.6) 41-71% (0.41-0.71)

4-7% (0.04-0.07)
< 0.6 mg/dL (53 pmol/L)

Monocytes 5% (0.05)
SCr0.3 mg/dL (27 umol/L)

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 JJ. Which is
the most appropriate and why?

Because serum creatinine is a crude marker of GFR, the
Schwartz equation, as with other estimation calculations, carries
limitations including the potential for overestimating GFR in
patients with moderate to severe renal insufficiency. As a result,
for example, the original Schwartz using the k factor of 0.55
can overestimate GFR by up to 40%.’>** Urine output is also a
parameter used to help assess renal function in pediatric patients,
with a urine output more than 1 to 2 mL/kg/h considered normal.

SPECIFIC CONSIDERATIONS IN DRUG THERAPY

In addition to differences in pharmacokinetics and
pharmacodynamic parameters, other factors, including dosage
formulations, medication administration techniques, and parent/
caregiver education, should be considered when selecting drug
therapy.

Off-Label Medication Use

Currently, there is a lack of pediatric dosing, safety, and efficacy
information for more than 75% of drugs approved in adults.**
Off-label use of medications occurs in both outpatient and
inpatient settings. Off-label use of medication is the use of a drug
outside of its approved labeled indication. This includes the use
of a medication in the treatment of illnesses not listed on the
manufacturer’s package insert, use outside the licensed age range,
dosing outside those recommended, or use of a different route
of administration.*?* 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. FDA regulatory changes
provide incentives for a pharmaceutical manufacturer 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
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administration is reserved for cases where oral administration is
not possible and I'V route is not necessary. Topical administration
is often used for treatment of dermatologic ailments. 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. However, a higher concentration of parenteral
medications may be necessary for patients with fluid restrictions,
such as premature 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 formulations. Not all oral medications, especially those
unapproved for use in infants and children, have a commercially
available liquid 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, suspendability, dose uniformity, and palatability
should be considered when compounding a liquid formulation.”
Commonly used suspending agents include methylcellulose and
carboxymethylcellulose (eg, Ora-Plus). Palatability of a liquid
formulation can be enhanced by using simple syrup or OraSweet.
If no dietary contraindications 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 administration of individual doses. 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 caring for pediatric patients compound
formulations in their inpatient 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.

Common Errors in Pediatric Drug Therapy

Prevention of errors in pediatric drug therapy begins with
identification of possible sources. The error rate for medications is
as high as 1 in 6.4 orders among hospitalized pediatric patients.*
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 specialized population is incorrect
dosing such as calculation error.*** Medication errors
among pediatric patients are possible 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 reporting 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
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and benzyl alcohol, careful consideration should be given to the
active and inactive ingredients when selecting a formulation.

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

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

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 (CAM:s),
simplification of medication regimen, clinician awareness
for potential errors, and appropriate patient/parent/caregiver
education on measurement and administration of medications
are essential in preventing medication errors.

Complementary/Alternative and Over-the-
Counter Medication Use

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

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

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

Medication Administration to Pediatric Patients
and Caregiver Education

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

The means or devices for measuring and administering
medications should also be closely considered. Special measuring
devices as well as clear and complete education about their use
are essential. Oral syringes are accurate and offered at most
community pharmacies for the measurement of oral liquid
medications. Studies have demonstrated less error in dose
measurement using an oral syringe compared to other devices
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Table 3-4

Helpful Tips for Medication Administration for Selected Dosage Forms*®

Dosage Form

Recommendations

Ophthalmic drops
or ointment

Otic drops

Nasal drops

Rectal suppository

Metered-dose
inhalers

» 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

« 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
o If child > 3 years of age, gently pull upward and back; apply 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

e 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

o 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

o Wait at least T minute between doses

(eg, dosing cup, dropper, dosing spoon) and that in addition
to appropriate device caregiver health literacy contributes to
potential for medication dose measurement error.*® 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 further
medication dosing errors.”

[A10[@5] Comprehensive and clear parent/caregiver
education improves medication adherence, safety, and
therapeutic outcomes and is essential in care of infants
and young children. Information about the drug, including
appropriate and safe storage away from children, possible drug
interactions, duration of therapy, importance of adherence,

Patient Encounter Part 3

MM is an 18-month-old female who is brought to the clinic
with a 5-day history of bilateral ear pain, excessive crying,
decreased appetite, and difficulty sleeping. The child’s
temperature last night was 39°C (102.2°F) by electronic axial
thermometer. MM also presents with some nasal congestion
and occasional cough. Mom reports to have given the child
several doses of ibuprofen, but the pain or temperature did
not improve and none was given this morning. No other
significant past medical history. The pediatrician diagnoses MM
with acute otitis media requiring antibiotic treatment and asks
you to develop a treatment care plan for MM including use of
amoxicillin at 90 mg/kg/day divided twice a day.

What additional information would you need to develop an
appropriate treatment care plan for MM?

possible adverse effects, and expected therapeutic outcomes
should be provided. Parent/caregiver education is important
in both inpatient 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
successful dose administration. Yet, calming a child is often a
challenge during many methods of administration (eg, otic,
ophthalmic, rectal). 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 distract 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 3-4.%

Mom asks you if ibuprofen was the right choice for MM’s fever
and pain and if other options such as acetaminophen or
aspirin could be used instead. What would you recommend for
pain and fever for MM? Why?

The nurse provides you MM'’s weight as 25 pounds (11.4 kg).
What is MM’s calculated dose of amoxicillin based on the
dosage form you need to use?

Mom asks you if there are any complementary/alternative OTC
cough/cold medications that she can give MM for her nasal
congestion and cough. What recommendations would you
make to mom?

What items should mom be educated on with regard to the
new prescription of amoxicillin?
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Patient Care Process

Collect Information:

 For patients up to 2 years of age, review birth history,
including gestational age (GA), birth weight, medical
complications, postnatal age, and corrected age.

o Review patient’s past medical history, comorbidities.

» Review patient’s available laboratory data (eg, serum
creatinine, liver function tests).

o Review all current medication therapy, including CAM
and OTC.

o Review patient’s medication allergies and/or intolerances.

Assess the Information:

o 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).

o Assess current therapy for safety and efficacy. Is the
medication effective for this patient? Is the patient
experiencing any adverse effects?

o Consider available data regarding safe and effective dosing
of selected drug.

o Assess patient’s (or patient’s caregiver) history of
medication adherence and health care beliefs.

Develop a Care Plan:

o 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.

o Consider ease of administration for the patient and/or
caregiver. Is the dose easily measurable? Is the dosing
frequency reasonable for their family schedule?

o Verify accuracy of dose calculations. Verify current weight
and dosing units (eg, mg/kg/day, mg/kg/dose). Is the
dosing interval appropriate?

e Determine what drug-drug/drug-food interactions
are possible with this new therapy. How can they be
managed?

Implement the Care Plan:

o 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.

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 closets
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
solutions to prescription and nonprescription medications. The
most common exposures in children age less than 5 years
were cosmetics/personal care products, analgesics, household
cleaning substances, foreign bodies (eg, small toys), and topical
preparations.” Management of accidental ingestions varies
depending 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.”
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 be
reached via a universal contact number (1-800-222-1222), with
additional information located through the American Association
of Poison Control Centers (www.aapcc.org).”!

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

CrCl Creatinine clearance

ELBW  Extremely low birth weight

GA Gestational age

GFR Glomerular filtration rate

LBW Low birth weight

MDI Metered-dose inhaler

OTC Over-the-counter

\% Volume of distribution (apparent)

d
VLBW  Very low birth weight
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Palliative Care

Kelly R. Kroustos and Marc A. Sweeney

LEARNING OBJECTIVES

E Upon completion of the chapter, the reader will be able to:

1. Describe the philosophy of palliative care including hospice care and its impact on medication
therapy management.

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

3. List the most common symptoms experienced by the terminally ill patient.
4. Explain the pathophysiology of the common symptoms experienced in the terminally ill patient.

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

6. Recommend nonpharmacologic and pharmacologic management of symptoms in a terminally ill patient.
7. Develop a patient-specific palliative care management plan.

outcomes.

INTRODUCTION
g ccording to the World Health Organization

(WHO), “Palliative care is an approach that

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

The term palliative care is frequently used synonymously with
hospice, and although hospice programs provide palliative care,
palliative care has a much broader application. In the United
States, hospice is defined by Medicare and other third-party payers
as a benefit available to individuals who have less than or equal
to 6 months life expectancy if the disease runs its typical course.
Hospice care guidelines and regulations are primarily defined
by federal regulations. Palliative care outside of the umbrella of
hospice care, in contrast, is not currently regulated nor has the same
reimbursement structure. Palliative care services may be provided
at any point during the disease process and are not limited to the
last 6 months of life; therefore, patients and families may receive

-0or

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

palliative care services beginning at the time of diagnosis of life-
limiting illness. Palliative care may be delivered in all care settings.”
The foundation for providing quality palliative care centers around
active participation of an interdisciplinary team working closely
to meet patient and family goals.® Palliative care team members
include representatives from medicine, nursing, social work,
pastoral or related counseling, pharmacy, nutrition, rehabilitation,
and other professional disciplines providing a holistic approach
to the patients care. The goals of palliative care
include enhancing quality of life while maintaining or improving
functionality.®” Palliative care should most logically be delivered to
patients from the onset of any chronic, life-altering disease. Before
many of our modern medical and therapeutic advancements
were developed, curative treatments were not normally available.®
Provision of comfort was considered the mainstay for patient care.
Advances in medical care, nutrition, public health, and trauma
care resulted in fewer patient deaths and medical management
shifted focus from comfort to a death-denying approach, with
prolonging life as the primary goal. With this shift, palliative
care became less emphasized until 1967 when the first modern
hospice was established in London, England. Today the palliative
care philosophy attempts to combine enhanced quality of life,
compassionate care, and patient and family support with modern
medical advances.

EPIDEMIOLOGY AND ETIOLOGY

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

31



L
(o}
2

32

In a 2007 study, hospice patients lived 29 days longer than
nonhospice patients, with the largest difference noted in chronic
heart failure (CHF) patients.”” Lung cancer patients receiving
early palliative care survived 23% longer than those with delayed
palliative care, according to a 2010 study."! Early referrals to hospice
appear to improve overall care of the patient and offer prolonged
survival in some patients. The integration of palliative care prior to
the patient’s eligibility for hospice care may prove to even further
improve survival and quality of life and care of patients.

Because health care providers have an increasing recognition
of the benefit of palliative care for patients with all life-limiting
illness, increased integration of this model of care has extended
to other disease states beyond cancer.

PATHOPHYSIOLOGY

Understanding the pathophysiology of multiple end-stage
disease states is daunting, yet in palliative care, the emphasis
is not so much on the disease state management as it is on the
assessment and appropriate treatment of associated physical,
psychological, social, and spiritual symptoms. Palliative care
focuses on symptom management for patients with progressive
life-limiting illnesses from diagnosis through death where the
pathophysiological impact of disease on a patient’s symptoms
may vary greatly depending on the stage of a patient’s illness.
Palliative care is appropriate for all life-limiting
diseases including cancer, chronic obstructive pulmonary disease
(COPD), dementia (including Alzheimer disease), Parkinson
disease, chronic cardiac disease, stroke, renal failure, hepatic
failure, multiorgan failure, diabetes mellitus, and so on.

For the purpose of this chapter, pathophysiology is not a
primary focus. Rather, the philosophy of managing physical,
psychological, social, and spiritual symptoms to maintain quality
of life and prevent suffering is discussed within the context of
progressively incurable illnesses. Although palliative may coexist
with aggressive disease state management to extend life, as the
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patient approaches the end of life, philosophy and management
generally move away from those principles related to the disease
state management of patients where prolonging life is the goal.

CLINICAL PRESENTATION AND DIAGNOSIS
Cancer

Palliative care is most commonly associated with cancer patients.
Regardless of whether or not the cancer is curable, most patients
have various degrees of physical, psychological, social, and
spiritual symptoms that arise once a diagnosis is confirmed. Once
a cancer patient has failed curative and life-prolonging therapy,
prognosis and disease trajectory is easier to determine than in
patients with other life-limiting diseases. The change in focus
from cure to symptom control becomes apparent and therefore
more acceptable. Symptoms associated with cancer depend
on both the primary tumor site and the location of metastatic
spread. Symptoms may also result from the effects of cancer
treatments such as chemotherapy and radiation. (See Chapters 88
to 99 for specific cancers and their treatments.)

End-Stage Heart Failure

Many forms of heart disease result in sudden death; however,
the disease progression of heart failure is protracted yet
unpredictable. Advanced heart failure (class III to IV or
stage C or D) is characterized by persistent symptoms that
limit activities of daily living despite optimal drug therapy.
Common symptoms include fatigue, breathlessness, anxiety,
fluid retention, and pain. In heart failure, standard medication
management is intended to reduce progression of cardiac
remodeling and is considered disease modifying. However, as
patients approach the final months of life, with the exception
of cholesterol-lowering agents, these same cardiac medications
are also palliative and should not be discontinued prematurely
without cause (Figure 4-1). Exacerbations of heart failure

Risk vs Benefit
Considerations

Renal Dosing

Adjustments

Mortality Functional
Benefit Benefit
Diuretics
(eg, furosemide,
torsemide, - v
bumetanide)
ACEI
(eg, lisinopril, v v
enalapril)
Aldosterone
antagonists v —Iv
(eg, spironolactone)
B-Blockers
(eg, carvedilol, v v
metoprolol)
Inotrope PO
(eg, digoxin) = v

Continue for symptom
management (edema,
dyspnea)

Caution: Dehydration,
hypokalemia

Caution: Dehydration, sepsis,
concurrent NSAID use and
renal artery stenosis can
increase renal toxicity

Primary benefit for reducing
mortality

Caution: Hyperkalemia risk
with renal insufficiency

Taper doses prior to
discontinuation

Caution: May cause
hypotension and bradycardia

Caution: Digoxin toxicity (N/V,
anorexia, confusion,
arrhythmia)

FIGURE 4-1. Drugs, their use in Class IlI-IV heart failure, and their effects on mortality, hospital admissions, and functional status.
Checkmark, indicating a positive impact on specified parameter, and—indicating no significant impact on specified parameter.”*!
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symptoms should be aggressively treated as long as the patient
is responsive to therapy and wishes to receive treatment. In
hospice, this can often be accomplished through medication
manipulation in the patient’s home without the need for
hospitalization (see Chapter 6).

Chronic Obstructive Pulmonary Disease

COPD has a prolonged and variable course. Patients with
COPD have a high number of physician visits and hospital
admissions. Palliative care treatment is directed at reducing
symptoms, reducing the rate of decline in lung function,
preventing and treating exacerbations, and maintaining
quality of life. In end-stage COPD, bronchodilators and anti-
inflammatory agents become less effective. As patients decline,
their ability to use inhalers appropriately becomes more
difficult. Utilizing a nebulizer to administer bronchodilators
allows for more reliable drug delivery to the site of action.
Symptoms of late-stage disease include wheezing, chronic
sputum production, cough, frequent respiratory infections,
dyspnea with exertion progressing to dyspnea at rest, fatigue,
pain, hypoxia, and weight loss. Pulmonary hypertension may
also occur and can lead to cor pulmonale or right-sided heart
failure (see Chapter 15).

End-Stage Kidney Disease

Chronic kidney disease is progressive and leads to renal failure.
In end-stage kidney disease, the only life-sustaining treatments
are dialysis or renal transplant. Without treatment, kidney failure
causes uremia, oliguria, hyperkalemia and other electrolyte
disorders, fluid overload and hypertension unresponsive to
treatment, anemia, hepatorenal syndrome, and uremic pericarditis.
Symptoms associated with chronic kidney disease (stage 5) include
fatigue, pruritus, nausea, vomiting, constipation, dysgeusia, muscle
pain, agitation, and bleeding abnormalities. Palliative care in
these patients includes the minimization of these symptoms;
however, because many options for drug therapy will be cleared
through the kidneys, agents should be chosen cautiously to avoid
other complications (see Chapter 26).

End-Stage Liver Disease

Like kidney disease, the only treatment to prolong life in
advanced liver disease is transplant. Patients with end-stage
liver disease typically present with ascites, jaundice, pruritus, or
encephalopathy, and frequently all four symptoms. Additionally,
bleeding disorders are common, and associated esophageal or
gastric varices bleeds are the cause of death in about one-third of
those who die from liver disease. Palliative care in these patients
focuses on the symptom management of end-stage liver disease
complications.

Human Immunodeficiency Virus/Acquired
Immune Deficiency Syndrome (HIV/AIDS)

Pharmacologic advances have changed prognosis and
progression of HIV/AIDS. Palliative care is predominantly
directed toward patients without access to drug therapy in
the early stages of disease. Patients with progressed HIV/
AIDS are susceptible to acquire opportunistic infections and
cancer that may hasten their death. Common symptoms
observed in individuals with HIV/AIDS at the end of their life
include fatigue, profound weight loss, breathlessness, nausea,
GI disturbances, and pain. The goal of palliative care in these
patients is to minimize common AIDS-related symptoms (see
Chapter 87).
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Stroke/Cerebral Vascular Accident

Stroke results from hemorrhage or ischemia. The prognosis of
cerebral vascular accident (CVA) patients is unpredictable and
may be extended, resulting in caregiver fatigue. Approximately
one-third of patients who have a stroke will die within
2 years. Patients with stroke deal with loss of physical and
cognitive function, poststroke pain, and frequent depression.
Incontinence, aphasia, dysphagia, and seizures are also
common. Patients who have dysphagia have a high incidence
of aspiration pneumonia, which often is the cause of death (see
Chapter 11).

Parkinson Disease

Parkinson disease is a degenerative neurologic disease with a
long chronic, progressive course evidenced by akinesia, rigidity,
and tremor. The goal of therapy is to reduce symptoms and
maintain or improve quality of life. Palliative care provides
support to both the patient and caregiving system as patients
become more disabled and as neuropsychiatric problems
arise. Frequent symptoms are skin infections and breakdown,
constipation, pain, depression, hallucinations, and confusion.
Individuals with Parkinson disease often die from bronchial
pneumonia due to dysphagia or complication from falls (see
Chapter 33).

Amyotrophic Lateral Sclerosis
(Lou Gehrig Disease)

Amyotrophiclateral sclerosis (ALS) isa chronic neurodegenerative
disorder characterized by progressive loss of motor neurons. The
median survival is approximately 3 years from the symptom
onset with less than 15% of patients surviving 10 years. Initially,
symptoms of ALS present as limb weakness, with other symptoms
developing in no particular order including cramps, spasticity,
pain, dysarthria, sialorrhea, fatigue, insomnia, depression,
fear and anxiety, involuntary emotional expression disorder,
constipation, aspiration, and laryngospasm. Many patients do
not have cognitive impairment; however, one-fourth to one-half
of patients with ALS may have associated frontal lobe dementia.
Disease progression eventually involves all systems except
sphincter control and eye movement. Unless the individual has
long-term mechanical ventilation, the cause of death is typically
respiratory failure.

Alzheimer Disease and Other Dementia

Dementia is a progressive, nonreversible deterioration in
cognitive function with associated behavioral dysfunction.
Alzheimer disease accounts for most dementia cases; vascular,
Parkinson disease, dementia with Lewy body, and frontotemporal
dementias are less prevalent. Drug therapy targets slowing
progression of cognitive symptoms and preserving patient
function. As patients progress toward end-stage dementia, in
addition to memory loss and personality and behavioral changes,
they require assistance in basic activities of daily living such
as feeding, dressing, and toileting. At this point they may
not respond to their surroundings, may not communicate, or
have impaired movements and dysphagia. Depression, agitation,
delusions, compulsions, confusion, hallucinations, incontinence,
and disruption of sleep/wake cycles are all common symptoms in
end-stage dementias. Symptom assessment is challenging due to
the cognitive impairment and frequent aphasia. Palliative care is
not only directed toward the patient, but also emotional support
for those close to them (see Chapter 29).
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TREATMENT

Following a complete assessment of the patient,
developing a comprehensive therapeutic plan that utilizes the
fewest number of medications to achieve the highest quality
of life is essential. Many times, one drug may relieve multiple
symptoms, resulting in better patient care, lower costs, and
decreased medications. Cost-effective drug recommendations
are essential to control costs. Avoiding polypharmacy will reduce
adverse drug events related to drug interactions, excessive side
effects, and therapy duplication. The following list of symptoms
includes common symptoms observed in palliative and end-of-
life care; however, it is not comprehensive. Palliative
care is more than just pain management. It includes the treatment
of symptoms resulting in the discomfort for the patient, which
may include nausea and vomiting, agitation, anxiety, depression,
delirium, dyspnea, anorexia and cachexia, constipation, diarrhea,
pressure ulcers, and edema.

Note that many drugs used to treat symptoms in palliative
and end-of-life care are often prescribed for unapproved uses,
administered by unapproved routes or in dosages higher than
that recommended by the package insert. This “off-label” use of
medication is not unique to palliative care. Conducting large-scale,
rigorous drug studies that supply necessary information for an
approved drug indication possesses ethical difficulty due to the
delicate nature of patient’s receiving palliative and/or hospice care.

Anxiety

A comprehensive review of anxiety disorders may be found in
Chapter 40.

» Palliative Care Considerations

 Anxiety is “characterized by apprehensive anticipation of
future danger or misfortune accompanied by psychological
symptoms such as worrying, vigilance, and rumination as
well as by physical feelings such as tension, jitters, dyspnea,

chest discomfort, or abdominal stress.””

 Anxiety is closely related to fear, but fear has an identified
cause or source of worry (eg, fear of death). Fear may be
more responsive to counseling than anxiety that the patient
cannot attribute to a particular fearful stimulus. Anxiety
disorders are the most prevalent class of mental disorders, so
it is not surprising that anxiety is a common cause of distress
at life’s end.

cause, mimic, or exacerbate anxiety.'>"® Delirium, particularly
in its early stages, can easily be confused with anxiety. Physical
complications of illness, especially dyspnea and undertreated
pain, are common precipitants. Significant anxiety is present
in most patients with advanced lung disease and is closely
related to periods of oxygen desaturation. Medication side
effects, especially akathisia from older antipsychotics and
antiemetics (including metoclopramide), can present as anxiety.
Interpersonal, spiritual, or existential concerns can mimic and
exacerbate anxiety. Patients with an anxious or dependent coping
style are at high risk of anxiety as a complication of advanced
illness. Short of making a diagnosis of a formal anxiety disorder,
differentiating normal worry and apprehension from pathologic
anxiety requires clinical judgment.

Behaviors indicative of pathological anxiety include intense
worry or dread, physical distress (eg, tension, jitteriness, or
restlessness), maladaptive behaviors and diminished coping, and
inability to relax.'?

gln addition to anxiety disorders, a variety of conditions can

Pathological anxiety may be complicated by insomnia,
depression, fatigue, GI upset, dyspnea, or dysphagia.’* Anxiety
can also worsen these conditions, if they are already present.
Untreated anxiety may lead to numerous complications,
including withdrawal from social support, poor coping, limited
participation in palliative care treatment goals, and family
distress. Reassess the patient for anxiety with any change in
behavior or any change in the underlying medical condition.
Assessment for formal anxiety disorders or other contributing
factors is key to management. A comprehensive review of
insomnia may be found in Chapter 41.

» Nonpharmacologic Treatment

Regardless of treatment approach chosen, the following principles
apply. Ask questions and listen to patients’ concerns and fears.
Offer emotional support and reassurance when appropriate. Err
on the side of treatment—be willing to palliate anxiety. Assess
treatment response and side effects frequently. Aim to provide
maximum resolution of anxiety and educate patients and families
about anxiety and its treatments.

Psychotherapies can help manage anxiety, although availability
of trained therapists willing to make home visits, and limited
stamina and attention span of seriously ill patients, typically make
such therapies impractical in the hospice setting. Cognitive and
behavioral therapies can be beneficial, including simple relaxation
exercises or distraction strategies (ie, focusing on something
pleasurable or at least emotionally neutral). Encourage pastoral care
visits, especially if spiritual and existential concerns predominate.

When an underlying cause of anxiety can be identified,
treatment is initially aimed at the precipitating problem, with
monitoring to see if anxiety improves or resolves as the underlying
cause is addressed."

» Pharmacotherapy

In most cases, management of pathological anxiety in the
hospice setting involves pharmacologic therapies. Benzodiazepines
are standard treatment; however, selective serotonin reuptake
inhibitors (SSRIs), typical and atypical antipsychotics, may be
appropriate based on the patients life expectancy." The primary
goal of therapy for anxiety in hospice is patient comfort. Aim
to prevent anxiety, not just treat it with as needed medications.
Think of pain management as an analogy. As with all medications
that act in the CNS, anxiolytics, such as benzodiazepines, should
be dosed at the lower end of the dose range to prevent unnecessary
sedation, particularly in the frail and elderly. However, recognize
that standard or higher doses may be required. Avoid use of
bupropion and psychostimulants for anxiety. Although effective
for depression, they are ineffective for anxiety and may make anxiety
worse. Many patients have difficulty swallowing as they approach
the end of life. Lorazepam, alprazolam, and diazepam tablets
are commonly crushed and placed under the tongue with a few
drops of water if the liquid formulations are not readily available.
Low-dose haloperidol is also used to treat anxiety in palliative
care, particularly if delirium is present.”® Chapter 40 provides more
detailed information on appropriate use of anxiolytic agents.
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Delirium
» Palliative Care Considerations

Delirium is very common in hospice, occurring in more than
80% of terminally ill patients, most often in the last few days of
life."! Potential causes of delirium in the hospice setting include,
but are not limited to, medical illness, dehydration, hypoxia, sleep
deprivation, metabolic disturbances, sepsis, side effects of drugs



(particularly anticholinergic agents, benzodiazepines, opioids,
corticosteroids, tricyclic antidepressants), urinary retention,
urinary tract infection, constipation or impaction, uncontrolled
pain, or alcohol or drug withdrawal.”!®

A classic symptom of delirium is clouding of consciousness.
This can be manifested by an inability to either maintain or shift
attention. Patients also have impaired cognitive functioning, which
may or may not include memory disturbances. “Sundowning”
is a very common phenomenon at the end of life, especially
in the presence of delirium. It presents as daytime sleepiness
and nighttime agitation and restlessness. Another common
characteristic is fluctuation in severity of delirium symptoms
during the course of the day. This can even occur within the course
of a single hour or also from day to day. Patients exhibiting agitation
from their delirium are easy to identify, but those who present as
withdrawn and with diminished responsiveness (“quiet” delirium)
are more difficult to diagnose. It is not uncommon for patients to
exhibit both quiet and agitated delirium. Treatment is the same for
both types of delirium. Delirium is difficult to distinguish from
dementia. Delirium more commonly presents as a sudden onset
(eg, hours to days), with an altered level of consciousness and a
clouded sensorium. However, dementia more commonly presents
gradually and with an unimpaired level of consciousness.'®

» Nonpharmacologic Treatment

Establishing a safe, soothing environment including familiar
objects such as photographs and familiar music can be helpful to
calm the patient. Minimizing risk of injury is important when the
patient is agitated. Providing education to families and caregivers
about the causes of delirium, signs and symptoms, and how to best
manage it will help reduce their anxiety and distress when it occurs.

» Pharmacotherapy

The most important initial step is to determine the goal of care.
If possible, reverse the underlying cause of delirium to restore the
patient to a meaningful cognitive status.”!! If the precipitating factors
cannot be reversed, initiate to treat the symptoms. If the patient is
irreversibly delirious and agitated, drug therapy is generally indicated.

Antipsychotic (neuroleptic) drugs (conventional or atypical
antipsychotics) are the drugs most commonly used to treat
confusion and agitation associated with delirium. However,
treatment of delirium with these drugs is an “off-label” indication.
Atypical antipsychotics including risperidone, olanzapine,
quetiapine, ziprasidone, paliperidone, and aripiprazole are also
an option for management of delirium.'

Haloperidol, when given in doses less than 2 mg/day, is
well tolerated and nonsedating. Doses greater than 4.5 mg/
day are associated with increased incidence of extrapyramidal
symptoms.”” Cumulative doses of 35 mg or single IV doses greater
than 20 mg have been associated with QTc prolongation.'® When
sedation is beneficial for terminal aggressive, agitated delirium,
chlorpromazine provides more sedation as compared with low-dose
haloperidol. When patients are bedbound and in the final stages of
life, orthostatic hypotension common with chlorpromazine is not
a concern. Haloperidol and chlorpromazine are commonly given
sublingually or rectally if swallowing becomes difficult, although
these are not approved routes of administration. Haloperidol, but
not chlorpromazine, can be given subcutaneously.”

Administering benzodiazepines alone in a patient with
delirium can actually make the delirium and confusion worse.
While addition of benzodiazepines with antipsychotics is not
routinely used, delirium induced by withdrawal or untreated
anxiety may benefit from addition of a benzodiazepine."
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Patient Encounter 1

LM is a 67-year-old man diagnosed with prostate cancer

with metastases to the left anterior iliac crest and left

femoral neck and greater trochanter. He is being seen by the
inpatient palliative care team. Past medical history: coronary
artery disease, hypertension, benign prostatic hyperplasia,
hyperlipidemia, hypothyroidism, depression. No known
allergies. LM reports left hip pain rating 7/10 (visual analog
pain scale, 0-10). Pain is: deep, constant, aching pain causing
limitation in mobility. Pain also radiates down the back

of his left leg. Radiating pain is a 6/10 (visual analog pain
scale, 0-10), episodic, exacerbated by movement and is a
“lightning bolt” down his leg. LM reports worsening of urinary
symptoms, constipation, and dizziness upon standing. LM
reports bruising to his right elbow and knee after a recent fall.

VS: BP 101/60 mm Hg, RR 20 breaths/min, P 60, wt 60 kg
(132 Ibs), ht 5'7" (170 cm)

Medications: amlodipine 10 mg by mouth daily, fluoxetine
20 mg by mouth daily, simvastatin 40 mg by mouth

daily, tamsulosin 0.4 mg by mouth daily, finasteride 5 mg
by mouth daily, levothyroxine 200 mcg by mouth once
daily, multivitamin by mouth once daily, hydrocodone/
acetaminophen 5-325 1 tablet by mouth every 4 hours as
needed, docusate 100 mg by mouth twice daily as needed.

What two types of pain is LM experiencing?

What may be contributing to the worsening of LM’s urinary
symptoms?

What other urinary symptoms and/or urinary related
complications should be monitored for if LM's cancer
progresses?

What potential drug-drug interactions may exist, and how
would you monitor the patient for these drug interactions?

What medications should be added, changed, or discontinued?

List nonpharmacologic interventions that the practitioner
could make to improve the care of LM.

Dyspnea
» Palliative Care Considerations

Dyspnea is described as an uncomfortable awareness of breathing.
It is a subjective sensation, and patient self-report is the only
reliable indicator. Respiratory rate or Po, may not correlate with
the feeling of breathlessness.?® Respiratory effort and dyspnea are
not the same. While opioids do not address bronchoconstriction
or bronchospasm, patients may report substantial relief of dyspnea
from opioids with no change in respiratory rate. The prevalence of
dyspnea varies from 12% to 74%, worsening during the last week
of life in terminally ill cancer patients to between 50% and 70%.
History and physical examination should be taken and reversible
causes of dyspnea should be identified and treated, if present.”

» Nonpharmacologic Treatment

Provide information, anticipate and proactively prepare the patient
and family for worsening symptoms. Identify and attempt to
minimize triggers that cause episodes of dyspnea. Educate the
patient and family regarding treatment of dyspnea, including the
use of opioids and benzodiazepines for dyspnea-associated anxiety.
Prevent isolation and address spiritual issues that can worsen
symptoms. Encourage relaxation and minimize the need for exertion.
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Reposition to comfort, usually to a more upright position or
with the compromised lung down. Avoid strong odors, perfumes,
and smoking in the patient’s presence or in close proximity.
Improve air circulation/quality: provide a draft, use fans, or open
windows and adjust temperature/humidity with air conditioner
or humidifier.

» Pharmacotherapy

If no treatable causes can be identified or when treatments do
not completely alleviate distressing symptoms, opioids are first-
line agents for treating dyspnea.?’ Opioids suppress respiratory
awareness, decrease response to hypoxia and hypercapnia,
vasodilate, and have sedative properties. Low-dose opioids (eg,
starting oral dose of morphine ~5 mg) have been shown to be safe
and effective in the treatment of dyspnea. Opioid doses should
be titrated judiciously. Once an effective dose of an opioid has
been established, converting to an extended-release preparation
may simplify dosing. When using opioids, anticipate side effects
and prevent constipation by initiating a stimulant laxative/stool
softener combination.

Nebulized opioids for treatment of dyspnea are controversial.
Study results have been inconsistent.”>* Nonrandomized studies,
case reports, and chart reviews describe anecdotal improvement
in dyspnea using nebulized opioids; however, several controlled
studies using nebulized opioids have provided inconclusive
or negative results. Nebulized opioids may be an alternative
in patients who are not able or willing to take an oral agent or
cannot tolerate adverse effects of systemic administration.

Nebulized furosemide appears effective for dyspnea refractive
to other conventional therapies.?* The hypothesized mechanism of
action of nebulized furosemide is its ability to enhance pulmonary
stretch receptor activity, inhibition of chloride movement through
the membrane of the epithelial cell, and its ability to increase the
synthesis of bronchodilating prostaglandins.?

Because anxiety can exacerbate dyspnea, benzodiazepines and
antidepressants that have anxiolytic properties are frequently
beneficial. Not all dyspnea is caused by low oxygen saturation.
However, oxygen therapy is useful and beneficial for dyspnea if
hypoxia is present.

For known etiologies of dyspnea, consider the following:

Bronchospasm or COPD exacerbation: Albuterol, ipratropium,
and/or oral steroids are effective for symptoms management.
Nebulized bronchodilators are more effective than handheld
inhalers in patients who are weak and have difficulty controlling
breathing.

Thick secretions: If cough reflex is strong, loosen secretions
by increasing fluid intake. Guaifenesin may thin secretions;
however, its efficacy in the absence of hydration is contro-
versial. Nebulized saline may also help loosen secretions.
If the patient is unable to cough, hyoscyamine, glycopyrro-
late, or scopolamine patch can effectively dry secretions.”
Oral glycopyrrolate is preferred since it has less propensity
to cause the anticholinergic side effect of confusion.

Anxiety associated with dyspnea: Consider benzodiazepines
(eg, lorazepam, diazepam).

Effusions: Thoracentesis may be necessary.

Low hemoglobin: Red blood cell transfusion (controversial) or
erythropoietin (rarely used in hospice but might have larger
role in palliative care).

Infections: Antibiotic therapy as appropriate.

Pulmonary emboli: Anticoagulants for prevention and treat-
ment or vena cava filter placement (rarely used in hospice but
might have a larger role in palliative care).
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Patient Encounter 2

KP is a 74-year-old man admitted to hospice with a
diagnosis of chronic obstructive pulmonary disease

(COPD). Comorbidities include type 2 diabetes mellitus,
hyperlipidemia, and hypothyroidism. KP continues to smoke
cigarettes (1 ppd) and admits to consuming 2 to 4 beers
per day. No known drug allergies. Pulmonary symptoms
include moderate to severe dyspnea upon exertion with
moderate dyspnea at rest, excessive secretions, chronic
productive cough; he is oxygen dependent and has recurrent
pneumonias requiring hospitalizations. KP reports poor
appetite, uncontrolled anxiety, and insomnia.

VS: BP 145/50 mm Hg, RR 45 breaths/min, P 88, Wt 54.5 kg
(120 Ib), Ht 5'8" (173 cm)

Medications: Metformin 1000 mg by mouth twice daily,
glipizide 5 mg by mouth once daily, atorvastatin 10 mg

by mouth daily, levothyroxine 250 mcg daily, tiotropium
handihaler inhale the contents of one capsule once daily,
fluticasone/salmeterol dry powder inhaler, one inhalation by
mouth twice daily, albuterol inhaler two puffs every 6 hours
as needed for shortness of breath.

What parameters should be assessed prior to making changes
to or adding additional interventions for KP’s current situation?

What medications could be added, changed, or discontinued?

What are some nonpharmacologic interventions for treating
KP’s shortness of breath?

Rales due to volume overload: Reduction of fluid intake or
diuretic therapy as appropriate.

Nausea and Vomiting

A comprehensive review of nausea and vomiting may be found
in Chapter 20.

» Palliative Care Considerations

Up to 71% of palliative care patients will develop nausea and
vomiting with ~40% experiencing these symptoms in the last 6
weeks of life. Chronic nausea can be defined as lasting longer
than a week and without a well-identified or self-limiting cause,
such as chemotherapy, radiation, or infection.* Four major
mechanisms are correlated with the stimulation of the vomiting
center (Figure 4-2). Potentially reversible causes of nausea and
vomiting should not be overlooked. Causes of chronic nausea
in end-of-life patients may include autonomic dysfunction,
constipation, antibiotics, nonsteroidal anti-inflammatory drugs
(NSAIDs), other drugs, infection, bowel obstruction, metabolic
abnormalities (eg, renal or hepatic failure, hypercalcemia),
increased intracranial pressure, anxiety, radiation therapy,
chemotherapy, or untreated pain.?**>*

» Nonpharmacologic Treatment

Relaxation techniques may prove beneficial. Strong foods or
odors should be avoided and eliminate offending medications.

» Pharmacotherapy

Clinical features of nausea and vomiting should guide the choice
of antiemetics used (for a more comprehensive review, see
Chapter 20).
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metoclopramide

Gastrointestinal Tract
Dopamine, 5-HT3

Vestibular Nerve
Histamine and acetylocholine

Treatment:
butyrophenone, A
phenothiazine,
metoclopramide
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Vomiting Center:
activation of salivation
center, abdominal muscles,
respiratory center /,/

FIGURE 4-2. Mechanisms and associated neurotransmitters involved in nausea and vomiting.”?%%

Chemoreceptortrigger zone (CTZ)-induced nauseaand vomiting
are caused by chemotherapeutic agents, bacterial toxins, metabolic
products (eg, uremia), and opioids. Dopamine (D,), serotonin
(5-Hydroxytryptamine [5-HT]), and neurokinin-1 are the primary
neurotransmitters involved in this process. Therapy is based on
blocking D, with D,-antagonists including butyrophenones (eg,
haloperidol), phenothiazines, and metoclopramide.

Due to receptor specificity, serotonin, (5-HT,) antagonists such
as ondansetron, granisetron, dolasetron, and palonosetron have
limited usefulness in nausea and vomiting at the end of life.”*
They are typically indicated with emetogenic chemotherapy and
up to 10 to 14 days posttreatment. Aprepitant is a neurokinin-1
antagonist indicated for the treatment of nausea due to highly
emetogenic chemotherapy in combination with a 5-HT,
antagonist and corticosteroid. Aprepitant should not be used as
monotherapy.”

Cerebral cortex-induced nausea and vomiting can be caused
by anxiety, taste, and smell, and also secondary to increased
intracranial pressure. Corticosteroids decrease intracranial
pressure due to tumor involvement. Corticosteroids have been
found to be effective in nonspecific nausea and vomiting. The
mechanism of this action is unknown. Anxiolytics such as
benzodiazepines are used to treat anxiety and “anticipatory”
gustatory and olfactory stimulation.”

Vestibular nausea and vomiting is triggered by motion. Opioids
can sensitize the vestibular center resulting in movement-induced
nausea. Since histamine and acetylcholine are the predominant
neurotransmitters, antihistamines and anticholinergics are the drugs
of choice in movement-induced nausea and vomiting.

GI tract stimulation occurs through vagal and sympathetic
pathways. These pathways are triggered by stimulation of
mechanoreceptors or chemoreceptors located in the gut. Gastric
stasis, GI obstruction, drugs, metastatic disease, bacterial toxins,
chemotherapeutic agents, and irradiation may cause nausea and
vomiting. Glossopharyngeal or vagus nerve stimulation in the
pharynx by sputum, mucosal lesions, or infection (eg, Candida)
can also evoke nausea. The major neurotransmitters in the

upper GI tract are D, acetylcholine, and 5-HT. Metoclopramide
is a 5-HT, agonist and increases gastric motility above the
jejunum, whereas anticholinergics decrease GI spasticity and
motility in nausea induced by gut hyperactivity. In high doses,
metoclopramide also acts as a 5-HT, antagonist.”*

Autonomic failure causes gastroparesis resulting in anorexia,
nausea, early satiety, and constipation. Delayed gastric emptying
occurs in patients with diabetes mellitus, chronic renal failure,
and neurological disorders. Malnutrition, cachexia, lung and
pancreatic cancers, HIV, radiotherapy, and drugs such as opioids,
anticholinergics, antidepressants, and vasodilators have been
associated with autonomic failure and resulting chronic nausea,
poor performance, tachycardia, and malnutrition. Evaluate
underlying causes, including multiple drugs that may cause
gastroparesis. If drug therapy is indicated, metoclopramide is
effective in improving gastric emptying.”

GI irritation can cause nausea and vomiting due to
generalized gastritis, gastroesophageal reflux disease (GERD),
or peptic ulcer disease. Histamine, (H,) antagonists or proton
pump inhibitors (PPIs) are considered the drugs of choice for
ongoing gastritis.

Refractory cases of nausea and vomiting often require
judiciously selected combinations of medications from different
classes (eg, various combinations of haloperidol, metoclopramide,
lorazepam, and dexamethasone).

Pain
A comprehensive review of pain management may be found in
Chapter 34.

» Palliative Care Considerations

According to the SUPPORT study, 74% to 95% of very ill or
dying patients still experience uncontrolled pain.*® Conducting
a comprehensive pain assessment is key to choosing appropriate
therapeutic interventions. Palliative care patients must be evaluated
for anxiety, depression, delirium, and other neurological influences
that may heighten a patient’s awareness or response to pain.
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» Nonpharmacologic Treatment

Nonpharmacologic treatment is essential. Physical, complementary,
and cognitive behavioral interventions reduce the perception of
pain and decrease the dose requirements of medications. Examples
of such strategies may include providing education, massage, ice,
heat, physical therapy, music therapy, imagery, pet therapy, and
psychotherapy.

» Pharmacotherapy

Pain should be assessed thoroughly and frequently, especially at
the onset of treatment. The WHO approach to pain management
addresses nociceptive pain (see Chapter 34). Although opioid
analgesics are not always necessary or appropriate for all
types of pain, most patients with cancer-related pain require
opioids. For chronic, constant pain, around-the-clock dosing of
analgesics (preferably long-acting agents) is usually necessary
and preferred.”” When titrating opioid doses, increase daily
maintenance doses by 25% to 50% if patients are routinely
requiring three or more breakthrough doses per 24 hours as
a result of around-the-clock maintenance dose failure. The
around-the-clock maintenance doses should not be increased
if breakthrough doses are used only for incident pain such as
increased activity or dressing changes.

Fentanyl transdermal patches may be appropriate in some
patients; however, many patients at the end of life experience fat
and muscle wasting and dehydration, resulting in reduced and
variable absorption. Fentanyl transdermal patches have a slow
onset of action, contributing to difficulty in dose titration.”

Only short-acting opioids should be used for breakthrough
pain (eg, immediate-release morphine, oxycodone, and
hydromorphone are common examples). The dose of short-acting
opioids for the treatment of breakthrough pain should be equal
to 5% to 20% of the total daily maintenance dose. Frequencies for
breakthrough dosing should not exceed the following:

o Oral: Every 1 to 2 hours
 Subcutaneous: Every 20 to 30 minutes
o IV: Every 8 to 20 minutes

Monitor for and appropriately treat common side effects of
opioids. Common side effects of opioids include constipation,
nausea and vomiting, itching, and transient sedation. Because
constipation occurs with all chronic opioid therapy, prevention
is imperative. Stimulant laxatives (senna or bisacodyl) with
or without a stool softener (docusate) are the drugs of choice
for opioid-induced constipation.” Myoclonus, delirium,
hallucinations, and hyperalgesia are possible signs of opioid-
induced neurotoxicity and require rotation to another opioid or
dose reduction. Respiratory depression is uncommon with the
appropriate opioid dose titration. However, if dangerous opioid-
induced respiratory depression does occur, small doses (0.1 mg)
of the p receptor antagonist naloxone are appropriate and can be
repeated as necessary. The goal is to increase respirations to a
safe level while preventing the patient from experiencing a loss
of pain control.

Different types of pain may require specific types of analgesics
or adjuvant medications. Identification and treatment of these
separate pain types will help avoid unnecessary opioid dose
escalations and opioid side effects. Examples of pain types
commonly seen in patients with advanced illness are as follows.
See Figure 4-3 for medication options.

Visceral pain (nociceptive pain induced by stretching
or spasms of visceral organs including the GI tract, liver,
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and pancreas) should be treated with an adjuvant such as an
anticholinergic agents or, if inflammation is associated with the
pain, corticosteroids.

Bone pain (metastatic site of cancer) is best treated with
NSAIDs or corticosteroids in addition to standard opioid therapy.

Neuropathic pain (pain caused by damage to the afferent
nociceptive fibers) can be managed with tricyclic antidepressants,
antiepileptic drugs, tramadol, tapentadol or N-methyl-p-
aspartate antagonists, such as ketamine. Methadone is an opioid
p-agonist that has a role in neuropathic pain given its added
N-methyl-p-aspartate antagonist activity. Methadone has a
very long half-life as compared to most other opioids, except
buprenorphine. It should be used with caution and under the
close supervision of clinicians experienced in the use of this drug
for pain management.

Terminal Secretions
» Palliative Care Considerations

Terminal secretions, or death rattle, is the noise produced by
the oscillatory movements of secretions in the upper airways
in association with the inspiratory and expiratory phases of
respiration.”*” As patients lose their ability to swallow and
clear oral secretions, accumulation of mucus results in a rattling
or gurgling sound produced by air passing through mucus in
the lungs and air passages. The sound does not represent any
discomfort for the patient. However, the sound is sometimes
so distressing to the family that it should be treated. Terminal

H secretions are typically seen only in patients who are obtunded
or are too weak to expectorate. Drugs that decrease secretions are

1| best initiated at the first sign of death rattle because they do not

i affect existing respiratory secretions. These agents have limited
or no impact when the secretions are secondary to pneumonia,
pulmonary congestion, or edema.*

» Nonpharmacologic Treatment

facilitate drainage of secretions. If necessary, place the patient in
the Trendelenburg position (lowering the head of the bed); this
allows fluids to move into the oropharynx, facilitating an easy
removal. Do not maintain this position for long due to the risk of
aspiration. Oropharyngeal suctioning is another option but may
H be disturbing to the patient and visitors. Fluid intake can also be

H Position the patient on their side or in a semiprone position to

decreased, as appropriate.*

» Pharmacotherapy

Anticholinergic drugs remain the standard of therapy for
prevention and treatment of terminal secretions due to their
ability to effectively reduce the future production of secretions.?**
Drugs used for this indication are similar pharmacologically,
and one can be selected by anticholinergic potency, onset of
action, route of administration, alertness of patient, and cost.
The most commonly used anticholinergic agents are atropine,
g hyoscyamine, scopolamine, and glycopyrrolate.

Anticholinergic side effects include blurred vision,
constipation, urinary retention, confusion, delirium, restlessness,
hallucinations, dry mouth, and heart palpitations. Unlike the
other anticholinergics, glycopyrrolate does not cross the blood-
brain barrier and is associated with fewer CNS side effects, and
is often preferred, if the use of anticholinergic intervention is
prolonged for more than 7 to 10 days. Glycopyrrolate is a potent
drying agent when compared with other agents and has the
potential to cause excessive dryness.*
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Pharmacologic Adjuvants: Nociceptive Pain

Bone Pain (inflammatory)

Nonsteroidal anti-inflammatory drug (NSAID)

Ibuprofen (Motrin)@
Naproxen (Naprosyn)?
Celecoxib (Celebrex)?
Meloxicam (Mobic)P

Often first-line for untreated diffuse bone pain

Similar efficacy among NSAIDs; however, the risks of
Gl bleeding, Gl ulcers, renal toxicity, and
cardiovascular concerns are higher among the
nonselective NSAIDs

Selective NSAIDs have less Gl effects, but retain risk
of renal toxicity

Bisphosphonates

Zolendronic acid (Zometa)
Pamidronate (Aredia)
Ibandronate (Boniva)

Role in treating diffuse bone pain

Intravenous administration with renal monitoring
Monitor: osteonecrosis of the jaw, follow-up with
dental evaluation

Steroids

Dexamethasone (Decadron)
Methylprednisolone (Medrol)
Prednisone (Deltasone)

May be preferred over NSAIDs for diffuse bone pain in
patients experiencing anorexia and fatigue

Burst and taper recommended for rapid pain control
Monitor: edema, glucose, insomnia, Gl upset

Less edema with mineralcorticosteroid

Administer doses earlier in the day with food to avoid
insomnia and Gl upset

Visceral Pain

Anticholinergic/Antispasmodics

Dicyclomine (Bentyl)
Glycopyrolate (Robinul V)
Hyoscyamine (Levsin)
Scopolamine (Transderm Scop)

Monitor: (especially in elderly) constipation, dry
mouth, confusion, dizziness, urinary retention
Steroids may also be used concurrently for visceral
pain with associated inflammatory processes (ie,
pleuritic pain, capsular organ pain, diffuse intestinal
cancer)

Often used short term for treatment of terminal
secretions “death rattle”
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@Nonselective NSAID
PCOX-II selective NSAID

FIGURE 4-3. Pharmacologic adjuvants for the treatment of bone pain and inflammatory pain.”?*

Advanced Heart Failure
» Palliative Care Considerations

volume overload, edema, and fatigue. Patients should be assessed

d to confirm symptoms are related to heart failure rather than other
disease states to ensure appropriate treatment.*'

Goals for advanced heart failure treatment differ from traditional

g heart failure management. Drug therapy focuses on symptom

Heart failure symptoms at the end of life may include hypotension,
o

management rather than improving mortality. Prevention of
cardiovascular disease through cholesterol reduction is no longer
necessary at this point.

» Nonpharmacologic Treatment

elevated to minimize lower leg fluid accumulation. Minimizing
high-salt foods and limiting fluid intake can help reduce fluid
accumulation. At this stage in heart failure, comfort becomes the
primary initiative.

» Pharmacotherapy

As patients approach the end of life, it is difficult to determine

E Patients should be maintained in a comfortable position with feet
H when certain medications for heart failure should be dose

reduced or discontinued. The following general principles
may help serve as a guide. However, each individual’s history,
prognosis, and current condition should be evaluated to
determine appropriateness.

If a patient becomes symptomatic due to hypotension,
angiotensin-converting enzyme (ACE) inhibitor, angiotensin
receptor blocker (ARB), and/or B-adrenergic blocker doses
should be reduced or discontinued. For B-adrenergic blockers,
in particular, this should be done gradually to avoid significant
clinical deterioration. If volume overload occurs or persists while
taking (-adrenergic blocker therapy, consider tapering off the
medication. Likewise, for patients experiencing fatigue while
taking a P-adrenergic blocking agent, consider tapering down
the dose only if their heart rate does not increase with exertion.
Consider discontinuing the ACE inhibitor (or the angiotensin
receptor blocker) if the patient’s renal function deteriorates (eg,
cardiorenal syndrome).

In patients with excessive fluid overload where sodium and
water intake restrictions are not effective or not possible, consider
increasing the dose of diuretic. However, vascular dehydration
can occur in some patients with end-stage heart failure if the dose
of diuretic is excessive.
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Patient Encounter 3

JM is a 45-year-old man recently diagnosed with
pancreatic cancer. He received several rounds of palliative
chemotherapy with localized radiation over the past

few months with the last chemotherapy and radiation
administered 4 weeks ago. The interventions were
unsuccessful in limiting tumor growth, which has now
metastasized to liver, brain, and right intercostal bones. JM
has jaundice with mild ascites with no reported pruritus.
JM'’s chief complaint today is uncontrolled nausea and
vomiting which worsens with meals and has been going
on for a week. The oncologist prescribed ondansetron

8 mg by mouth every 8 hours as needed. JM has the
prescription at home and has taken two doses without
benefit or improvement in his nausea. Comorbidities include
hypertension and depression with recent uncontrolled
anxiety. Allergy: Codeine (reaction unknown). Medications
include: hydrocodone/acetaminophen 5-325 1-2 tablets
by mouth every 4-6 hours as needed for pain, ibuprofen
200 mg 1-2 tablets by mouth every 4-6 hours as needed
for pain and acetaminophen 500 mg 1-2 tablets by mouth
every 6 hours as needed, ondansetron 8 mg by mouth every
8 hours as needed for nausea, dexamethasone 4 mg by
mouth twice daily (give after breakfast and after lunch).

What are potential causes of JM’s nausea and vomiting?
Based on this differential list, what questions would

you ask JM during your assessment of his nausea and
vomiting?

What potential drug-drug interactions and side effects exist
in this patient?

What medications could be added, changed, and/or
discontinued?

How does the patient’s reported allergy to codeine impact
potential treatment options?

g Digoxin toxicity is common; therefore, patients should be
< carefully monitored and therapy adjusted or discontinued
1| as appropriate. The symptoms of digoxin toxicity including
"l complaints of anorexia, nausea and vomiting, visual disturbances,
disorientation, confusion, or cardiac arrhythmias.™
Hydroxymethylglutaryl coenzyme-A (HMG-CoA) reductase
inhibitors (and other cholesterol-lowering medications) are likely
4 to have a long-term effect rather than a palliative effect.
Figure 4-1 provides a list of agents that improve functional
status in advanced heart failure patients.

OUTCOME EVALUATION

Involving the patient, family, and caregivers in the
development of the therapeutic plan demonstrates responsible
palliative care. Before the implementation of drug therapy,
the patient, family, and caregiver should be involved with
the decision-making process. The practitioner should provide
information about all reasonable options for care so that the
patient, family, and caregivers can collaborate with the health
care team to meet their combined goals. Positive
therapeutic outcomes include resolution of symptoms while
minimizing adverse drug events. When treating symptoms
pharmacologically, adverse drug events must be avoided or
minimized to prevent negative outcomes.

Patient Care Process

Collect Information:

Evaluate physical examination, review of systems and
relevant laboratory findings and assess for symptoms
related to, or worsened by their current hospice diagnosis.

Perform medication reconciliation (prescription, OTC
medications, herbal).

Determine the goal as they relate to the hospice plan of care.
Identify cultural, spiritual, or ethnic traditions that impact
patient care and incorporate those aspects into the plan of
care.

Assess the Information:

Ensure that medications confer benefit for functional status
rather than only survival (see Figure 4-1) and that this
approach supports the patient’s goals.

Establish realistic medication outcomes prior to initiating or
titrating a medication for palliative care.

Verify prescription coverage or institutional formulary when
adding medications.

Provide preventative care recommendations (ie,
immunization, annual health screening, etc.), and discuss
their health benefits.

Develop a Care Plan:

Based on prognosis of a health condition, determine if
continuing medication for preventative or long-term
management is appropriate.

If laboratory monitoring is discontinued, medications with
a narrow therapeutic index may be discontinued.

Ensure that medications are appropriate for the patient’s
functional status.

Evaluate adherence strategies and monitor for side effects.

Before adding a medication to treat symptoms, ensure that
the symptom is not attributable to current medications.

Implement the Care Plan:

Involve the patient, family, and caregivers in development
of pharmacologic/nonpharmacologic strategies based on
patient’s goals.

Share patient preferences, priorities, and goals with health
care providers.

Communicate resuscitation preferences with caregivers
and health care providers.

Follow-up: Monitor and Evaluate:

Monitor results following initiation of drug therapy, and
discuss findings in context to symptom prioritization, goals,
and outcomes.

Continuous evaluation of therapy as functional status (ie,
ambulation, swallowing, continence) changes, and ensure
safe and effective medication use.

Encourage the patient, family, and caregivers to contact
the hospice or palliative team with questions.

Bimonthly reviews of the patient’s medical condition,
medications, and goals occur during hospice interdisciplinary
meetings.



issues that deserve attention by trained professionals. Addressing

4 these concerns and providing support and coping skills can
dramatically reduce the medication requirements for symptom
control. Psychosocial and spiritual support is not only directed
toward the patient in palliative care but also supports the family
during the time of the illness and after the death of their loved
one.

g Patient and caregiver education is vital to ensuring

I Patients with life-limiting diseases have emotional and spiritual
o

positive outcomes. If the patient and caregiver are unaware
of the purpose and goals for interventions used in palliative
medicine, adherence to regimens will be hindered and outcomes
will be compromised. Education regarding the role and value
of the palliative care team will allow the patient and family to
understand why palliative care is important to their overall
quality of life. Patients will achieve the best possible outcomes
when practitioners incorporate the interdisciplinary palliative
care approach to care early in the disease progression of patients
with life limiting illnesses.

Abbreviations Introduced in
This Chapter

5-HT 5-Hydroxytryptamine (serotonin)
ACE Angiotensin-converting enzyme

ALS Amyotrophic lateral sclerosis

ARB Angiotensin receptor blocker

CHF Chronic heart failure

COPD Chronic obstructive pulmonary disease
CTz Chemoreceptor trigger zone

CVA Cerebral vascular accident

GERD Gastroesophageal reflux disease
HMG-CoA  Hydroxymethylglutaryl coenzyme-A
NSAID Nonsteroidal anti-inflammatory drug

PPI Proton pump inhibitor

SSRI Selective serotonin reuptake inhibitor
WHO World Health Organization
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SECTION 1

CARDIOVASCULAR DISORDERS

Hypertension

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

LEARNING OBJECTIVES

H Upon completion of the chapter, the reader will be able to:

Classify BP levels after appropriate measurement.
Recommend appropriate lifestyle modifications.

N oA W =

plan for hypertension.

INTRODUCTION

t is well established that reducing elevated blood pressure
I(BP) in patients at sufficient risk provides significant cardio-

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

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

The 2017 ACC/AHA guidelines classify BP and
provide guidance on accurate assessment of BP as well as the

Describe the appropriate measurement of blood pressure (BP).

Identify guideline-based treatment goals for patients with hypertension.
Recognize underlying causes and contributing factors in the development of hypertension.

Determine patient-centered pharmacotherapy for individuals with hypertension.
Identify specific conditions and populations requiring special consideration when designing a treatment

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

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

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

Table 5-1

Classification of Hypertension in Adults*?

Systolic BP Diastolic BP
BP Classification (mm Hg) (mm Hg)
Normal <120 AND <80
Elevated 120-129 AND <80
Stage 1 hypertension 130-139 OR 80-89
Stage 2 hypertension > 140 OR > 90

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

BP, blood pressure.

45
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BP thresholds and recommendations for treatment and follow-up J

; 7 7 ]

Normal BP Elevated BP Stage 1 hypertension .
(BP < 120/80 (BP 120-129/<80 (BP 130—139/80-89 Stage 2 hypertension
(BP = 140/90 mm Hg)
mm Hg) mm Hg) mm Hg) |
i . . ¢ . . o’
P imal Clinical ASCVD
romote optima or estimated 10-y CVD risk
lifestyle habits . > 10V
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——
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.

v o

BP goal met

r NOL Yes 1

Assess and
optimize
adherence
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FIGURE 5-1. General recommendations for blood pressure (BP) threshold and recommendations for treatment and follow-up.
Patients with elevated BPs should incorporate nonpharmacologic therapies to promote BP lowering. As BP reaches stage 1
hypertension thresholds for therapy are guided based on a patient’s level of risk as determined by baseline presence of cardiovascular
disease, chronic kidney disease (CKD) or diabetes mellitus (DM) (all placing patient at higher risk) and cardiovascular disease risk as
calculated with the American College of Cardiology/American Heart Association (ACC/AHA) Pooled Cohort Equations (values > 10%
defining higher risk). Lower risk patients are reasonable for an initial trial of nonpharmacologic therapies while those with higher risk

or stage 2 hypertension are initially begun on BP-lowering medications. Consideration may be given in patients with stage 2 to the
initiation of combination therapy at treatment onset. “Class” indicates the strength of the recommendation, with Class | considered

the strongest. Using the ACC/AHA Pooled Cohort Equations. Note that patients with DM or CKD are automatically placed in the
high-risk category. For initiation of renin—angiotensin system (RAS) inhibitor or diuretic therapy, assess blood tests for electrolytes and
renal function 2 to 4 weeks after initiating therapy. "Consider initiation of pharmacological therapy for stage 2 hypertension with 2
antihypertensive agents of different classes. Patients with stage 2 hypertension and BP greater than or equal to 160/100 mm Hg should
be promptly treated, carefully monitored, and subject to upward medication dose adjustment as necessary to control BP. Reassessment
includes BP measurement, detection of orthostatic hypotension in selected patients (eg, older or with postural symptoms),
identification of white coat hypertension or a white coat effect, documentation of adherence, monitoring of the response to therapy,
reinforcement of the importance of adherence, reinforcement of the importance of treatment, and assistance with treatment to
achieve BP target. (ASCVD, atherosclerotic cardiovascular disease; CVD, cardiovascular disease; mo, month; y, year) (Whelton PK,

Carey RM, Aronow WS, Casey DE, Collins KJ, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for
the Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults. Hypertens. 2017.)
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Table 5-2

Blood Pressure Thresholds and Goals of Pharmacologic Therapy in Patients with Hypertension According to Clinical
Conditions?

BP Threshold for Antihypertensive

Clinical Condition(s) Therapy Initiation (mm Hg) BP Goal (mm Hg)
General
Clinical CVD or 10-year ASCVD risk > 10% > 130/80 < 130/80
No Clinical CVD and 10-year ASCVD risk < 10% > 140/90 < 130/80
Older persons (> 65 years of age; noninstitutionalized > 130 (SBP) < 130 (SBP)
ambulatory, community-living adults)
Specific Conditions
Diabetes mellitus > 130/80 < 130/80
Chronic kidney disease > 130/80 < 130/80
Chronic kidney disease postrenal transplantation > 130/80 < 130/80
Heart failure > 130/80 < 130/80
Stable ischemic heart disease > 130/80 < 130/80
Secondary stroke prevention > 140/90 < 130/80
Secondary stroke prevention (lacunar) > 130/80 < 130/80
Peripheral arterial disease > 130/80 < 130/80

ASCVD, atherosclerotic cardiovascular disease (calculator available online at http://tools.acc.org/ascvd-risk-estimator/); BP, blood pressure; CVD,
cardiovascular disease; SBP, systolic blood pressure.

Adapted from Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/
PCNA Guideline for the Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults. Hypertens. 2017, with permission.

for specific medications are provided by race and/or the presence involves an iterative process of adding antihypertensive drugs
of compelling indications (Table 5-3) for which explicit evidence as needed to achieve target BP, otherwise known as a stepped
in the literature exists to document the utility of a particular approach. Although calls for greater personalization in selecting
agent or class of agents.>® Selection of subsequent drug therapy drug therapy have been advocated, including plasma renin

Table 5-3

Compelling Indications for Individual Drug Classes*?

Recommended Drug Class

Compelling Indication Diuretic Ald Ant BB CCB ACE-I ARB Dir Vaso
Heart failure with reduced ejection fraction X X X X X X
Heart failure with preserved ejection fraction X X X X

Stable ischemic heart disease? X X X X X X

Chronic kidney disease® X X

Post renal transplantation X Xe

Diabetes X X e Xd

Secondary stroke prevention X X X

Atrial fibrillation X

Peripheral arterial disease X X X X

Thoracic aortic disease X

Black race® X X

*Recommended [3-blockers for BP control or angina relief include carvedilol, metoprolol tartrate, metoprolol succinate, nadolol, bisoprolol,
propranolol, and timolol. Avoid B-blockers with intrinsic sympathomimetic activity. Atenolol should not be used as it is less effective than placebo
for reducing cardiovascular events. CCBs recommended (class I if blood pressure goal not met with BB, ACE-I or ARBs, and angina pectoris present.
®Recommendations stronger (class lla) for patients with chronic kidney disease (CKD) and albuminuria (= 300 mg/day or > 300 mg/g creatinine)
and weaker (class IIb) for CKD stage 3 or higher without albuminuria or stage 1 or 2 with albuminuria (= 300 mg/day or > 300 mg/g creatinine).
cACE-I may be reserved in the development of albuminuria or heart failure after transplantation.

dACE-l or ARB may be considered in the presence of albuminuria.

*Black adults with or without diabetes mellitus but without heart failure or CKD.

ACE-|, angiotensin-converting enzyme inhibitor; Ald Ant, aldosterone antagonist; ARB, angiotensin receptor blocker; BB, 3-blocker; CCB, calcium
channel blocking agent; Dir Vaso, direct vasodilator.

Data from Whelton PK CR, Aronow WS, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention,
Detection, Evaluation, and Management of High Blood Pressure in Adults. J Am Coll Cardiol. 2017; and Chobanian AV, Bakris GL, Black HR, et al.

Seventh report of the joint national committee on prevention, detection, evaluation, and treatment of high blood pressure. Hypertension.
2003;42(6):1206-1252.
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activity (PRA) testing or noninvasive hemodynamic monitoring,
these approaches are not widely used.** In contrast, the roles of
24-hour ambulatory BP monitoring (ABPM), home BP (HBP)
monitoring, and ambulatory office-based BP (AOBP) monitoring
have been increasingly clarified in the context of select patient
groups.®” Regardless of the guideline and strategy implemented in
practice, it is imperative that clinicians consider patient-specific
characteristics and preferences among other considerations when
establishing BP targets and drug selection.

EPIDEMIOLOGY

Hypertension is widely prevalent and significantly
contributes to cardiovascular-related morbidity, mortality, and
associated health care costs. Worldwide in 2014, around 22%
of adults aged 18 years and over had hypertension.® In the
United States, the prevalence of hypertension was estimated
to include nearly 86 million individuals (one in three adults
20 years of age or older), with an estimated $51.2 billion spent
annually in direct and indirect costs."” When applying the
definition of hypertension in the 2017 ACC/AHA guidelines,
the estimated prevalence of American adults with hypertension
increases to nearly half (46%) of the US adult population.’
The prevalence of hypertension differs based on age, sex, and
ethnicity. As individuals age, risk of systolic hypertension
increases. Hypertension is slightly more prevalent in men than
women before the age of 35, similar between the ages of 35 and
64 years, and more prevalent in women than men 65 years
and older. Age-adjusted prevalence of hypertension is highest
in non-Hispanic blacks (40.3%-42.9%) when compared with
non-Hispanic whites (30.4%-27.6%) and Mexican Americans
(26.5%-27.2%).!

ETIOLOGY

The cause of hypertension is usually unknown and
referred to as primary hypertension in more than 90% of patients.
However, in some patients there is an identifiable cause of
hypertension, referred to as secondary hypertension. Causes of
secondary hypertension include:’

o Chronic kidney disease (CKD) (renal parenchymal disease)

« Coarctation of the aorta

« Cushing syndrome and other glucocorticoid excess states

o Drug induced/related (Table 5-4)

o Pheochromocytoma/paraganglioma

o Primary aldosteronism and other mineralocorticoid excess
states

 Renovascular hypertension

« Obstructive sleep apnea

 Thyroid or parathyroid disease

The 2017 ACC/AHA guidelines recommend screening for
secondary causes of hypertension for uncontrolled drug-resistant
hypertension (three or more drugs), abrupt onset, age less
than 30 years, excessive target organ damage, onset of diastolic
hypertension in older adults or in the presence of unprovoked
or excessive hypokalemia.” In addition to primary and secondary
hypertension, the clinician may encounter what is referred to as
resistant hypertension. Patients failing to achieve goal
BP despite adherence to optimal doses of three antihypertensive
agents of different classes (ideally, one being a diuretic) have

Table 5-4

Causes of Resistant Hypertension™

Apparent Resistance

Improper blood pressure measurement

Failure to receive or take antihypertensive medication
appropriately (nonadherence)

Inadequate doses (subtherapeutic)

Improper antihypertensive selection or combination

White coat hypertension

True Resistance
Secondary hypertension
Drug effects and interactions
Adrenal steroid hormones
Amphotericin B
Cocaine, amphetamines, and other illicit drugs
Cyclosporine and tacrolimus
Erythropoietin
Fluid retention from kidney disease or potent vasodilators
(eg, minoxidil)
Herbal products (ma huang, guarana, bitter orange,
blue cohosh)
Highly active antiretroviral therapy (HAART)
Inadequate diuretic therapy
Natural licorice (including some chewing tobacco)
Neurologic and psychiatric agents (eg, venlafaxine, lithium,
thioridazine hydrochloride)
Nonsteroidal anti-inflammatory medications
Oral contraceptive hormones
Recent caffeine or nicotine intake
Sympathomimetics (decongestants, anorectics, and stimulants)
Vascular endothelial growth factor inhibitors (bevacizumab,
sorafenib, sunitinib)
Volume overload
Excess sodium intake
Comorbidities
Obesity
Excess alcohol intake
Chronic pain syndromes
Intense vasoconstriction (arteritis)
Anxiety-induced hyperventilation/panic attacks
Genetic variation
Genetic differences in drug efficacy or metabolism

resistant hypertension and should be evaluated for secondary
causes of hypertension.'’ Several causes of resistant hypertension
are listed in Table 5-4 and should be carefully considered in
such patients." Additional consideration should be given to
the clinical scenario of pseudohypertension, or elevated BP
resulting from a myriad of potentiating factors including therapy
adherence, white coat hypertension, or poor BP measurement
technique.’

PATHOPHYSIOLOGY

The pathophysiology of primary hypertension is
heterogeneous but ultimately exerts its effects through two
primary determinants of BP: cardiac output (CO) and peripheral
vascular resistance (PVR). The processes influencing these two
determinants are numerous and complex, and although the
underlying cause of primary hypertension remains unknown,
it is most likely multifactorial. As a review of these mechanisms
is beyond the scope of this text, readers are referred to other
sources.’



Patient Encounter 1

A 72-year-old white man comes into your clinic for an annual
appointment. Seated BP measured in the left arm is 153/96
mm Hg and 157/89 mm Hg in the right arm. You request
that the patient return in 1 week for a follow-up BP. His
seated BPs in the right arm at follow-up are 156/92 mm Hg
and 150/87 mm Hg. The patient’s physical examination was
unremarkable, but his electrocardiogram revealed evidence
of left ventricular hypertrophy. His past medical history is
significant for dyslipidemia. He does not smoke tobacco or
drink alcohol and he walks daily for 30 minutes; however,

he struggles with a heart healthy diet. He is currently taking
aspirin 81 mg daily. His cholesterol panel revealed a high-
density lipoprotein (HDL) cholesterol level of 40 mg/dL

(1.03 mmol/L), triglyceride level of 140 mg/dL (1.58 mmol/L),
and total cholesterol of 198 mg/dL (5.12 mmol/L). Calculated
low-density lipoprotein cholesterol level is 130 mg/dL

(3.36 mmol/L). All other laboratory values were within normal
limits.

Based on the information above, what stage of hypertension
does this patient have?

What is the patient’s BP target?

What steps are involved in assuring that the patient’s BP
measurements are accurate?

The development of primary hypertension involves interplay
between genetic and environmental factors interacting with
multiple physiological systems including neural, renal, hormonal,
and vascular. Further complicating this is that an individual’s
phenotype of primary hypertension (eg, diastolic hypertension
in middle-aged individuals, isolated systolic hypertension in the
elderly, and obesity-related hypertension) may have different
contributing mechanisms.” Because of these complexities, no
final common pathway has been identified and a single target
for the treatment of primary hypertension remains elusive.
Therefore, guidelines for the selection of specific therapeutic
agents allow the clinician some flexibility in choices.

Genetic Factors

Although multiple genetic polymorphisms have been associated
with relatively small effects on SBP, DBP, and response to
antihypertensive medications, replications of these findings in large
populations are elusive. Consequently, with very few exceptions,
the information available to date is far from sufficient to provide
any practical guidance for clinicians.'? Nevertheless, genetic-based
sources of variability in response to drug therapy continue.

Environmental Factors

Environmental factors contributing to hypertension are well-
characterized. Nicotine use (including cigars and smokeless
tobacco) and caffeine cause transient increases in BP via
norepinephrine release and, in the case of caffeine, by its
antagonism of vasodilatory adenosine receptors. Acute alcohol
ingestion may have a transient variable effect (increased due
to sympathetic nerve activity or lowering due to vasodilation),
whereas chronic heavy consumption of alcohol and binge drinking
raises the risk of hypertension.” Many other environmental
factors have been implicated in the development of hypertension.
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These include obesity, physical inactivity, fetal environment,
postnatal weight gain, premature birth and low birth weight,
potassium and magnesium depletion, vitamin D deficiency, and
environmental toxins (eg, lead).’

Neural Mechanisms

Over-activity of the sympathetic nervous system (SNS) in the
early stages of primary hypertension manifests as increased heart
rate, CO, and peripheral vasoconstriction. Despite this, outcome
trials of agents targeting the SNS (a- and B-adrenergic blockers)
have not performed as well as other drug classes. Nevertheless,
strategies aimed at targeting the SNS continue with specific
interest in invasive strategies aimed at resistant hypertension.’

Renal Mechanisms

The contribution of sodium to the development of primary
hypertension is related to excess sodium intake and/or abnormal
sodium excretion by the kidneys.” However, it is generally
accepted that dietary salt is associated with increases in BP that
can be lowered with reduction of sodium intake,” particularly
in the approximately 30% of individuals deemed salt sensitive."

Hormonal Mechanisms

Renin is produced and stored in the juxtaglomerular cells of the
kidney, and its release is stimulated by impaired renal perfusion,
salt depletion, and B,-adrenergic stimulation. The release of renin
is the rate-limiting step in the eventual formation of angiotensin II,
which is a potent vasoconstrictor (Figure 5-2).° The role of
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FIGURE 5-2. Diagram of the renin-angiotensin-aldosterone
system (RAAS), a key system involved in the modulation of
blood pressure. The diagram depicts the pathways involved

in the action of various antihypertensive agents including
angiotensin-converting enzyme (ACE) inhibitors, ARBs, diuretics,
and aldosterone antagonists. By inhibiting the action of ACE,
ACE inhibitors reduce both the formation of the vasoconstrictors
angiotensin Il and the degradation of vasodilating substances
including bradykinin. ARBs primarily act through inhibition of
the action of angiotensin Il on the angiotensin-I receptors that
modulate vasoconstriction. Aldosterone antagonists directly
inhibit the action of aldosterone; diuretics affect sodium and
water retention at a renal level. (ARB, angiotensin receptor
blockers; AT1, angiotensin-1.) (From Victor RG, Kaplan NM. Kaplan's
Clinical Hypertension, 10th ed. Philadelphia, PA: Wolters Kluwer
Lippincott Williams & Wilkins Health; 2010, with permission.)
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the renin-angiotensin-aldosterone system (RAAS) in primary
hypertension is supported by the presence of high levels of renin,
suggesting the system is inappropriately activated. Proposed
mechanisms include increased sympathetic drive, defective
regulation of the RAAS (nonmodulation), and the existence
of a subpopulation of ischemic nephrons that release excess
renin.’ However, there are also patients with primary hypertension
and low levels of renin which suggests alternative mechanisms,
unrelated to renin levels or activity, may be in play. Thus, although
uncommon in general practice, PRA measurements may be
utilized to guide antihypertensive therapy selection. In fact, it has
been demonstrated that patients with low PRA (< 0.65 ng/mL/
hour [0.18 ng/L/s]) respond preferentially to diuretics, aldosterone
antagonists, and calcium channel blockers (CCBs), whereas those
with higher PRA levels respond preferentially to renin-mediated
therapies such as P-blockers, angiotensin-converting enzyme
inhibitors (ACE-Is), angiotensin receptor blockers (ARBs), and
direct renin inhibitors.” However, use of PRA measurements
to guide therapy is not without controversy and the reader is
referred to other sources for more information."

Vascular Mechanisms

Elevated PVR is the hemodynamic hallmark of primary
hypertension. The increase in PVR typically observed may be
due to a reduction in arterial lumen size as a result of vascular
remodeling. This remodeling, or change in vascular tone, may
be modulated by various endothelium-derived vasoactive
substances, growth factors, and cytokines. This increase in
arterial stiffness or reduced compliance results in an incremental
rise in the systolic BP

Contributing Comorbidities

Several comorbidities have a high concurrence with the
presence of hypertension leading to a higher risk of target
organ damage, cardiovascular morbidity and mortality, and
overall health care costs. Specifically, these include diabetes
mellitus (DM), dyslipidemia, obesity, and CKD. As such,
the assessment of atherosclerotic cardiovascular disease
(ASCVD) risk in all patients with hypertension should be
part of the management plan while pursuing target BPs
through nonpharmacologic and pharmacologic means.'

MEASUREMENT OF BLOOD PRESSURE

TAT0E] Appropriate technique in measuring BP is a vital
component to the diagnosis and management of hypertension.

L
o
3

Accurate measurement of a patient’s BP requires control of
factors that may influence variability in the measure. Failure
to consider these factors, including body position, cuff size,
device selection, auscultatory technique, and dietary intake prior
to the visit, may lead to misclassification and thus inaccurate
assessments of risk. Clinicians should instruct patients to avoid
exercise, alcohol, caffeine, or nicotine 30 minutes before BP
measurement. Patients should be sitting comfortably with their
back supported and arm free of constrictive clothing with legs
uncrossed and feet flat on the floor for a minimum of 5 minutes
before the first reading. Systolic and diastolic BP tend to increase
when the cuff size is too small. Ideally, the cuff bladder should
encircle at least 80% of the arm’s circumference to ensure a more
accurate measurement of BP?

To reduce deviations in BP measurement in the clinic, the
patient and clinician should not talk during measurement. The
measurement arm should be supported and positioned at heart
level. If a mercury or aneroid device is used, then the palpatory
method (inflate the cuff to approximately 80 mm Hg rapidly
while palpating the radial pulse, then increase pressure slowly
by 10 mm Hg increment every 2 to 3 seconds until the radial
pulse is no longer felt [estimated SBP]; the cuff is then inflated
further until the pressure is about 30 mm Hg higher) must be
used first to estimate the SBP.° If an automated device is used,
this is not necessary. After the patient’s cuff is inflated above the
systolic pressure, the pressure indicator should drop at a rate of
2 to 3 mm Hg/s. A stethoscope placed over the brachial artery
in the antecubital fossa identifies the first and disappearance
of audible Korotkoff sounds, which should be taken as systolic
and diastolic pressure, respectively. A minimum of two readings
at least 1 minute apart are then averaged. If measurements
vary by more than 5 mm Hg between the two readings, then
one or two additional BP measurements are collected (at least
1 minute apart from each measurement) and the multiple
readings averaged. BP classification is based on the average of
two or more properly measured BP readings on each of two
or more office visits. Details and further recommendations
for accurate measurement of BP in special populations can be
found elsewhere.>"® Finally, the measurement of clinic or office
BPs is often poorly correlated with assessments of BP in other
settings. Consequently, under select circumstances, clinicians
are increasingly using 24-hour ABPM, AOBP monitoring, and
HBP monitoring. Corresponding values of systolic and diastolic
BP for clinic, 24-hour ABPM, AOBP, and HBP measurements
are provided in Table 5-5.2 These methods of BP measurement
are useful in identifying patients with white coat hypertension
or in the case of 24-hour ABPM, elevations of BP during the

Table 5-5

Corresponding Values (mm Hg) of Systolic BP/Diastolic BP for Various Methods of BP Measurement?

Clinic HBPM? Daytime ABPM? Nighttime ABPM? 24-Hour (Overall) ABPM?
120/80 120/80 120/80 100/65 115/75
130/80 130/80 130/80 110/65 125/75
140/90 135/85 135/85 120/70 130/80
160/100 145/90 145/90 140/85 145/90

*Average of recorded values.

ABPM, ambulatory BP measurement; BP, blood pressure; HBPM, home BP measurement.

Adapted from Whelton PK, Carey RM, Aronow WS, Casey DE, Collins KJ, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/
PCNA Guideline for the Prevention, Detection, Evaluation, and Management of High Blood Pressure in Adults. Hypertens. 2017, with

permission.
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Clinical Presentation and Diagnosis of Primary Hypertension

General

Prevalence of hypertension is likely to be highest with middle-
aged or older patients

Gender: In the United States, hypertension is slightly more
prevalent in men than women before the age of 35 years, simi-
lar between the ages of 35 and 64 years, and higher in women
than men thereafter

Symptoms

The patient with primary hypertension may be asymptomatic
yet still have major cardiovascular disease (CVD) risk factors
Signs

Adult patients have an average of two or more BP readings
(SBP and DBP) on two or more occasions.

Classification of an individual's hypertension (Table 5-1) can be
made based on the higher classification from either the SBP or
DBP readings; for example, an individual whose readings are
consistently 136/94 mm Hg would be classified as having stage
2 hypertension.

Basic Testing (facilitates CVD risk factor profiling, establishes a
baseline for monitoring medication use, and facilitates screen-
ing for select secondary causes of hypertension)

o Fasting lipid panel (to determine ASCVD risk and those who
may benefit from statin therapy as described in Chapter 12,
“Dyslipidemias”)

 Hemoglobin A, or fasting plasma glucose (to identify
patients with impaired fasting glucose or diabetes as
described in Chapter 43, “Diabetes Mellitus”)

o Complete blood count

o Serum sodium, potassium, calcium, creatinine with
estimated glomerular filtration rate (GFR; may all be included
as part of a comprehensive metabolic panel)

o Thyroid-stimulating hormone (simple test and hypo- or
hyperthyroidism are remedial causes of hypertension)

o Urinalysis
o Electrocardiogram (ECG)

Optional Testing (may provide information on target organ
damage)

o Echocardiogram
 Uric acid
 Urinary albumin to creatinine ratio

night and masked hypertension, or hypertension not identified
through traditional office measurement. They may also aid in
the management of patients with refractory hypertension with
minor target organ damage, suspected autonomic neuropathy,
hypotensive symptoms, and patients with large differences
between home and office BP measurements. Benefits derived
from these additional methods of BP monitoring may be of
greater prognostic significance than traditional office-based
measurements.”' Consequently, the 2017 ACC/AHA guidelines
recommend utilizing out-of-office self-monitoring of BP to
confirm hypertension diagnosis, and for titration of BP-
lowering medications in conjunction with clinic and telehealth
counseling.”

The following abnormal tests may indicate hypertension-
related damage:

o Serum creatinine elevated (> 1.2 mg/dL [106 pmol/L])

o Microalbuminuria, which is diagnosed either from a 24-hour
urine collection (20-200 mcg/min) or from elevated
concentrations (30-300 mg/L) on at least two occasions.
Use of the albumin-to-creatinine ratio (ACR) in a spot urine
sample is becoming more common, and microalbuminuria
is defined by this measure as 30 to 300 mg/g creatinine
(3.4-34 mg/mmol creatinine)

Common Comorbidities and Factors Contributing to
Cardiovascular Risk

e DM

o Metabolic syndrome
e Insulin resistance

o Dyslipidemia

o Microalbuminuria/CKD
o Family history

o Central obesity

o Physical inactivity

o Tobacco use

Cardiovascular Risk Assessment

Calculate with risk assessment tools, such as the ACC/
AHA ASCVD Risk Estimator (http://tools.acc.org/
ascvd-risk-estimator/)

Target Organ Damage

o Cerebrovascular disease (eg, stroke or transient ischemic
attack)

o Ocular (hypertensive retinopathy)

o Cardiac (left ventricular hypertrophy, left ventricular
dysfunction, coronary artery disease [CAD], HF)

o CKD (eg, albuminuria, nephrosclerosis)
o Peripheral arterial disease

TREATMENT

Desired Outcomes

The goal of BP management is to reduce the risk of CVD-related
morbidity and mortality manifested as target organ damage such
as CAD, stroke, and kidney disease.

General Approach to Treatment

Drug therapy for the management of patients
with hypertension should be considered as adjunctive to
nonpharmacologic approaches for BP lowering. Ultimately, the
attainment of target BP in many cases may be more important


http://tools.acc.org/ascvd-risk-estimator/
http://tools.acc.org/ascvd-risk-estimator/

52 SECTION 1 | CARDIOVASCULAR DISORDERS

than the antihypertensive agent selected. Previous research has
established the value of using individual antihypertensive drugs
versus placebo to achieve reduction in morbidity and mortality
by lowering BP. According to the 2017 ACC/AHA guidelines,
the recommended BP target for the vast majority of patients
is less than 130/80 mm Hg.? The BP threshold for treatment
varies according to the patients baseline cardiovascular risk.
BP-lowering medications are recommended in patients with
clinical CVD (defined as coronary heart disease, HF, or stroke)
and an average SBP of 130 mm Hg or higher or an average DPB of
80 mm Hg or higher. In addition, BP-lowering medications are
recommended for primary prevention in adults with an estimated
10-year ASCVD risk of 10% or higher and whose SBP/DBP
exceeds 130/80 mm Hg. The recommended tool for calculating
ASCVD risk is the ACC/AHA ASCVD Risk Estimator (http://
tools.acc.org/ascvd-risk-estimator/). BP thresholds and goals for
pharmacologic therapy in these patients and those with other
clinical conditions are summarized in Table 5-2. Although these
guidelines clearly recommend treatment thresholds for most
individuals with or without CVD or select comorbidities, the
benefits of aggressive BP control using pharmacotherapy remain
debatable for certain patients. Examples where conflicting data
require reconciliation include controlled studies, such as the
SPRINT (Systolic Blood Pressure Intervention Trial),’” ACCORD
(Action to Control Cardiovascular Risk in Diabetes),'® and SPS3
(Secondary Prevention of Small Subcortical Strokes; blood-
pressure targets in patients with recent lacunar stroke)" trials,
where improved outcomes across all major endpoints for patients
achieving a more intensive BP-lowering goal were not consistently
observed. Although these inconsistencies underscore the need
for additional high-quality research with the aim of determining
the most appropriate BP targets for specific patient groups, the
2017 ACC/AHA guidelines were generated by inclusion of many
associations and groups representing a wide array of specialty
populations.?

Evidence supports the position that the main benefits of
pharmacologic therapy are related to achievement of BP lowering
and are generally independent of the selection of an individual
drug regimen. Inherent in this position is the realization that
lifestyle changes or nonpharmacologic approaches alone are
rarely successful in attaining target BPs, and multidrug therapy
(sometimes as many as three or more agents) is necessary for
most patients.*” Given the need for multiple medications to
control hypertension, clinicians should work to minimize pill
burden, frequency of administration, and cost. When possible
and appropriate, selecting fixed-combination drug therapies,
longer acting formulations and generic or formulary-based
medications may optimize adherence. The 2017 ACC/AHA
guidelines state that it is reasonable to initiate pharmacologic
therapy with a single agent in patients with stage 1 hypertension.?
In those with stage 2 hypertension and an average BP more
than 20/10 mm Hg above their BP target, it is recommended
to start therapy simultaneously with two agents from different
classes.? Furthermore, this guideline identifies black adults as a
cohort who may be considered for two or more drugs to control
hypertension. Both circumstances acknowledge the urgency to
control hypertension with a high likelihood of needing multiple
medications.

Another general consideration for antihypertensive therapy
planning includes incorporation of chronotherapeutic principles.
The timing of administration of antihypertensive medications
may have relevance to the manifestations of adverse effects
and/or optimizing therapeutic outcomes. A study of patients

with CKD and diabetes demonstrated that moving the
administration time of one antihypertensive agent to bedtime
dosing significantly reduced composite cardiovascular events
compared to administering all antihypertensive agents at one
time in the morning.”'

Nonpharmacologic Treatment:
Lifestyle Modifications

Therapeutic  lifestyle  modifications  consisting  of
nonpharmacologic approaches to BP reduction should be part
of all treatment plans. The most widely studied interventions
demonstrating effectiveness include:

« Dietary sodium restriction

o Increasing dietary potassium intake

o Low-fat diet, high in vegetables and fruits

» Weight reduction in overweight or obese individuals
 Regular physical activity

» Moderation of alcohol consumption

Implementation of these lifestyle modifications
successfully lowers BP, often with results similar to those of
therapy with a single antihypertensive agent.*’* Combining
multiple lifestyle modifications can have even greater BP-lowering
effects. Sodium restriction to 2.4 g (100 mmol) of elemental
sodium (6 g of sodium chloride or one teaspoon of table salt)
per day lowers BP and has been recommended for the general
population, especially individuals with hypertension.?? Although
controversy surrounds the optimal level of sodium intake and
its cardiovascular benefits and risks,” adoption of an optimal
dietary pattern that includes consuming fewer processed foods is
expected to afford overall cardiovascular benefits.

Compared to the general population, BP lowering through
sodium restriction is more pronounced in salt-sensitive
individuals (low PRA), persons with diabetes, metabolic
syndrome, or CKD, as well as older individuals and black
people.>® Simple dietary advice and instructions on reading
nutrition labels should be introduced to patients initially and
assessed and reinforced at subsequent visits. A diet high in fruits,
vegetables, and low-fat dairy products, along with a reduced
intake of total and saturated fat, can significantly reduce BP in
as little as 8 weeks.* See Table 5-6.*

Smoking cessation should be encouraged for overall
cardiovascular health despite its lack of chronic effects on BP."
Although BP-lowering lifestyle modifications have never been
documented to reduce cardiovascular morbidity and mortality in
patients with hypertension, they do effectively lower BP in most
hypertensive patients and exhibit a favorable effect on other risk
factors including dyslipidemia and insulin resistance. This may
obviate the need for drug therapy in those with mild elevations in
BP or minimize the doses or number of antihypertensive agents
required in those on therapy.”

Pharmacologic Treatment

An approach to selection of drugs for the treatment
of patients with hypertension should be evidence-based
with considerations regarding the individual’s comorbidities,
co-prescribed medications, and practical patient-specific issues
including cost. The evidence-based 2017 ACC/AHA guidelines
recommend drug therapy that is largely grounded in the best
available evidence for superiority in outcomes—specifically
morbidity and mortality.> The approach is often tempered
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Table 5-6

Lifestyle Modifications to Manage Hypertension®?

Modification Recommendation

Approximate Systolic
BP Reduction (Range)

Weight reduction
Adopt DASH eating plan

Maintain normal body weight (body mass index: 18.5-24.9 kg/m?)
Consume a diet rich in fruits, vegetables, and low-fat dairy products with a

5-20 mm Hg/10 kg
8-14 mm Hg

reduced content of saturated and total fat

Dietary sodium restriction

Reduce dietary sodium intake to no more than 100 mmol/day (2.4 g sodium

2-8 mm Hg

or 6 g sodium chloride). If these targets cannot be achieved, an absolute
reduction in 1 g sodium/day is recommended

Physical activity

30 min/day, most days of the week)

Moderation of alcohol
consumption

weight persons®

Engage in regular aerobic physical activity such as brisk walking (at least

Limit consumption to no more than two standard drinks per day in most
men and to no more than one standard drink per day in women and lighter

4-9 mm Hg

2-4 mm Hg

*For overall cardiovascular risk reduction, stop smoking. The effects of implementing these modifications are dose and time dependent and

could be greater for some individuals.

®One standard drink is defined as 12 0z (355 mL) beer, 5 0z (148 mL) wine, or 1.5 0z (44 mL) 80-proof whiskey.

BP, blood pressure; DASH, dietary approaches to stop hypertension.

with practical considerations related to competing options for
specific comorbidities and issues regarding a patient’s experience
or tolerance for side effects and, in some cases, the cost of
medications.

Landmark trials such as the Antihypertensive and Lipid-
Lowering Treatment to Prevent Heart Attack Trial (ALLHAT) have
provided some objective basis for comparisons between initiating
antihypertensive drug therapy with one class of antihypertensives
versus another; however, there is room for criticism of these
studies.*>?¢ Consequently, practical interpretations of their
conclusions must leave room for individualization based on
clinical judgment. Overall, current clinical guidelines provide
a reasonable basis for guiding the selection of drug classes for
individuals based on their stage of hypertension, comorbidities,
and special circumstances. The following sections summarize
key features of specific drug classes and guideline-based
recommendations. An overview of specific oral antihypertensive
drug classes in common use is summarized in Table 5-7.36272

Diuretics

Diuretics have been advocated as initial therapy for uncomplicated
patients with hypertension based on their practical attributes
including cost, availability as combination agents and overall
years of experience, as well as favorable outcomes in clinical
trials for select populations. For example, patients randomized to
chlorthalidone, a thiazide-type diuretic, as initial antihypertensive
therapy had similar outcomes to those randomized to receive
initial therapy with either amlodipine or lisinopril.* However,
differences in outcomes for select secondary endpoints or special
populations demonstrated superiority of chlorthalidone-based
therapy over either ACE-I or CCB-based regimens. Criticism
of the different BPs achieved in the various treatment groups,
the artificial construct guiding the use of add-on drugs to
base therapy, and the overrepresentation of African-Americans
exhibiting select endpoints have weakened the interpretability of
this trial.*® Furthermore, other studies have challenged the status
of diuretics as an ideal baseline choice for initial antihypertensive
drug therapy for all patients*?** and even the choice of diuretic
used,” supporting the debate over whether the means by which
BP is lowered (specific drug selected) is more or less important

than the extent and/or time taken to lower BP. Nonetheless,
diuretics remain supported by many as acceptable baseline initial
therapy for hypertensive patients without compelling indications
to the contrary.

Key differences in the features of various subtypes of
diuretics may also play a role in selection. The four subtypes
include thiazides, loop diuretics, potassium-sparing agents, and
aldosterone antagonists. The latter will be discussed separately.
Each diuretic subtype has clinically-based properties that
distinguish their roles in select patient populations. Thiazide
diuretics are by far the most commonly prescribed with the
greatest number of outcome-based studies supporting their use.
This type of diuretic inhibits the sodium-chloride symporter in
the renal distal convoluted tubule thus increasing sodium and
chloride excretion. In the United States, hydrochlorothiazide and
chlorthalidone represent the most commonly prescribed thiazide-
type diuretics and have been the subject of large outcome-
based studies. Although subtle differences in pharmacokinetics
between these agents exist, practical differences are limited
to their relative diuretic potency, with chlorthalidone being
considered approximately 1.5 to 2 times more potent than
hydrochlorothiazide for BP reduction.” Several recent
analyses have demonstrated superiority of chlorthalidone over
hydrochlorothiazide,” leading the 2017 ACC/AHA guidelines to
specifically recommend chlorthalidone over other diuretics.>*

Because the relationship between antihypertensive efficacy
and metabolic/electrolyte-related side effects of thiazide diuretics
is dose-related, attention to the differential in potency may be
important. Specifically, select metabolic effects (hyperlipidemia
and hyperglycemia) and electrolyte-related effects (hypokalemia,
hypomagnesemia, hyperuricemia, and hypercalcemia) increase
with higher doses. These effects may complicate the management
of higher risk patients with common comorbidities such as
dyslipidemia or diabetes, or even those likely to be sensitive
to complications from hyperuricemia and the potassium- or
magnesium-wasting effects of diuretics such as patients with
dysrhythmias or those taking digoxin. Thiazide diuretic-induced
development of new-onset diabetes remains debatable since the
ALLHAT and Systolic Hypertension in the Elderly Program
(SHEP) demonstrated no significant adverse cardiovascular
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Table 5-7

Commonly Used Oral Antihypertensive Drugs by Pharmacologic Class®¢2728

Dosage (mg/day)
Class Brand Low Usual Frequency Select Adverse Events Comments?
Diuretics
Thiazides and Chlorthalidone (Hygroton) 12.5 12.5-25  QDay Hypokalemia and other Thiazide diuretics are generally more effective antihypertensive agents
thiazide-like Hydrochlorothiazide 12.5 12.5-50  QDay electrolyte imbalances than loop diuretics
(Esidrix, HydroDiuril, Negative effect on glucose Ineffective in patients with estimated CrCL < 30 mL/min (0.5 mL/s),
Microzide, Oretic) and lipids except metolazone
Indapamide (Lozol) 1.25 2.5 QDay Not first-line agents in pregnancy, but may be used with close
Metolazone (Zaroxolyn) 0.5 2.5-10 QDay monitoring for hypokalemia
Monitor electrolytes (ie, decreased serum potassium) and metabolic
abnormalities (ie, dyslipidemia, hyperglycemia)
Use caution in patients with gout and severe renal impairment
Contraindications include hypersensitivity and anuria
Loops Bumetanide (Bumex) 0.5 1 QDay or BID Hypokalemia and other Preferred diuretic class in patients with estimated CrCL < 30 mL/min
Furosemide (Lasix) 20 40 BID electrolyte imbalances (0.5 mL/s)
Torsemide (Demadex) 5 10 QDay Monitor electrolytes (ie, decreased potassium) and metabolic
abnormalities (ie, dyslipidemia, hyperglycemia)
Use with caution in patients with gout
Contraindications include hypersensitivity, anuria, acute renal
insufficiency
Potassium- Amiloride (Midamor) 5 20 QDay or BID Potassium-sparing Reserved for patients with diuretic-induced hypokalemia
sparing Triamterene (Dyrenium) 100 100 QDay or BID  diuretics may enhance Monitor electrolytes (ie, potassium)
hyperkalemic effects of ~ Contraindications include hypersensitivity, acute renal insufficiency,
drug therapies (eg, ACE hyperkalemia
inhibitor, aldosterone Avoid in patients with estimated CrCL < 30 mL/min (0.5 mL/s)
antagonist)
Aldosterone Eplerenone (Inspra) 25 50-100  QDay or BID Hyperkalemia Eplerenone contraindicated as an antihypertensive in patients with
antagonists Spironolactone (Aldactone) 12.5 25-50 QDay or BID Gynecomastia estimated CrCL < 50 mL/min (0.83 mL/s) or serum creatinine
(spironolactone) > 1.8 mg/dL (159 umol/L) for women or 2 mg/dL (177 umol/L) in
men as well as type 2 diabetes mellitus with microalbuminuria. Also
contraindicated in patients concomitantly receiving strong CYP3A4
inhibitors or a serum potassium > 5.0 mEg/L (mmol/L) at initiation
-Blocker
Cardioselective Atenolol (Tenormin) 25 100 QDay or BID Bradycardia Caution with heart rate < 60 and respiratory disease
Bisoprolol (Zebeta) 5 5-10 QDay Heart block Selectivity of B, agents is diminished at higher doses
Metoprolol tartrate 25 50-100  BID Heart failure Abrupt discontinuation may cause rebound hypertension
(Lopressor) Dyspnea, bronchospasm ~ May mask signs/symptoms of hypoglycemia in diabetic patients
Metoprolol succinate 25 50-100  QDay Fatigue, dizziness, lethargy,

(Toprol XL)

depression
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Nonselective

Mixed a- and
B-blocker

CCB
Nondihydropyridines

Dihydropyridines

ACE inhibitors

Nadolol (Corgard)
Nebivolol (Bystolic)
Propranolol (Inderal)
Propranolol long-acting
(Inderal LA, InnoPran XL)
Timolol (Blocadren)

Carvedilol (Coreg)
Carvedilol CR (Coreg CR)
Labetalol (Trandate)

Diltiazem long-acting
(Cardizem SR, Cardizem
CD, others)

Verapamil sustained-
release (Calan SR, Isoptin
SR, Verelan)

Amlodipine (Norvasc)
Felodipine (Plendil)
Isradipine SR

(DynaCirc SR)
Nicardipine SR

(Cardene SR)
Nifedipine long-acting

(Adalat CC, Procardia XL)
Nisoldipine (Sular)

Benazepril (Lotensin)
Captopril (Capoten)
Enalapril (Vasotec)
Fosinopril (Monopril)
Lisinopril (Prinivil, Zestril)
Moexipril (Univasc)
Perindopril (Aceon)
Quinapril (Accupril)
Ramipril (Altace)
Trandolapril (Mavik)

20
2.5
40
80

10
3.125

100

120

120

2.5

2.5

30

30

8.5

125

10

7.5

2.5
1-2

40-80
5-10
40-160
80-320

10-40
6.52-25
20-80
100-300

240-360

240-480

17-34
10-40
50-100
10-40
10-40
10-40
7.5-30

10-40
5-10
2-8

QDay Hyper/hypoglycemia,
QDay hyperkalemia,
BID hyperlipidemia
QDay
QDay
BID
QDay
BID
QDay Bradycardia, heart block
(nondihydropyridines)
Constipation
QDay (nondihydropyridines)
Peripheral edema,
headache, flushing
QDay Gingival hyperplasia
QDay (dihydropyridines)

BID Reflex tachycardia
(dihydropyridines)
BID

QDay

QDay

QDay or BID Cough
BIDorTID  Hyperkalemia
QDay or BID Renal insufficiency
QDay Angioedema
QDay

QDay or BID

QDay

QDay or BID

QDay or BID

QDay

Contraindicated in hypersensitivity, sinus node dysfunction or severe
sinus bradycardia (in the absence of a pacemaker), heart block
(greater than first-degree), cardiogenic shock, acute decompensated
heart failure

Caution with heart rate < 60 (verapamil, diltiazem)

Use caution in concomitant use with 3-blocker; may potentiate heart
block

Extended-release formulations are preferred for once- or twice-daily
medication administration

Contraindicated in hypersensitivity, sinus node dysfunction,
or severe sinus bradycardia (in the absence of a pacemaker)
(nondihydropyridines), heart block (greater than first degree) in the
absence of a pacemaker (nondihydropyridines), atrial fibrillation/
flutter associated with accessory bypass tract (nondihydropyridines),
reduced ejection fraction (most CCBs except amlodipine)

Monitor electrolytes (ie, serum potassium)

Monitor renal function

Initial dose may be reduced in renal impairment, the elderly, patients
who are volume depleted or maintained on diuretic therapy

Use with caution in patients with baseline hyperkalemia

Contraindicated in pregnancy and hypersensitivity, bilateral renal
artery stenosis or unilateral renal artery stenosis in a solitary
functional kidney

(Continued)
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Table 5-7

Commonly Used Oral Antihypertensive Drugs by Pharmacologic Class®¢27-28 (Continued)

Dosage (mg/day)
Class Brand Low Usual Frequency Select Adverse Events Comments?
ARBs Azilsartan (Edarbi) 40 80 QDay Hyperkalemia Above comments to ACE inhibitors also apply to ARBs
Candesartan (Atacand) 4 8-32 QDay or BID Renal function deterioration
Eprosartan (Teveten) 400 600-800 QDay or BID Angioedema
Irbesartan (Avapro) 150 150-300 QDay Hypotension/syncope
Losartan (Cozaar) 50 50-100  QDay or BID
Olmesartan (Benicar) 10 20-40 QDay
Telmisartan (Micardis) 40 40-80 QDay
Valsartan (Diovan) 80 80-320  QDay
Direct renin Aliskiren (Tekturna) 75 150-300 QDay Hyperkalemia Use caution in patients with severe renal impairment and in
inhibitors Hypotension patients with deteriorating renal function or renal artery
stenosis, both bi- and unilateral
Contraindicated in combination with ACE-Is or ARBs in
patients with diabetes
Central a, agonists  Methyldopa (Aldomet) 125 250-500 BID Transient sedation initially ~ First-line agent in pregnancy (methyldopa)
Clonidine oral (Catapres) 0.1 0.1-0.2 BID Hepatotoxicity, hemolytic ~ Tolerance may occur 2-3 months after initiation of methyldopa;
Clonidine patch (Catapres 0.1 0.1-03 Once anemia, peripheral increase dose or add thiazide
TT9) weekly edema (methyldopa) Contraindications include hypersensitivity, concurrent use of
Guanfacine (Intuniv) 1 1-2 QDay Orthostatic hypotension MAQ inhibitor (methyldopa), hepatic disease [methyldopal,
(methyldopa, clonidine) pheochromocytoma (methyldopa)
Dry mouth, muscle
weakness (clonidine)
a, Blockers Doxazosin (Cardura) 1 1-8 QDay Syncope, dizziness, Contraindicated in hypersensitivity
Prazosin (Minipress) 1 2-20 BID or TID palpitations, orthostatic
Terazosin (Hytrin) 1 1-20 QDay or BID  hypotension
Direct vasodilator Isosorbide dinitrate 20/ 20-40/  TID Edema, hypertrichosis Give minoxidil with diuretic and 3-blocker to mitigate side effects
20 mg and hydralazine 375 37.5-75 (minoxidil) Contraindicated in hypersensitivity, pheochromocytoma (minoxidil),
37.5 (BiDil) Tachycardia increased intracranial pressure [isosorbide dinitrate + hydralazine]
Hydralazine (Apresoline) 10 25-100  BID Lupus-like syndrome
Minoxidil (Loniten) 2.5 5-100 QDay or BID  (hydralazine)
Peripheral Reserpine (generic only) 0.1 0.1-0.25 QDay Mental depression Contraindications include hypersensitivity, peptic ulcer disease or
sympathetic Orthostatic hypotension ulcerative colitis, history of mental depression or electroconvulsive
inhibitors Nasal congestion, fluid therapy

retention, peripheral
edema

Diarrhea, increased gastric
secretion

*Comments listed are not intended to be inclusive of all adverse effects, monitoring parameters, cautions, or contraindications, and may vary by source.
ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; CYP, cytochrome P450; BID, twice daily; CCB, calcium channel blocker; CrCL, creatinine clearance; MAO, monoamine
oxidase; QDay, once daily; TID, three times daily. Modified from Reference 6 and Saseen JJ, Maclaughlin EJ. Hypertension. In: DiPiro JT, Talbert RL, Yee GC, et al., eds. Pharmacotherapy: A
Pathophysiologic Approach, 10th ed. New York: McGraw-Hill; 2017:57-58, with permission.



events from new diuretic-associated diabetes versus other trials
contradicting this observation.”’ Nonetheless, clinicians should
generally not exceed 25 to 50 mg/day of hydrochlorothiazide
or 25 mg/day of chlorthalidone.” In addition, regardless of the
dose used, careful assessment of the potential for metabolic- or
electrolyte-based effects is essential.

Additionally, it is important to recognize that when estimated
creatinine clearance approaches or is less than 30 mL/min (0.50
mL/s), thiazide diuretics have limited efficacy, rendering loop
diuretics to be preferred. Clinicians are advised to reevaluate
the use of thiazide diuretics prescribed to individuals whose
renal function has been declining with age and whose risk for
the consequences of metabolic effects may be more significant.*®
Loop diuretics, such as furosemide, bumetanide, torsemide,
and ethacrynic acid, have a common site of action in the thick
ascending limb of the loop of Henle. As this region reabsorbs over
35% to 45% of filtered sodium, their diuretic efficacy is superior
to that of thiazides, potassium-sparing diuretics, and aldosterone
antagonists. With the exception of torsemide, which has a
longer half-life, the loop diuretics should be administered twice
daily (BID) when utilized primarily for their antihypertensive
(vs diuretic) effect. The most significant adverse effect of loop
diuretic use is excessive diuresis leading to hyponatremia or
hypotension. Additionally, hypokalemia, hypomagnesemia, and
hypocalcemia may develop over time and contribute to the
potential for cardiac arrhythmias. Overall, relevance of drug-
drug interactions and potential for aggravating select conditions
(hyperglycemia, dyslipidemias, and hyperuricemia) should be
routinely monitored.’

Potassium-sparing diuretics that do not act through
mineralocorticoid receptors include triamterene and amiloride.
These agents are often prescribed in combination with potassium-
wasting diuretics to mitigate potassium loss. When administered
alone or as a combination product, these agents result in modest
diuresis given that their site of action on the distal tubule
and collecting ducts has minimal impact on blocking sodium
reabsorption. Their most significant risk is the potential for
hyperkalemia. This is especially relevant in the context of
those patients with moderate to severe renal impairment or
those receiving nonsteroidal anti-inflammatory drugs (NSAIDs),
potassium supplements, or other agents with potassium-sparing
properties, such as ACE-Is or ARBs.’

Aldosterone Antagonists

Aldosterone antagonists such as spironolactone and eplerenone
modulate vascular tone through a variety of mechanisms
besides diuresis (Figure 5-2). Their potassium-sparing effects
mediated through aldosterone antagonism counteract the
potassium-wasting effects of other diuretics such as thiazide
or loop diuretics. Patients with resistant hypertension (with
or without primary aldosteronism) experience significant
BP reductions with the addition of low-dose spironolactone
(12.5-50 mg/day) to diuretics, ACE-Is, and ARBs.** Although
a positive attribute, it is important to recognize the risk for
hyperkalemia in patients with impaired or fluctuating renal
function, or those who are receiving ACE-Is, ARBs, direct
renin inhibitors, potassium supplements, potassium-containing
salt substitutes, or NSAIDs. In addition, spironolactone is
associated with gynecomastia, whereas eplerenone rarely causes
this complication, presumably because of its greater aldosterone
blocking specificity than spironolactone and minimal effects on
androgens and progesterone.®’

CHAPTER 5 | HYPERTENSION 57

B-Blockers

Most contemporary guidelines refrain from supporting the use
of B-blockers as first-line antihypertensive agents.®'>** The basis
of this position varies but often cites studies indicating inferior
outcomes® and a lack of positive outcomes in elderly patients
when compared to other antihypertensives. These analyses
were conducted with a limited number of B-blockers (usually
atenolol), and thus their findings may or may not apply to newer
formulations of existing agents (eg, metoprolol succinate) or
agents with unique properties such as carvedilol or nebivolol.*
However, the role of B-blockers in patients with specific select
comorbidities is well-established (Table 5-3).° Specific studies
conducted in patients with comorbidities such as CAD, HF with
reduced ejection fraction (HFrEF), or recent MI have clearly
demonstrated morbidity and mortality benefits from p-blocker
use.*® Their hemodynamic effects and antiarrhythmic properties
make them desirable for hypertensive patients who suffer
from ischemic conditions including acute coronary syndromes
(ACS). The mechanisms through which B-blockers affect BP are
complex but most certainly include their modulation of renin,
which appears to result in a reduction in CO and/or reduction
in PVR along with their negative inotropic/chronotropic actions
(Figure 5-2).

The specific pharmacologic properties of 3-blockers are varied
and diverse. An understanding of these properties may assist
in the selection of one agent over others given a patients
specific condition(s) or comorbidities. One of these properties
is cardioselectivity: the property of some B-blockers that
preferentially block the B,-receptor versus [,-receptor. Some
B-blockers exhibit membrane stabilization activity, which relates
to the (B-blocker’s capacity to exhibit certain antiarrhythmic
properties. Some B-blockers, as shown in Figure 5-3, possess
properties referred to as intrinsic sympathomimetic activity
(ISA). B-Blockers possessing this property effectively block the
B-receptor at higher circulating catecholamine levels, such as
during exercise, while having modest -blocking activity at times
of lower catecholamine levels, such as at rest.”’

Cardioselectivity represents the most clinically relevant
property of [-blockers, but P-blockers with ISA are not
recommended for use in the post-ACS patient.”” With regard to
cardioselectivity, it is important to consider patients with asthma
and/or chronic obstructive pulmonary disease. A [-blocker
with relative cardioselectivity to block B,-receptors may be more
desirable in such a patient, whereas a nonselective B-blocker
may be potentially disadvantageous. In such a patient, low doses
of cardioselective P-blockers may achieve adequate blockade
of B -receptors in the heart and kidneys while minimizing
the undesirable effects of B,-receptor blockade on the smooth
muscle lining the bronchioles. In doing so, hypertension may be
managed while avoiding complications of the coexisting reactive
airway disease, which is mediated by B,-receptor stimulation.
Similarly, either because of a reduction in the [,-mediated
vascular blood flow or by enhanced unopposed a-agonist-
mediated vasoconstriction, a patient with peripheral vascular
disease and intermittent claudication may experience a worsening
of symptoms with use of a nonselective f-blocker (Figure 5-3). It
is important to remember that cardioselectivity depends on dose,
with diminished selectivity exhibited with higher doses.

A limited number of B-blockers also possess vasodilatory
properties that are either mediated through a -receptor blockade
(carvedilol, labetalol) or via L-arginine/nitric oxide-induced
release from endothelial cells, with subsequent increased nitric
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Atenolol
Metoprolol
Esmolol
Betaxolol
Bisoprolol

FIGURE 5-3. Flowchart listing various 3-blocking agents separated

—

Acebutolol |

by B-receptor activity and intrinsic sympathomimetic activity.

?3-1 Cardioselective. (ISA, intrinsic sympathomimetic activity; NO, nitric oxide.)

oxide bioavailability in the endothelium (nebivolol). Although
theoretically of benefit, there has been no proven evidence of
superior outcomes from use of p-blockers with these vasodilatory
properties.

The adverse effects of B-blockers follow their pharmacology.
Their potential to precipitate bradycardia, various degrees of
heart block, or signs and symptoms of HF may be of concern
to those with a subclinical diagnosis of HE the elderly, or
those with reduced left ventricular ejection fraction (LVEF).
Conversely, abrupt discontinuation of P-blockers has been
cited as a precipitating factor in the development of ischemic
syndromes, especially for those patients in whom [-blockers
were used for extended periods of time, at higher doses, or who
had underlying ischemic heart disease. In such cases, tapering
the dose over a period of several days to 1 or even 2 week(s) is
recommended. B-Blocker use in diabetics is usually a complex
decision requiring consideration of their consequential effects on
insulin, glucose availability, and blocking the signs and symptoms
of hypoglycemia against their potential for morbidity/mortality
benefits for select candidates with comorbidities such as HFrEE.
Lastly, p-blockers, particularly first-generation agents (ie, those
other than carvedilol, nebivolol), have a greater effect on glucose
metabolism as well as other metabolic effects, and they should
be used cautiously if at all with diuretics unless compelling
indications exist for both.

The FDA-approved drug labeling for metoprolol, carvedilol,
nebivolol, and propranolol states that when coadministered
with drugs that affect cytochrome P450 (CYP) 2D6 metabolic
pathways, their efficacy and/or toxicity may be altered.
However, specific recommendations vary by agent. For example,
recommendations for metoprolol state that dose titration or an
alternative agent should be considered for individuals classified
as CYP2D6 poor, intermediate, and ultra-rapid metabolizers.
However, similar recommendations are not explicitly suggested
for carvedilol, nebivolol, or propranolol.

Calcium Channel Blockers

Exhibiting considerable interclass diversity, CCBs are
recognized as effective antihypertensives, particularly in the
elderlys Although the Valsartan Antihypertensive Long-term
Use Evaluation (VALUE) trial comparing valsartan-based and

amlodipine-based therapy failed to achieve its primary endpoint
of cardiac morbidity and mortality, secondary endpoints
including stroke and MI were reduced by amlodipine-based
therapy.® In the Anglo-Scandinavian Cardiac Outcomes Trial-
Blood Pressure Lowering Arm (ASCOT-BPLA), amlodipine-
based therapy achieved greater BP-lowering and appeared to
provide greater protection against stroke and MI versus atenolol-
based therapy.”

The variety of pharmacologic properties among the subclasses
of CCBs is significant and categorizes their expected effects
on the cardiovascular system and potential risk of toxicities.
Dihydropyridine CCBs such as nifedipine and amlodipine are
commonly associated with edema, especially when used at
higher doses. Nondihydropyridine CCBs such as verapamil
and diltiazem are recognized for their electrophysiological
effects, and negative chronotropic and inotropic effects. These
pharmacologic properties may be exploited for their specific
clinical utility. Verapamil and diltiazem effectively block cardiac
conduction through the atrioventricular node, exhibiting value
in the management of patients with atrial fibrillation in addition
to hypertension. However, their negative inotropic effects can
be detrimental to patients with reduced LVEF and should be
avoided. In contrast, the dihydropyridine subclass of agents
has no utility for managing patients with atrial dysrhythmias
but may be used safely (exception being nifedipine) in patients
with reduced ejection fraction. Similarly, all CCBs possess some
coronary vasodilating properties and, therefore, may be used in
select patients for the management of patients with angina, in
addition to their antihypertensive benefits.’

ACE Inhibitors

ACE-Is have been extensively studied for the treatment of
hypertension, and outcome-based trials generally support
their use for a wide array of patients, especially with select
comorbidities. These compelling indications include their
qualified role in managing patients with hypertension who have a
history of type 1 or 2 DM, HE, MI, CKD, or stroke.'* Comparative
trials using either ACE-Is or diuretics as initial drug therapy
have demonstrated that diuretics may be superior to ACE-Is in
regard to combined incidence of new onset CVD and HE?* but
indistinguishable in terms of overall outcomes.’ It is therefore



reasonable to conclude that both diuretics and ACE-Is represent
appropriate choices as either first- or second-line hypertensive
therapies that effectively achieve a target BP goal for most
patients with or without comorbidities.

Although generally well-tolerated, ACE-Is are associated
with two hallmark side effects: hyperkalemia and a persistent
dry cough. Modest elevations in serum potassium should be
anticipated when starting or increasing the dose of an ACE-I,
particularly in patients with compromised renal function and
those receiving any concurrent NSAIDs, potassium supplements,
or potassium-containing salt substitutes. Hyperkalemia is rarely
a reason for discontinuation of therapy. Nonetheless, periodic
monitoring of serum potassium is prudent for patients receiving
ACE-Is. The dry cough associated with ACE-Is is thought to
be caused by accumulation of bradykinin resulting from a
direct effect of inhibiting angiotensin-converting enzyme. If a
cough jeopardizes compliance with the agent, ARBs should be
considered as possible alternative agents because there is less
incidence of cough.

Less common adverse effects of ACE-Is include acute kidney
injury, particularly in patients with hemodynamically significant
bilateral renal artery stenosis (or unilateral if one functioning
kidney), preexisting kidney dysfunction, blood dyscrasias, or
angioedema.

In general, effects of ACE-Is on renal function and potassium
can be predicted given an understanding of their pharmacologic
actions (Figure 5-2). Inhibition of angiotensin II synthesis
through ACE inhibition (or direct blockage of the angiotensin II
receptor by ARBs) naturally would reduce the efferent renal artery
tone, thereby changing the intraglomerular pressure. Although
changes in the afferent renal artery tone also occur, the overall
effects usually produce a reduction in GFR with resulting decline
in GFR of up to 30%.” Such reductions in GFR are not usually
indications to discontinue use of the ACE-I; however, continued
monitoring for further decreases in GFR and consideration of
dose reduction remain prudent. Alternatively, should declines in
GFR exceed 30%, dose reduction or discontinuation is warranted
until further evaluation can be made.

Angiotensin Receptor Blockers

ARBs are inhibitors of the angiotensin-1 (AT1) receptors
(Figure 5-2). AT1 receptor stimulation evokes a pressor response
viaa host of accompanying effects on catecholamines, aldosterone,
and thirst.” Consequently, inhibition of AT1 receptors directly
prevents this pressor response and results in upregulation of
the RAAS. Upregulation of the RAAS results in elevated levels
of angiotensin II, which have the added effect of stimulating
the angiotensin-2 (AT2) receptors. AT2-receptor stimulation
is generally associated with antihypertensive activity; however,
long-term effects of AT2-receptor stimulation on cellular
growth and repair mechanisms are relatively unknown. While
the pharmacologic differences between ARBs and ACE-Is are
clear, the therapeutic relevance resulting from these differences
remains ambiguous. Previously, the clinical benefits of ARBs
were considered less robust as compared to ACE-Is, but the
Ongoing Telmisartan Alone and in Combination with Ramipril
Global Endpoint Trial (ONTARGET) has demonstrated that
in high-risk patients, telmisartan is noninferior to ramipril for
the reduction of death from cardiovascular causes, MI, stroke,
or hospitalization for HE* This study also demonstrated that
an ACE-I in combination with an ARB reduces proteinuria to a
greater extent than either agent as monotherapy but increases the
composite of dialysis, doubling of serum creatinine, and death.*
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Although better tolerated than ACE-Is, ARBs have not been
shown to demonstrate superiority of outcomes relative to ACE-Is.

At this point, ARBs have emerged as an effective class
of antihypertensives whose low incidence of side effects and
demonstrated clinical role in patients with specific comorbidities
have afforded them an attractive position in the antihypertensive
armamentarium. However, as with ACE-Is, patients may
develop angioedema. Although estimates of cross-reactivity
are reportedly low,"’ one should always exercise caution when
considering the use of an ARB in a patient with a known history
of angioedema to an ACE-I. Like ACE-Is, the antihypertensive
effectiveness of ARBs is greatly enhanced by combining them
with diuretics. Combining an ACE-I with an ARB for treating
hypertension should almost always be avoided. However, in
select situations, the addition of ARBs to ACE-Is for patients
with HF has demonstrated additional incremental benefits and
may be considered if aldosterone antagonists are not indicated or
tolerated.” Overall, ARBs have proven their value as reasonable
first-line agents for uncomplicated patients with hypertension,
well-tolerated alternatives to ACE-Is for patients with select
comorbidities (CKD, DM, and prior MI [Table 5-3]) and
alternatives when ACE-Is are not well-tolerated.

Renin Inhibitors

Aliskiren is the first agent in the newest class of antihypertensive
agents. Although similar to ACE-Is and ARBs in that it acts

Patient Encounter 2

A 52-year-old Hispanic woman returns to your clinic for a
follow-up visit. Her seated BP measurements are 160/90 mm
Hg and 158/92 mm Hg. Her heart rate is 98 beats/min. She is
currently on nebivolol 40 mg daily, hydrochlorothiazide

25 mg daily, amlodipine 10 mg daily, captopril 12.5 mg
three times daily, terazosin 5 mg daily, and rosuvastatin

40 mg daily. She states that she has been adherent with all
medications, but prescription bottles she brought in reveal
she is overdue on refills yet she has at least 2 to 3 weeks
worth of medication in each vial. She is not familiar with the
names of her medications, smokes one pack of cigarettes per
day, and does not consume any alcohol or illicit substances.
She is overweight, does not exercise, and consumes mostly
processed and/or fast foods. Past medical history is significant
for prior MI 18 months ago treated medically, hypertension,
obstructive sleep apnea, and osteoarthritis. Physical
examination was unremarkable. Laboratory values were
significant for serum creatinine of 0.8 mg/dL (71 umol/L),

a potassium level of 3.5 mEg/L (mmol/L), fasting glucose

of 120 mg/dL (6.7 mmol/L), total cholesterol of 260 mg/dL
(6.72 mmol/L), HDL cholesterol of 45 mg/dL (1.16 mmol/L),
triglyceride level of 180 mg/dL (2.03 mmol/L), and calculated
low-density lipoprotein (LDL) cholesterol of 179 mg/dL

(4.63 mmol/L).

Based on the information provided, does the patient have
resistant hypertension?

Based on the information presented, create a care plan for
this patient’s hypertension. This should include (a) goals of
therapy, (b) a patient-specific therapeutic plan, and (c) a
plan for appropriate monitoring to achieve goals and avoid
adverse effects.
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within the RAAS, it is unique in that it directly blocks renin,
thereby reducing PRA and subsequently AT1 and AT2 with
a resultant reduction in BP. This disruption of the negative
feedback loop results in a compensatory increase in pro-renin
and renin levels, the significance of which is not well-established.
Aliskiren has been shown to be well-tolerated and effective in
reducing BP when used as monotherapy and in combination
with other antihypertensive agents, including thiazide diuretics,
ARBs, and CCBs."> However, long-term clinical trials evaluating
efficacy and safety have not been completed, and thus the effects
of aliskiren on morbidity and mortality are as yet unknown.
Additionally, the Aliskiren Trial In Type 2 Diabetes Using
Cardio-renal End points (ALTITUDE) comparing ACE-I or
ARB monotherapy to that in combination with aliskiren was
stopped prematurely as the combination therapy did not reduce
cardiovascular endpoints.*” Therefore, combining two or more
RAAS blocking agents (ACE-Is, ARBs, or renin inhibitors) for
the treatment of hypertension is not recommended.**** Because
of aliskiren’s role in the RAAS, recommendations and precautions
for monitoring serum potassium and kidney function should be
similar to those of ACE-Is and ARBs.

a1-BIockers

Generally, o -blockers are considered inferior agents and should
not be used as monotherapy. Further, doxazosin is associated
with an increase in cardiovascular and cerebrovascular events.*
However, a,-blockers may be considered as add-on therapy to
other agents (eg, fourth or fifth line) when hypertension is not
adequately controlled. In addition, they may have a specific role
in the antihypertensive regimen for elderly men with prostatism;
however, their use is often curtailed by complaints of transient
dizziness, palpitations, or syncope following the first dose and
orthostatic hypotension with chronic use. Due to their ability
to cross blood-brain barrier, a,-blockers can also cause asthenia,
vivid dreams, and depression. In addition, priapism may occur.
When selected, however, combination therapy with thiazide
is recommended to minimize potential edema resulting from
the o -blocker’s tendency to cause sodium and water retention.
The roles of doxazosin, terazosin, and prazosin in management
of patients with hypertension are limited due to the paucity of
outcome data and absence of a unique role for special populations
or compelling indications."

Central a-Agonists

Limited by their tendency to cause orthostasis, sedation,
dry mouth, and vision disturbances, clonidine, methyldopa,
guanfacine, and guanabenz represent rare choices in
contemporary treatment of patients with hypertension. However,
adding clonidine to other antihypertensive agents may be used
for individuals with resistant hypertension and methyldopa
is a viable option for pregnancy. Their central a -adrenergic
stimulation is thought to reduce sympathetic outflow and enhance
parasympathetic activity, thereby reducing heart rate, CO, and
total PVR. Occasionally used for cases of resistant hypertension,
these agents may have a role when other more conventional
therapies appear ineffective. The availability of a transdermal
clonidine patch applied once-weekly may offer an alternative to
hypertensive patients with adherence problems. Of particular
importance is the potential for severe rebound hypertension
when clonidine is abruptly discontinued. Rather, clonidine’s
dose should be gradually reduced when being discontinued. In
patients concurrently taking a B-blocker, the B-blocker should

be tapered to discontinuation first, ideally several days before
initiating the clonidine taper. Because clonidine withdrawal
results in an increase in SNS activity, patients withdrawing from
clonidine while on a {-blocker could experience unbalanced
a-mediated vasoconstriction.’

Other Agents

Direct vasodilators such as hydralazine and minoxidil represent
alternative agents used for patients with resistant hypertension.
They primarily act to relax smooth muscles in arterioles and
activate baroreceptors. Because of the reflex tachycardia and fluid
retention they cause, their use in the absence of concurrently
administered P-blockers and diuretics such as furosemide is
uncommon. Other side effects associated with minoxidil include
pericardial effusion, nonspecific T-wave change on the ECG,
and hypertrichosis (excessive body hair), particularly in women.
Rarely, hydralazine-induced lupus-like syndrome can occur in
some patients. Although uncommon, females, those receiving
doses in excess of 200 mg/day, individuals with slow hepatic
acetylation capacity, or having certain immunogenic factors
appear to be at greater risk.” Because slow acetylation can
increase the bioavailability of hydralazine leading to adverse
effects, in 2013 the Food and Drug Administration (FDA)
listed N-acetyltransferase-1 (NAT-1) and NAT2 genes as
biomarkers for the effectiveness and/or toxicity of hydralazine.
References describing the appropriate use and monitoring of
these infrequently utilized agents should be consulted before use.’
Finally, reserpine, although slow to act, reduces sympathetic tone
and thus PVR by depleting norepinephrine from sympathetic
nerve endings. Although included in the SHEP and ALLHAT
trials,®* reserpine’s numerous side effects, including gastric
ulceration, depression, and sexual side effects, have limited its
utility. Two additional agents, guanethidine and guanadrel, act
as postganglionic sympathetic inhibitors inhibiting the release
of norepinephrine as well as depleting norepinephrine from
these nerve terminals. However, these agents have little role in
the management of hypertension because of significant adverse
effects.’

Antihypertensive Toxicity and Management

Common adverse reactions and monitoring parameters with
each class of antihypertensive agents are discussed in the earlier
sections. Overdoses occurring from antihypertensive agents are
relatively uncommon but their consequences, especially those
involving B-blockers, CCBs, and vasodilators, can be profound.*
This contrasts with the toxicities observed from diuretics,
ACE-Is, ARBs, and direct renin inhibitors, which are generally
more limited. Early gastrointestinal decontamination followed by
routine supportive care, including intravenous (IV) crystalloid
boluses, airway protection, and/or vasopressor administration
should be initiated in patients manifesting significant bradycardia,
hypotension, and/or seizures. If unresponsive to standard
supportive care, glucagon and/or high dose insulin with glucose
(if no response to glucagon) may be used when p-blocker toxicity
is suspected or confirmed. The early use of high dose insulin
and IV calcium can be effective for CCB poisonings. While
administering calcium, one should monitor the ECG, avoid rapid
infusions, and never infuse calcium in the same line as phosphate-
containing solutions to prevent precipitation. Patients who ingest
sustained-release formulations may experience delayed responses
and prolonged toxicity and require 24-hour observation, even if
asymptomatic upon presentation.
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Patient Encounter 3

A 62-year-old black man with history of hypertension, gout,
and CKD presents to clinic for his annual examination. Upon
reviewing his medication history, you see the patient has
been taking chlorthalidone 25 mg daily and allopurinol

200 mg daily. Physical examination is unremarkable.
Laboratory values are remarkable for potassium 3.6 mEg/L
(mmol/L), serum creatinine 1.4 mg/dL (124 pmol/L), serum
uric acid 9.2 mg/dL (547 umol/L), and proteinuria

600 mg/24 hours (0.6 g/day). Patient’s average seated BP
was 128/76 mm Hg with HR of 76 beats/min.

Based on the 2017 ACC/AHA guidelines, is this patient
achieving his blood pressure goal?

Would you consider changes to current antihypertensive
therapy given the patient’s BP, laboratory values, and medical
history?

How would you assess the effectiveness of your therapeutic
recommendations for this patient?

SPECIAL PATIENT POPULATIONS

Compelling Indications and Special
Considerations

Specific antihypertensive therapy is warranted for
certain patients with comorbid conditions that may elevate their
level of risk for CVD. Clinical conditions and patient factors
for which there is compelling evidence supporting one or more
classes of drug therapy include:

o Stable ischemic heart disease (SIHD)
« HF

» Diabetes

« CKD

o Valvular heart disease

o Atrial fibrillation

o Cerebrovascular disease

o Elderly

o Race

Compelling indications for specific drug therapies are
summarized in Table 5-3.° The basis for recommendations for
select patient populations may follow pharmacology and, in
some cases, evidence of specific target values in select patient
populations.

In patients with an ACS or stable angina and hypertension,
B-blockers and possibly long-acting CCBs are indicated because
of their antihypertensive and antianginal effects.* Nitrate therapy
should also be considered in patients with persistent angina and
hypertension, and in the setting of an ACS. In post-MI patients,
especially those with reduced LVEE, B-blockers and ACE-Is or
ARBsare indicated due to their proven reduction of cardiovascular
morbidity/mortality in this population. Aldosterone antagonists
are also indicated for the post-MI patient with reduced LVEF
and either diabetes or symptoms of HE* Patients with CAD
were included in the SPRINT trial, which showed a reduction in
major adverse cardiovascular events, including mortality, with
intensive SBP reduction (SBP < 120 mm Hg) versus standard
treatment (< 140 mm Hg) as measured via AOBP.” However,
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it should be noted that serious adverse events of hypotension,
syncope, electrolyte abnormalities, and acute kidney injury or
acute renal failure were more frequent in the intensive therapy
arm and must weigh into decisions regarding application of the
SPRINT findings. This data was considered by the 2017 ACC/
AHA guidelines Committee as part of the evidence and rationale
to support a lower BP target (< 130/80 mm Hg) in this patient
population.?

Patients with HF represent a heterogeneous cohort of patients
with specific recommendations for BP therapy depending on
their classification. BP targets for patients with HF have been
recently updated by the ACC/AHA with a target SBP less
than 130 mm Hg recommended for stage A HF patients and
those with stage C HF with either reduced or preserved LVEF,
but with no clear update for stages B and D.* Patients with
HFrEF and hypertension should be treated with evidence-based
B-blockers (bisoprolol, carvedilol, or metoprolol succinate),
ACE-Is or ARBs, and aldosterone antagonists as each has
evidence supporting their morbidity/mortality benefits for such
patients. In contrast, diuretics are recommended in HF patients
with evidence of volume overload for symptom relief. African-
Americans with HFrEF are ideal candidates for combination
therapy with isosorbide dinitrate and hydralazine based on
morbidity and mortality benefits and potential beneficial effects
on lowering BP* The dihydropyridine CCBs, amlodipine or
felodipine, may be used in patients with HFrEF for uncontrolled
BP; however, they offer no beneficial effect on morbidity and
mortality and may increase the risk of edema. For patients
with HF with preserved ejection fraction (HFpEF), use of
non-dihydropiridine CCBs (diltiazem and verapamil) is not
discouraged in contrast to patients with HFrEE* Updated
HFpEF recommendations highlight the potential role for
aldosterone antagonists in decreasing HF hospitalization in this
cohort.*

Patients with diabetes and hypertension without CKD
(regardless of age) represent a target population whose initial
drug therapy depends on if they are Black or non-Black.
Specifically, Black patients with diabetes and no CKD should be
treated initially with thiazide-type diuretics or CCBs alone or in
combination. In the presence of albuminuria in a patient with
diabetes and hypertension, ACE-Is or ARBs can be considered
initially. Non-Black patients with diabetes and no CKD are
candidates for the same starting therapies but with expanded
options including either ACE-Is or ARBs.?

In patients with CKD and hypertension (regardless of age, race,
or presence of diabetes), ACE-Is or ARBs alone or in combination
with other agents are preferred.* ACE-Is in combination with a
thiazide diuretic are also preferred in patients with a history of
prior stroke or transient ischemic attack. This therapy reduces the
risk of recurrent stroke, making it particularly attractive in these
patients for BP control.

Hypertension in patients with asymptomatic aortic stenosis
can be treated with pharmacologic therapy, but therapy should
be initiated with the use of low doses and carefully titrated
upward as appropriate. In patients with chronic aortic dissection,
B-blockers were associated with improved survival, whereas
ACE-Is did not improve survival.?

In patients with atrial fibrillation, ARB therapy is suggested for
reduction in recurrence of atrial fibrillation.” The use of an ARB
versus CCBs or B-blockers has clinical superiority and may be an
appropriate first-line therapy choice for antihypertensive therapy
in patients with atrial fibrillation.? Of note, no data on the role of
ACE-Is in this situation is available at this point.
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There are several situations in the management of hypertension
requiring special considerations including, but not limited to:

o Hypertensive crisis

« Elderly populations

« Isolated systolic hypertension
 Minority populations

o Pregnancy

o Pediatrics

Hypertensive crisis includes both hypertensive emergencies
and hypertensive urgencies. A hypertensive emergency occurs
when severe elevations in BP are accompanied by acute or life-
threatening target organ damage such as ACS, unstable angina with
dynamic ST changes, encephalopathy, intracerebral hemorrhage,
acute left ventricular failure with pulmonary edema, dissecting
aortic aneurysm, rapidly progressive renal failure, accelerated
malignant hypertension with papilledema, and eclampsia, among
others. BP is generally greater than 180/120 mm Hg, although a
hypertensive emergency can occur at lower levels, particularly
in individuals without previous hypertension. The goal in most
hypertensive emergency cases is to reduce SBP by up to 25% in the
first hour; if stable, then lower to 160/100-110 mm Hg over the
next 2 to 6 hours; and then carefully to normal over the following
24 to 48 hours. For individuals with compelling conditions,
including aortic dissection, severe preeclampsia or eclampsia,
or pheochromocytoma crisis, a more aggressive BP-lowering
approach (reduce SBP to < 140 mm Hg in the first hour and
< 120 mm Hg in aortic dissection) should be taken.? IV therapy
is generally required and may consist of the agents listed in
Table 5-8. A hypertensive urgency is manifested as a severe
elevation in SBP greater than 179 mm Hg and DBP greater
than 109 mm Hg without evidence of acute or life-threatening
target organ damage.” In these individuals, BP can usually be
managed with orally administered short-acting medications (ie,
captopril, clonidine, or labetalol) and observation in the emergency
department over several hours, with subsequent discharge on oral
medications and follow-up in the outpatient setting within 24 hours.?

The target for BP in patients 65 years and older remains
uncertain and in part depends on whether the patient is
ambulatory, community dwelling, institutionalized, and able to
tolerate therapy. A target BP of less than 130 mm Hg systolic
is recommend in noninstitutionalized ambulatory community
dwelling patients. In addition, if the patient has a high burden
of comorbidity and limited life expectancy, a more personalized
team-based approach taking into account potential risks and
benefits of therapy is warranted.> The treatment of patients
60 years of age and older with hypertension should follow the
same approach as other populations, with the exception that
lower starting doses may be warranted to avoid adverse effects.
Special attention should be paid to postural hypotension. This
includes an approach that consists of careful assessment of
orthostatic symptoms, measurement of BP in the upright position
upon standing for 1 to 3 minutes, and caution to avoid volume
depletion and rapid titration of antihypertensive therapy as was
done in the Hypertension in the Very Elderly Trial (HYVET).*
It should also be noted that in the HYVET trial, patients were
excluded if standing SBP at baseline was less than 140 mm
Hg. Newer data from the SPRINT suggests patients 75 years of
age and older benefit in a similar fashion from intensive SBP
reduction (< 120 mm Hg vs < 140 mm Hg as measured by
AOBP) as did patients less than 75 years of age with regard to

cardiovascular morbidity and mortality risk reduction.” In this
situation, while some patients may benefit from pursuing intensive
BP-lowering targets, tolerability must not be overlooked and aspects
of patient selection and safety considerations are paramount when
considering any BP-lowering strategy in the elderly.

In individuals with isolated systolic hypertension, the optimal
level of diastolic pressure is not known, and although treated
patients who achieve diastolic pressures less than 60 to 70 mm
Hg had poorer outcomes in a landmark trial, their cardiovascular
event rate was still lower than those receiving placebo.”

While the treatment approach of hypertension in minority
populations is similar, special consideration should be paid
to socioeconomic and lifestyle factors that may be important
barriers to BP control. In addition, in patients of African origin,
diminished BP responses have been seen with ACE-Is and ARBs
compared with diuretics or CCBs.?

Hypertension in pregnancy is a major cause of maternal, fetal, and
neonatal morbidity and mortality. There are four different categories
of hypertension in pregnancy: preexisting chronic hypertension,
gestational hypertension, preeclampsia-eclampsia, and preeclampsia
superimposed on chronic hypertension. Each category is treated
slightly differently. Table 5-9 summarizes oral drug therapy options
for pregnant patients with chronic hypertension. Also refer to the
American College of Obstetricians and Gynecologists task force on
hypertension in pregnancy for detailed therapeutic options for acute
severe hypertension in preeclampsia.®

In children and adolescents, three or more BP readings are
compared with tables listing the 90th, 95th, and 95th + 12 mm Hg
for BPs based on age, height, and gender that classify BP as normal,
elevated BP, and stage 1 and stage 2 hypertension.” The prevalence
of hypertension in adolescent populations is increasing. This,
along with increases in obesity, sedentary lifestyle, or a positive
family history, increases the risk of CVD. The clinician should
be aware that secondary causes are common in adolescents with
hypertension and the identification and aggressive modification
of risk factors with nonpharmacologic and pharmacologic
interventions is paramount for risk reduction of target organ
damage. The 2017 Clinical Practice Guideline for Screening and
Management of High Blood Pressure in Children and Adolescents
published by the American Academy of Pediatrics provides specific
recommendations to modify and treat risk factors in this population
of patients.” The Nelson Textbook of Pediatrics is also recommended
for a comprehensive review of treatment of congenital and pediatric
hypertension, which is beyond the scope of this chapter.

OUTCOME EVALUATION

Short-term goals are to achieve reduction in BP safely through
the iterative process of using pharmacologic therapy, along
with nonpharmacologic therapy and lifestyle changes. Key to
achieving target BP goals is a comprehensive monitoring plan,
which considers the following:

o In patients in whom healthy lifestyle changes alone are
recommended (ie, elevated BP or stage 1 hypertension without
clinical ASCVD, CKD, DM, and estimated 10-year CVD risk
< 10%), BP should be reassessed every 3 to 6 months.

o In patients starting pharmacologic therapy, BP and HR should
be measured at monthly intervals, or more frequently in
patients with marked elevations or significant comorbidities
(eg, HE, CKD) until BP goal is achieved.

« Monitor renal function and electrolytes within 2 to 4 weeks
of initiating or increasing doses of antihypertensive
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Table 5-8

Parenteral Antihypertensive Agents for Hypertensive Emergency and Special Conditions?®

Drug Dose Range® Onset Duration Adverse Effects® Special Indications
Adrenergic inhibitors
Esmolol 500-1000 mcg/kg/ 1-2 minutes ~ 10-20 minutes  Nausea, asthma, first- Preferred agent for acute
hydrochloride min IV over 1 minute, degree heart block, aortic dissection, ACS and
then 50 mcg/kg/ HF perioperative hypertension.
min by infusion; may Avoid use in combination with
repeat bolus after B-blocker therapy, bradycardia
5 minutes at or decompensated HF.
50 mcg/kg/
min increment;
maximum 200 mcg/
kg/min
Labetalol 0.3-1 mg/kg 5-10 minutes  3-6 hours Vomiting, scalp tingling, Most hypertensive emergencies,
hydrochloride (maximum 20 mg) dizziness, asthma, including eclampsia and

slow IV injection
or 0.4-1 mg/kg/h
IV infusion up to
3 mg/kg/h; may
repeat every 4-6
hours; maximum
total cumulative
dose 300 mg

5 mg IV bolus, may
repeat every
10 minutes

Phentolamine

Angiotensin converting enzyme inhibitors
Enalaprilat 1.25 mg IV over
5 minutes, may
increase to 5 mg
and repeat every
6 hours

Dihydropyridine calcium channel blockers

Clevidipine Initial 1-2 mg/hour
IV, doubling every
90 seconds until
BP at target, then
increasing by less
than doubling
every 5-10 minutes;
maximum 32 mg/
hour

Initial 5 mg/hour IV,
increasing by
2.5 mg/hour every
5 min; maximum
15 mg/hour

Nicardipine
hydrochloride

Dopamine,-receptor agonist
Fenoldopam 0.1-0.3 mcg/kg/min
mesylate as IV infusion®

Vasodilators
Hydralazine
hydrochloride

Initial 10 mg as
slow IV infusion;
maximum initial
dose 20 mg; repeat
every 4-6 hours as
needed

1-2 minutes

15-30 minutes

2-4 minutes

5-10 minutes

< 5 minutes

10-20 minutes
20-30 minutes

10-30 minutes

6-12 hours

5-15 minutes;
maximum 72
hours

15-30 minutes,
may exceed
4 hours

30 minutes

1-4 hours IV

COPD, nausea, heart
block, orthostatic
hypotension, HF

Tachycardia, flushing,
headache, nausea,
vomiting

Precipitous fall in
pressure in high-
renin states; variable
response

Atrial fibrillation, fever,
insomnia, nausea,
headache, vomiting,
postprocedural
hemorrhage,
acute renal failure,
respiratory failure

Tachycardia, headache,
flushing, local
phlebitis

Tachycardia, headache,
nausea, flushing

Tachycardia, flushing,
headache, vomiting,
aggravation of angina

preeclampsia. Avoid use in
reactive airway disease, second-
or third-degree heart block or
bradycardia.

Catecholamine excess such as
adrenergic crisis secondary to
pheochromocytoma or cocaine
or amphetamine overdose or
clonidine withdrawal.

High plasma renin activity; avoid
in acute M, bilateral renal
stenosis, pregnancy.

Most hypertensive emergencies.
Avoid use if hypersensitivity
to soy or egg products,
pathological hyperlipidemia,
lipoid nephrosis, or acute
pancreatitis. Use low-end dose
range for elderly.

Preferred agent for most
hypertensive emergencies,
pregnancy, except acute
pulmonary edema. Avoid use in
acute aortic dissection. No dose
adjustment needed for elderly.

Preferred agent in acute renal
failure. Avoid use in glaucoma,
elevated intracranial pressure,
and sulfite allergy.

Preferred agent in pregnancy.
Not a first-line in most patients
due to unpredictability of
response and prolonged
duration of action.

(Continued)
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Table 5-8

Parenteral Antihypertensive Agents for Hypertensive Emergency and Special Conditions?® (Continued)

Drug Dose Range® Onset Duration Adverse Effects® Special Indications
Nitroglycerin Initial 5 mcg/minas  2-5minutes  5-10 minutes  Headache, vomiting, Preferred agent in ACS, acute
IV infusion; increase methemoglobinemia,  pulmonary edema, and
in increments of 5 tolerance with perioperative hypertension
mcg/min to achieve prolonged use
BP target; maximum
dose 20 mcg/min
Sodium Initial 0.3-0.5 mcg/ Immediate 1-2 minutes Nausea, vomiting, Preferred agent in acute
nitroprusside kg/min as IV muscle twitching, pulmonary edema. Use
infusion; increase sweating, thiocyanate  low dose range for elderly.
in increments of and cyanide
0.5 mcg/kg/min to intoxication

achieve BP target;

maximum dose
10 mcg/kg/min

“These doses may vary from those in the Physicians’ Desk Reference.

®Hypotension may occur with all agents.
‘Requires special delivery system.

9Requires special delivery system. For infusion rates over or equal to 4-10 mcg/kg/min or duration more than 30 minutes, coadminister

thiosulfate to prevent cyanide toxicity.

ACS, acute coronary syndrome; BP, blood pressure; CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HF, heart failure;

IV, intravenous; MI, myocardial infarction.

Data from Whelton PK CR, Aronow WS, et al. 2017 ACC/AHA/AAPA/ABC/ACPM/AGS/APhA/ASH/ASPC/NMA/PCNA Guideline for the Prevention,
Detection, Evaluation, and Management of High Blood Pressure in Adults. J Am Coll Cardiol. 2017; and Saseen JJ, Maclaughlin EJ. Hypertension.
In: DiPiro JT, Talbert RL, Yee GC, et al, eds. Pharmacotherapy: A Pathophysiologic Approach, 10th ed. New York: McGraw-Hill, 2017:74.

Table 5-9

Treatment of Chronic Hypertension in Pregnancy®*°

Agent

Category?

Comments

Methyldopa

Labetalol

3-Blockers

Clonidine

Calcium channel antagonists

Thiazide-type diuretics

Angiotensin-converting enzyme
inhibitors, angiotensin Il receptor
antagonists, and direct renin
inhibitors

B/C

B/C/D

Preferred first-line therapy on the basis of long-term follow-up studies supporting
safety after exposure in utero. Surveillance data do not support an association
between drug and congenital defects when the mother took the drug early in the
first trimester

Increasingly preferred to methyldopa because of reduced side effects. The agent
does not seem to pose a risk to the fetus, except possibly in the first trimester

Generally acceptable on the basis of limited data. Reports of intrauterine growth
restriction with atenolol in the first and second trimesters

B: acebutolol, pindolol, sotalol

C: esmolol, metoprolol, nadolol, nebivolol, penbutolol, propranolol, timolol

D: atenolol

Limited data; no association between drug and congenital defects when the mother
took the drug early in the first trimester, but number of exposures is small

Limited data; nifedipine in the first trimester was not associated with increased
rates of major birth defects, but animal data were associated with fetal hypoxemia
and acidosis. This agent should probably be limited to mothers with severe
hypertension

Not first-line agents; probably safe; available data suggest that throughout gestation,
a diuretic is not associated with an increased risk of major fetal anomalies or
adverse fetal-neonatal events

Should be discontinued as soon as possible. Can cause injury and death to the
developing fetus

*Based on the US Food and Drug Administration (FDA) pregnancy risk categories. See additional information at the FDA website for the
updated Pregnancy and Lactation Labeling.



therapy that may affect these parameters (eg, diuretics,
aldosterone antagonists, ACE-Is, and ARBs). Earlier
monitoring should be considered in those with CKD, baseline
electrolyte abnormalities, or HE.

Increase the dose of initial drug (replace with an alternative if
adverse event or no significant reduction in BP) or

add an additional drug to current regimen if BP goal is not
reached.

Once BP target is achieved, monitor patient every 3 to
6 months to assess BP control, electrolytes and renal

Patient Care Process
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function as appropriate, clinical status and target organ
damage.

o Implement lifestyle changes that address risk factors for
CVD such as obesity, physical inactivity, insulin resistance,
dyslipidemia, smoking cessation, need for low dose aspirin,
or statin therapy.

o Monitor for efficacy, adverse events, drug interactions, and
adherence to therapy as keys to achieving the long-term goals
of reducing risk of morbidity and mortality associated with
CVD.

Collect Information:

o Perform a medication history including prescription and
nonprescription medications, herbal products, and dietary
supplements as well as history of allergies to medications or
other substances.

o Obtain health data including personal and family medical
history, past surgeries/procedures, immunization status, fall
risk, health and wellness information, laboratory and physical
assessment findings.

o Speak with patient and review records to obtain lifestyle
habits (eg, sodium intake, cooking practices, physical activity,
use of alcohol/tobacco/recreational drugs), preferences and
beliefs, health literacy, cultural factors, health and functional
goals, and socioeconomic factors that affect access to
medications and other aspects of care.

Assess the Information:
o Document current BP and heart rate (office, HBP or 24 hour-
ABPM or AOBP results if available).

Identify any substances or lifestyle habits that could
adversely affect BP control or negatively interact with current
medications.

Based on medical history, physical examination, laboratory
results, and review of systems determine whether patient
has any target organ damage or comorbidities related to
or associated with high BP or if experiencing any signs or
symptoms of high BP.

Calculate patient’s 10-year risk of a cardiovascular event

to establish BP threshold for initiation of pharmacologic
therapy if stage 1 hypertension and no clinical ASCVD, DM,
or CKD, and candidacy for other cardioprotective therapies
(eg, statin therapy, antiplatelet therapy).

Establish an appropriate BP goal.

Determine patient’s awareness and knowledge (eg, health
literacy) of health effects of high BP and benefits and risks of
treatment.

Identify compelling indications for specific antihypertensives
(Table 5-3) or specific considerations (eg, pregnancy [Table
5-9)).

Evaluate appropriateness, effectiveness, safety (adverse
events, drug interactions), and patient adherence to current
pharmacotherapy.

Review immunization status and need for preventive care
and other health care services, where appropriate.

Develop a Care Plan:

o Collaborate with patient to identify feasible lifestyle
modifications (Table 5-6).

o If patient is not at BP goal, determine whether
antihypertensive pharmacotherapy is indicated, and select
appropriate therapy based on compelling indications (Tables
5-2 and 5-3), specific patient characteristics (eg, pregnancy
[Table 5-9]), and patient preferences.

o Utilize medications with complementary mechanisms of
action and at doses that are optimal for patient (Table 5-7).

o Determine affordability of medications (eg, insurance coverage)
and availability on health care formulary, if applicable.

» Engage and empower the patient through education and
self-management.

Implement the Care Plan:

o Educate and provide resources about implementing lifestyle
modifications and changes in drug therapy including
medication administration, storage, adherence, and potential
adverse effects and their management.

o Help patient select a self-monitoring device and seek
commitment on a mutually agreed upon frequency of
measurements.

o Advise patient on how to monitor, document, and report BP
measurements as well as when to seek medical advice or care.

o Address any patient concerns about management of
hypertension.

» Arrange for preventive care (eg, immunizations) and other
health care services that were previously identified as
warranted.

Follow-up: Monitor and Evaluate:

o Follow at monthly intervals or more frequently in patients
with marked elevations or significant comorbidities (eg, HF,
CKD), until BP goal is achieved.

o Review medication and lifestyle adherence, BP
measurements, adequacy of BP control, and laboratory and
other diagnostic tests to assess changes in clinical status and
target organ damage.

» Determine whether patient is experiencing any adverse
reactions or drug interactions.

e Once BP is controlled, monitor patient every 3 to 6 months
to assess BP control, electrolytes and renal function as
appropriate, clinical status, and target organ damage.
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Abbreviations Introduced in
This Chapter

ABPM
ACCORD
ACE-I
ACC
ACR

ACS
AHA
ALLHAT

ALTITUDE

AOBP
ARB
ASCOT-BPLA

ASCVD
AT1
AT2
BID

BP
CAD
CCB
CKD
CcO
COPD
CrCl
CVD
CYP
DASH
DBP
DM
ECG
FDA
GFR
HAART
HBP
HDL
HF
HFpEF
HFrEF
HYVET
ISA

v

LDL
LVEF
MAO
MI
NAT-1
NSAID
ONTARGET

PRA
PVR
QDay
RAAS
SBP
SHEP
SIHD
SPRINT
SPS3

SNS
TID
VALUE

Ambulatory blood pressure monitoring

Action to Control Cardiovascular Risk in Diabetes
Angiotensin-converting enzyme inhibitor
American College of Cardiology
Albumin-to-creatinine ratio

Acute coronary syndromes

American Heart Association
Antihypertensive and  Lipid-Lowering
Treatment to Prevent Heart Attack Trial
Aliskiren Trial In Type 2 Diabetes Using
Cardio-renal End points

Ambulatory office-based blood pressure
Angiotensin receptor blocker
Anglo-Scandinavian Cardiac Outcomes Trial-
Blood Pressure Lowering Arm

Atherosclerotic cardiovascular disease
Angiotensin-1

Angiotensin-2

Twice daily

Blood pressure

Coronary artery disease

Calcium channel blocker

Chronic kidney disease

Cardiac output

Chronic obstructive pulmonary disease
Creatinine clearance

Cardiovascular disease

Cytochrome P450

Dietary Approaches to Stop Hypertension
Diastolic blood pressure

Diabetes mellitus

Electrocardiogram

Food and Drug Administration

Glomerular filtration rate

Highly active antiretroviral therapy

Home blood pressure

High-density lipoprotein

Heart failure

Heart failure with preserved ejection fraction
Heart failure with reduced ejection fraction
Hypertension in the Very Elderly Trial
Intrinsic sympathomimetic activity
Intravenous

Low-density lipoprotein

Left ventricular ejection fraction

Monoamine oxidase

Myocardial infarction

N-acetyltransferase-1

Nonsteroidal anti-inflammatory drug

Ongoing Telmisartan Alone and in combination
with Ramipril Global Endpoint Trial

Plasma renin activity

Peripheral vascular resistance

Once daily

Renin-angiotensin-aldosterone system

Systolic blood pressure

Systolic Hypertension in the Elderly Program
Stable ischemic heart disease

Systolic Blood Pressure Intervention Trial
Secondary Prevention of Small Subcortical
Strokes

Sympathetic nervous system

Three times daily

Valsartan Antihypertensive Long-term Use
Evaluation
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Heart Failure
Orly Vardeny and Tien M. H. Ng

LEARNING OBJECTIVES

H Upon completion of the chapter, the reader will be able to:

1. Differentiate between the common underlying etiologies of heart failure (HF), including ischemic,

nonischemic, and idiopathic causes.

aldosterone system and the sympathetic nervous system.

based on disease severity and symptoms.

INTRODUCTION

eart failure (HF) is defined as the inadequate ability
of the heart to pump enough blood to meet the blood

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

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

2. Describe the pathophysiology of HF as it relates to neurohormonal activation of the renin-angiotensin-

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

4. Describe the goals of therapy for a patient with acute or chronic HF.
5. Develop a nonpharmacologic treatment plan that includes patient education for managing HF.
6. Develop a specific evidence-based pharmacologic treatment plan for a patient with acute or chronic HF

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

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

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

EPIDEMIOLOGY

HF is a major public health concern affecting approximately
6.5 million people in the United States. An additional 960,000 new
cases are diagnosed each year. HF manifests most commonly
in adults older than 60 years.” The growing prevalence of HF
corresponds to (a) better treatment of patients with acute
myocardial infarctions (Mls) who will survive to develop HF
later in life, and (b) the increasing proportion of older adults due
to the aging baby boomer population. The relative incidence of
HF is lower in women compared with men, but there is a greater
prevalence in women overall due to their longer life expectancy.
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Acute HF accounts for 12 to 15 million office visits per year and
6.5 million hospitalizations annually, and HF is the most common
hospital discharge diagnosis for Medicare patients and the most
costly diagnosis in this population.? According to national
registries, patients presenting with AHF are older (mean age:
75 years) and have numerous comorbidities such as coronary
artery disease (CAD), renal insufficiency, and diabetes. Total
estimated direct and indirect costs for managing both chronic and
acute HF in the United States for 2012 was approximately $30.7
billion. Medications account for approximately 10% of that cost.?
The prognosis for patients hospitalized for AHF remains poor.
Average hospital length of stay is estimated to be between 4 and
6 days, a number that has remained constant over the past decade.’
In-hospital mortality rate has been estimated at approximately 4%,
with ranges from 2% to 20%.* Readmissions are also high, with up
to 30% to 60% of patients readmitted within 6 months of initial
discharge date.* The 5-year mortality rate for chronic HF remains
greater than 50%. Survival strongly correlates with severity of
symptoms and functional capacity. Sudden cardiac death is the most
common cause of death, occurring in approximately 40% of patients.?
Although therapies targeting the upregulated neurohormonal
response contributing to the pathophysiology of HF have clearly
impacted morbidity and mortality, long-term survival remains low.

ETIOLOGY

HF is the eventual outcome of numerous cardiac diseases or
disorders (Table 6-1).° HF can be classified by the primary
underlying etiology as ischemic or nonischemic, with 70% related

Table 6-1

Causes of Heart Failure

Systolic Dysfunction (Decreased Contractility)
« Reduction in muscle mass (eg, myocardial infarction)
« Dilated cardiomyopathies
« Ventricular hypertrophy
o Pressure overload (eg, systemic or pulmonary hypertension,
aortic or pulmonic valve stenosis)
« Volume overload (eg, valvular regurgitation, shunts, high-
output states)

Diastolic Dysfunction (Restriction in Ventricular Filling)

« Increased ventricular stiffness

« Ventricular hypertrophy (eg, hypertrophic cardiomyopathy,
pressure and/or volume overload)

« Infiltrative myocardial diseases (eg, amyloidosis, sarcoidosis,
endomyocardial fibrosis)

» Myocardial ischemia and infarction

» Mitral or tricuspid valve stenosis

o Pericardial disease (eg, pericarditis, pericardial tamponade)

Nonischemic Etiologies

» Hypertension

o Viral illness

o Thyroid disease

o Excessive alcohol use

o |llicit drug use

« Pregnancy-related heart disease

» Familial congenital disease

« Valvular disorders such as mitral or tricuspid valve regurgitation
or stenosis

From Parker RB, Nappi JM, Cavallari LH. Chronic heart failure.

In: DiPiro JT, Talbert RL, Yee GC, et al, eds. Pharmacotherapy: A
Pathophysiologic Approach, 10th ed. New York, NY: McGraw-Hill;
2017:80, with permission.
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to ischemia. [(3TT[E1] The most common causes of HF are
CAD, hypertension, and dilated cardiomyopathy. CAD resulting
in acute MI and reduced ventricular function is a common
presenting history.

PATHOPHYSIOLOGY

A basic grasp of normal cardiac function sets the stage for
understanding the pathophysiological processes leading to HF
and selecting appropriate therapy for HE. CO is defined as the
volume of blood ejected per unit of time (L/min) and is a major
determinant of tissue perfusion. CO is the product of heart rate
(HR) and stroke volume (SV): CO = HR x SV. The following
sections describe how each parameter relates to CO.

HR is controlled by the autonomic nervous system, where
sympathetic stimulation of P-adrenergic receptors results in
an increase in HR, resulting in an increased CO. SV is the
volume of blood ejected with each systole. SV is determined by
factors regulating preload, afterload, and contractility. Preload
is a measure of ventricular filling pressure, or the volume of
blood in the left ventricle (also known as LV end-diastolic
volume). Preload is determined by venous return as well as atrial
contraction. An increase in venous return to the left ventricle
results in the stretch of cardiomyocyte sarcomeres (or contractile
units) and a subsequent increase in the number of cross-bridges
formed between actin and myosin myofilaments. This results
in an increase in the force of contraction based on the Frank-
Starling mechanism.® Afterload is the resistance to ventricular
ejection and is regulated by ejection impedance, wall tension,
and geometry. Thus, elevated aortic and systemic pressures result
in an increase in afterload and reduced SV. Contractility, also
known as the inotropic state of the heart, is an intrinsic property
of cardiac muscle incorporating fiber shortening and tension
development. Contractility is influenced to a large degree by
adrenergic nerve activity and circulating catecholamines such as
epinephrine and norepinephrine.

Compensatory Mechanisms

In the setting of a sustained loss of myocardium (such as after
an acute MI), a number of mechanisms aid the heart when faced
with an increased hemodynamic burden and reduced CO. They
include the Frank-Starling mechanism, tachycardia and increased
afterload, and cardiac hypertrophy and remodeling (Table 6-2).57

» Preload and the Frank-Starling Mechanism

In the setting of a sudden decrease in CO, the natural response of
the body is to decrease blood flow to the periphery to maintain
perfusion to vital organs such as the heart and brain. Therefore,
renal perfusion is compromised due to both decreased CO as well
as shunting of blood away from peripheral tissues. This results in
activation of the renin-angiotensin-aldosterone system (RAAS).
The decrease in renal perfusion is sensed by the juxtaglomerular
cells of the kidneys leading to the release of renin and initiation
of the cascade for production of angiotensin II. Angiotensin II
stimulates the synthesis and release of aldosterone. Aldosterone
in turn stimulates sodium and water retention in an attempt to
increase intravascular volume and hence preload. In a healthy
heart, a large increase in CO is usually accomplished with just a
small change in preload. However, in a failing heart, alterations
in the contractile filaments reduce the ability of cardiomyocytes
to adapt to increases in preload. Thus, an increase in preload
actually impairs contractile function in the failing heart and
results in a further decrease in CO. See Figure 6-1.
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Table 6-2

Beneficial and Detrimental Effects of the Compensatory Responses in Heart Failure>”

Compensatory Response

Beneficial Effects of Compensation

Detrimental Effects of Compensation

Increased preload (through
sodium and water retention)
Vasoconstriction

Optimizes stroke volume via
Frank-Starling mechanism

face of reduced cardiac output
Tachycardia and increased

contractility (due to SNS
activation)

Increases cardiac output

Ventricular hypertrophy and
remodeling

Maintains cardiac output
Reduces myocardial wall stress
Decreases MVO,

Maintains BP and perfusion in the

Pulmonary and systemic congestion and edema formation

Increased MVO,

Increased MVO,

Increased afterload decreases stroke volume and further activates
the compensatory responses

Increased MVO,

Shortened diastolic filling time

B,-Receptor downregulation, decreased receptor sensitivity

Precipitation of ventricular arrhythmias

Increased risk of myocardial cell death

Diastolic dysfunction

Systolic dysfunction

Increased risk of myocardial cell death

Increased risk of myocardial ischemia

Increased arrhythmia risk

BP, blood pressure; MVO,, myocardial oxygen consumption; SNS, sympathetic nervous system.

» Tachycardia and Increased Afterload

] is to increase HR. This is achieved through sympathetic nervous
system (SNS) activation and the agonist effect of norepinephrine
on B-adrenergic receptors in the heart. Sympathetic activation
also enhances contractility by increasing cytosolic calcium
concentrations. SV is relatively fixed in HF; thus HR becomes
the major determinant of CO. Although this mechanism
increases CO acutely, the chronotropic and inotropic responses
to sympathetic activation increase myocardial oxygen demand,
worsen underlying ischemia, contribute to proarrhythmia, and
further impair both systolic and diastolic function.

Another mechanism to maintain CO when contractility is low
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FIGURE 6-1. Relationship between cardiac output (shown
as cardiac index) and preload (shown as pulmonary capillary
wedge pressure). Cardiac index is expressed in conventional
units of L/min/m? and can be converted to Sl units of L/s/m?
by multiplying by 0.0167. (Reproduced, with permission, from
Parker RB, Nappi JM, Cavallari LH. Chronic heart failure.

In: DiPiro JT, Talbert RL, Yee GC, et al., eds. Pharmacotherapy:
A Pathophysiologic Approach, 10th ed. New York,

NY: McGraw-Hill; 2017:83.)

Activation of both the RAAS and SNS also contributes to
vasoconstriction in an attempt to redistribute blood flow from
peripheral organs such as the kidneys to coronary and cerebral
circulation.” However, arterial vasoconstriction leads to impaired
forward ejection of blood from the heart due to an increase in
afterload. Arterial vasoconstriction results in a decrease in CO
and continued stimulation of compensatory responses, creating a
vicious cycle of neurohormonal activation.

» Cardiac Remodeling and Ventricular Hypertrophy

Cardiac remodeling occurs as a compensatory adaptation to a
change in wall stress and is largely regulated by neurohormonal
activation, with angiotensin II and aldosterone being key stimuli.”
The process entails changes in myocardial and extracellular
matrix composition and function that results in both structural
and functional alterations to the heart. In HF the changes
in cardiac size, shape, and composition are pathological and
detrimental to heart function. In addition to myocyte size and
extracellular matrix changes, heart geometry shifts from an
elliptical to a less efficient spherical shape. Even after remodeling
occurs, the heart can maintain CO for many years. However,
heart function continues to deteriorate until progression to
clinical HE The timeline for remodeling varies depending on
the cardiac insult. For example, in the setting of an acute MI,
remodeling starts within a few days.° Chronic remodeling,
however, is what progressively worsens HE, and therefore is a
major target of drug therapy.

Ventricular hypertrophy, an adaptive increase in ventricular
muscle mass due to the growth of existing myocytes, occurs
in response to an increased hemodynamic burden such as
volume or pressure overload.” Hypertrophy can be concentric or
eccentric. Concentric hypertrophy occurs in response to pressure
overload such as in long-standing hypertension or pulmonary
hypertension, whereas eccentric hypertrophy occurs after an
acute MI. Eccentric hypertrophy involves an increase in myocyte
size in a segmental fashion, as opposed to the global hypertrophy
occurring in concentric hypertrophy. Although hypertrophy
helps to reduce cardiac wall stress in the short term, continued
hypertrophy accelerates myocyte cell death through an overall
increase in myocardial oxygen demand.
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Neurohormonal Model of Heart Failure

Development and progression of HF involves
activation of neurohormonal pathways including the SNS and
the RAAS. This model begins with an initial precipitating event
or myocardial injury resulting in a decline in CO, followed by
the compensatory mechanisms previously discussed. Activation
of neurohormonal pathways with pathological consequences
include the RAAS, SNS, endothelin, and vasopressin, as well as
those with counterregulatory properties such as the natriuretic
peptides and nitric oxide. This model currently guides our
therapy for chronic HF in terms of preventing disease progression
and mortality.

» Angiotensin Il

Angiotensin II is a key neurohormone in the pathophysiology
of HE. The vasoconstrictive effects of angiotensin II lead to an
increase in systemic vascular resistance (SVR) and blood pressure
(BP). The resulting increase in afterload contributes to an increase
in myocardial oxygen demand and opposes the desired increase
in SV. In the kidneys, angiotensin II enhances renal function
acutely by raising intraglomerular pressure through constriction
of the efferent arterioles.® However, the increase in glomerular
filtration pressure may be offset by a reduction in renal perfusion
secondary to angiotensin II's influence over the release of other
vasoactive neurohormones such as vasopressin and endothelin-1
(ET-1). Angiotensin II also potentiates the release of aldosterone
from the adrenal glands and norepinephrine from adrenergic
nerve terminals. Additionally, angiotensin II induces vascular
hypertrophy and remodeling in both cardiac and renal cells.
Clinical studies show that blocking the effects of the RAAS in
HF is associated with improved cardiac function and prolonged
survival. Thus, angiotensin-converting enzyme (ACE) inhibitors
and angiotensin receptor blockers (ARBs) are the cornerstone of
HF treatment.

» Aldosterone

Aldosterone’s contribution to HF pathophysiology is multifaceted.
Renally, aldosterone causes sodium and water retention in
an attempt to enhance intravascular volume and CO. This
adaptive mechanism has deleterious consequences because
excessive sodium and water retention worsen the already elevated
ventricular filling pressures. Aldosterone also contributes to
electrolyte abnormalities seen in HF patients. Hypokalemia and
hypomagnesemia contribute to the increased risk of arrhythmias.
In addition, evidence supports the role of aldosterone as an
etiological factor for myocardial fibrosis and cardiac remodeling
by causing increased extracellular matrix collagen deposition
and cardiac fibrosis.® Aldosterone potentially contributes to
disease progression via sympathetic potentiation and ventricular
remodeling. In addition, the combination of these multiple effects
is likely responsible for the increased risk of sudden cardiac death
attributed to aldosterone. As elevated aldosterone concentrations
have been associated with a poorer prognosis in HF, its blockade
has become an important therapeutic target for improvement of
long-term prognosis.

» Norepinephrine

Norepinephrine is a classic marker for SNS activation. It plays
an adaptive role in the failing heart by stimulating HR and
myocardial contractility to augment CO and by producing
vasoconstriction to maintain organ perfusion. However, excess
levels are directly cardiotoxic. In addition, sympathetic activation
increases the risk for arrhythmias, ischemia, and myocyte cell

death through increased myocardial workload and accelerated
apoptosis. Ventricular hypertrophy and remodeling are also
influenced by norepinephrine.®

Plasma norepinephrine concentrations are elevated pro-
portionally to HF severity, with highest levels correlating to the
poorest prognosis. Several mechanisms relate to diminished
responsiveness to catecholamines (eg, norepinephrine) as cardiac
function declines.® Adrenergic receptor desensitization and
downregulation (decreased receptor number and postreceptor
responses and signaling) occur under sustained sympathetic
stimulation. The desensitization contributes to further release
of norepinephrine. P-Adrenergic blocking agents, although
intrinsically negatively inotropic, have become essential therapy
for chronic HE.

» Endothelin

Endothelin-1 (ET-1), one of the most potent physiological
vasoconstrictors, is an important contributor to HF
pathophysiology.’ ET-1 binds to two G-protein coupled receptors,
endothelin-A (ET-A) and endothelin-B (ET-B). ET-A receptors
mediate vasoconstriction and are prevalent in vascular smooth
muscle and cardiac cells. ET-B receptors are expressed on the
endothelium and in vascular smooth muscle, and receptor
stimulation mediates vasodilation and endothelin clearance.
Levels of ET-1 correlate with HF functional class and mortality.

» Arginine Vasopressin

Vasopressin exerts its effects through vasopressin type 1a (V, )
and vasopressin type 2 (V,) receptors.>” V,_stimulation leads to
vasoconstriction, whereas actions on the V, receptor cause free
water retention through aquaporin channels in the collecting
duct. Vasopressin increases preload, afterload, and myocardial
oxygen demand in the failing heart. Higher vasopressin
concentrations are linked to dilutional hyponatremia and a poor
prognosis in HE

» Counterreulatory Hormones (Natriuretic Peptides,
Bradykinin, and Nitric Oxide)

Atrial natriuretic peptide (ANP) and B-type natriuretic peptide
(BNP) are endogenous neurohormones that regulate sodium and
water balance. Natriuretic peptides decrease sodium reabsorption
in the collecting duct of the kidney."® Natriuretic peptides also
cause vasodilation through the cyclic guanosine monophosphate
(cGMP) pathway. ANP is synthesized and stored in the atria,
while BNP is produced mainly in the ventricles. Release of ANP
and BNP is stimulated by increased cardiac chamber wall stretch
usually indicative of volume load. Higher concentrations of
natriuretic peptides correlate with a more severe HF functional
class and prognosis. BNP is sensitive to volume status; thus the
plasma concentration can be used as a diagnostic marker in HE'

Bradykinin is part of the kallikrein-kinin system, which shares
a link to the RAAS through ACE. Bradykinin is a vasodilatory
peptide that is released in response to a variety of stimuli,
including neurohormonal and inflammatory mediators known
to be activated in HE® As a consequence, bradykinin levels are
elevated in HF patients and thought to partially antagonize the
vasoconstrictive peptides.

Nitric oxide, a vasodilatory hormone released by the
endothelium, is found in higher concentrations in HF
patients and provides two main benefits in HF: vasodilation
and neurohormonal antagonism of endothelin.” Nitric oxide’s
production is affected by the enzyme inducible nitric oxide
synthetase (iNOS), which is upregulated in the setting of HE



Table 6-3

Exacerbating or Precipitating Factors in Heart Failure (HF)*

Cardiac Metabolic Patient-Related

Acute ischemia Anemia Dietary/fluid nonadherence

Arrhythmia Hyperthyroidism/ HF therapy nonadherence
Endocarditis thyrotoxicosis ~ Use of cardiotoxins
Myocarditis Infection (cocaine, chronic
Pulmonary Pregnancy alcohol, amphetamines,
embolus Worsening renal sympathomimetics)
Uncontrolled function Offending medications

(NSAIDs, COX-2 inhibitors,
steroids, lithium, 3-blockers,
calcium channel blockers,
antiarrhythmics, alcohol,
thiazolidinediones)

hypertension
Valvular
disorders

COX-2, cyclooxygenase-2; NSAID, nonsteroidal anti-inflammatory
drug.

likely due to increased levels of angiotensin II, norepinephrine,
and multiple cytokines. In HE the physiological response to
nitric oxide appears to be blunted, which contributes to the
imbalance between vasoconstriction and vasodilation.

» Proinflammatory Cytokines

Inflammatory cytokines have been implicated in the
pathophysiology of HE’ Several proinflammatory cytokines
(eg, tumor necrosis factor [TNF]-q, interleukin-1, interleukin-6,
and interferon-y) and anti-inflammatory cytokines (eg,
interleukin-10) are overexpressed in the failing heart. The most
is known about TNF-qa, a pleiotropic cytokine that acts as a
negative inotrope, stimulates cardiac cell apoptosis, uncouples
B-adrenergic receptors from adenylyl cyclase, and is related to
cardiac cachexia. The exact role of cytokines and inflammation
in HF pathophysiology continues to be studied.

Precipitating and Exacerbating Factors in
Heart Failure

HF patients exist in one of two clinical states. When a patient’s
volume status and symptoms are stable, their HF condition is said
to be “compensated.” In situations of volume overload or other
worsening symptoms, the patient is considered “decompensated.”
Acute decompensation can be precipitated by numerous etiologies
(Table 6-3).5

The clinician must identify potential reversible
causes of HF exacerbations including prescription and
nonprescription drug therapies, dietary indiscretions, and
medication nonadherence. Nonadherence with dietary
restrictions or chronic HF medications deserves special attention
because it is the most common cause of acute decompensation
and can be prevented. As such, an accurate history regarding diet,
food choices, and the patient’s knowledge regarding sodium and
fluid intake (including alcohol) is valuable in assessing dietary
indiscretion. Nonadherence with medical recommendations
such as laboratory and other appointment follow-up can also be
indicative of nonadherence with diet or medications.

CLINICAL PRESENTATION AND DIAGNOSIS
OF HEART FAILURE
In low-output HF, symptoms are generally related to either

congestion behind the failing ventricle(s), or hypoperfusion
(decreased tissue blood supply), or both. For example, a failing left
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ventricle causes fluid to back up in the lungs, and a patient with
right ventricular failure (RVF) would exhibit systemic symptoms
of congestion. Congestion is the most common symptom in
HE followed by symptoms related to decreased perfusion to
peripheral tissues including decreased renal output, mental
confusion, and cold extremities. Activation of the compensatory
mechanisms occurs in an effort to increase CO and preserve
blood flow to vital organs. However, the increase in preload and
afterload in the setting of a failing ventricle leads to elevated
filling pressures and further impairment of cardiac function,
which manifests as systemic and/or pulmonary congestion. It
is helpful to remember that congestion develops behind the
failing ventricle, caused by the inability of that ventricle to eject
the blood that it receives from the atria and venous return. As
such, signs and symptoms may be classified as left sided or right
sided. Symptoms of left-sided HF include dyspnea, orthopnea,
and paroxysmal nocturnal dyspnea (PND), whereas symptoms
of right-sided HF include fluid retention, gastrointestinal (GI)
bloating, and fatigue. Although most patients initially have left
ventricular failure (LVF; pulmonary congestion), both ventricles
eventually fail and contribute to the HF syndrome. Because of
the complex nature of this syndrome, it has become exceedingly
more difficult to attribute a specific sign or symptom as caused
by either RVF (systemic congestion) or LVE.

General Signs and Symptoms

Refer to the Clinical Presentation and Diagnosis of Chronic
Heart Failure textbox for additional descriptions of signs and
symptoms.

Patients can experience a variety of symptoms related to
buildup of fluid. The most recognized finding of systemic venous
congestion related to RVF is peripheral edema. It usually occurs
in dependent areas of the body, such as the ankles (pedal edema)
for ambulatory patients or the sacral region for bedridden
patients. Patients may complain of swelling of their feet and
ankles, which can extend up to their calves or thighs. Abdominal
congestion may cause a bloated feeling, abdominal pain, early
satiety, nausea, anorexia, and constipation. Abdominal edema
can lead to delayed absorption of oral medications, including
diuretics used to treat congestion. Often patients may have
difficulty fitting into their shoes or pants due to edema. Weight
gain often precedes signs of overt peripheral edema. Therefore,
it is crucial for patients to weigh themselves daily even in the
absence of symptoms to assess fluid status.

A clinically validated measure of venous congestion
is assessment of the jugular venous pressure (JVP). This is
performed by examining the right internal jugular vein for
distention or elevation of the pulsation while reclining at a
45-degree angle. A JVP more than 4 cm above the sternal angle
is indicative of elevated right atrial pressure. JVP may be normal
at rest, but if application of pressure to the abdomen can elicit a
sustained elevation of JVP, this is defined as hepatojugular reflux
(HJR). A positive finding of HJR indicates hepatic congestion
and results from displacement of volume from the abdomen into
the jugular vein because the right atrium is unable to accept this
additional blood. Hepatic congestion can cause abnormalities in
liver function, which can be evident in liver function tests and/or
clotting times. Development of hepatomegaly occurs infrequently
and is caused by long-term systemic venous congestion. Intestinal
or abdominal congestion can also be present, but it usually does
not lead to characteristic signs unless overt ascites is evident.

It is important to note that in chronic severe HF, unintentional
weight loss can occur that leads to a syndrome of cardiac
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Clinical Presentation and Diagnosis of Chronic Heart Failure

General

Patient presentation may range from asymptomatic to
cardiogenic shock.

Symptoms

o Dyspnea, particularly on exertion
o Orthopnea

o Shortness of breath (SOB)

o Paroxysmal nocturnal dyspnea

« Exercise intolerance

o Tachypnea

o Cough

o Fatigue

o Nocturia and/or polyuria

e Hemoptysis

o Abdominal pain

¢ Anorexia

¢ Nausea

« Bloating

o Ascites

o Mental status changes (confusion, hallucinations)
o Weakness

o Lethargy

e Insomnia

Signs

o Pulmonary rales

o Pulmonary edema
* S, gallop

cachexia, defined as a nonedematous weight loss more than 6% of
the previous normal weight over a period of at least 6 months. HF
prognosis worsens considerably once cardiac cachexia has been
diagnosed, regardless of HF severity. This results from several
factors including loss of appetite, malabsorption due to GI edema,
elevated metabolic rate, and elevated levels of norepinephrine
and proinflammatory cytokines. Absorption of fats is especially
affected, leading to deficiencies of fat-soluble vitamins.

Dyspnea, or shortness of breath (SOB), can result from
pulmonary congestion or systemic hypoperfusion due to
LVE. Exertional dyspnea occurs when patients experience
breathlessness induced by physical activity or a lower level
of activity than previously known to cause breathlessness.
Patients often state that activities such as stair climbing, carrying
groceries, or walking a particular distance cause SOB. Severity of
HF is inversely proportional to the amount of activity required to
produce dyspnea. In severe HE, dyspnea is present even at rest.

Orthopnea is dyspnea that is positional. Orthopnea is present
if a patient is unable to breathe while lying flat on a bed (ie, in
the recumbent position). It manifests within minutes of a patient
lying down and is relieved immediately when the patient sits
upright. Patients can relieve orthopnea by elevating their head
and shoulders with pillows. The practitioner should inquire as

o Pleural effusion

e Cheyne-Stokes respiration
o Tachycardia

o Cardiomegaly

o Peripheral edema (eg, pedal edema, which is swelling of feet
and ankles)

 Jugular venous distension (JVD)
o Hepatojugular reflux (HJR)

* Hepatomegaly

o Cyanosis of the digits

o Pallor or cool extremities

Laboratory Tests

o BNP greater than 100 pg/mL (ng/L; 28.9 pmol/L) or
N-terminal proBNP (NT-proBNP) greater than 300 pg/mL
(ng/L; 35.4 pmol/L).

o Electrocardiogram (ECG): May be normal or could show
numerous abnormalities including acute ST-T-wave changes
from myocardial ischemia, atrial fibrillation, bradycardia, and
LV hypertrophy.

o Serum creatinine: May be increased owing to hypoperfusion;
preexisting renal dysfunction can contribute to volume
overload.

o Complete blood count: Useful to determine if HF is due to
reduced oxygen-carrying capacity.

o Chest x-ray: Useful for detection of cardiac enlargement,
pulmonary edema, and pleural effusions.

o Echocardiogram: Used to assess LV size, valve function,
pericardial effusion, wall motion abnormalities, and ejection
fraction.

to the number of pillows needed to prevent dyspnea as a marker
of worsening HE. PND occurs when patients awaken suddenly
with a feeling of breathlessness and suffocation. PND is caused
by increased venous return and mobilization of interstitial fluid
from the extremities leading to alveolar edema, and usually
occurs within 1 to 4 hours of sleep. In contrast to orthopnea,
PND is not relieved immediately by sitting upright and often
takes up to 30 minutes for symptoms to subside.

Pulmonary congestion may also cause a nonproductive cough
that occurs at night or with exertion. Not all patients with LVF
will exhibit signs of pulmonary congestion if lymphatic clearance
is intact. In cases of pulmonary edema, the most severe form of
pulmonary congestion, patients may produce pink frothy sputum
and experience extreme breathlessness and anxiety due to feelings
of suffocation and drowning. If not treated aggressively, patients
can become cyanotic and acidotic. Severe pulmonary edema
can progress to respiratory failure, necessitating mechanical
ventilation.

» Patient History

A thorough history is crucial to identify cardiac and noncardiac
disorders or behaviors that may lead to or accelerate the
development of HF. Past medical history, family history, and



Table 6-4

Drugs That May Precipitate or Exacerbate Heart Failure

Negative Inotropic Effect

 Antiarrhythmics (eg, disopyramide, flecainide, propafenone)
o 3-Blockers (eg, propranolol, metoprolol, carvedilol)

e Calcium channel blockers (eg, verapamil, diltiazem)

o ltraconazole

Cardiotoxic

» Doxorubicin

e Epirubicin

« Daunomycin

o Cyclophosphamide
e Trastuzumab

» Bevacizumab

« Mitoxantrone

o Ifosfamide

o Mitomycin

o Lapatinib

o Sunitinib

o Imatinib

o Ethanol

* Amphetamines (eg, cocaine, methamphetamine)

Sodium and Water Retention

o NSAIDs

o COX-2 inhibitors

« Rosiglitazone and pioglitazone

o Glucocorticoids

» Androgens and estrogens

« Salicylates (high dose)

» Sodium-containing drugs (eg, carbenicillin disodium, ticarcillin
disodium)

Uncertain Mechanism

o Adalimumab

o Ftanercept

o Infliximab

COX-2, cyclooxygenase-2; NSAID, nonsteroidal anti-inflammatory
drug.

From Parker RB, Nappi JM, Cavallari LH. Chronic heart failure.

In: DiPiro JT, Talbert RL, Yee GC, et al., eds. Pharmacotherapy: A
Pathophysiologic Approach, 10th ed. New York, NY: McGraw-Hill;
2017:86, with permission.

social history are important for identifying comorbid illnesses
that are risk factors for the development of HF or underlying
etiological factors. A complete medication history (including
prescription and nonprescription drugs, herbal therapy, and
vitamin supplements) should be obtained each time a patient is
seen to evaluate adherence, to assess appropriateness of therapy,
to eliminate drugs that may be harmful in HF (Table 6-4), and
to determine additional monitoring requirements.” For newly
diagnosed HEF, previous use of radiation or chemotherapeutic
agents as well as current or past use of alcohol and illicit drugs
should be assessed. In addition, for patients with a known
history of HF, questions related to symptomatology and exercise
tolerance are essential for assessing any changes in clinical
status that may warrant further evaluation or adjustment of the
medication regimen.

Heart Failure Classification

There are two common systems for categorizing patients with
HE. The New York Heart Association (NYHA) Functional
Classification (FC) system is based on the patient’s activity
level and exercise tolerance. It divides patients into one of four
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Table 6-5

New York Heart Association (NYHA) Functional
Classification and American College of Cardiology/
American Heart Association (ACC/AHA) Staging

NYHA
Functional ACC/AHA
Class Stage

N/A A

Description

Patients at high risk for heart failure
but without structural heart disease
or symptoms of heart failure.

B Patients with cardiac disease but
without limitations of physical
activity. Ordinary physical activity
does not cause undue fatigue,
dyspnea, or palpitation.

Patients with cardiac disease
that results in slight limitations
of physical activity. Ordinary
physical activity results in fatigue,
palpitations, dyspnea, or angina.

Patients with cardiac disease that
results in marked limitation of
physical activity. Although patients
are comfortable at rest, less than
ordinary activity will lead to
symptoms.

Patients with cardiac disease that
results in an inability to carry on
physical activity without discomfort.
Symptoms of heart failure are
present at rest. Stage D refers to
end-stage heart failure patients.

Il C

classes, with functional class I patients exhibiting no symptoms
or limitations of daily activities, and functional class IV patients
who are symptomatic at rest (Table 6-5). The NYHA FC system
reflects a subjective assessment by a health care provider and
can change frequently over short periods of time. In general,
anticipated survival declines in conjunction with a decline in
functional ability.

Patient Encounter Part 1

A 71-year-old man with a long-standing history of known
hypertension and dyslipidemia presents for follow-up. His
most bothersome complaint is coughing at night and an
inability to lie down flat without feeling breathless. He has to
sleep on a few pillows to get adequate rest and sometimes
even that does not help as he wakes up in the middle of
the night feeling short of breath. Although he used to be
able to walk a few blocks and two to three flights of stairs
comfortably before getting breathless, he has had increasing
symptoms after one flight of stairs. He also notes his ankles are
always swollen and his wedding ring feels tight on his finger.
Additionally his appetite is decreased and he has difficulty
finishing his meals, becoming full after only a few bites.

What information is suggestive of a diagnosis of HF?

What additional information do you need to create a
treatment plan?
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The American College of Cardiology/American Heart
Association (ACC/AHA) have proposed another system based
on the development and progression of the disease. Instead
of classifications, patients are placed into stages A through D
(Table 6-5).! Because the staging system is related to development
and progression of cardiac function and the HF syndrome, it also
proposes management strategies for each stage including risk
factor modification. The staging system is meant to complement
the NYHA FC system; however, patients can move between
NYHA functional classes as symptoms improve with treatment,
whereas HF staging does not allow for patients to move to a lower
stage (eg, stage C patients will never revert to stage B, even after
treatment). Currently, patients are categorized based on both
systems. Functional classification and staging are useful from a
clinician’s perspective, allowing for longitudinal assessment of a
patient’s risk and progress, requirements for nonpharmacologic
interventions, response to medications, and overall prognosis.

TREATMENT OF CHRONIC HEART FAILURE
Desired Therapeutic Outcomes

There is no cure for HE The general therapeutic
management goals for chronic HF include preventing the onset of
clinical symptoms or reducing symptoms, preventing or reducing
hospitalizations, slowing progression of the disease, improving
quality of life, and prolonging survival. The ACC/AHA staging
system provides a guide for application of these goals based on
the clinical progression of HF for a given patient. The goals are
additive as one moves from stage A to stage D.! For stage A,
risk factor management is the primary goal because it reduces
onset of clinical symptoms. Stage B includes the addition of
pharmacologic therapies known to slow the disease progression
in an attempt to prevent the onset of clinical symptoms. Stage
C involves the use of additional therapies aimed at controlling
symptoms and decreasing morbidity. Finally, in stage D, the
focus shifts toward palliative care and other quality-of-life
related issues. Only with aggressive management throughout
all the stages can the odds of survival be improved. Attainment
of these goals is based on designing a therapeutic approach
that encompasses strategies aimed at control and treatment of
contributing disorders, nonpharmacologic interventions, and
optimal use of pharmacologic therapies."

Control and Treatment of Contributing Disorders

All causes of HF must be investigated to determine the etiology
of cardiac dysfunction. The most common etiology of HF
in the United States is ischemic heart disease. An ischemic
workup that includes stress testing, echocardiography, and
coronary angiography is warranted with a history suggestive
of underlying CAD, and may be considered in patients who
newly exhibit reduced LVEF. Revascularization of those with
significant CAD may help restore some cardiac function in
patients with reversible ischemic defects. Aggressive control of
hypertension (with BP-lowering medication required in most
patients with HF and a BP of 130/80 mm Hg or higher), diabetes,
and obesity is also essential because each of these conditions,
uncontrolled, can cause further cardiac damage. Surgical
repair of valvular disease or congenital malformations may be
warranted if detected. Clinical HF partly depends on metabolic
processes, so correction of imbalances such as thyroid disease,
anemia, and nutritional deficiencies is important. Identifying
and discontinuing medications that can exacerbate HF is also an
important intervention.

Nonpharmacologic Interventions

Itis imperative that patients recognize the role of self-management
in HE. Nonpharmacologic treatment involves dietary
modifications such as sodium and fluid restriction, risk factor
reduction including smoking cessation, timely immunizations,
and supervised regular physical activity. Patient education
regarding monitoring symptoms, dietary and medication
adherence, exercise and physical fitness, risk factor reduction,
and immunizations are important for the prevention of AHF
exacerbations.

Patients should be encouraged to become involved in their
own care which includes self-monitoring. Home monitoring
for fluid status should include daily assessment of weight and
exercise tolerance. Daily weights should be done first thing in the
morning upon arising and before any food intake to maintain
consistency. Patients should record their weight daily in a journal
and bring this log to each clinic or office visit. Changes in weight
can indicate fluid retention and congestion prior to onset of
peripheral or pulmonary symptoms. Individuals who have an
increase of 3 pounds (1.4 kg) in a single day or 5 pounds (2.3 kg)
over a week should alert their HF care provider. Some patients
may be educated about self-adjusting diuretic doses based on
daily weights. In addition to weight changes, a marked decline in
exercise tolerance should also be reported to the HF care provider.

Nonadherence is an important issue because it may lead
to an acute exacerbation of HE Ensuring an understanding of
the importance of each medication used to treat HE proper
administration, and potential adverse effects may improve
adherence. Stressing the rationale for each medication is important,
especially for NYHA FC I or ACC/AHA stage B patients who are
asymptomatic yet started on drugs that may worsen symptoms
initially. A clinician’s involvement in emphasizing medication
adherence, offering adherence suggestions such as optimal timing of
medications or use of weekly pill containers, and providing intensive
follow-up care has been shown to reduce AHF hospitalizations.

Dietary modifications in HF consist of initiation of an AHA
step II diet as part of cardiac risk factor reduction, sodium
restriction, and sometimes fluid restriction. Because sodium and
water retention is a compensatory mechanism that contributes
to volume overload in HF, salt and fluid restriction is often
necessary to help avoid or minimize congestion. The normal
American diet includes 3 to 6 g of sodium per day. Most patients
with HF should limit salt intake to a maximum of 2 g/day. Patients
should be educated to avoid cooking with salt and to limit intake
of foods with high salt content, such as fried or processed food
(lunch meats, soups, cheeses, salted snack foods, canned food,
and some ethnic foods such as Asian or South American foods).
Salt restriction can be challenging for many patients. Drastic
dietary changes may lead to nonadherence due to an unpalatable
diet. The clinician should counsel to restrict salt slowly over time.
Substituting spices to flavor food is a useful recommendation.
Salt substitutes should be used judiciously because many contain
significant amounts of potassium that can increase the risk of
hyperkalemia. Fluid restriction may not be necessary in many
patients. When applicable, fluid intake is generally limited from
all sources to less than 2 L/day.

Exercise, although discouraged when the patient is acutely
decompensated to limit cardiac workload, is reccommended when
patients are stable. The heart is a muscle that requires activity
to prevent atrophy. In addition, exercise improves peripheral
muscle conditioning and efficiency, which may contribute to
better exercise tolerance despite the low CO state. Regular low
intensity, aerobic exercise that includes light house/yard work,
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Patient Encounter Part 2

Medical History, Physical Examination, and Diagnostic Tests

PMH: Hypertension (unmanaged for at least a few years),
dyslipidemia x 20 years, history of alcohol abuse x 30 years,
history of migraines x 40 years

Allergies: No known drug allergies

Meds: Diltiazem CD 240 mg once daily, hydrochlorothiazide
25 mg once daily, atorvastatin 40 mg once daily for
dyslipidemia, ibuprofen 600 mg twice daily as needed for
headaches, vitamin B, once daily, multivitamin daily, aspirin
81 mg once daily

FH: Significant for early heart disease in mother (Ml at age 60)

SH: He is married, has one child, and runs his own business; he
smokes 1% packs per day and drinks at least 10 beers nightly.

PE:

BP 156/94 mm Hg, pulse 88 beats/min and regular, respiratory
rate 16/min, Ht 58" (173 cm), Wt 251 Ib (114 kg), body mass
index (BMI): 38.1 kg/m?

Lungs: Rales bilaterally upon inspiration

CV: Regular rate and rhythm with normal S, and S,; there is an
S, and a soft S, present; there is a 2/6 systolic ejection murmur
heard best at the left lower sternal border; point of maximal
impulse is within normal limits at the midclavicular line

Abd: Soft, nontender, and bowel sounds are present, (+) HJR

Ext: 2+ pitting edema extending to below the knees is
observed. JVP 13 cm

walking, swimming, or riding a bike is encouraged; heavy weight
training is discouraged. The prescribed exercise regimen needs
to be tailored to the individual’s functional ability, and thus it
is suggested that patients participate in cardiac rehabilitation
programs, at least initially. It is important that patients not
overexert themselves to fatigue or exertional dyspnea.

Modification of classic risk factors, such as tobacco and alcohol
consumption, is important to minimize the potential for further
aggravation of heart function. Data from observational studies
suggest that patients with HF who smoke have a mortality rate
40% higher than those who do not consume tobacco products.' All
HF patients who smoke should be counseled on the importance
of tobacco cessation and offered a referral to a cessation program.
Patients with an alcoholic cardiomyopathy should abstain from
alcohol. Whether patients with other forms of HF should abstain
from any alcohol intake remains controversial. Proponents of
moderation of alcohol base their rationale on the potential
cardioprotective effects. However, opponents to any alcohol
intake point out that alcohol is cardiotoxic and should be avoided.

In general, it is suggested that patients remain up-to-date on
standard immunizations. Patients should be counseled to receive
yearly influenza vaccinations. Additionally, pneumococcal
vaccines are recommended.

Pharmacologic Treatment

The ACC/AHA staging system delineates specific pharmaco-
therapy options based on disease progression.! For patients
in stage A, every effort is made to minimize the impact
of diseases that can injure the heart. Antihypertensive

Chest x-ray: Cardiomegaly

Echocardiogram: EF = 30% (0.30)

Laboratory Values:

Hct: 41.1% (0.411)

WBC: 7.3 x 10%/uL (7.3 x 10%/L)

Sodium: 141 mEg/L (mmol/L)

Potassium: 4.2 mEqg/L (mmol/L)

Bicarb: 30 mEg/L (mmol/L)

Chloride: 90 mEg/L (mmol/L)

Magnesium: 1.5 mEg/L (0.75 mmol/L)

Fasting blood glucose: 120 mg/dL (6.7 mmol/L)
Uric acid: 6 mg/dL (357 umol/L)

BUN: 40 mg/dL (14.3 mmol/L)

SCr: 1.6 mg/dL (141 umol/L)

Alk Phos: 120 IU/L (2.0 pkat/L)

Aspartate aminotransferase: 100 IU/L (1.67 pkat/L)

What other laboratory or diagnostic tests are required for
assessment of the patient’s condition?

How would you classify his NYHA FC and ACC/AHA HF stage?

Identify exacerbating or precipitating factors that may worsen
his HF.

What are your treatment goals for the patient?

(specifically thiazide diuretics) and lipid-lowering therapies
should be utilized when appropriate to decrease the risk for
stroke, MI, and HE. ACE inhibitors should be considered in
high-risk vascular disease patients. For stage B patients, the
goal is to prevent or slow disease progression by interfering
with neurohormonal pathways that lead to cardiac damage and
mediate pathological remodeling. The goal is to prevent the onset
of HF symptoms. The backbone of therapy in these patients
includes ACE inhibitors or ARBs and (-blockers. In stage C
patients with symptomatic LV systolic dysfunction (EF < 40%
[0.40]), the goals focus on alleviating fluid retention, minimizing
disability, slowing disease progression, and reducing long-term
risk for hospitalizations and death. Treatment entails a strategy
that combines diuretics to control intravascular fluid balance with
neurohormonal antagonists (including ACE inhibitors or ARBs
or angiotensin receptor neprilysin inhibitor [ARNI], f-adrenergic
blockers, and aldosterone receptor antagonists) to minimize the
effects of the RAAS and SNS. In African American patients or
patients with an allergy to ACE inhibitor/ARB, hydralazine and
isosorbide dinitrate combination has been shown to be beneficial.
Digoxin may be added to improve symptoms. Drug dosing and
monitoring in the pharmacologic treatment of HF are described
in Tables 6-6 and 6-7. Patients with advanced stage D disease
are offered more modest goals, such as improvement in quality
of life. Enhancing quality of life is often achieved at the expense
of expected survival. Treatment options include mechanical
support, transplantation, and continuous use of intravenous
(IV) vasoactive therapies, in addition to maintaining an optimal
regimen of chronic oral medications as possible.
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Table 6-6

Drug Dosing in the Pharmacologic Treatment of Heart Failure

Drug Brand Name Initial Dose Usual Range Special Population Dose Comments
Loop Diuretics
Furosemide Lasix® 20-40 mg once or 20-160 mgonceor  CrCl 20-50 mL/min Single doses exceeding those
twice daily twice daily (0.33-0.83 mL/s): 160 mg  listed are unlikely to elicit
once or twice daily additional response
CrCl < 20 mL/min (0.33
mL/s): 400 mg daily
Bumetanide Bumex® 0.5-1.0mgonceor  1-2mg once or CrCl 20-50 mL/min Single doses exceeding those
twice daily twice daily (0.33-0.83 mL/s): 2 mg listed are unlikely to elicit
once or twice daily additional response
CrCl < 20 mL/min
(033 mL/s): 8-10 mg
daily
Torsemide Demadex® 10-20 mg once daily  10-80 mg once daily ~ CrCl 20-50 mL/min Single doses exceeding those

ACE Inhibitors

Captopril Capoten® 6.25 mg three times
daily
Enalapril Vasotec® 2.5 mg twice daily
Lisinopril Zestril®, Prinivil®  2.5-5.0 mg once daily
Quinapril Accupril® 5 mg twice daily
Ramipril Altace® 1.25-2.5 mg
Fosinopril Monopril® 5-10 mg once daily
Trandolapril Mavik® 0.5-1.0 mg once daily
Perindopril Aceon® 2 mg once daily

Angiotensin Receptor Blockers

Candesartan  Atacand® 4 mg once daily
Valsartan Diovan® 20-40 mg twice daily
Losartan Cozaar® 25-50 mg once daily

Angiotensin Receptor Neprilysin Inhibitor (ARNI)

Sacubitril/ Entresto® 49/51 mg sacubitril/
valsartan valsartan twice daily
B-Blockers
Bisoprolol Zebeta® 1.25 mg once daily
Carvedilol Coreg® 3.125 mg twice daily
Carvedilol Coreg CR® 10 mg once daily
phosphate
Metoprolol Toprol-XL® 12.5-25 mg once
succinate daily
CR/XL

Aldosterone Receptor Antagonists

Spironolactone Aldactone® eGFR > 50 mL/
min/1.73 m2
12.5-25 mg once
daily

(0.33-0.83 mL/s): 40 mg
once daily

CrCl < 20 mL/min
(0.33 mL/s): 200 mg daily

50 mg three times
daily?

10-20 mg twice daily?

20-40 mg once daily

20-40 mg twice daily

5 mg twice daily?

40 mg once daily

4 mg once daily?

8-16 mg once daily

32 mg once daily?
160 mg twice daily?
150 mg once daily?

97/103 mg sacubitril/  For patients taking a low
valsartan twice dose of or not taking an
daily? ACE inhibitor or ARB or if

eGFR is < 30 mL/min/
1.73 m?, the starting dose
is 24/26 mg sacubitril/
valsartan twice daily

10 mg once daily?

25 mg twice daily? Target dose for patients

weighing > 85 kg (187 Ib)

is 50 mg twice daily
80 mg once daily?

200 mg once daily?

eGFR 30-49 mL/min/1.73
m?* 12.5 mg once daily or
every other day

25-50 mg once daily?

listed are unlikely to elicit
additional response

Undergoes both hepatic and

renal elimination

Undergoes both hepatic and

renal elimination

Undergoes both hepatic and

renal elimination

Discontinue ACE inhibitors

at least 36 hours before
initiating sacubitril/valsartan
treatment; allow 36 hours
between discontinuing
ARNI and starting ACE
inhibitor

Take with food

Take with food

The risk of hyperkalemia

increases if serum creatinine
is > 1.6 mg/dL (141 umol/L).
Avoid if baseline potassium
is > 5 mEg/L (mmol/L)

(Continued)
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Table 6-6

Drug Dosing in the Pharmacologic Treatment of Heart Failure (Continued)

Special Population Dose

Comments

eGFR 30-49 mL/min/
1.73 m% 25 mg every
other day

S

e  Reduce dose in elderly
patients with low lean
body mass, and patients
with impaired renal
function

Drug Brand Name Initial Dose Usual Range
Eplerenone Inspra® eGFR = 50 mL/ 50 mg once daily?
min/1.73 m% 25 mg
once daily
Other
Hydralazine- Bidil® Hydralazine 37.5 mg  Hydralazine 75 mg
Isosorbide three times daily; three times daily?;
Dinitrate Isosorbide dinitrate Isosorbide dinitrate
20 mg three times 40 mg three time
daily daily?
Digoxin Lanoxin® 0.125-0.25 mgonce  0.125-0.25 mg onc
daily daily
Ivabradine Corlanor® 5 mg twice daily 5-7.5 mg twice dai

ly  Avoid if resting heart rate

The risk of hyperkalemia
increases if serum creatinine
is > 1.6 mg/dL (141 umol/L).
Avoid if baseline potassium
is > 5 mEg/L (mmol/L)

Indicated in conjunction
with standard heart failure
therapy to improve survival
and reduce hospitalizations
in self-identified African-
American patients

Target plasma concentration
range is 0.5-0.9 ng/mL
(mcg/L; 0.6-1.2 nmol/L).
Does not improve survival
in patients with HFrEF

Indicated to reduce the risk of

aor

< 60 BPM before
treatment

hospitalization in patients
with HFrEF who are in
normal sinus rhythm, with

a resting heart rate > 70 BPM
receiving maximally
tolerated 3-blocker doses.
Take with meals

*Regimens proven in large clinical trials to reduce mortality.

ACE, angiotensin-converting enzyme; ARB, angiotensin receptor blocker; BPM, beats per minute; CrCl, creatinine clearance; eGFR, estimated
glomerular filtration rate; HFrEF, heart failure with reduced ejection fraction.

From Parker RB, Nappi JM, Cavallari LH. Chronic heart failure. In: DiPiro JT, Talbert RL, Yee GC, et al,, eds. Pharmacotherapy: A Pathophysiologic
Approach, 10th ed. New York, NY: McGraw-Hill; 2017:95-96, with permission.

» Diuretics

Diuretics have been the mainstay for HF symptom management
for many years. Diuretics are used for relief of acute
symptoms of congestion and maintenance of euvolemia. These
agents interfere with sodium retention by increasing urinary
sodium and free water excretion. The primary rationale for the
use of diuretic therapy is to maintain euvolemia in symptomatic or
stages C and D HE Diuretic therapy is recommended for all patients
with clinical evidence of fluid overload. In mild HE diuretics may
be used on an as-needed basis. However, once the development of
edema is persistent, regularly scheduled doses will be required.

Two types of diuretics are used for volume management
in HF: thiazides and loop diuretics. Thiazide diuretics such
as hydrochlorothiazide, chlorthalidone, and metolazone block
sodium and chloride reabsorption in the distal convoluted
tubule. Thiazides are weaker than loop diuretics in terms of
affecting an increase in urine output and therefore are not utilized
frequently as monotherapy. They are optimally suited for patients
with hypertension who have mild congestion. Additionally, the
action of thiazides is limited in patients with renal insufficiency
(creatinine clearance [CrCL] < 30 mL/min [0.50 mL/s]) due
to reduced secretion into their site of action. An exception is
metolazone, which retains its potent action in patients with renal
dysfunction. Metolazone is often used in combination with loop
diuretics when patients exhibit diuretic resistance, defined as
edema unresponsive to loop diuretics alone.

Loop diuretics are the most widely used diuretics in HE. These
agents, including furosemide, bumetanide, and torsemide, exert

their action at the thick ascending loop of Henle. Loop diuretics
are not filtered through the glomerulus, but instead undergo
active transport into the tubular lumen via the organic acid
pathway. As a result, drugs that compete for this active transport
(eg, probenecid and organic by-products of uremia) can lower
efficacy of loop diuretics. Loop diuretics increase sodium and
water excretion and induce a prostaglandin-mediated increase
in renal blood flow that contributes to their natriuretic effect.
Unlike thiazides, they retain their diuretic ability in patients
with poor renal function. The various loop diuretics are equally
effective when used at equipotent doses, although there are
intrinsic differences in pharmacokinetics and pharmacodynamics
(Table 6-6).° The choice of which loop diuretic to use and the route
of administration depends on clinical factors such as the presence
of intestinal edema and rapidity of the desired effect. Oral diuretic
efficacy may vary based on differing bioavailability, which is almost
complete for torsemide and bumetanide but averages only 50% for
furosemide. Oral torsemide can be considered an alternative to
the IV route of administration for patients who do not respond to
oral furosemide in the setting of profound edema. Onset of effect
is slightly delayed after oral administration but occurs within a
few minutes with IV dosing. Consequently, bioequivalent doses
of IV furosemide are half the oral dose, whereas bumetanide and
torsemide IV doses are generally equivalent to the oral doses.

In patients with evidence of mild to moderate volume overload,
diuretics should be initiated at a low dose and titrated to achieve
a weight loss of up to 2 pounds (0.9 kg) per day. Patients with
severe volume overload should be managed in an inpatient
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Table 6-7

Drug Monitoring

Drug Class  Adverse Effect Monitoring Parameters Comments
ACE Angioedema, cough, hyperkalemia, BP, electrolytes, BUN, Contraindicated in patients with bilateral renal artery
inhibitors hypotension, renal dysfunction and creatinine stenosis, history of angioedema, or pregnancy. Assess
BP, BUN, creatinine, and electrolytes at baseline and
1-2 weeks after initiation or increase in dose. Goal is target
dose from clinical trials or highest tolerated.
Angiotensin  Hyperkalemia, hypotension, BP, electrolytes, BUN, Contraindicated in patients with bilateral renal artery
receptor renal dysfunction and creatinine stenosis or pregnancy. Assess BP, BUN, creatinine, and
blockers electrolytes at baseline and 1-2 weeks after initiation
(ARB) or increase in dose. Use with caution in patients with a
history of ACE inhibitor-associated angioedema. Goal is
target dose from clinical trials or highest tolerated.
Sacubitril/ Angioedema, hyperkalemia, BP, electrolytes, BUN, Contraindicated in patients with a history of angioedema
valsartan hypotension, dizziness, renal and creatinine associated with ACE inhibitor or ARB therapy or in

Aldosterone
receptor
antagonists

dysfunction

Gynecomastia/breast tenderness/
menstrual irregularities
(spironolactone), hyperkalemia,
worsening renal function

BP, electrolytes, BUN,
and creatinine

[-Blockers Bradycardia, heart block, BP, HR, ECG, signs
bronchospasm, hypotension, and symptoms of
worsening HF worsening HF, blood

glucose

Digoxin Gl and CNS adverse effects, brady-  Electrolytes, BUN,
and tachyarrhythmias creatinine, ECG, serum

digoxin concentration

Ivabradine Bradycardia, hypertension, atrial BP. HR, ECG
fibrillation, luminous phenomena
(phosphenes, transiently
enhanced brightness in a portion
of the visual field)

Diuretics Hypovolemia, hypotension, BP, electrolytes, BUN,
hyponatremia, hypokalemia, creatinine, glucose,
hypomagnesemia, hyperuricemia,  uric acid, changes in
renal dysfunction, thirst weight, JVD

Hydralazine  Hypotension, headache, rash, BP. HR
arthralgia, lupus, tachycardia

Nitrates Hypotension, headache, BP HR

lightheadedness

pregnancy. Assess BP, BUN, creatinine, and electrolytes

at baseline and 1-2 weeks after initiation or increase in
dose. Start with a low dose and double the dose every
2-4 weeks as tolerated based on BP, serum potassium, and
renal function. Goal is target dose from clinical trials or
highest tolerated.

Assess BP, BUN, creatinine, and electrolytes at baseline.
Check potassium 3 days and 1 week after initiation and
then monthly for the first 3 months, then every 3 months.
Change to eplerenone if gynecomastia develops with
spironolactone.

Start with low dose and titrate upward no more often
than every 2 weeks as tolerated based on BP, HR, and
symptoms. Goal is target dose from clinical trials or highest
tolerated. Patients may feel worse before they feel better.

Target serum digoxin concentration 0.5-0.9 ng/mL
(mcg/L; 0.6-1.2 nmol/L).

Start with 5 mg twice daily and after 2 weeks adjust dose
to achieve a resting HR 50-60 BPM. Only use in patients in
sinus rhythm.

Dose should be adjusted based on volume status, renal
function, electrolytes, and BP. Reassess these parameters
1-2 weeks after dose changes. Goal is lowest dose that
maintains euvolemia.

ACE, angiotensin-converting enzyme; BP, blood pressure; BPM, beats per minute; BUN, blood urea nitrogen; CNS, central nervous system;
ECG, electrocardiogram; Gl, gastrointestinal; HF, heart failure; HR, heart failure; JVD, jugular venous distention.

From Parker RB, Nappi JM, Cavallari LH. Chronic heart failure. In: DiPiro JT, Talbert RL, Yee GC, et al,, eds. Pharmacotherapy: A Pathophysiologic
Approach, 10th ed. New York, NY: McGraw-Hill; 2017:96, with permission.

setting. Once diuretic therapy is initiated, dosage adjustments
are based on symptomatic improvement and daily body weight.
Because body weight changes are a sensitive marker of fluid
retention or loss, patients should continue to weigh themselves
daily. Once a patient reaches a euvolemic state, diuretics may be
cautiously tapered and then withdrawn in appropriate patients.
In stable, educated, and adherent patients, another option is self-
adjusted diuretic dosing. Based on daily body weight, patients
may temporarily increase their diuretic regimen to reduce the
incidence of overt edema, or reduce diuretic doses in the setting
of acute illness or exposure to hot temperatures such as during
summer. Self-adjustment also avoids overuse of diuretics and

possible complications of overdiuresis such as hypotension,
fatigue, electrolyte imbalances, and renal impairment.

The maximal response to diuretics is reduced in HF, creating
a “ceiling dose” above which there is limited added benefit. This
diuretic resistance is due to a compensatory increase in sodium
reabsorption in the distal tubules, which decreases the effect of
blocking sodium reabsorption in the loop of Henle. In addition,
there is a simultaneous increase in the reabsorption of sodium
from the proximal tubule, allowing less to reach the site of action
for loop diuretics. Apart from increasing diuretic doses, strategies
to improve diuretic efficacy include increasing the frequency
of dosing to two or three times daily, utilizing a continuous



infusion of a loop diuretic, and/or combining a loop diuretic
with a thiazide diuretic. The latter strategy theoretically prevents
sodium and water reabsorption at both the loop of Henle and
the compensating distal convoluted tubule. Metolazone is used
most often for this purpose because it retains its activity in
settings of low CrCL. Metolazone can be dosed daily or as little
as once weekly. This combination is usually maintained until the
patient reaches his or her baseline weight. The clinician must use
metolazone cautiously because its potent activity predisposes a
patient to metabolic abnormalities as outlined next.

Diuretics cause numerous adverse effects and metabolic
abnormalities, with severity linked to diuretic potency (Table 6-7).
A particularly worrisome adverse effect is hypokalemia which
can predispose patients to arrhythmias and sudden death.
Hypomagnesemia often occurs concomitantly with diuretic-
induced hypokalemia, and therefore both should be assessed
and replaced in patients needing correction of hypokalemia.
Magnesium is an essential cofactor for movement of potassium
intracellularly to restore body stores. Patients taking diuretics
are also at risk for renal insufficiency due to overdiuresis
and reflex activation of the renin-angiotensin system. The
potential reduction in renal blood flow and glomerular pressure
is amplified by concomitant use of ACE inhibitors or ARBs.

» Neurohormonal Blocking Agents

Agents with proven benefits in improving symptoms,
slowing disease progression, and improving survival in chronic
HF target neurohormonal blockade. These include ACE
inhibitors, ARBs, ARNISs, B-adrenergic blockers, and aldosterone
receptor antagonists (Tables 6-6 and 6-7).

Angiotensin-Converting Enzyme Inhibitors ACE inhibitors
are the cornerstone of treatment for HE. ACE inhibitors decrease
neurohormonal activation by blocking the conversion of
angiotensin I (AT)) to angiotensin II (AT,), a potent mediator
of vasoconstriction and cardiac remodeling. The breakdown
of bradykinin is also reduced. Bradykinin enhances the release
of vasodilatory prostaglandins and histamines. These effects
result in arterial and venous dilatation, and a decrease in
myocardial workload through reduction of both preload and
afterload. ACE inhibitors demonstrate favorable effects on
cardiac hemodynamics such as long-term increases in cardiac
index (CI) and SV index, SVR, mean arterial pressure, and HR.
There is extensive clinical experience with ACE inhibitors
in systolic HE Numerous clinical studies show ACE inhibitor
therapy is associated with improvements in clinical symptoms,
exercise tolerance, NYHA FC, LV size and function, and quality
of life as compared with placebo.””'* ACE inhibitors significantly
reduce hospitalization rates and mortality regardless of underlying
disease severity or etiology. ACE inhibitors are also effective in
preventing HF development in high-risk patients. Studies in acute
MI patients show a reduction in new-onset HF and death with
ACE inhibitors whether they are initiated early (within 36 hours)
or started later. In addition, ACE inhibition decreases the risk of
HF hospitalization and death in patients with asymptomatic LV
dysfunction. The exact mechanisms for decreased HF progression
and mortality are postulated to involve both the hemodynamic
improvement and the inhibition of AT ’s growth promoting and
remodeling effects. All patients with documented LV systolic
dysfunction, regardless of existing HF symptoms, should receive
ACE inhibitors unless a contraindication or intolerance is present.
There is no evidence to suggest that one ACE inhibitor is
preferred over another. ACE inhibitors should be initiated using
low doses and titrated up to target doses over several weeks
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depending on tolerability (adverse effects and BP). The ACC/
AHA 2013 guidelines advocate using doses that were proven to
decrease mortality in clinical trials as the target doses (Table 6-6).!
If the target dose cannot be attained, the highest tolerated dose
should be used chronically. Although there is incremental benefit
with higher doses of ACE inhibitors, it is accepted that lower
doses provide substantial if not most of the effect.”® Because
ACE inhibitors are only one component of a mortality-reducing
treatment plan in HE targeting a high ACE inhibitor dose should
be used cautiously to avoid a hypotensive effect that precludes
starting a B-blocker or aldosterone receptor antagonist.

Despite their clear benefits, ACE inhibitors are still
underutilized in HE. One reason is undue concern or confusion
regarding absolute versus relative contraindications for their use.
Absolute contraindications include a history of angioedema,
bilateral renal artery stenosis, and pregnancy (Table 6-7). Relative
contraindications include unilateral renal artery stenosis, renal
insufficiency, hypotension, hyperkalemia, and cough. Relative
contraindications provide a warning that close monitoring is
required, but they do not necessarily preclude their use.

Clinicians are especially concerned about the use of ACE
inhibitors in patients with renal insufficiency. It is important to
recognize that ACE inhibitors can potentially contribute to the
preservation or decline of renal function depending on the clinical
scenario. Through preferential efferent arteriole vasodilation,
ACE inhibitors can reduce intraglomerular pressure. Reduced
glomerular pressures are renoprotective chronically; however,
in situations of reduced or fixed renal blood flow, this leads to
a reduction in filtration. In general, ACE inhibitors can be used
in patients with serum creatinine less than 2.5 to 3.0 mg/dL
(221-265 pmol/L). In HE their addition can result in improved
renal function through an increase in CO and renal perfusion.
Although a small increase in serum creatinine (< 0.5 mg/dL
[44 pmol/L]) is possible with the addition of an ACE inhibitor, it
is usually transient or becomes the patient’s new serum creatinine
baseline level. However, ACE inhibition can also worsen renal
function because glomerular filtration is maintained in the
setting of reduced CO through AT,’s constriction of the efferent
arteriole. Patients most dependent on AT, for maintenance of
glomerular filtration pressure, and hence most susceptible to
ACE inhibitor worsening of renal function, include those with
hyponatremia, severely depressed LV function, or dehydration.
The most common reason for creatinine elevation in a patient
without a history of renal dysfunction is overdiuresis. Therefore,
clinicians should consider decreasing or holding diuretic doses if
an elevation in serum creatinine occurs concomitantly with a rise
in blood urea nitrogen (BUN).

Hypotension occurs commonly at the initiation of therapy
or with dosage increases but may happen anytime during
therapy. Hypotension can manifest as dizziness, lightheadedness,
presyncope, or syncope. The risk of hypotension due to possible
volume depletion increases when ACE inhibitors are initiated or
used concomitantly in patients on high diuretic doses. Therefore,
in euvolemic patients, diuretic doses may often be decreased or
withheld during ACE inhibitor dose titration. Initiating at a low
dose and titrating slowly can also minimize hypotension. It may
be advisable to initiate therapy with a short-acting ACE inhibitor,
such as captopril, and subsequently switch to a longer-acting
agent, such as lisinopril or enalapril, once the patient is stabilized.

Hyperkalemia results from reduced angiotensin II-stimulated
aldosterone release. The risk of hyperkalemia with ACE inhibitors
is also increased in HF due to a propensity for impaired
renal function and additive effects with aldosterone receptor
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antagonists. ACE inhibitor dose may need to be decreased or
held if serum potassium increases above 5 mEq/L (mmol/L).
Persistent hyperkalemia in the setting of renal insufficiency may
preclude the use of an ACE inhibitor. Assessment of potential
causes of hyperkalemia should include dietary intake as well as
potassium-containing salt-substitutes.

Cough is commonly seen with ACE inhibitors (5%-15%) and
may be related to accumulation of tissue bradykinins.’ It can
be challenging to distinguish an ACE inhibitor-induced cough
from cough caused by pulmonary congestion. A productive or
wet cough usually signifies congestion, whereas a dry, hacking
cough is more indicative of a drug-related etiology. If a cough
is determined to be ACE inhibitor-induced, its severity should
be evaluated before deciding on a course of action. If the cough
is truly bothersome, a trial with a different ACE inhibitor or
switching to an ARB is warranted.

Angiotensin Receptor Blockers ARBs selectively antagonize
the effects of AT, directly at the AT, receptor. AT, receptor
stimulation is associated with vasoconstriction, release of
aldosterone, and cellular growth promoting effects. By selectively
blocking AT, but leaving AT, unaffected, ARBs block the
detrimental AT effects on cardiac function while allowing AT,-
mediated vasodilation and inhibition of ventricular remodeling.
ARBs are considered an equally effective replacement for ACE
inhibitors in patients who are intolerant or have a contraindication
to an ACE inhibitor.

Prospective randomized trials suggest that the clinical efficacy
of ARBs is similar to that of ACE inhibitors for reduction of
hospitalizations for HE, sudden cardiac death, and all-cause
mortality.'"® Despite poorer suppression of AT,, comparable
efficacy of ACE inhibitors may be due to the additional effects
on the kallikrein-kinin system. Although ARBs produce
hemodynamic and neurohormonal effects similar to those of
ACE inhibitors, they are considered second-line therapy due to
the overwhelming clinical trial experience with ACE inhibitors.

Because the mechanism for long-term benefit appears different
for ACE inhibitors and ARBs, the combination has been studied
for additive benefits. In one study, candesartan reduced the
combined incidence of cardiovascular death and hospitalization
for HF; however, the greatest benefit was noted in those not on an
ACE inhibitor. Candesartan also significantly decreased mortality
compared with placebo. Based on this study, the addition of an
ARB to ACE inhibitor therapy can be considered in patients with
evidence of disease progression despite optimal ACE inhibitor
therapy and when aldosterone receptor antagonists are not
tolerated, although this strategy is not widely applied.!

ARBs show similar tolerability to ACE inhibitors with regard
to hypotension and hyperkalemia, but they are less likely to
induce cough because ARBs do not cause an accumulation
of bradykinin. ARBs can be considered in patients with ACE
inhibitor-induced angioedema, but should be initiated cautiously
because cross-reactivity has been reported. Many of the other
considerations for use of ARBs are similar to those of ACE
inhibitors, including the need for monitoring renal function,
BP, and potassium. Contraindications are similar to those of
ACE inhibitors (Table 6-7). In patients truly intolerant or
contraindicated to ACE inhibitors or ARBs, the combination of
hydralazine and isosorbide dinitrate should be considered.

Sacubitril/Valsartan Sacubitril/valsartan (formerly known as
the compound LCZ696) is a first in class ARNL' Neprilysin
is a neutral endopeptidase responsible for the breakdown of
natriuretic peptides, in addition to substance P, adrenomedullin,

bradykinin, and AT,. Blockade of neprilysin increases circulating
natriuretic peptide levels. Because neprilysin inhibition alone
would also result in elevated levels of AT,, combination of a
neprilysin inhibitor with a RAAS blocker prevents this potentially
deleterious effect. Sacubitril/valsartan is a crystalline complex
composed of equal parts of the neprilysin inhibitor sacubitril and
the ARB valsartan. Shortly after ingestion, sacubitril/valsartan
breaks apart into sacubitril, a prodrug which is cleaved to the
active form sacubitrilat, and valsartan. The target dose is 97/103
mg twice daily, which was found to reduce the composite end
point of cardiovascular death or hospitalization for HF by
20% compared to enalapril 10 mg twice daily in patients with
symptomatic HF and reduced LVEE* As such, the 2017 ACC/
AHA/Heart Failure Society of America Focused Update of
the 2013 American College of Cardiology Foundation/AHA
Guideline for the Management of Heart Failure recommend that
in patients with symptomatic HFrEF who are tolerating an ACE
inhibitor or an ARB, replacement with sacubitril/valsartan is
warranted to further reduce morbidity and mortality.* Compared
to enalapril, patients taking sacubitril/valsartan experienced
more symptomatic hypotension, necessitating caution with
initiating or switching to this medication in patients with lower
BP. Sacubitril/valsartan is contraindicated for use with an ACE
inhibitor due to an increased risk for angioedema (Table 6-7),
and a 36-hour washout period is necessary when switching to
sacubitril/valsartan from an ACE inhibitor, or when switching
from sacubitril/valsartan to an ACE inhibitor. The starting dose
of sacubitril/valsartan is 49/51 mg twice daily, unless the patient
has not previously been on an ACE inhibitor or ARB, or is taking
a low dose of an ACE inhibitor, in which case the recommended
initial dose is 24/26 mg twice daily (Table 6-6). Titration to a goal
dose of 97/103 mg twice daily is recommended.

Hydralazine and Isosorbide Dinitrate Complementary
hemodynamic actions originally led to the combination of nitrates
with hydralazine. Nitrates reduce preload by causing primarily
venous vasodilation through activating guanylate cyclase and
a subsequent increase in ¢cGMP in vascular smooth muscle.
Hydralazine reduces afterload through direct arterial smooth
muscle relaxation via an unknown mechanism. More recently,
nitric oxide has been implicated in modulating numerous
pathophysiological processes in the failing heart including
inflammation, cardiac remodeling, and oxidative damage.
Supplementation of nitric oxide via administration of nitrates has
also been proposed as a mechanism for benefit from this
combination therapy. The beneficial effect of an external nitric
oxide source may be more apparent in the African American
population, which appears to be predisposed to having an imbalance
in nitric oxide production. In addition, hydralazine may reduce the
development of nitrate tolerance when nitrates are given chronically.

The combination of hydralazine and isosorbide dinitrate was the
first therapy shown to improve long-term survival in patients with
systolic HE, but it has largely been supplanted by ACE inhibitors
and ARBs.?** Therefore, until recently, this combination therapy
was reserved for patients intolerant to ACE inhibitors or ARBs
secondary to renal impairment, angioedema, or hyperkalemia.
New insight into the pathophysiological role of nitric oxide has
reinvigorated research into this combination therapy.

The nitrate-hydralazine combination was first shown to
improve survival compared with placebo,” but was inferior
with respect to mortality reduction when compared to the ACE
inhibitor enalapril.*® Therefore, the combination is considered a
third-line vasodilatory option for patients truly intolerant of ACE
inhibitors and ARBs.
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More recently, the value of adding the combination of isosorbide
dinitrate 40 mg and hydralazine 75 mg three times daily to therapy
including ACE inhibitors, B-blockers, digoxin, and diuretics was
shown in a prospective randomized trial in African American
patients.* [[AJ7][iZ7] Combination therapy with hydralazine
and isosorbide dinitrate is an appropriate substitute for AT,
antagonism in those unable to tolerate an ACE inhibitor or ARB
or as add-on therapy in African Americans. The ACC/AHA HF
guidelines recommend considering the addition of isosorbide
dinitrate and hydralazine in African Americans already on
ACE inhibitors or ARBs."! Combination therapy with isosorbide
dinitrate and hydralazine should be initiated and titrated as
are other neurohormonal agents such as ACE inhibitors and
B-blockers. Low doses are used to initiate therapy with subsequent
titration of the dose toward target doses based on tolerability.
Adverse effects such as hypotension and headache cause frequent
discontinuations in patients taking this combination, and full
doses often cannot be tolerated. Patients should be monitored for
headache, hypotension, and tachycardia (Table 6-7). Hydralazine
is also associated with a dose-dependent risk for lupus.

The frequent dosing of isosorbide dinitrate (eg, three to four
times daily) is not conducive to patient adherence; therefore, a
once-daily isosorbide mononitrate is commonly substituted for
isosorbide dinitrate to simplify the dosing regimen.

B-Adrenergic Antagonists (-Adrenergic antagonists, or
B-blockers, competitively block the influence of the SNS at
B-adrenergic receptors. As recently as 15 to 20 years ago,
B-adrenergic blockers were thought to be detrimental in HF
due to their negative inotropic actions, which could potentially
worsen symptoms and cause acute decompensations. Since
then, the benefits of inhibiting the SNS have been recognized
as far outweighing the acute negative inotropic effects. Chronic
B-blockade reduces ventricular mass, improves ventricular shape,
and reduces LV end-systolic and diastolic volumes.®® B-blockers
also exhibit antiarrhythmic effects, slow or reverse catecholamine-
induced ventricular remodeling, decrease myocyte death from
catecholamine-induced necrosis or apoptosis, and prevent
myocardial fetal gene expression. Consequently, B-blockers
improve EF reduce all-cause and HF-related hospitalizations,
and decrease all-cause mortality in patients with systolic HE.»%

The ACC/AHA recommend that B-blockers be initiated in all
HF patients with NYHA FCIto IV or ACC/AHA stages B through
D if clinically stable.! To date, only three B-blockers have been
shown to reduce mortality in systolic HF including the selective
B,-antagonists bisoprolol and metoprolol succinate, and the
nonselective 3 -, B,-, and o -antagonist carvedilol.>**” The positive
findings of B-blockers are not a class effect because bucindolol did
not exhibit a beneficial effect on mortality when studied for HE,
and there is limited information with propranolol and atenolol.

Bisoprolol is not as commonly used since it is not Food
and Drug Administration (FDA) approved for HE Although
metoprolol succinate and carvedilol are the most commonly used
B-antagonists in HF, it is unknown whether one agent should
be considered first line. Carvedilol was shown to lower all-cause
mortality significantly more than metoprolol tartrate, but carvedilol
has not been directly compared to metoprolol succinate.”

The key to utilizing p-blockers in systolic HF is initiation with
low doses and slow titration to target doses over weeks to months.
It is important that the p-blocker be initiated when a patient is
clinically stable and euvolemic. Volume overload at the time of
B-blocker initiation increases the risk for worsening symptoms.
B-Blockade should begin with the lowest possible dose (Table 6-6),
after which the dose may be doubled every 2 to 4 weeks depending

CHAPTER 6 | HEART FAILURE 83

on patient tolerability. p-Blockers may cause an acute decrease in
LVEF and short-term worsening of HF symptoms upon initiation
and at each dosage titration. After each dose titration, if the patient
experiences symptomatic hypotension, bradycardia, orthostasis,
or worsening symptoms, further increases in dose should be
withheld until the patient stabilizes. After stabilization, attempts to
increase the dose should be reinstituted. If mild congestion ensues
as a result of the B-blocker, an increase in diuretic dose may be
warranted. If moderate or severe symptoms of congestion occur,
a reduction in P-blocker dose should be considered along with
an increase in diuretic dose. Dose titration should continue until
target clinical trial doses are achieved (Table 6-6) or until limited
by repeated hemodynamic or symptomatic intolerance. Patient
education regarding the possibility of acutely worsening symptoms
but improved long-term function and survival is essential to
ensure adherence.

Apart from possible clinical differences between the B-blockers
approved for HE selection of a B-blocker may also be affected
by pharmacologic differences. Carvedilol exhibits a more
pronounced BP-lowering effect, and thus causes more frequent
dizziness and hypotension as a consequence of its - and a -
receptor blocking activities. Therefore, in patients predisposed
to symptomatic hypotension, such as those with advanced LV
dysfunction (LVEF < 20% [0.20]) who normally exhibit low
systolic BP, metoprolol succinate may be the more desirable
first-line B-blocker. In patients with uncontrolled hypertension,
carvedilol may provide additional antihypertensive efficacy.

B-Blockers may be used by those with reactive airway disease or
peripheral vascular disease but should be used with considerable
caution or avoided if patients display active respiratory symptoms.
Care must also be used in interpreting SOB in these patients
because the etiology could be either cardiac or pulmonary. A
selective B -blocker such as metoprolol succinate is a reasonable
option for patients with reactive airway disease. The risk versus
benefit of using any B-blocker in peripheral vascular disease must
be weighed based on the severity of the peripheral disease, and a
selective B -blocker is preferred.

Both metoprolol and carvedilol are metabolized by the liver
through cytochrome P-450 (CYP) 2D6 and undergo extensive
first-pass metabolism. B-Blockers should not be used in patients
with severe hepatic failure.

There is some debate regarding which class of agents should
be initiated first in a patient with HE, namely, ACE inhibitors
or B-blockers. A recent study evaluated whether the order of
initiation affects all-cause mortality or hospitalization and found
no difference but that more events occurred during the 6-month
single-treatment phase of the study.?” These findings reinforce the
importance of using both ACE inhibitors and B-blockers in the
HF patient. As such, doses of the agent initiated first should not
prohibit initiation of the second class of agents.

Mineralocorticoid Receptor Antagonists (MRAs) The MRAs
currently available are spironolactone and eplerenone. Both
agents are inhibitors of aldosterone that produce weak diuretic
effects while sparing potassium concentrations. Eplerenone is
selective for the mineralocorticoid receptor and hence does not
exhibit the endocrine adverse effect profile commonly seen with
spironolactone. The initial rationale for specifically targeting
aldosterone for treatment of HF was based on the knowledge
that ACE inhibitors do not suppress the chronic production
and release of aldosterone. Aldosterone is a key pathological
neurohormone that exerts multiple detrimental effects in HE
Similar to norepinephrine and AT, aldosterone levels are increased
in HF and correlate with disease severity and patient outcomes.
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MRAs improved clinical outcomes, including mortality, across
the spectrum of HF in three separate clinical trials. These
comprised patients who were post-MI with LVEF less than 40%
(0.40), patients with NYHA FC II HE, and patients with NYHA
FC II-IV HE*** It is postulated that MRAs reduce mortality at
least in part through prevention of sudden cardiac death. Based
on these studies, the ACC/AHA guidelines recommended MRAs
in NYHA FCII through IV patients with LVEF less than or equal
to 35% (0.35), unless contraindicated, in addition to patients
post-MI with evidence of LV dysfunction. For individuals with
mild symptoms (NYHA FC II), it is recommended they also
exhibit a history of hospitalization or elevated BNP levels.!

The major risk related to MRAs is hyperkalemia (Table 6-7).
Therefore, the decision for use of these agents should balance the
benefit of decreasing death and hospitalization from HF and the
potential risks of life-threatening hyperkalemia. Before and within
1 week of initiating therapy, two parameters must be assessed:
serum potassium and CrCL (or serum creatinine). MRAs should
not be initiated in patients with potassium concentrations greater
than 5.0 mEq/L (mmol/L). Likewise, these agents should not be
given when CrCL is less than 30 mL/min (0.50 mL/s) or serum
creatinine is greater than 2.5 mg/dL (221 umol/L).

In patients without contraindications, spironolactone is
initiated at a dose of 12.5 to 25 mg daily (Table 6-6), or
occasionally on alternate days for patients with baseline renal
insufficiency. Eplerenone is used at a dose of 25 mg daily,
with the option to titrate up to 50 mg daily. Doses should be
halved or switched to alternate-day dosing if CrCL falls below
50 mL/min (0.83 mL/s). Potassium supplementation is often
decreased or stopped after MRAs are initiated, and patients
should be counseled to avoid high-potassium foods. At any time
after initiation of therapy, if potassium concentrations exceed
5.5 mEq/L (mmol/L), the dose of the MRA should be reduced
or discontinued. In addition, worsening renal function dictates
consideration for stopping the MRA. Other adverse effects
observed mainly with spironolactone include gynecomastia for
men and breast tenderness and menstrual irregularities for
women. Gynecomastia leads to discontinuation in up to 10% of
patients on spironolactone. Eplerenone is a CYP3A4 substrate and
should not be used concomitantly with strong inhibitors of 3A4.

» Digoxin

Digoxin has been used for several decades in the treatment of HE.
Traditionally, it was considered useful for its positive inotropic
effects, but more recently its benefits are thought to be related to
neurohormonal modulation. Digoxin exerts positive inotropic
effects through binding to sodium- and potassium-activated
adenosine triphosphate (ATP) pumps, leading to increased
intracellular sodium concentrations and subsequently more
available intracellular calcium during systole. The mechanism of
digoxin’s neurohormonal blocking effect is less well understood
but may be related to restoration of baroreceptor sensitivity and
reduced central sympathetic outflow.”

The exact role of digoxin in therapy remains controversial
largely due to disagreement on the risk versus benefit of routinely
using this drug in patients with systolic HE. Digoxin was shown
to decrease HF-related hospitalizations but did not decrease
HF progression or improve survival.”> Moreover, digoxin was
associated with an increased risk for concentration-related
toxicity and numerous adverse effects. Post hoc study analyses
demonstrated a clear relationship between digoxin plasma
concentration and outcomes. Concentrations below 1.2 ng/mL
(mcg/L; 1.5 nmol/L) were associated with no apparent adverse

effect on survival, whereas higher concentrations increased the
relative risk of mortality.*

Current recommendations are for the addition of digoxin
for patients who remain symptomatic despite an optimal HF
regimen consisting of an ACE inhibitor or ARB, [-blocker,
and diuretic. In patients with concomitant atrial fibrillation,
digoxin may occasionally be added to slow ventricular rate;
however, B-blockers are more effective at controlling ventricular
rate, especially in the setting of exercise. Clinicians may also
consider adding digoxin in patients with severe HF who have not
responded symptomatically to neurohormonal blockade.

Digoxin is initiated at a dose of 0.125 to 0.25 mg daily depending
on age, renal function, weight, and risk for toxicity (Table 6-6). The
lower dose should be used if the patient satisfies any of the following
criteria: older than 65 years, CrCL less than 60 mL/min (1.0 mL/s),
or ideal body weight less than 70 kg (154 Ib). The 0.125-mg daily
dose is adequate in most patients. Doses are halved or switched to
alternate-day dosing in patients with moderate to severe renal failure.
The desired concentration range for digoxin is 0.5 to 0.9 ng/mL
(mcg/L; 0.6-1.2 nmol/L), preferably with concentrations at or less
than 0.8 ng/mL (mcg/L; 1.0 nmol/L). Routine monitoring of serum
drug concentrations is not required but recommended in those
with changes in renal function, suspected toxicity, or after addition
or subtraction of an interacting drug.

Digoxin toxicity may manifest as nonspecific findings such
as fatigue or weakness and other central nervous system (CNS)
effects such as confusion, delirium, and psychosis (Table 6-7).
GI manifestations include nausea, vomiting, or anorexia, and
visual disturbances may occur such as halos, photophobia, and
color perception problems (red-green or yellow-green vision).
Cardiac findings include numerous types of arrhythmias related
to enhanced automaticity, slowed or accelerated conduction, or
delayed after-depolarizations. These include ventricular tachycardia
and fibrillation, atrioventricular nodal block, and sinus bradycardia.
Risk of digoxin toxicity, in particular, the cardiac manifestations,
are increased with electrolyte disturbances such as hypokalemia,
hypercalcemia, and hypomagnesemia. To reduce the proarrhythmic
risk of digoxin, serum potassium and magnesium should be
monitored closely and supplemented when appropriate to ensure
adequate concentrations (potassium > 4.0 mEq/L [mmol/L] and
magnesium > 2.0 mEq/L [1.0 mmol/L]). In patients with life-
threatening digoxin toxicity due to cardiac or other findings,
administration of digoxin-specific Fab antibody fragments usually
reverses adverse effects within an hour in most cases.

» Calcium Channel Blockers

Treatment with nondihydropyridine calcium channel blockers
(diltiazem and verapamil) may worsen HF and increase the risk
of death in patients with advanced LV systolic dysfunction due
to their negative inotropic effects. Conversely, dihydropyridine
calcium channel blockers, although negative inotropes in vitro,
do not appear to decrease contractility in vivo. Amlodipine and
felodipine are the two most extensively studied dihydropyridine
calcium channel blockers for systolic HE**** These two agents
have not been shown to affect patient survival, either positively or
negatively. As such, they are not routinely recommended as part of
a standard HF regimen; however, amlodipine and felodipine can
safely be used in HF patients to treat uncontrolled hypertension
or angina once all other appropriate drugs are maximized.

> Antiplatelets and Anticoagulation

Patients with HF are at an increased risk of thromboembolic
events secondary to a combination of hypercoagulability, relative
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stasis of blood, and endothelial dysfunction. However, the role of
antiplatelets and anticoagulants remains debatable due to a lack
of positive prospective clinical trials.

Aspirin is generally used in HF patients with an underlying
ischemic etiology, a history of ischemic heart disease, or other
compelling indications such as history of embolic stroke.
Routine use in nonischemic cardiomyopathy patients is currently
discouraged because of a lack of data supporting any long-term
benefit, as well as the potential negative drug-drug interaction
with ACE inhibitors and ARBs. If aspirin is indicated, the
preference is to use a low dose (81 mg daily).

Current guidelines support chronic anticoagulation in patients
with reduced LV systolic dysfunction and a compelling indication
such as atrial fibrillation or prosthetic heart valves. For atrial
fibrillation, a stronger level of evidence is given for use of
anticoagulation in patients with an additional risk factor for
cardioembolic stroke, such as history of hypertension, diabetes
mellitus, previous stroke or transient ischemic attack, or age 75
years or older.! The choice of anticoagulant (warfarin vs novel
anticoagulants) should be based on risk factors, tolerability,
cost, and potential for drug-drug interactions. Patients with
HF often have difficulty maintaining a therapeutic international
normalized ratio (INR) due to fluctuating volume status and
varying drug absorption.

» Ivabradine

Ivabradine is a novel medication that specifically targets lowering
HR through blockade through the I, channel (otherwise referred
to as the “funny” current channel) in the sinoatrial node,
without affecting BP or contractility. In one study, ivabradine
was shown to reduce the composite of cardiovascular death or
hospitalization for HF, although results were mainly driven by a
reduction in hospitalizations.?” Ivabradine is indicated in patients
with HFrEF with an LVEF less than or equal to 35% (0.35), NYHA
FC II-111, in normal sinus rhythm (without atrial fibrillation),
taking maximally tolerated or target doses of P-blockers, and
who have an HR 70 beats/min or greater. It is important that
the B-blocker is optimized prior to initiating therapy with
ivabradine, as P-blockers have proven benefits on lowering
mortality; thus reaching target doses of a B-blocker takes priority.
The starting dose of ivabradine is 5 mg twice daily (or 2.5 mg
twice daily in those with conduction defects or those in whom
a low HR could result in hemodynamic compromise), which
may be titrated to 7.5 mg twice daily after 2 weeks (Table 6-6).
Ivabradine is contraindicated for use in patients concomitantly
taking strong CYP3A4 inhibitors. Frequently observed adverse
effects in clinical trials included bradycardia, atrial fibrillation,
hypertension, and visual phenomena (Table 6-7). Termed
“phosphenes,” these visual disturbances consist of temporarily
enhanced brightness, usually in response to sudden variations in
light (ie, headlights from other cars while driving). These occur
in limited areas of the visual field and may also include halos,
image decomposition (stroboscopic or kaleidoscopic effects), or
colored bright lights. These visual effects may reduce in severity
after a few months of therapy.

Heart Failure with Preserved Left Ventricular
Ejection Fraction

It is now recognized that a significant number of patients
exhibiting HF symptoms have normal systolic function or
preserved LVEF (40%-60% [0.40-0.60]). It is believed that the
primary defect in these patients is impaired ventricular relaxation
and filling, commonly referred to as HF with preserved EF
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(HFpEF). HFpEF is more prevalent in older women and closely
associated with hypertension or diabetes and, to a lesser extent,
CAD and atrial fibrillation. Morbidity in HFpEF is comparable
to those with reduced EF because both are characterized by
frequent, repeated hospitalizations. However, HFpEF appears to
be associated with slightly lower mortality. The diagnosis is based
on findings of typical signs and symptoms of HEF, in conjunction
with echocardiographic evidence of abnormal diastolic function,
absence of significant LV chamber dilation, and no valvular disease.

Unlike HFrEF, few prospective trials have evaluated the
safety and efficacy of various cardiac medications in patients
with HFpEE The PEP-CHF (Perindopril in Elderly People
with Chronic Heart Failure) study did not find differences in
mortality and hospitalizations between perindopril and placebo,
but premature withdrawal of many patients after 1 year could
have contributed to the neutral findings.® The Candesartan
in Heart Failure Assessment of Reduction in Mortality and
Morbidity (CHARM) study demonstrated that angiotensin
receptor blockade with candesartan resulted in beneficial effects
on HF morbidity in patients with preserved LVEF similar to
those seen in depressed LV function.”® However, the largest
clinical trial in HFpEF, the I-PRESERVE (Irbesartan in Patients
with Heart Failure and Preserved Ejection Fraction) study did
not find a reduction in the primary composite outcome of
death or hospitalizations between irbesartan and placebo.” In
the TOPCAT (Treatment of Preserved Cardiac Function Heart
Failure with an Aldosterone Antagonist) trial, spironolactone
did not reduce the composite end point of cardiovascular death,
aborted cardiac arrest, or HF hospitalizations, but resulted in
a reduction of the secondary end point, hospitalizations due
to HE* In the absence of more landmark clinical studies, the
current treatment approach for HFpEF is: (a) correction or
control of underlying etiologies (including optimal treatment
of hypertension and CAD and maintenance of normal sinus
rhythm); (b) reduction of cardiac filling pressures at rest and
during exertion; (c) increased diastolic filling time, and (d)
reduction of hospitalizations with spironolactone in select
patients (LVEF 45% [0.45] or greater, elevated BNP levels or
hospitalization for HF in the past year). Diuretics are frequently
used to control congestion. B-Blockers and calcium channel
blockers can theoretically improve ventricular relaxation through
negative inotropic and chronotropic effects. Unlike in systolic
HE nondihydropyridine calcium channel blockers (diltiazem
and verapamil) may be especially useful in improving diastolic
function by limiting the availability of calcium that mediates
contractility. A recent study did not find favorable effects
with digoxin in patients with mild to moderate diastolic HE.
Therefore, the role of digoxin for symptom management and HR
control in these patients is not well established.

Patient Encounter Part 3

Based on the information presented and your problem-based
assessment, create a care plan for the patient’s HF. Your plan
should include:

» Nonpharmacologic treatment options.

« Acute and chronic treatment plans to address symptoms
and prevent disease deterioration.

» Monitoring plan for acute and chronic treatments.
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Yes Stage B HF

Examples:

* Previous Ml

¢ LV remodeling

e Low EF

 Valvular disease
Address risk factors

Drugs:

* 3-Blockers

No Yes

¢ ACE inhibitor or ARB

No

FIGURE 6-2. Treatment algorithm for heart failure with reduced ejection fraction. (ACE, angiotensin-converting enzyme; ARB,
angiotensin receptor blocker; EF, ejection fraction; HF, heart failure; LV, left ventricular; MI, myocardial infarction; SOB, shortness of

breath.) Table 6-5 describes the staging of heart failure.

Outcome Evaluation of Chronic Heart Failure

o The evaluation of therapy is influenced by the ability of
treatment to successfully reduce symptoms, improve quality
of life, decrease frequency of hospitalizations for acute HF,
reduce disease progression, and prolong survival (Figure 6-2).

o The major outcome parameters focus on (a) volume status,
(b) exercise tolerance, (c) overall symptoms/quality of life,
(d) adverse drug reactions, and (e) disease progression and
cardiac function.

o Assess quality of life by evaluating patients’ ability to continue
their activities of daily living.

o Assess symptoms of HF such as dyspnea on exertion, orthopnea,
weight gain, and edema, and abdominal manifestations such as
nausea, bloating, and loss of appetite.

o If diuretic therapy is warranted, monitor for therapeutic
response by assessing weight loss and improvement of fluid
retention, as well as exercise tolerance and presence of fatigue.

o Once therapy for preventing disease progression is initiated,
continue to monitor for symptomatic improvement.

o Keep in mind that patients’ symptoms can worsen with
B-blockers, and it may take weeks or months before patients
notice improvement.

o Monitor BP to evaluate for hypotension caused by drug therapy.

o Occasional exercise testing is conducted to ascertain disease
prognosis or suitability for heart transplant. Even though
these tests can demonstrate improvement in heart function
and therefore slowed disease progression, patient symptoms
may not improve.

ACUTE AND ADVANCED HEART FAILURE

Clinical Presentation and Diagnosis of Acute
Heart Failure

Patients with AHF present with symptoms of worsening
fluid retention or decreasing exercise tolerance and fatigue
(typically worsening of symptoms presented in the chronic
HF clinical presentation textbox). These symptoms reflect
congestion behind the failing ventricle and/or hypoperfusion.
Patients can be categorized into hemodynamic subsets based on
assessment of physical signs and symptoms of congestion and/
or hypoperfusion.*' Patients can be described as “wet” or “dry”
depending on volume status, as well as “warm” or “cool” based
on adequacy of tissue perfusion. “Wet” refers to patients with
volume/fluid overload (eg, edema and jugular venous distension
[JVD]), whereas “dry” refers to euvolemic patients. “Warm” refers
to patients with adequate CO to perfuse peripheral tissues (and



hence the skin will be warm to touch), whereas “cool” refers
to patients with evidence of hypoperfusion (skin cool to touch
with diminished pulses). Additionally, invasive hemodynamic
monitoring can be used in some cases to provide objective
data for assessing volume status (pulmonary capillary wedge
pressure [PCWP]) and perfusion (CO). A CI below 2.2 L/min/m?
(0.037 L/s/m?) is consistent with hypoperfusion and reduced
contractility, and a PCWP above 15 mm Hg (2.0 kPa) correlates
with congestion and an elevated preload. The four possible
hemodynamic subsets a patient may fall into are “warm and dry;
“warm and wet,” “cool and dry;” or “cool and wet””

» Precipitating Factors

It is important for the clinician to identify the cause(s)
of AHF to maximize treatment efficacy and reduce future
disease exacerbations. Cardiovascular, metabolic, and lifestyle
factors can all precipitate AHE The most common precipitating
factors for acute decompensation and how they contribute
pathophysiologically are listed in Table 6-3.

» Laboratory Assessment

Routine laboratory testing of patients with AHF includes
electrolytes and blood glucose, as well as serum creatinine and
BUN to assess renal function. Complete blood cell count is
measured to determine if anemia or infection is present. Creatine
kinase and/or troponin concentrations are used to diagnose
ischemia, and hepatic transaminases are measured to assess
hepatic congestion. Thyroid function tests are measured to
assess hyperthyroidism or hypothyroidism as causes of AHE. A
urinalysis is attained in patients with an unknown history of renal
disease to rule out nephrotic syndrome. Lastly, a toxicology screen
is obtained in patients in whom the use of illicit drugs is suspected.
Assays measuring BNP and its degradation product N-terminal
proBNP (NT-proBNP) are being used with greater frequency
in clinical practice. BNP is synthesized, stored, and released
from the ventricles in response to increased ventricular filling
pressures. Hence plasma levels of BNP can be used as a marker
for volume overload. The most widely accepted indication
for BNP measurement is as an adjunctive aid for diagnosing
a cardiac etiology for dyspnea.”” The current values for ruling
out a cardiac etiology for dyspnea are a BNP less than 100 pg/
mL (ng/L; 28.9 pmol/L) or an NT-proBNP less than 300 pg/
mL (ng/L; 35.4 pmol/L). BNP measurements require cautious
interpretation because numerous conditions can also elevate
BNP concentrations. These include older age, renal dysfunction,
pulmonary embolism, and chronic pulmonary disease.
Nesiritide, a recombinant BNP drug, has an identical structure
to native BNP and will interfere with the commercial BNP assay,
resulting in a falsely elevated level. Therefore, blood for BNP
determination should be obtained 2 hours after the end of a
nesiritide infusion, or alternatively the NT-proBNP assay should
be utilized. In addition, treatment with sacubitril/valsartan would
also be expected to raise BNP levels based on the drug’s inhibition
of neprilysin. As such, monitoring of NT-proBNP should be
utilized instead of BNP in patients taking sacubitril/valsartan, as
NT-proBNP is not a substrate for neprilysin. Other diagnostic
tests should also be obtained to rule out precipitating factors
(chest radiograph) and to evaluate cardiac function (ECG).
Invasive hemodynamic monitoring in patients with HF entails
placement of a right heart catheter or pulmonary artery catheter
(PAC). The catheter is inserted percutaneously through a central
vein and advanced through the right side of the heart to the
pulmonary artery. Inflation of a balloon proximal to the end port
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Clinical Presentation of Acute Heart Failure

Subset | (Warm and Dry)

o Cl greater than 2.2 L/min/m? (0.037 L/s/m?), PCWP less than
18 mm Hg (2.4 kPa)

o Patients considered well compensated and perfused,
without evidence of congestion

» No immediate interventions necessary except optimizing
oral medications and monitoring
Subset Il (Warm and Wet)

o Cl greater than 2.2 L/min/m? (0.037 L/s/m?), PCWP greater
than or equal to 18 mm Hg (2.4 kPa)

o Patients adequately perfused and display signs and
symptoms of congestion

o Main goal is to reduce preload (PCWP) carefully with loop
diuretics and vasodilators
Subset Il (Cool and Dry)

o Cl less than 2.2 L/min/m? (0.037 L/s/m?), PCWP less than
18 mm Hg (2.4 kPa)

 Patients are inadequately perfused and not congested

o Hypoperfusion leads to increased mortality, elevating
death rates fourfold compared with those who are
adequately perfused

o Treatment focuses on increasing CO with positive inotropic
agents and/or replacing intravascular fluids

o Fluid replacement must be performed cautiously because
patients can rapidly become congested
Subset IV (Cool and Wet)

o Cl Jess than 2.2 L/min/m? (0.037 L/s/m?), PCWP greater than
18 mm Hg (2.4 kPa)

Patients are inadequately perfused and congested

Classified as the most complicated clinical presentation of
AHF with the worst prognosis

» Most challenging to treat; therapy targets alleviating signs
and symptoms of congestion by increasing Cl as well as
reducing PCWP while maintaining adequate mean arterial
pressure

o Treatment involves a delicate balance between diuretics,
vasodilators, and inotropic agents

Use of vasopressors is sometimes necessary to maintain BP

allows the catheter to “wedge,” yielding the PCWP, which estimates
pressures in the left ventricle during diastole. Additionally, CO
can be estimated and SVR calculated (Table 6-8).

There are no universally accepted guidelines dictating when
invasive monitoring in HF is required, and invasive monitoring has
not been shown to improve mortality or reduce hospitalizations
in high-risk patients. Nonetheless, the use of a PAC remains a
helpful component of management and monitoring of patients
with signs significantly reduced cardiac output; however, use
of inotropic agents does not mandate invasive monitoring.
Invasive hemodynamic monitoring is most commonly used to
aid in assessment of hemodynamics when there is disagreement
between signs and symptoms and clinical response. In addition,
invasive monitoring is helpful in guiding ongoing therapy for
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Table 6-8
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Hemodynamic Monitoring: Normal Values

Hemodynamic Variable

Normal Value

Central venous (right atrial)
pressure, mean

Right ventricular pressure

Pulmonary artery pressure

Pulmonary artery pressure, mean

Pulmonary artery occlusion
pressure, mean®

Systemic arterial pressure

Mean arterial pressure

Cardiac output

Cardiac index

Stroke volume index
Systemic vascular resistance
Pulmonary vascular resistance
Arterial oxygen content

Mixed venous oxygen content
Arteriovenous oxygen content

<5 mm Hg? (0.7 kPa)

25/0 mm Hg®

25/10 mm Hg®

<18 mm Hg? (2.4 kPa)
<12 mm Hg? (1.6 kPa)

120/80 mm Hg?

70-110 mm Hg? (9.3-14.6 kPa)

4-6 L/min (0.07-0.10 L/s)

2.8-4.2 L/min/m?
(0.047-0.070 L/s/m?)

30-65 mL/beat/m?
(0.030-0.065 L-beat"-m=2)

900-1400 dyn-s-cm=¢
(90-140 MPa-s-m=)

150-250 dyn-s-cm™*
(15-25 MPa-ssm~3)

20 mL/dLe (200 mL/L)

15 mL/dLe (150 mL/L)

3-5 mL/dLc (30-50 mL/L)

difference

@1 mm Hg = 0.133 kPa; 1 mL/beat per square meter = 0.001
L-beat"m=.

®Also referred to as pulmonary artery wedge pressure (PCWP).
1 dyn-s-cm™ = 0.1 MPa-sm~; 1 mL/dL = 10 mL/L.

From Rodgers JE, Reed BN. Acute decompensated heart failure.
In: DiPiro JT, Talbert RL, Yee GC, et al., eds. Pharmacotherapy: A
Pathophysiologic Approach, 10th ed. New York, NY: McGraw-Hill;
2017:121, with permission.

AHF and offers the advantage of immediate hemodynamic
assessment of an intervention, allowing for prompt adjustments.
Risks with PACs include infection, bleeding, thrombosis, catheter
malfunction, and ventricular ectopy.

Desired Therapeutic Outcomes

The goals of therapy for AHF are to: (a) correct the underlying
precipitating factor(s); (b) relieve the patients symptoms; (c)
improve hemodynamics; (d) optimize a chronic oral medication
regimen; and (e) educate the patient, reinforcing adherence to
lifestyle modifications and the drug regimen. The ultimate goal
for a patient hospitalized for AHF is return to a compensated HF
state and discharge to the outpatient setting on oral medications.
Only through aggressive management to achieve all of these goals
will a patient’s prognosis be improved and future hospitalizations
for acute decompensations be prevented.

Removal or control of precipitating factors is essential for an
optimal response to pharmacologic therapy. Relief of symptoms
should occur rapidly to minimize length of hospitalization.
Although a rapid discharge from the hospital is desirable, a
patient should not be discharged before ensuring that he or she is
in a euvolemic, or nearly euvolemic, state with a body weight and
functional capacity similar to before the acute decompensation.
Oral agents such as B-blockers, ACE inhibitors or ARBs, and
aldosterone antagonists should be initiated as soon as possible
during the hospitalization. These chronic oral medications not
only improve mortality and prevent readmissions, acutely they also
contribute to improvement in hemodynamics. Patient education

prior to discharge from the hospital is recommended to assist in
minimizing adverse effects and nonadherence. Dissemination of
written information, in addition to verbal information, is helpful
for patient comprehension and retention. This can include therapy
goals, lifestyle modifications, drug regimen, dosage information,
and relevant adverse effects, as well as symptom and diary cards.

Pharmacologic Treatment

Treatment of AHF targets relief of congestion
and optimization of CO utilizing oral or IV diuretics,
IV vasodilators, and, when appropriate, inotropes based on
presenting hemodynamics. Current treatment strategies in
AHF target improving hemodynamics while preserving organ
function. A specific treatment approach is formulated depending
on the patient’s symptoms (congestion vs hypoperfusion) and
hemodynamic indices (CI and PCWP).* If the patient primarily
exhibits signs and symptoms of congestion, treatment entails use
of diuretics as first-line agents to decrease PCWP. Additionally,
IV vasodilators are added to provide rapid relief of congestion
and additional reductions in PCWP. By reducing congestion
in the heart, cardiac contractile function may improve, which
results in an increase in SV and CO, and hence perfusion to
vital organs. The patient’s presenting BP can also help guide
the clinician on choice of diuretic, vasodilator, or both. For the
patient with a systolic BP of 120 to 160 mm Hg in the setting
of progressive worsening of chronic HF with pulmonary and
systemic congestion, aggressive diuresis can be beneficial. In the
patient with systolic BP greater than 160 mm Hg and abrupt onset
of pulmonary congestion, IV vasodilators may be indicated in
addition to diuretics. For patients primarily displaying symptoms
of hypoperfusion, treatment relies on use of agents that increase
cardiac contractility, known as positive inotropes. Some patients
display both symptoms of congestion as well as hypoperfusion
and thus require use of combination therapies. One of the current
challenges to the treatment of AHF is achieving hemodynamic
improvement without adversely affecting organ function. In the
case of inotropes, the increased contractility occurs at the expense
of an increase in cardiac workload and potential for proarrhythmia.
In addition, high-dose diuretic therapy is associated with worsened
renal function and possibly neurohormonal activation.

» Diuretics

Loop diuretics, including furosemide, bumetanide, and torsemide,
are the diuretics of choice in the management of AHE. Furosemide
is the most commonly used agent. Diuretics decrease preload by
functional venodilation within 5 to 15 minutes of administration
and subsequently by an increase in sodium and water excretion.
This provides rapid improvement in symptoms of pulmonary
congestion. Diuretics reduce PCWP but do not increase CI like
positive inotropes and arterial vasodilators. Patients who have
significant volume overload often have impaired absorption of
oral loop diuretics because of intestinal edema or altered transit
time. Therefore, doses are usually administered via IV boluses or
continuous IV infusions (Table 6-9). Higher doses may be required
for patients with renal insufficiency due to decreased drug delivery
to the site of action in the loop of Henle. A good rule of thumb is to
initiate the IV diuretic at twice the dose of the outpatient oral dose.

There is limited clinical trial evidence comparing the benefit
of diuretics with other therapies for symptom relief or long-term
outcomes. Careful monitoring of diuresis is needed as excessive
preload reduction can lead to a decrease in CO resulting in
reflex increase in sympathetic activation, renin release, and the
expected consequences of vasoconstriction, tachycardia, and
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Table 6-9

Intravenous Diuretics Used to Treat Heart Failure-Related Fluid Retention

Onset of Action Duration of Action

Intermittent Bolus Continuous Infusion

(minutes) (hours) Relative Potency  Dosing (mg) Dosing (bolus/infusion)
Furosemide 2-5 6 40 20-200+ 20-40/2.5-10
Torsemide <10 6-12 20 10-100 20/2-5
Bumetanide 2-3 4-6 0.5 1-10 1-4/0.5-1
Ethacrynic acid 5-15 2-7 0.5-1 mg/kg per dose

up to 100 mg/dose

increased myocardial oxygen demand. Monitoring of serum
electrolytes such as potassium, sodium, and magnesium is done
frequently to identify and correct imbalances. Monitor serum
creatinine and BUN daily at a minimum to assess volume
depletion and renal function.

Occasionally, patients with HF do not respond to a diuretic,
defined as failure to achieve a weight reduction of at least
0.5 kg (or negative net fluid balance of at least 500 mL) after
several increasing bolus doses. Several strategies are used to
overcome diuretic resistance. These include using larger oral
doses, converting to IV dosing, increasing the frequency of
administration, or adding metolazone. A small study using low-
dose continuous infusions of furosemide and torsemide has shown
an increase in urine output compared with intermittent bolus
dosing, but newer evidence suggests that there may be little difference
between intermittent bolus dosing and continuous infusion
strategies on symptom relief at 72 hours.* (See Table 6-9.) Another
useful strategy is to combine two diuretics with different sites of
action within the nephron. The most common combination
is the use of a loop diuretic with a thiazide diuretic such as
metolazone. Combining diuretics should be used with caution
due to an increased risk for cardiovascular collapse due to rapid
intravascular volume depletion. Strict monitoring of electrolytes,
vital signs, and fluid balance is warranted. Also, poor CO may
contribute to diuretic resistance. In these patients, it may become
necessary to add vasodilators or inotropes to enhance perfusion
to the kidneys. Care must be taken because vasodilators can
decrease renal blood flow despite increasing CO through dilation
of central and peripheral vascular beds.

» Vasodilators

IV vasodilators cause a rapid decrease in arterial tone, resulting
in a decrease in SVR and a subsequent increase in SV and CO.
Additionally, vasodilators reduce ventricular filling pressures
(PCWP) within 24 to 48 hours, reduce myocardial oxygen
consumption (MVO,), and decrease ventricular workload.
Vasodilators are commonly used in patients presenting with AHF
accompanied by moderate to severe congestion. This class includes
nitroglycerin, nitroprusside, and nesiritide. Hemodynamic effects
and dosages for these agents are included in Tables 6-10 and
6-11, respectively. Although vasodilators are generally safe and
effective, identification of the proper patient for use is important
to minimize the risk of significant hypotension. In addition,
vasodilators are contraindicated in patients whose cardiac filling
(and hence CO) depends on venous return or intravascular
volume, as well as patients who present with cardiogenic shock.

Nitroglycerin Nitroglycerin acts as a source of nitric oxide, which
induces smooth muscle relaxation in venous and arterial vascular
beds. Nitroglycerin is primarily a venous vasodilator at lower doses,
but it exerts potent arterial vasodilatory effects at higher doses.

Thus, at lower doses, nitroglycerin causes decreases in preload (or
filling pressures) and improved coronary blood flow. At higher
doses (> 100 mcg/min), additional reduction in preload is achieved,
along with a decrease in afterload and subsequent increase in SV
and CO. IV nitroglycerin is primarily used as a preload reducer for
patients exhibiting pulmonary congestion or in combination with
inotropes for congested patients with severely reduced CO.

Continuous infusions of nitroglycerin should be initiated at
a dose of 5 to 10 mcg/min and increased every 5 to 10 minutes
until symptomatic or hemodynamic improvement. Effective
doses range from 35 to 200 mcg/min. The most common
adverse events reported are headache, dose-related hypotension,
and tachycardia. Tachyphylaxis, or tolerance of effects, limits
nitroglycerin’s use within 12 hours of initiation. Nitroglycerin’s
effectiveness requires titration to higher doses.

Nitroprusside Nitroprusside, like nitroglycerin, causes the
formation of nitric oxide and vascular smooth muscle relaxation.
In contrast to nitroglycerin, nitroprusside is both a venous and
arterial vasodilator regardless of dosage. Nitroprusside causes
a pronounced decrease in PCWP, SVR, and BP, with a modest
increase in CO. Nitroprusside has been studied to a limited extent
in AHE, and no studies have evaluated its effects on mortality.
Nitroprusside is initiated at 0.1 to 0.25 mcg/kg/min, followed
by dose adjustments in 0.1 to 0.2 mcg/kg/min increments if
necessary to achieve desired effect. Because of its rapid onset
of action and metabolism, nitroprusside is administered as a
continuous infusion that is easy to titrate and provides predictable
hemodynamic effects. Nitroprusside requires strict monitoring
of BP and HR. Nitroprusside’s use is limited in AHF due to
recommended hemodynamic monitoring with an arterial line
and mandatory intensive care unit admission at many institutions.
Abrupt withdrawal of therapy should be avoided because rebound
neurohormonal activation may occur. Therefore, the dose should

Table 6-10

Usual Hemodynamic Effects of Commonly Used
Intravenous Agents for Treatment of Acute or
Severe Heart Failure

Drug co PCWP SVR BP HR
Diuretics T/l l 0
Nitroglycerin NS 4 NS T/0
Nitroprusside W L WL T
Nesiritide 7 B B Ll 0
Dobutamine ~ TT 10 10 /0 ™
Milrinone ™ A d d )

BP. blood pressure; CO, cardiac output; HR, heart rate; PCWP,
pulmonary capillary wedge pressure; SVR, systemic vascular
resistance; T, increase; L, decrease; 0, no or little change.



20 SECTION 1 | CARDIOVASCULAR DISORDERS

Table 6-11

Usual Doses and Monitoring of Commonly Used
Hemodynamic Medications

Drug Dose Monitoring Variables®
Dopamine 0.5-10 mcg/ BP, HR, urinary output and
kg/min kidney function, ECG,
extremity perfusion (higher
doses only)
Dobutamine  2.5-20 mcg/ BP, HR, urinary output and
kg/min function, ECG
Milrinone 0.375-0.75mcg/ BP, HR, urinary output and
kg/min function, ECG, changes in
ischemic symptoms (eg,
chest pain), electrolytes
Nitroprusside  0.25-3 mcg/ BP, HR, liver and kidney
kg/min function, blood cyanide and/
or thiocyanate concentrations
if toxicity suspected (nausea,
vomiting, altered mental
function)
Nitroglycerin ~ 5-200+ mcg/ BP. HR, ECG, changes in
min ischemic symptoms
Nesiritide Bolus: 2 mcg/kg; BP HR, urinary output and
Infusion: 0.01 kidney function, blood BNP/
mcg/kg/min NT-proBNP concentrations

°In addition to pulmonary capillary wedge pressure and cardiac output.

BNP, B-type natriuretic peptide; BP, blood pressure; ECG,
electrocardiogram; HR, heart rate; NT-proBNP, N-terminal proBNP.

be tapered slowly. Nitroprusside has the potential to cause cyanide
and thiocyanate toxicity, especially in patients with hepatic and
renal insufficiency, respectively. Toxicity is most common with
use longer than 3 days and with higher doses. Nitroprusside
should be avoided in patients with active ischemia because its
powerful afterload-reducing effects within the myocardium can
“steal” coronary blood flow from myocardial segments that are
supplied by epicardial vessels with high-grade lesions.

Nesiritide Recombinant BNP, or nesiritide, binds to guanylate
cyclase receptors in vascular smooth muscle and endothelial
cells, causing an increase in ¢cGMP concentrations leading to
vasodilation (venous and arterial) and natriuresis. Nesiritide also
antagonizes the effects of the RAAS and endothelin. Nesiritide
reduces PCWP, right atrial pressure, and SVR. Consequently, it also
increases SV and CO without affecting HR. Continuous infusions
result in sustained effects for 24 hours without tachyphylaxis,
although experience with its use beyond 72 hours is limited.

Nesiritide has been shown to improve symptoms of dyspnea
and fatigue. In a randomized clinical trial, nesiritide was found
to significantly decrease PCWP more than nitroglycerin and
placebo over 3 hours.* Nesiritide improved patients self-
reported dyspnea scores compared with placebo at 3 hours, but
there was no difference compared with nitroglycerin. In another
study, nesiritide did not decrease death or rehospitalization for
HF within 30 days, worsen renal function, or increase the risk
for mortality, despite previous concerns regarding its association
with elevations in serum creatinine.*

Currently, nesiritide is indicated for patients with AHF
exhibiting dyspnea at rest or with minimal activity. The
recommended dose regimen is a bolus of 2 mcg/kg, followed
by a continuous infusion for up to 24 hours of 0.01 mcg/kg/
min. Because nesiritide’s effects are predictable and sustained

a0or

at the recommended dosage, titration of the infusion rate
(maximum of 0.03 mcg/kg/min) is not commonly required nor is
invasive hemodynamic monitoring. Nesiritide should be avoided
in patients with systolic BP less than 90 mm Hg. Although
nesiritide’s place in AHF therapy is not firmly defined, it can
be used in combination with diuretics for patients presenting
in moderate to severe decompensation, and it offers a unique
mechanism of action. One potential disadvantage compared with
other vasodilators is its longer half-life. Combination therapy
may result in hypotension, which can be prolonged (2 hours).

» Inotropic Agents

Currently available positive inotropic agents act via increasing
intracellular cyclic adenosine monophosphate (CAMP) concentrations
through different mechanisms. B-Agonists activate adenylate
cyclase through stimulation of P-adrenergic receptors, which
subsequently catalyzes the conversion of ATP to cAMP. In contrast,
phosphodiesterase inhibitors reduce degradation of cAMP. The
resulting elevation in cAMP levels leads to enhanced phospholipase
activity, which then increases the rate and extent of calcium influx
during systole, thereby enhancing contractility. Additionally, during
diastole, cCAMP promotes uptake of calcium by the sarcoplasmic
reticulum, which improves cardiac relaxation. Routine use of
inotropes during acute decompensations is less preferable to use of
vasodilators, which should be attempted first for AHE

Dobutamine Dobutamine has historically been the inotrope of
choice for AHE As a synthetic catecholamine, it acts as an agonist
mainly on - and ,-receptors and minimally on a,-receptors. The
resulting hemodynamic effects are due to both receptor- and reflex-
mediated activities. These effects include increased contractility
and HR through B,- (and f3,-) receptors and vasodilation through
arelatively greater effect on f_- than o -receptors. Dobutamine can
increase, decrease, or cause little change in mean arterial pressure
depending on whether the resulting increase in CO is enough to
offset the modest vasodilation. Although dobutamine has a half-
life of approximately 2 minutes, its positive hemodynamic effects
can be observed for several days to months after administration.
The use of dobutamine is supported by several small studies
documenting improved hemodynamics, but large-scale clinical
trials in AHF are lacking.

Dobutamine is initiated at a dose of 2.5 to 5 mcg/kg/min, which
can be gradually titrated to 20 mcg/kg/min based on clinical
response. There are several practical considerations to dobutamine
therapy. First, owing to its vasodilatory potential, monotherapy
with dobutamine is reserved for patients with systolic BP greater
than 90 mm Hg. However, it is commonly used in combination
with vasopressors in patients with lower systolic BP. Second, due
to downregulation of B,-receptors or uncoupling of 3,-receptors
from adenylate cyclase with prolonged exposure to dobutamine,
attenuation of hemodynamic effects has been reported to occur as
early as 48 hours after initiation of a continuous infusion, although
tachyphylaxis is more evident with use spanning longer than
72 hours. Full sensitivity to dobutamine’s effects can be restored 7
to 10 days after the drug is withdrawn. Third, many patients with
AHF will be taking B-blockers chronically. Because of -blockers’
high affinity for B-receptors, the effectiveness of B-agonists such
as dobutamine will be reduced. In patients on p-blocker therapy,
it is recommended that consideration be given to the use of
phosphodiesterase inhibitors such as milrinone, which do not
depend on B-receptors for effect.***” Although commonly practiced,
use of high doses of dobutamine to overcome the -blockade should
be discouraged because this negates any of the protective benefits of
the B-blocker and may increase risk for arrhythmias.



Dopamine Dopamine is most commonly reserved for patients
with low systolic BP and those approaching cardiogenic shock.
Dopamine exerts its effects through direct stimulation of
adrenergic receptors, as well as release of norepinephrine from
adrenergic nerve terminals. Dopamine produces hemodynamic
effects that differ based on dosing. At lower doses, dopamine
stimulates dopamine type 1 (D1) receptors and thus increases
renal perfusion. Positive inotropic effects are more pronounced
at doses of 3 to 10 mcg/kg/min. CI is increased due to increased
SV and HR. At doses higher than 10 mcg/kg/min, chronotropic
and a,-mediated vasoconstriction effects are evident. This causes
an increase in mean arterial pressure due to higher CI and SVR.
The ultimate effect on cardiac hemodynamics will depend largely
on the dosage prescribed and must be individually tailored to
the patient’s clinical status. Dopamine is generally associated
with an increase in CO and BP, with a concomitant increase in
PCWP. Dopamine increases myocardial oxygen demand and
may decrease coronary blood flow through vasoconstriction and
increased wall tension. As with other inotropes, dopamine is
associated with a risk for arrhythmias.

Phosphodiesterase Inhibitors Milrinone and inamrinone
work by inhibiting phosphodiesterase III, the enzyme responsible
for the breakdown of cAMP. The increase in cAMP levels leads
to increased intracellular calcium concentrations and enhanced
contractile force generation. Milrinone has replaced inamrinone
as the phosphodiesterase inhibitor of choice due to the higher
frequency of thrombocytopenia seen with inamrinone.

Milrinone has both positive inotropic and vasodilating
properties and as such is referred to as an “inodilator” Its
vasodilating activities are especially prominent on venous
capacitance vessels and pulmonary vascular beds, although a
reduction in arterial tone is also noted. IV administration results
in an increase in SV and CO, and usually only minor changes in
HR. Milrinone also lowers PCWP through venodilation. Routine
use of milrinone during acute decompensations in NYHA FC
II to IV HF is not recommended, and milrinone use remains
limited to patients who require inotropic support.*

Dosing recommendations for milrinone may include a
loading dose of 50 mcg/kg, followed by an infusion beginning at
0.5 mcg/kg/min (range: 0.23 mcg/kg/min for patients with renal
failure up to 0.75 mcg/kg/min). A loading dose is not necessary
if immediate hemodynamic effects are not required or if patients
have low systolic BP (< 90 mm Hg). Decreases in BP during an
infusion may necessitate dose reductions as well. Lower doses are
also used in patients with renal insufficiency.

Milrinone is a good option for patients requiring an inotrope
who are also chronically receiving P-blockers because the
inotropic effects are achieved independent of P-adrenergic
receptors. However, milrinone exhibits a long distribution
and elimination half-life compared with B-agonists. Potential
adverse effects include hypotension, arrhythmias, and, less
commonly, thrombocytopenia. Additionally, milrinone has
been associated with increased risk for death in some studies.
Milrinone should not be used in patients in whom vasodilation
is contraindicated.

Mechanical, Surgical, and Device Therapies

» Intraaortic Balloon Counterpulsation

Intraaortic balloon counterpulsation (IABC) or intraaortic balloon
pumps (IABPs) are widely used mechanical circulatory assistance
devices for patients with cardiac failure who do not respond to
standard therapies. An IABP is placed percutaneously into the
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femoral artery and advanced to the high descending thoracic
aorta. Once in position, the balloon is programmed to inflate
during diastole and deflate during systole. Two main beneficial
mechanisms are: (a) inflation during diastole increases aortic
pressure and perfusion of the coronary arteries; and (b) deflation
just prior to the aortic valve opening reduces afterload. As such,
IABP increases myocardial oxygen supply and decreases oxygen
demand. This device has many indications, including cardiogenic
shock, high-risk unstable angina in conjunction with percutaneous
interventions, preoperative stabilization of high-risk patients
prior to surgery, and in patients who cannot be weaned from
cardiopulmonary bypass. Possible complications include infection,
bleeding, thrombosis, limb ischemia, and device malfunction.
The device is typically useful for short-term therapy due to its
invasiveness, need for limb immobilization, and requirement for
anticoagulation.

» Ventricular Assist Device

The ventricular assist device (VAD) is a surgically implanted
pump that reduces or replaces the work of the right, left, or
both ventricles. VADs are indicated for short-term support in
patients refractory to pharmacologic therapies, as long-term
bridge therapy (a temporary transition treatment) in patients
awaiting cardiac transplant, or in some instances as destination
therapy (for patients who are not appropriate candidates for
transplantation).! The most common complications are infection
and thromboembolism. Other adverse effects include bleeding,
air embolism, device failure, and multiorgan failure.

» Heart Transplant

Heart transplantation represents the final option for refractory
end-stage HF patients who have exhausted medical and device
therapies. Heart transplantation should be considered a trade
between a life-threatening syndrome and the risks associated with
the operation and long-term immunosuppression. Assessment of
appropriate candidates includes comorbid illnesses, psychosocial
behavior, available financial and social support, and patient
willingness to adhere to lifelong therapy and close medical
follow-up.! Overall, the transplant recipient’s quality of life
may be improved, but not all patients receive this benefit.
Posttransplant survival continues to improve due to advances in
immunosuppression, treatment and prevention of infection, and
optimal management of patient comorbidities.

Outcome Evaluation of Acute Heart Failure

o Focus on (a) acute improvement of symptoms and hemodynamics
due to IV therapies, and (b) optimization of oral therapy.

o Initially, monitor patients for rapid relief of symptoms
related to the chief complaint on admission. This includes
improvement of dyspnea, oxygenation, fatigue, JVD, and
other markers of congestion or distress.

 Monitor for adequate perfusion of vital organs through
assessment of mental status, creatinine clearance, liver
function tests, and a stable HR between 50 and 100 beats/
min. Additionally, adequate skin and muscle blood perfusion
and normal pH are desirable.

 Monitor changes in hemodynamic variables if available.
CI should increase, with a goal to maintain it above 2.2 L/
min/m? (0.037 L/s/m?). PCWP should decrease in volume-
overloaded patients to a goal of less than 18 mm Hg (2.4 kPa).

o Closely monitor BP and renal function while decreasing
preload with diuretics and vasodilators.
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Patient Encounter Part 4

After 6 months, the patient returns to the clinic complaining

of extreme SOB with any activity, as well as at rest. He sleeps
sitting up due to severe orthopnea, feels too nauseous and
bloated to eat, and states he has gained 25 Ib (11.4 kg) from his
baseline weight. He states that he does not feel his furosemide
therapy is working. He is admitted to the cardiology unit.

SH: Admits to resuming previous alcohol intake; additionally,
he has been eating out in restaurants more often in the past
few weeks. He has also resumed smoking

Meds: Atorvastatin 40 mg once daily, lisinopril 10 mg once
daily, carvedilol 6.25 mg twice daily, furosemide 80 mg twice
daily, multivitamin daily, aspirin 81 mg daily

VS: BP 106/54 mm Hg, pulse 102 beats/min and regular,
respiratory rate 22/min, temperature 37°C (98.6°F), Wt 276 Ib
(125.5 kg), BMI 41.9 kg/m?

Lungs: Decreased breath sounds and rales present bilaterally

CV: Regular rate and rhythm with normal S, and S; there is

an S, and an S,; a 4/6 systolic ejection murmur is present and
heard best at the left lower sternal border; point of maximal
impulse is displaced laterally; jugular veins are distended, JVP is
14 cm above sternal angle

Patient Care Process

Abd: Hard, tender, and bowel sounds are present; 3+ pitting
edema of extremities is observed

CXR: Bilateral pleural effusions and cardiomegaly
Echo: EF = 20% (0.20)

Pertinent labs: NT-proBNP 2210 pg/mL (ng/L; 261 pmol/L),
K: 3.4 mEg/L (mmol/L), BUN 64 mg/dL (22.8 mmol/L), SCr
24 mg/dL (212 umol/L), Mg 1.8 mEg/L (0.9 mmol/L); A
pulmonary catheter is placed, revealing the following: PCWP
32 mm Hg (4.3 kPa); Cl 2.3 L/min/m? (0.038 L/s/m?)

What NYHA functional class, ACC/AHA stage, and
hemodynamic subset is the patient currently in?
What are your initial treatment goals?

What pharmacologic agents are appropriate to use at this
time?

Identify a monitoring plan to assess for efficacy and toxicity of
the recommended drug therapy.

Once symptoms are improved, how would you optimize oral
medication therapy for this patient’s HF?

Collect Information:

o Obtain a thorough history of prescription, nonprescription,
and herbal medication use.

o Review the patient’s lifestyle habits including salt and
alcohol intake, tobacco product use, exercise routine.

o Gather recent history of symptoms of congestion and
hypoperfusion, including weight gain, swelling in
extremities, etc.

Assess the Information:

o Assess the severity and duration of the patient’s symptoms
of HF and hypoperfusion, including limitations in activity.
Rule out potential exacerbating factors. See Clinical
Presentation and Diagnosis of Chronic Heart Failure textbox
and Tables 6-1, 6-3, and 6-4.

o Review available diagnostic information from the chest
radiograph, ECG, and echocardiogram. Investigate the
patient’s underlying etiology of HF.

Develop a Care Plan:

o Determine whether additional adjustment or new therapy is
needed to address patient’s acute and chronic conditions.

o Develop a treatment plan to alleviate symptoms and
maintain euvolemia with diuretics (Tables 6-6 and 6-7).
Daily weights to assess fluid retention are recommended.

o Develop a medication regimen to slow the progression
of HF with the use of neurohormonal blockers such as
vasodilators (ACE inhibitors, ARBs, sacubitril/valsartan, or
hydralazine/isosorbide dinitrate), 3-blockers, and aldosterone
receptor antagonists (Tables 6-6 and 6-7). Utilize digoxin if

the patient remains symptomatic despite optimization of the
therapies just described, and ivabradine in patients with HRs
of 70 beats/min or higher despite optimization of 3-blocker.

Implement the Care Plan:

o Ensure the patient is at goal or maximally tolerated doses of
vasodilator and B-blocker therapy (Table 6-6), or titrate to
the next dosing level if possible.

o Educate the patient on lifestyle modifications such as salt
restriction (maximum 2 g/day), fluid restriction if appropriate,
limitation of alcohol, tobacco cessation, participation in a cardiac
rehabilitation and exercise program, and proper immunizations
such as the pneumococcal vaccine and yearly influenza vaccine.

o Stress the importance of adherence to the therapeutic
regimen and lifestyle changes for maintenance of a
compensated state and slowing of disease progression.

Follow-up: Monitor and Evaluate:

» Monitor patient, including appropriate hemodynamic
monitoring for AHF (Table 6-8), for desired outcomes.

« Evaluate the patient for presence of adverse drug reactions,
drug allergies, and drug interactions.

» Provide patient education with regard to disease state and
drug therapy, and reinforce medication adherence and
self-monitoring for symptoms of HF (eg, daily weights).
Emphasize follow-up with health care practitioners.

o Assess changes in echocardiographic parameters from a
follow-up echocardiography, ideally performed 2 months
after medication optimization. Has the LVEF risen to above
40% (0.40)?



Ensure patients are euvolemic or nearly euvolemic prior to
discharge.

Because oral therapies can both improve symptoms and
prolong survival, optimizing outpatient HF management is

a priority when preparing a patient for hospital discharge.
Ensure the patient’s regimen includes an ACE inhibitor,
ARB, or ARNI, B-blocker, a diuretic at an adequate dose to
maintain euvolemia, and aldosterone antagonist or digoxin if
indicated.

Abbreviations Introduced in
This Chapter

ACC/AHA American College of Cardiology/American
Heart Association

ACE Angiotensin-converting enzyme

AHF Acute heart failure

ANP Atrial natriuretic peptide

ARB Angiotensin receptor blocker

ARNI Angiotensin receptor neprilysin inhibitor

AT, Angiotensin I

AT, Angiotensin II

ATP Adenosine triphosphate

BMI Body mass index

BNP B-type natriuretic peptide

BPM Beats per minute

BP Blood pressure

BUN Blood urea nitrogen

CAD Coronary artery disease

cAMP Cyclic adenosine monophosphate

cGMP Cyclic guanosine monophosphate

CHARM Candesartan in Heart Failure Assessment of
Reduction in Mortality and Morbidity

CI Cardiac index

CNS Central nervous system

CcO Cardiac output

COX-2 Cyclooxygenase-2

CrCL Creatinine clearance

CYP Cytochrome P-450 isoenzyme

D1 Dopamine receptor type 1

ECG Electrocardiogram

EF Ejection fraction

eGFR Estimated glomerular filtration rate

ET-1 Endothelin-1

ET-A Endothelin-A

ET-B Endothelin-B

FDA Food and Drug Administration

GI Gastrointestinal

HF Heart failure

HFmrEF Heart failure with mid-range ejection fraction

HFpEF Heart failure with preserved ejection fraction

HFrEF Heart failure with reduced ejection fraction

HJR Hepatojugular reflux

HR Heart rate

IABC Intraaortic balloon counterpulsation

IABP Intraaortic balloon pump

iNOS Inducible nitric oxide synthetase

INR International normalized ratio

I-PRESERVE Irbesartan in Patients with Heart Failure and
Preserved Ejection Fraction

v Intravenous

JVD Jugular venous distention

JVP Jugular venous pressure

v Left ventricular

LVEF Left ventricular ejection fraction

LVF Left ventricular failure
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MI Myocardial infarction
MRA Mineralocorticoid receptor antagonist
MVO, Myocardial oxygen consumption
NSAID Nonsteroidal anti-inflammatory drug
NT-proBNP N-terminal proBNP
NYHA FC New York Heart Association Functional Class
PAC Pulmonary artery catheter
PCWP Pulmonary capillary wedge pressure
PEP-CHF Perindopril in Elderly People with Chronic
Heart Failure
PND Paroxysmal nocturnal dyspnea
RAAS Renin-angiotensin-aldosterone system
RVF Right ventricular failure
SCr Serum creatinine
SNS Sympathetic nervous system
SOB Shortness of breath
SV Stroke volume
SVR Systemic vascular resistance
TNF-a Tumor necrosis factor-a
TOPCAT Treatment of Preserved Cardiac Function
Heart Failure with an Aldosterone Antagonist
V. Vasopressin type la
v, Vasopressin type 2
VAD Ventricular assist device
REFERENCES
1. Yancy CW, Jessup M, Bozkurt B, et al. 2013 ACCF/AHA

10.

11.

12.

guideline for the management of heart failure: a report of the
American College of Cardiology Foundation/American Heart
Association Task Force on practice guidelines. Circulation.
2013;128(16):e240-e327.

. Benjamin EJ, Blaha M]J, Chiuve SE, et al. Heart disease and

stroke statistics—2017 update: a report from the American Heart
Association. Circulation. 2017;135:e146-€160.

. Nieminen MS, Harjola VP. Definition and epidemiology of acute

heart failure syndromes. Am J Cardiol. 2005;96(6A):5G-10G.

. Bonow RO, Bennett S, Casey DE, Jr, et al. ACC/AHA Clinical

Performance Measures for Adults with Chronic Heart Failure: a
report of the American College of Cardiology/American Heart
Association Task Force on Performance Measures (Writing
Committee to Develop Heart Failure Clinical Performance
Measures): endorsed by the Heart Failure Society of America.
Circulation. 2005;112(12):1853-1887.

. Parker RB, Cavallari LH. Systolic heart failure. In DiPiroJY, Talbert

RL, Yee GC, et al, eds. Pharmacotherapy: A Pathophysiologic
Approach, 8th ed. New York: McGraw-Hill; 2011:137-172.

. Jessup M, Brozena S. Heart failure. New Eng ] Med.

2003;348(20):2007-2018.

. Schrier RW, Abraham WT. Hormones and hemodynamics in

heart failure. N Engl ] Med. 1999;341(8):577-585.

. Mann DL. Mechanisms and models in heart failure: a

combinatorial approach. Circulation. 1999;100(9):999-1008.

. Mann DL. Inflammatory mediators and the failing heart: past,

present, and the foreseeable future. Circulation Research.
2002;91(11):988-998.

Silver MA, Maisel A, Yancy CW, et al. BNP Consensus Panel
2004: a clinical approach for the diagnostic, prognostic,
screening, treatment monitoring, and therapeutic roles of
natriuretic peptides in cardiovascular diseases. Congest Heart
Fail. 2004;10(5 suppl 3):1-30.

Lindenfeld ], Albert NM, Boehmer JP, et al. HFSA 2010
Comprehensive Heart Failure Practice Guideline. ] Card Fail.
2010;16(6):e1-e194.

Effects of enalapril on mortality in severe congestive heart
failure. Results of the Cooperative North Scandinavian Enalapril



94

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

SECTION 1 | CARDIOVASCULAR DISORDERS

Survival Study (CONSENSUS). The CONSENSUS Trial Study
Group. N Eng ] Med. 1987;316(23):1429-1435.

Effect of enalapril on survival in patients with reduced left
ventricular ejection fractions and congestive heart failure. The
SOLVD Investigators. N Eng ] Med. 1991;325(5):293-302.
SOLVD Investigators, Yusuf S, Pitt B, Davis CE, Hood WB Jr,
Cohn JN. Effect of enalapril on mortality and the development of
heart failure in asymptomatic patients with reduced left ventricular
ejection fractions. N Eng ] Med. 1992;327(10):685-691.

Packer M, Poole-Wilson PA, Armstrong PW, et al. Comparative
effects of low and high doses of the angiotensin-converting
enzyme inhibitor, lisinopril, on morbidity and mortality
in chronic heart failure. ATLAS Study Group. Circulation.
1999;100(23):2312-2318.

Pitt B, Poole-Wilson PA, Segal R, et al. Effect of losartan compared
with captopril on mortality in patients with symptomatic heart
failure: randomised trial—the Losartan Heart Failure Survival
Study ELITE II. Lancet. 2000;355(9215):1582-1587.

Cohn N, Tognoni G. A randomized trial of the angiotensin-
receptor blocker valsartan in chronic heart failure. N Eng ] Med.
2001;345(23):1667-1675.

Pfeffer MA, Swedberg K, Granger CB, et al. Effects of
candesartan on mortality and morbidity in patients with
chronic heart failure: the CHARM-Overall programme. Lancet.
2003;362(9386):759-766.

Vardeny O, Miller R, Solomon SD. Combined neprilysin and
renin-angiotensin system inhibition for the treatment of heart
failure. JACC Heart Fail. 2014;2(6):663-670.

McMurray JJ, Packer M, Desai AS, et al. Angiotensin-neprilysin
inhibition versus enalapril in heart failure. N Eng ] Med.
2014;371(11):993-1004.

Yancy CW, Jessup M, Bozkurt B, et al. 2017 ACC/AHA/HFSA
Focused Update of the 2013 ACCF/AHA Guideline for the
Management of Heart Failure: A Report of the American
College of Cardiology/American Heart Association Task Force
on Clinical Practice Guidelines and the Heart Failure Society of
America. ] Am Coll Cardiol. 2017;70(6):776-803.

Cohn JN, Archibald DG, Ziesche S, et al. Effect of vasodilator
therapy on mortality in chronic congestive heart failure. Results
of a Veterans Administration Cooperative Study. N Eng ] Med.
1986;314(24):1547-1552.

Cohn JN, Johnson G, Ziesche S, et al. A comparison of enalapril
with hydralazine-isosorbide dinitrate in the treatment of chronic
congestive heart failure. N Eng ] Med. 1991;325(5):303-310.
Taylor AL, Ziesche S, Yancy C, et al. Combination of isosorbide
dinitrate and hydralazine in blacks with heart failure. N Eng J
Med. 2004;351(20):2049-2057.

Packer M, Bristow MR, Cohn JN, et al. The effect of carvedilol
on morbidity and mortality in patients with chronic heart
failure. U.S. Carvedilol Heart Failure Study Group. N Eng ] Med.
1996;334(21):1349-1355.

The Cardiac Insufficiency Bisoprolol Study II (CIBIS-II): a
randomised trial. Lancet. 1999;353(9146):9-13.

Effect of metoprolol CR/XL in chronic heart failure: Metoprolol
CR/XL Randomised Intervention Trial in Congestive Heart
Failure (MERIT-HF). Lancet. 1999;353(9169):2001-2007.
Poole-Wilson PA, Swedberg K, Cleland JG, et al. Comparison
of carvedilol and metoprolol on clinical outcomes in patients
with chronic heart failure in the Carvedilol Or Metoprolol
European Trial (COMET): randomised controlled trial. Lancet.
2003;362(9377):7-13.

Funck-Brentano C, van Veldhuisen DJ, van de Ven LL, Follath
E Goulder M, Willenheimer R. Influence of order and type of
drug (bisoprolol vs. enalapril) on outcome and adverse events

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

in patients with chronic heart failure: a post hoc analysis of the
CIBIS-1II trial. Eur J Heart Fail. 2011;13(7):765-772.

Pitt B, Zannad F, Remme WJ, et al. The effect of spironolactone
on morbidity and mortality in patients with severe heart failure.
Randomized Aldactone Evaluation Study Investigators. N Eng ]
Med. 1999;341(10):709-717.

Pitt B, Remme W, Zannad F, et al. Eplerenone, a selective
aldosterone blocker, in patients with left ventricular
dysfunction after myocardial infarction. N Eng ] Med.
2003;348(14):1309-1321.

Zannad F, McMurray JJ, Krum H, et al. Eplerenone in patients
with systolic heart failure and mild symptoms. N Eng ] Med.
2011;364(1):11-21.

The effect of digoxin on mortality and morbidity in patients with
heart failure. The Digoxin Investigation Group. N Eng J Med.
1997;336(8):525-533.

Rathore SS, Curtis JP, Wang Y, Bristow MR, Krumholz HM.
Association of serum digoxin concentration and outcomes in
patients with heart failure. JAMA. 2003;289(7):871-878.

Packer M, O’Connor CM, Ghali JK, et al. Effect of amlodipine
on morbidity and mortality in severe chronic heart failure.
Prospective Randomized Amlodipine Survival Evaluation Study
Group. N Eng ] Med. 1996;335(15):1107-1114.

Packer M, Carson P, Elkayam U, et al. Effect of amlodipine on
the survival of patients with severe chronic heart failure due to
a nonischemic cardiomyopathy: results of the PRAISE-2 study
(prospective randomized amlodipine survival evaluation 2).
JACC Heart Fail. 2013;1(4):308-314.

Swedberg K, Komajda M, Béhm M, et al. Ivabradine and
outcomes in chronic heart failure (SHIFT): a randomised
placebo-controlled study. Lancet. 2010;376(9744):875-885.
Cleland JG, Tendera M, Adamus J, Freemantle N, Polonski L,
Taylor J. The perindopril in elderly people with chronic heart
failure (PEP-CHF) study. Eur Heart J. 2006;27(19):2338-2345.
Massie BM, Carson PE, McMurray JJ, et al. Irbesartan in patients
with heart failure and preserved ejection fraction. N Eng ] Med.
2008;359(23):2456-2467.

Pfeffer MA, Pitt B, McKinlay SM. Spironolactone for heart
failure with preserved ejection fraction. N Eng ] Med.
2014;371(2):181-182.

Stevenson LW. Tailored therapy to hemodynamic goals for
advanced heart failure. Eur ] Heart Fail. 1999;1(3):251-257.
Nohria A, Lewis E, Stevenson LW. Medical management of
advanced heart failure. JAMA. 2002;287(5):628-640.

Felker GM, Lee KL, Bull DA, et al. Diuretic strategies in
patients with acute decompensated heart failure. N Eng ] Med.
2011;364(9):797-805.

Intravenous nesiritide vs nitroglycerin for treatment of
decompensated congestive heart failure: a randomized controlled
trial. Publication Committee for the VMAC Investigators. JAMA.
2002;287(12):1531-1540.

O’Connor CM, Starling RC, Hernandez AF, et al. Effect of
nesiritide in patients with acute decompensated heart failure. N
Eng J Med. 2011;365(1):32-43.

Stevenson LW. Clinical use of inotropic therapy for heart failure:
looking backward or forward? Part I: Inotropic infusions during
hospitalization. Circulation. 2003;108(3):367-372.

Stevenson LW. Clinical use of inotropic therapy for heart failure:
looking backward or forward? Part II: Chronic inotropic therapy.
Circulation. 2003;108(4):492-497.

Cuffe MS, Califf RM, Adams KF, Jr, et al. Short-term
intravenous milrinone for acute exacerbation of chronic heart
failure: a randomized controlled trial. JAMA. 2002;287(12):
1541-1547.



Stable Ischemic Heart
Disease

Dejan Landup and Robert J. DiDomenico

LEARNING OBJECTIVES

Identify treatment goals of stable IHD (SIHD).

N oA W

information.

INTRODUCTION

schemic heart disease (IHD) is also called coronary heart
Idisease (CHD) or coronary artery disease (CAD). The term

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

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

EPIDEMIOLOGY AND ETIOLOGY

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

H Upon completion of the chapter, the reader will be able to:

Compare and contrast the diagnostic criteria of IHD and ACS.

Identify risk factors for the development of ischemic heart disease (IHD).
Differentiate between the pathophysiology of chronic stable angina and acute coronary syndromes (ACS).
Recognize symptoms and diagnostic criteria of IHD in a specific patient.

Identify appropriate lifestyle modifications and pharmacologic therapy to address each treatment goal.
Design an appropriate treatment regimen for the management of SIHD based on patient-specific

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

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

Conditions Associated with Angina

Figure 7-2 shows the anatomy of the coronary arteries. The
major epicardial coronary arteries are the left main, left anterior
descending, left circumflex, and right coronary arteries.
Atherosclerosis leading to obstructive lesions in one or more of
the major coronary arteries or their principal branches is the
major cause of angina. Vasospasm at the site of an atherosclerotic
plaque may further constrict blood flow and contribute to angina.
Less commonly, vasospasm in coronary arteries with no or
minimal atherosclerotic disease can produce angina and even
precipitate ACS. This uncommon form of angina is referred to as
variant or Prinzmetal angina. Other nonatherosclerotic conditions
that can cause angina-like symptoms are listed in Table 7-1." It is
important to differentiate the etiology of chest discomfort because
treatment varies depending on the underlying disease process.

Risk Factors

Factors that predispose an individual to IHD are listed
in Table 7-2. Optimization of modifiable risk factors can
significantly reduce the risk of myocardial infarction (MI).!
Hypertension, diabetes, dyslipidemia, and cigarette smoking
are associated with endothelial damage and dysfunction and
contribute to the development of atherosclerosis. Physical
inactivity and obesity independently increase the risk for
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Oxygen supply & demand under normal circumstances

Oxygen supply & demand in ischemic heart disease

</ Arterial Po,
</ Diastolic filling time
U Coronary blood flow

< Heart rate
< Myocardial contractility
< Ventricular wall tension

& Arterial Po,
& Diastolic filling time
& Coronary blood flow

</ Heart rate
=/ Myocardial contractility
/M Ventricular wall tension

Oxygen supply = Oxygen demand I | = Oxygen supply # /N = Oxygen demand

& = No change | = Decreases 1 = Increases

FIGURE 7-1. This illustration depicts the balance between myocardial oxygen supply and demand and various factors that affect

each. It should be noted that diastolic filling time is not an independent predictor of myocardial oxygen supply per se, but rather a
determinant of coronary blood flow. On the left is myocardial oxygen supply and demand under normal circumstances. On the right

is the mismatch between oxygen supply and demand in patients with IHD. In patients without IHD, coronary blood flow increases in
response to increases in myocardial oxygen demand. However, in patients with IHD, coronary blood flow cannot sufficiently increase (and
may decrease) in response to increased oxygen demand, resulting in angina. (IHD, ischemic heart disease; Po,, partial pressure of oxygen.)

IHD, in addition to predisposing individuals to hypertension, PATHOPHYSIOLOGY
dyslipidemia, and diabetes.

Patients with multiple risk factors, particularly those with
diabetes, are at the greatest risk for IHD, experiencing fivefold
to sevenfold higher risk compared to individuals without
risk factors.* Although alternative definitions exist, metabolic
syndrome is generally considered a constellation of common
cardiovascular risk factors including hypertension, abdominal
obesity, dyslipidemia, and insulin resistance. Metabolic syndrome
increases the risk of developing IHD and related complications by
twofold.” According to a joint statement from the International
Diabetes Federation, National Heart, Lung, and Blood Institute,
AHA, World Heart Federation, International Atherosclerosis
Society, and International Association for the Study of Obesity,
patients must meet at least three of the following criteria for the
diagnosis of metabolic syndrome®:

The determinants of myocardial oxygen supply and demand
are shown in Figure 7-1. Increases in heart rate, cardiac
contractility, and left ventricular wall tension increase the
rate of myocardial oxygen consumption (MVO,). Ventricular
wall tension is a function of BP, systemic vascular resistance,
left ventricular end-diastolic volume, and ventricular wall
thickness. Physical exertion increases MVO, and commonly
precipitates symptoms of angina in patients with significant
coronary atherosclerosis.

Reductions in coronary blood flow (secondary to
atherosclerotic plaques, vasospasm, or thrombus formation)
and arterial oxygen content (secondary to hypoxia) decrease
myocardial oxygen supply. Because the coronary arteries fill
during diastole, decreases in diastolic filling time (eg, tachycardia)
can also reduce coronary perfusion and myocardial oxygen

o Increased waist circumference (40 in [102 cm] or greater in supply. Anemia, carbon monoxide poisoning, and cyanotic
men and 35 in [89 cm] or greater in women). congenital heart disease are examples of conditions that can lead
o Triglycerides of 150 mg/dL (1.70 mmol/L) or greater or active to diminished myocardial oxygen delivery and precipitate angina
treatment to lower triglycerides. in the face of adequate coronary perfusion.
o Low high-density lipoprotein (HDL) cholesterol (< 40 mg/ .
dL [1.03 mmol/L] in men and < 50 mg/dL [1.29 mmol/L] in Coronary Atherosclerosis
women) or active treatment to raise HDL cholesterol. The normal arterial wall is illustrated in panel A of Figure 7-3.
« Systolic blood pressure (BP) of 130 mm Hg or greater, The intima consists of a layer of endothelial cells that line the
diastolic BP of 85 mm Hg or greater, or active treatment with lumen of the artery and form a selective barrier between the
antihypertensive therapy. vessel wall and blood contents. Vascular smooth muscle cells are

found in the media. The vascular adventitia comprises the artery’s

outer layer. Atherosclerotic lesions form in the subendothelial

space in the intimal layer.

Barly detection and aggressive modification of I Endothelial damage and dysfunction, commonly caused
o

o Fasting blood glucose of 100 mg/dL (5.6 mmol/L) or greater
or active treatment for diabetes.

risk faCt‘?rS are among t.he primary strategies ff)r delf‘Ying IHD  H by hypertension, diabetes, and smoking, allow low-density
progression and preventing IHD-related events including death. 3 lipoprotein (LDL) cholesterol and inflammatory cells (eg,
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FIGURE 7-2. Coronary artery anatomy with sternocostal and diaphragmatic views. (a., artery; v, vein.) (Reproduced from Chapter 4.
Heart. In: Morton DA, Foreman K, Albertine KH, eds. The Big Picture: Gross Anatomy. New York, NY: McGraw-Hill; 2011. http://
accesspharmacy.mhmedical.com/content.aspx?bookid=381&sectionid=40140010, with permission.)
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Table 7-1

Nonatherosclerotic Conditions That Can Cause
Angina-Like Symptoms’

Organ System Condition

Cardiac Aortic dissection, aortic stenosis, coronary
artery vasospasm, pericarditis, valvular
heart disease, severe uncontrolled
hypertension

Noncardiac Anemia, anxiety disorders, carbon

monoxide poisoning, chest wall trauma,
cocaine use, esophageal reflux or
spasm, peptic ulcer disease, pleuritis,
pneumonia, pneumothorax, pulmonary
embolus, pulmonary hypertension,
thyrotoxicosis

monocytes and T lymphocytes) to migrate from the plasma
to the subendothelial space, as illustrated in Figure 12-5 in
Chapter 12, “Dyslipidemias” The process begins by monocyte-
derived macrophages ingesting lipoproteins to form foam cells.
Macrophages also secrete growth factors that promote smooth
muscle cell migration from the media to the intima. The result
is the development of early atherosclerosis in the form of a
fatty streak consisting of lipid-laden macrophages and smooth
muscle cells.

The fatty streak enlarges as foam cells, smooth muscle
cells, and necrotic debris accumulate in the subendothelial
space. A collagen matrix forms a fibrous cap that covers the
lipid core of the lesion to establish an atherosclerotic plaque.
The atherosclerotic plaque may progress until it protrudes
into the artery lumen and impedes blood flow. When the
plaque occludes 70% or more of a major coronary artery or
50% or more of the left main coronary artery, the patient may
experience angina during activities that increase myocardial
oxygen demand.

Compared with men, women with angina are more likely to
present with microvascular disease. Microvascular angina, also
called cardiac syndrome X, refers to disease of the smaller coronary
vessels causing typical angina in the absence of obstructive CAD

Table 7-2

Major Risk Factors for Ischemic Heart Disease

Modifiable Nonmodifiable

Cigarette smoking Age > 45 years for men,

Dyslipidemia age > 55 years for women
o Elevated LDL or total Gender (men and postmenopausal
cholesterol women)

e Reduced HDL cholesterol
Diabetes mellitus
Hypertension
Physical inactivity
Obesity (body mass index
> 30 kg/m?)
Low daily fruit and vegetable
consumption
Alcohol overconsumption

Family history of premature
cardiovascular disease, defined
as cardiovascular disease in a
male first-degree relative (ie,
father or brother) < 55 years or
a female first-degree relative
(ie, mother or sister) < 65 years

HDL, high-density lipoprotein; LDL, low-density lipoprotein.

L
o
3

of the epicardial arteries. Endothelial dysfunction and reduced
smooth muscle relaxation, resulting in reduced vasodilation
and enhanced vasoconstriction, are proposed to contribute to
microvascular disease.®

Stable versus Unstable Atherosclerotic Plaques

The hallmark feature in the pathophysiology of SIHD is an
established atherosclerotic plaque in one or more of the major
coronary arteries that impedes coronary blood flow such that
myocardial oxygen supply can no longer meet myocardial
oxygen demand. In contrast, the hallmark feature in the
pathophysiology of ACS is atherosclerotic plaque rupture with
subsequent thrombus formation. Plaque rupture refers to
fissuring of the fibrous cap and exposure of the plaque contents
to elements in the blood. Plaque composition, rather than the
degree of coronary stenosis, determines the stability of the
plaque and the likelihood of rupture and ACS. As depicted in
Figure 7-3B, a stable lesion characteristic of STHD consists of a
small lipid core surrounded by a thick fibrous cap that protects
the lesion from the shear stress of blood flow. In contrast, an
unstable plaque consists of a thin, weak cap covering a large
lipid-rich core that renders the plaque vulnerable to rupture
(Figure 7-3C). The transformation of a stable plaque into an
unstable plaque involves the degradation of the fibrous cap by
substances released from macrophages and other inflammatory
cells. Following plaque rupture, platelets adhere to the site of
rupture (Figure 7-3D), aggregate (Figure 7-3E), and generate
thrombin leading to the development of a fibrin clot (Figure 7-3F).
Coronary thrombi extend into the vessel lumen, where they
partially or completely occlude blood flow, potentially resulting
in UA or ML

Unstable plaque often produces minimal occlusion of the
coronary vessel, and the patient remains asymptomatic until the
plaque ruptures. In fact, many ACS arise from vulnerable plaques
that occlude less than 50% of the coronary lumen.”

Coronary Artery Vasospasm

Prinzmetal or variant angina results from spasm (or
vasoconstriction) of a coronary artery in the absence of significant
atherosclerosis. Variant angina usually occurs at rest, especially
in the early morning hours. Although vasospasm is generally
transient, it may persist long enough to cause myocardial
ischemia and subsequent infarction. Patients with variant angina
are typically younger than those with chronic stable angina
and often do not possess the classic risk factors for IHD. The
cause of variant angina is unclear but appears to involve vagal
withdrawal, endothelial dysfunction, and paradoxical response
to agents that normally cause vasodilation. Precipitants of variant
angina include cigarette smoking, cocaine or amphetamine
use, hyperventilation, and exposure to cold temperatures. The
management of variant angina differs from that of classic angina,
and thus it is important to distinguish between the two.

CLINICAL PRESENTATION AND DIAGNOSIS
History

The evaluation of a patient with suspected IHD begins with a
detailed history of symptoms. The classic presentation
of angina is described in the Clinical Presentation and Diagnosis
text box. Chronic stable angina should be distinguished from
UA because the latter is associated with a greater risk for MI and
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FIGURE 7-3. Pathophysiology of chronic stable angina versus acute coronary syndromes. Panel A depicts the cross-section of a
normal coronary artery. Panel B depicts the cross-section of a coronary artery with a stable atherosclerotic plaque. Note that the lipid
core is relatively small in size and the fibrous cap is made up of several layers of smooth muscle cells. Panel C depicts an unstable
atherosclerotic plaque with a larger lipid core, and a thin fibrous cap composed of a single layer of smooth muscle cells with a fissure
or rupture. Panel D depicts platelet adhesion in response to the fissured plaque. Platelet activation may ensue, leading to platelet
aggregation as fibrinogen binds platelets to one another to form a mesh-like occlusion in the coronary lumen (Panel E). At this stage,
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patients may experience symptoms of acute coronary syndrome. If endogenous anticoagulant proteins fail to halt this process, platelet
aggregation continues and fibrinogen is converted to fibrin, resulting in an occlusive thrombus (Panel F).

death and requires hospitalization for more aggressive treatment.
Because the pathophysiology of SIHD is due primarily to
increases in oxygen demand rather than acute changes in oxygen
supply, symptoms are typically reproducible when provoked
by exertion, exercise, or stress. The exception may be a
patient with coronary artery vasospasm, in whom symptoms
may be more variable and unpredictable. In contrast to
SIHD, ACS generally occurs in response to an acute decrease
in coronary blood flow leading to inadequate oxygen supply.

Consequently, ACS is marked by prolonged symptoms, often
occurring at rest, or an escalation in the frequency or severity
of angina over a short period of time. The presentation of UA

is described in Table 7-3.8

Canadian Cardiovascular Society
Classification System

The Canadian Cardiovascular Society Classification System
i (Table 7-4) is commonly used to assess the degree of disability
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Clinical Presentation and Diagnosis of Ischemic Heart Disease

General

o Patients with SIHD will generally be in no acute distress. In
patients presenting in acute distress, the clinician should be
suspicious of ACS.

Symptoms of Angina Pectoris

o The five components commonly used to characterize chest
pain are: quality, location, duration, provoking factors, and
mitigating factors.

 Patients typically describe pain as a sensation of pressure,
heaviness, tightness, or squeezing in the anterior chest
area. Sharp pain and pain reproducible by palpation are not
typical symptoms of angina.

» Pain may radiate to the neck, jaw, shoulder, back, or arm.

o Pain may be accompanied by dyspnea, nausea, vomiting, or
diaphoresis.

« Pain typically persists for several minutes.

* Symptoms are often provoked by exertion (eg, walking,
climbing stairs, doing yard or housework) or emotional
stress and relieved within minutes by rest or sublingual
nitroglycerin. Other precipitating factors include exposure to
cold temperatures and heavy meals. Pain that occurs at rest
(without provocation) or that is prolonged and unrelieved by
sublingual nitroglycerin is indicative of ACS.

e Some patients, most commonly women, the elderly, and
patients with diabetes, may present with atypical symptoms
including indigestion, gastric fullness, back pain, and
shortness of breath. Patients with diabetes and the elderly
may experience associated symptoms, such as dyspnea,
diaphoresis, nausea, fatigue, and dizziness, without having
any of the classic angina symptoms.

o In some cases, “silent ischemia” occurs in which patients are
asymptomatic.

Signs

 Findings on physical examination are often normal with
SIHD. However, during episodes of ischemia, patients may
present with abnormal heart sounds, such as paradoxical

splitting of the second heart sound, a third heart sound, or a
loud fourth heart sound.

Table 7-3

Presentations of Acute Coronary Syndromes?®

» Angina at rest that is prolonged in duration, usually lasting over
20 minutes.

« Angina of recent onset (within 2 months) that markedly limits
usual activity.

» Angina that increases in severity (ie, by Canadian Cardiovascular
Society Classification System Class of one level or greater
[Table 7-4]), frequency, or duration, or that occurs with less
provocation over a short time period (ie, within 2 months).

Laboratory Tests

Cardiac troponin (troponin | or troponin T) is the most
sensitive biomarker to detect myocardial damage and is
elevated in Ml but typically normal in chronic stable angina
and UA.

Hemoglobin, fasting glucose, and fasting lipid profile should
be determined for assessing cardiovascular risk factors and
establishing the differential diagnosis.

Other Diagnostic Tests

A 12-lead electrocardiogram (ECG) recorded during rest

is often normal in patients with SIHD in the absence of
active ischemia. Significant Q waves may indicate prior

MI. ST-segment changes (ST-segment depression or
elevation) or T-wave inversion in two or more contiguous
leads during symptoms of angina support the diagnosis

of IHD. ST-segment depression or T-wave inversion may be
observed in chronic stable angina, UA, and NSTEMI, whereas
ST-segment elevation occurs with STEMI and Prinzmetal
(variant) angina.

Treadmill or bicycle exercise ECG, commonly referred to as a
“stress test,"is considered positive for IHD if the ECG shows
at least a 1-mm deviation of the ST-segment (depression or
elevation).

Wall motion abnormalities or left ventricular dilation with
stress echocardiography or cardiac magnetic resonance
(MR) (exercise or pharmacological) are indicative of IHD.

Perfusion abnormalities can be detected by stress
myocardial perfusion imaging using either radionuclides
technetium-99m sestamibi or thallium-201 or cardiac MR
(with or without late gadolinium enhancement).

Coronary angiography detects the location and degree

of coronary atherosclerosis and is used to evaluate the
potential benefit from revascularization procedures. Stenosis
of at least 70% of the diameter of at least one of the major
epicardial arteries (50% or greater for the left main coronary
artery) on coronary angiography is indicative of significant
IHD.

Coronary angiography may be normal with microvascular
angina.

resulting from IHD.? Patients are categorized into one of four
classes depending on the extent of activity that produces
angina. Grouping patients according to this or a similar
method is commonly used to assess changes in IHD severity
over time and the effectiveness of pharmacologic therapy.

Physical Findings and Laboratory Analysis

A thorough medical history, physical examination, and
laboratory analysis are necessary to ascertain cardiovascular risk
factors and to exclude nonischemic and noncardiac conditions
that could mimic angina-like symptoms. Laboratory analyses
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Table 7-4

Canadian Cardiovascular Society Classification System
of Angina®

Class Description

I Able to perform ordinary physical activity (eg, walking,
climbing stairs) without symptoms. Strenuous, rapid,
or prolonged exertion causes symptoms.

I Symptoms slightly limit ordinary physical activity.
Walking rapidly or for more than two blocks, climbing
stairs rapidly, or climbing more than one flight of
stairs causes symptoms.

Il Symptoms markedly limit ordinary physical activity.
Walking less than two blocks or climbing one flight
of stairs causes symptoms.

\% Angina may occur at rest. Any physical activity causes
symptoms.

should assess for glycemic control (ie, fasting glucose, glycated
hemoglobin), fasting lipids, hemoglobin, and organ function
(ie, blood urea nitrogen, creatinine, liver function tests, thyroid
function tests). For patients with ACS, serial measurements of
cardiac troponin (usually 2-3 measurements over a period of
3-12 hours) are performed to exclude the diagnosis of an acute
MI. Cardiac findings on the physical examination are often
normal in patients with STHD. However, findings such as carotid
bruits, abdominal and/or renal bruits, or abnormal peripheral
pulses would indicate atherosclerosis in other vessel systems and
raise the suspicion for IHD.

Diagnostic Tests

A resting 12-lead ECG is indicated in all patients with new or
worsening symptoms of ischemia. Patients with characteristic
chest discomfort, accompanied by ST-segment elevation in two
or more contiguous leads, or a new left bundle branch block are
often diagnosed with MI (STEMI) and are at the highest risk of
death. Consequently, STEMI is treated as a medical emergency,
often requiring expeditious percutaneous coronary intervention
(PCI) or fibrinolytic therapy to restore blood flow in the occluded
artery and reperfuse the myocardium. For patients with ACS,
cardiac troponin is measured serially to distinguish between MI
(elevated cardiac troponin) and either UA or noncardiac causes
of chest discomfort (normal cardiac troponin).

“Stress” testing with either exercise or pharmacologic agents
increases myocardial oxygen demand and is commonly used to
evaluate the patient with suspected IHD. Approximately 50% of
patients with IHD who have a normal ECG at rest will develop
ECG changes with exercise on a treadmill (most commonly) or
bicycle ergometer. Dobutamine is a common pharmacologic
agent administered as an IV infusion to patients who are
unable to exercise. Dobutamine increases oxygen demand
by stimulating the B -receptor, increasing heart rate and
contractility. Echocardiography is commonly performed along
with exercise or dobutamine (eg, treadmill or dobutamine
stress echocardiography) to identify stress-induced wall motion
abnormalities of the left ventricle indicative of IHD.

Exercise or pharmacologic agents are also commonly
combined with radionuclide myocardial perfusion imaging
(nuclear imaging studies) or cardiac MR to detect IHD.

wor
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An intravenous (IV) radioactive tracer is administered and
accumulates in normal myocytes in proportion to coronary
blood flow. Adenosine, dipyridamole, and regadenoson are
coronary vasodilators that increase coronary blood flow in
healthy arteries but not in atherosclerotic vessels. Radionuclide
myocardial perfusion imaging is performed at rest and following
exercise or pharmacologic stressor to detect perfusion defects
indicative of IHD. Positive emission tomography, which
utilizes a radioactive tracer that emits y rays, is an alternative
to conventional myocardial perfusion imaging that may be
preferred in obese patients. Similar to other myocardial perfusion
imaging, stress cardiac MR can detect wall motion abnormalities
as well as perfusion defects, the latter often performed using late
gadolinium enhancement, to determine the extent and severity of
myocardial scarring that may be present.

Coronary artery calcium scoring via computed tomography
(CT), also known as electron beam CT (EBCT) or “ultra-fast CT,
may be performed as a noninvasive means to assess for CAD.
Calcium deposits within the atherosclerotic coronary arteries
are detected on CT, a calcium score is calculated, and the risk for
IHD-related events is estimated.

Coronary angiography (also referred to as a cardiac
catheterization or “cardiac cath”) is indicated when stress testing
results are either abnormal or inconclusive, symptoms of angina
are poorly controlled, or in patients for whom the clinical
suspicion of IHD remains high despite a normal stress test
result. Angiography involves catheter insertion into either the
femoral or radial artery with advancement of the catheter into
the ascending aorta near the coronary ostia. Contrast medium
is injected through the catheter into the coronary arteries and
fluoroscopy is performed to visualize the coronary anatomy
and detect IHD. Contrast medium must be used cautiously in
patients with preexisting renal disease (especially in those with
diabetes) to avoid contrast-induced nephropathy and often
warrants prophylactic hydration periprocedurally. The decision
to establish the diagnosis of IHD via stress testing, coronary
angiography, or both is often individualized for each patient
based on several factors including baseline assessment of IHD
risk (eg, pretest probability), sensitivity and specificity of the
diagnostic test, results of previous diagnostic tests, and risk for
complications (eg, contrast nephropathy).

TREATMENT
Desired Outcomes

Once a patient is diagnosed with IHD, the clinician should
provide counseling on lifestyle modifications, institute
appropriate pharmacologic therapy, and evaluate the need for
revascularization. Optimal medical therapy is essential for
managing patients with STHD. The major goals for the
treatment of SIHD are to:

 Prevent ACS and death

o Alleviate acute symptoms of angina

o Prevent recurrent symptoms of angina
o Prevent progression of the disease

o Reduce complications of IHD

o Avoid or minimize adverse treatment effects

The treatment approach to address these goals is illustrated in
d Fi

gure 7-4.
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Control
risk factors
Cigarette smoking
Hypertension
Dyslipidemia
Obesity
Metabolic syndrome

FIGURE 7-4. General treatment strategies for angina follow
in clockwise fashion from the top center. (ACE-I, angiotensin-
converting enzyme inhibitor; ARB, angiotensin receptor blocker.)

General Approach to Treatment

The primary strategies for preventing ACS and death (eg,
primary or secondary prevention) are to:

o Aggressively modify cardiovascular risk factors
o Slow the progression of coronary atherosclerosis
o Stabilize existing atherosclerotic plaques

The treatment algorithm in Figure 7-5 summarizes the
appropriate management of IHD. Risk factor modification is
accomplished through lifestyle changes and pharmacologic
therapy. Both 3-hydroxy-3-methylglutaryl coenzyme A
reductase inhibitors (HMG-CoA reductase inhibitors or statins)
and angiotensin-converting enzyme (ACE) inhibitors possess
vasculoprotective effects (eg, anti-inflammatory effects, antiplatelet
effects, improvement in endothelial function, and/or improvement
in arterial compliance and tone). Together with aspirin, these

Patient Encounter Part 1

A 55-year-old black woman with a history of hypertension,
diabetes, and a cerebral vascular accident presents to your
clinic complaining of chest discomfort that occurred several
times over the past few weeks. She describes her chest
discomfort as indigestion, stating her “stomach feels full”
She first noticed the discomfort while carrying her grandson
to a second floor bedroom. Since then, she experienced
the same symptoms while walking in the grocery store

and carrying laundry upstairs. The discomfort was located
in the substernal area and was associated with nausea and
dyspnea. In each instance, the pain resolved after about 5
minutes of rest.

What information is suggestive of angina?
What tests would be beneficial in establishing a diagnosis?

What additional information do you need to create a
treatment plan for this patient?

drugs reduce the risk of acute coronary events and death in
patients with SIHD. In select patients with IHD (following
hospitalization for ACS + PCI and/or following intracoronary
stent placement), dual antiplatelet therapy (DAPT) with aspirin
and a P2Y , antagonist has also been shown to reduce ischemic
events. Angiotensin receptor blockers (ARBs) may be used in
patients who cannot tolerate ACE inhibitors because of side
effects (eg, chronic cough). -Blockers decrease morbidity and
improve survival in patients who have suffered an MI, particularly
in patients with concomitant heart failure with reduced ejection
fraction (HFrEF).

The goal of therapies that alleviate and prevent angina is
improving the balance between myocardial oxygen demand
and supply. Drug treatment is primarily used to reduce oxygen
demand, whereas revascularization by PCI and coronary artery
bypass graft (CABG) surgery effectively restore coronary blood
flow, improving myocardial oxygen supply.

Adverse treatment effects can be averted by avoiding drug
interactions and the use of drugs that may have unfavorable effects
on comorbid diseases. Appropriate drug dosing and monitoring
reduces the risk for adverse treatment effects. Drugs should be
initiated in low doses, with careful up-titration as necessary to
control symptoms of angina and cardiovascular risk factors.

Lifestyle Modifications

Lifestyle modifications (smoking cessation, avoidance of
secondhand smoke, dietary modifications, increased physical
activity, and weight loss) reduce cardiovascular risk factors, slow
the progression of STHD, and decrease the risk for SITHD-related
complications. Cigarette smoking is the single most preventable
cause of SIHD and SIHD-related death. Smoking may also
attenuate the antianginal effects of drug therapy. Clinicians
should counsel patients and/or family members who smoke
on the importance of smoking cessation at each encounter and
offer referral to smoking cessation programs. There are several
pharmacologic aids for smoking cessation. Transdermal nicotine
replacement therapy and bupropion have been studied in patients
with STHD and appear safe and effective.!®"! Varenicline, a partial
nicotine receptor agonist, is similarly efficacious but has been
associated with worsening of preexisting depression and suicidal
ideation.”" Thus, it should be used cautiously, particularly
in patients treated for depression, and the risk:benefit ratio
should be discussed with patients. Weight loss, through caloric
restriction and increased physical activity, should be encouraged
in patients who have a body mass index greater than 25 kg/m?.
Dietary counseling should be provided to all patients with newly
diagnosed angina regardless of weight. The AHA recommends a
diet that includes a variety of fruits, vegetables, grains, low-fat or
nonfat dairy products, fish, legumes, poultry, and lean meats."
The addition of plant stanols/sterols (2 g/day) and/or viscous
fiber (over 10 g/day) are effective in lowering LDL cholesterol.””
Specific dietary recommendations for patients with IHD should
include the following"'*:

o Limit cholesterol intake to less than 200 mg/day.

o Limit consumption of saturated fat to less than 7% and trans
fatty acids to less than 1% of total calories.

o Limit daily sodium intake to 2.4 g (6 g of salt) for BP
control.

o Limit alcohol consumption to 1 drink/day for women
and 1 to 2 drinks/day for men unless otherwise
contraindicated.
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Contraindication?

Intolerance?

Diabetes mellitus, hypertension,
and/or chronic kidney disease?

v

J

No

Prior myocardial

Yes
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l No
-Blocker ¢
(unless contraindicated) No Prinzmetal or Yes .
Alternatives: «— variant il BTTPBEA?‘I?t?ate
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Ineffective? | Intolerant?
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Consider triple therapy I

Refractory symptoms?
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B-blocker + CCB
+ LA nitrate or ranolazine J

(eg, PCI or CABG surgery)

FIGURE 7-5. Treatment algorithm for ischemic heart disease. It begins at the top (blue section), which suggests risk factor modifications
as the first treatment modality. Moving down to the green section, appropriate antiplatelet therapy is selected. The purple section identifies
patients at high risk for major adverse cardiac events (MACE) and suggests appropriate drug therapy to decrease cardiovascular risk. The
orange section at the bottom recommends appropriate antianginal therapy. “The minimum duration of P2Y inhibitors in combination with
aspirin (DAPT) following intracoronary stent placement is as follows: at least 1 month for BMSs and at least 6 months for DESs for patients
with stable ischemic heart disease, at least 12 months in patients with stents placed for ACS regardless of stent type. (ACE-l, angiotensin-
converting enzyme inhibitor; ACS, acute coronary syndrome; ARB, angiotensin receptor blocker; BMS, bare metal stent; BP, blood pressure;
CABG, coronary artery bypass graft; CCB, calcium channel blocker; DES, drug-eluting stent; HR, heart rate; IR, immediate release; LA, long
acting; LDL, low-density lipoprotein; LV, left ventricular; NTG, nitroglycerin; PCI, percutaneous coronary intervention; SL, sublingual.)

Exercise facilitates weight loss, BP reduction, and glycemic
control. In addition, regular exercise in patients with SIHD
improves functional capacity, reduces symptoms of angina, and
reduces mortality.”'® Guidelines recommend moderate intensity
aerobic activity, such as brisk walking, ideally for 30 to 60 minutes
at least 5 and preferably 7 days weekly.! Medically supervised
cardiac rehabilitation programs are recommended for high-risk
patients.

Interventional Approaches to Revascularization
» Percutaneous Coronary Intervention

For patients with SIHD, optimal medical therapy is equivalent
to PCI in reducing major adverse cardiac events (MACE), which
include death, nonfatal MI, and revascularization.” Therefore,
medical therapy is preferred as the initial treatment strategy.
7 : ) .
However, when optimal medical therapy fails, symptoms are
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Patient Encounter Part 2: Medical History, Physical Examination, and Diagnostic Tests

PMH: Hypertension, diagnosed 13 years ago; diabetes, diagnosed 8 years ago; cerebral vascular accident, diagnosed 3 years ago

FH: Father with coronary artery disease, died of myocardial infarction at age 50 years; mother alive and well

SH: Active smoker, 40-year pack history; denies alcohol or illicit drug use; no regular exercise program

Meds: Aspirin 81 mg PO daily, hydrochlorothiazide 25 mg PO daily, metformin 500 mg PO twice daily, conjugated estrogen

0.625 mg PO daily, medroxyprogesterone 2.5 mg PO daily

Allergies/intolerances (reaction): No known drug allergies nor intolerances

PE:

VS: Blood pressure 152/98 mm Hg, HR 84 beats/min, RR 22 breaths/min, T 37°C (98.6°F), Ht 5’5" (165 cm), Wt 212 b (96.4 kg)
Cardiovascular: Regular rate and rhythm, normal S, and S, no S, or S,; no murmurs, rubs, gallops

Lungs: Clear to auscultation and percussion
Abd: Nontender, nondistended, + bowel sounds
Ext: No clubbing, cyanosis, or edema

Labs: Fasting lipid profile: total cholesterol 206 mg/dL (5.33 mmol/L), HDL cholesterol 38 mg/dL (0.98 mmol/L), LDL cholesterol
119 mg/dL (3.08 mmol/L), triglycerides 246 mg/dL (2.78 mmol/L); fasting glucose 217 mg/dL (12.0 mmol/L); other labs within

normal limits

Dobutamine stress echocardiography: Left ventricular ejection fraction at rest 35% (0.35), regional wall motion abnormalities

during peak exercise suggestive of ischemia

Identify the patient’s risk factors for stable ischemic heart disease.

How might her current drug regimen adversely affect the patient’s stable ischemic heart disease?

Does she appear to have any SIHD-related complications?

What therapeutic alternatives are available to manage her stable ischemic heart disease?

unstable, or extensive coronary atherosclerosis is present (eg,
> 70% occlusion of coronary lumen), PCI is often performed
to restore coronary blood flow and relieve symptoms. Several
catheter-based interventions may be used during PCI, including:

o Percutaneous transluminal coronary angioplasty (PTCA)
o Intracoronary bare metal stent (BMS) placement

o Intracoronary drug-eluting stent (DES) placement

« Rotational atherectomy

During PCI, a catheter is advanced into the diseased coronary
artery, as described for cardiac catheterization. If PTCA is
performed, a balloon at the end of the catheter is inflated inside
the artery at the site of the critical stenosis, compressing the
atherosclerotic plaque from the coronary lumen and restoring
normal myocardial blood flow. Most PCI procedures involve the
placement of a stent, a small metal scaffold-like device similar
in size and shape to the spring at the tip of a ballpoint pen, at
the site of angioplasty. Coronary stents are contained on special
balloon catheters that are inflated at the site of stenosis to deploy
the stent in the wall of the coronary artery, forming a sort of
bridge to maintain a patent artery and improve coronary blood
flow. Either a BMS or a DES may be used. DESs are impregnated
with low concentrations of an antiproliferative drug (paclitaxel,
everolimus, sirolimus, or zotarolimus), which is released locally
over a period of weeks to inhibit in-stent restenosis of the
coronary artery after PCI. Compared to BMS, DESs have been
associated with a significant reduction in all-cause mortality for
patients with IHD.® Stents are thrombogenic, especially until they
become endothelialized (covered in endothelial cells like a normal
coronary artery). To reduce the risk for in-stent thrombosis,
MI, or death, DAPT (discussed later) is required until the stent

becomes endothelialized. Lastly, rotational atherectomy may be
performed wherein a special catheter is used to essentially cut
away the atherosclerotic plaque, restoring coronary blood flow.

» Coronary Artery Bypass Graft Surgery

As an alternative to PCI, CABG surgery, or open-heart surgery,
may be performed if the patient is found to have extensive
coronary atherosclerosis (generally > 70% occlusion of three
or more coronary arteries) or is refractory to optimal medical
treatment. In the former case, recent evidence suggests that
CABG surgery is associated with a reduction in both the need for
revascularization and mortality compared with PCI, particularly
in patients with diabetes.”” During CABG surgery, veins from
the leg (ie, saphenous veins) and/or arteries from the chest wall
(ie, internal mammary arteries) or less commonly from the
arm (ie, radial artery) or stomach (gastroepiploic artery) are
harvested and used as conduits to restore coronary blood flow.
A median sternotomy, in which an incision is made the length
of the sternum followed by surgical division of the sternum
with an oscillating saw, is commonly required to gain access to
the thoracic cavity and expose the heart. As the “new” blood
vessels are being engrafted, the patient is typically placed on
cardiopulmonary bypass (ie, heart-lung machine) to maintain
appropriate myocardial and systemic perfusion. Alternative
surgical approaches for advanced IHD may be used in some
settings including “off-pump” CABG (cardiopulmonary bypass
is not required) and minimally invasive CABG (ie, thoracoscopic
surgery), although these techniques are uncommon. Because of
its extremely invasive nature, CABG surgery is generally reserved
for patients with extensive IHD or as a treatment of last resort in
patients with symptoms refractory to medical therapy.
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Pharmacologic Therapy

» Pharmacotherapy to Prevent Acute Coronary
Syndromes and Death

Control of Risk Factors A major component of any SIHD
treatment plan is control of modifiable risk factors, including
dyslipidemia, hypertension, and diabetes. Treatment strategies
for dyslipidemia and hypertension in the patient with THD
are summarized in the following paragraphs. Visit chapters
in this textbook on the management of hypertension (see
Chapter 5) and dyslipidemias (see Chapter 12) for further
information.

Because lipoprotein metabolism and the pathophysiology of
atherosclerosis are closely linked, treatment of dyslipidemias
is critical for both primary and secondary prevention of IHD-
related cardiac events. In 2013, the ACC/AHA revised guidelines
for the management of patients with dyslipidemia.”* Unlike
previous guidelines for dyslipidemia, current guidelines no
longer recommend specific targets for LDL and non-HDL
cholesterol and de-emphasize the use of non-statin therapies
for the treatment of dyslipidemia. Rather, current guidelines
focus on the use of statins stratified by presence of or 10-year
risk for atherosclerotic cardiovascular disease (ASCVD).
Recommendations for initiation of statin therapy for dyslipidemia
include:*

« High-intensity statin therapy in the presence of clinical
ASCVD and for patients without clinical ASCVD in whom
LDL cholesterol is 190 mg/dL (4.91 mmol/L) or greater;
moderate-intensity therapy for elderly patients (age > 75
years) or those for whom safety concerns exist.

o Moderate to high-intensity statin therapy for patients at least
40 years of age with diabetes.

o Moderate to high-intensity statin therapy for patients with
LDL cholesterol less than 190 mg/dL (4.91 mmol/L) who are
at least 40 years of age and have a 10-year ASCVD risk of
7.5% or greater in the absence of diabetes; consideration may
be given to moderate-intensity statin therapy in patients with
a 10-year ASCVD risk between 5% and 7.5%.

Hypertension is another major, modifiable risk factor for
the development of IHD and related complications. Aggressive
identification and control of hypertension are warranted in patients
with SIHD to minimize the risk of MACE. Most recently, the
ACC and AHA released updated guidelines for the management
of hypertension in adults, with specific recommendations
for patients with SIHD.?' Patients with SIHD and a BP of
130/80 mm Hg or higher should be started on antihypertensive
therapy to reduce BP to a target of less than 130/80 mm Hg.
Selection of initial agent is guided by the presence of compelling
indications (eg, chronic stable angina, HFrEF, previous MI).
B-Blockers (with the exception of atenolol and B-blockers with
intrinsic sympathomimetic activity), ACE inhibitors, or ARBs
are all recommended as first-line therapy in these patients. For
patients who remain hypertensive (BP > 130/80 mm Hg) despite
treatment with a B-blocker, ACE inhibitor, or ARB, additional
medications should be added to further reduce BP to target.
The choice of agent is dependent on the presence of angina
symptoms. For patients with uncontrolled hypertension with
angina, addition of a dihydropyridine calcium channel blocker
(CCB) is recommended. For patients with STHD whose angina
symptoms are controlled, the addition of dihydropyridine CCBs,
thiazide diuretics, and/or mineralocorticoid receptor antagonists
(MRAs) may all be considered.
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Antiplatelet Agents Platelets play a major role in the
pathophysiology of ACS. Thromboxane A, (TXA)) is a potent
platelet activator. Aspirin inhibits cyclooxygenase, an enzyme
responsible for the production of TXA,, thereby inhibiting
platelet activation and aggregation. In patients with IHD, aspirin
has been consistently shown to reduce the risk of MACE,
particularly MIL.* Antiplatelet therapy with aspirin
should be considered for all patients with STHD, particularly in
patients with a history of MI, in the absence of contraindications.
Aspirin doses of 75 to 162 mg daily are recommended in patients
with or at risk for STHD."** Daily doses of aspirin above 162 mg
offer no additional benefit but increase bleeding risk. If aspirin
is contraindicated (eg, aspirin allergy) or is not tolerated by
the patient, an alternative antiplatelet agent such as clopidogrel
should be considered.’

Binding of adenosine diphosphate to the P2Y,, receptors
on platelets activates glycoprotein IIb/IIla receptors leading
to platelet aggregation and thrombus formation.
Inhibition of the P2Y , receptor with either a thienopyridine
(clopidogrel, prasugrel) or ticagrelor prevents platelet aggregation
and is indicated in combination with aspirin in select patients with
IHD. Ticlopidine is a P2Y, receptor inhibitor used historically in
combination with aspirin, but is rarely used in practice because of
hematologic toxicity. DAPT with aspirin and a P2Y , inhibitor is
recommended following hospitalization for ACS and/or following
PCI with stent placement to prevent ischemic events, although
indications for specific drugs differ slightly.>**** Clopidogrel is
a prodrug that is converted via a two-step process to its active
thiol metabolite. The cytochrome P450 (CYP) 2C19 enzyme is
involved in both steps of the biotransformation. Individuals with
reduced CYP2C19 activity, either from inherited deficiencies
of CYP2C19 or use of CYP2C19 inhibitors (eg, proton pump
inhibitors), may produce less of the active thiol metabolite. These
individuals are at increased risk for stent thrombosis and MACE
during clopidogrel treatment compared to those with “normal”
CYP2C19 activity.® The