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xix

Cardiovascular diseases remain the leading cause of death 
globally, though the mortality associated with these dis-
eases in developed countries has been significantly reduced 
over the past decades owing to the availability of effective 
treatment approaches. Among the available therapeutic strat-
egies, drug therapy continues to be an important modality in 
the management of various forms of cardiovascular diseases. 
In this context, cardiovascular pharmacology serves as the 
foundation for pharmacotherapeutics of cardiovascular dis-
eases and has become an increasingly important subject in 
cardiovascular medicine.

While there are multiple excellent pharmacology books 
with chapters being devoted to cardiovascular drugs, a book 
that systematically integrates essentials, advancements, and 
clinical correlations for cardiovascular drugs would facili-
tate the learning of knowledge on using these pharmacolog-
ical agents to prevent and treat cardiovascular diseases. The 
aim of this book is to provide a comprehensive coverage of 
molecular pharmacology of various classes of cardiovas-
cular drugs and evidence‐based pharmacotherapeutics in the 
management of common cardiovascular diseases and condi-
tions, including dyslipidemias, hypertension, ischemic heart 
disease, heart failure, cardiac arrhythmias, and ischemic 
stroke. As outlined in the following text, the book contains 
eight units with a total of 28 chapters.

Unit I (Chapters 1 and 2): General Introduction
Unit II (Chapters 3–5): Dyslipidemias
Unit III (Chapters 6–12): Hypertension and Multitasking 

Cardiovascular Drugs
Unit IV (Chapters 13–15): Ischemic Heart Disease: Stable 

Ischemic Heart Disease
Unit V (Chapters 16–19): Ischemic Heart Disease: Acute 

Coronary Syndromes

Unit VI (Chapters 20–22): Heart Failure
Unit VII (Chapters 23–25): Cardiac Arrhythmias
Unit VIII (Chapters 26–28): Ischemic Stroke

To set the stage for subsequently discussing the diverse 
topics of cardiovascular pharmacology and therapeutics, 
Unit I provides two introductory chapters. Chapter 1 intro-
duces general aspects of cardiovascular diseases, including 
definition, classification, and epidemiology, as well as the 
overall strategies for prevention and control. Chapter  2 
briefly surveys the general principles of pharmacology and 
provides an overview of the key and emerging concepts in 
cardiovascular pharmacology and therapeutics.

Unit II consists of three chapters (Chapters 3–5) devoted 
to the discussion of pharmacology and therapeutics of dys-
lipidemias. Chapter  3 reviews lipoprotein metabolism and 
lipoprotein disorders to lay a basis for understanding how 
drugs impact diverse lipoprotein metabolic pathways to treat 
various dyslipidemias. Chapter  4 examines molecular 
 pharmacology of various classes of drugs for treating dys-
lipidemias, including statins, bile acid sequestrants, choles-
terol absorption inhibitors, fibrates, niacin, as well as newly 
approved drugs for homozygous familial hypercholesterol-
emia. The chapter also considers phytosterols, phytostanols, 
omega‐3 fatty acids, and emerging drugs for dyslipidemias. 
The principles and current evidence‐based guidelines for 
management of dyslipidemias in clinical practice are covered 
in Chapter 5.

Unit III consisting of seven chapters (Chapters 6–12) 
 discusses pharmacology and therapeutics of hypertension, as 
well as various classes of cardiovascular drugs. Chapter  6 
 provides an overview of hypertension, including definition, 
epidemiology, and pathophysiology and drug targeting. 
Because the different drug classes used for treating 
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hypertension are also commonly employed in the management 
of other cardiovascular diseases, molecular pharmacology 
of these multitasking cardiovascular drug classes is consid-
ered in separate chapters (Chapters 7–11). These drug classes 
include diuretics (Chapter  7), sympatholytics (Chapter  8), 
inhibitors of the renin–angiotensin–aldosterone system 
(Chapter  9), calcium channel blockers (Chapter  10), and 
nitrates and other vasodialtors (Chapter  11). Following 
discussion of these multitasking drug classes, the principles 
and current evidence‐based guidelines for hypertension 
management in clinical practice are given in Chapter 12, the 
last chapter of Unit III.

Unit IV contains three chapters (Chapters 13–15) devoted 
to discussing pharmacology and therapeutics of stable ischemic 
heart disease. Chapter 13 gives an overview on ischemic heart 
disease and discusses pathophysiology of stable ischemic heart 
disease and mechanistically based drug targeting of stable 
angina. Chapter  14 reviews anti‐anginal drugs that have 
already been discussed in previous chapters and also considers 
some newly approved and emerging anti‐anginal drugs that are 
not covered elsewhere in the book. The principles and current 
evidence‐based guidelines for management of stable ischemic 
heart disease/stable angina in clinical practice are given in 
Chapter 15.

Unit V consisting of four chapters (Chapters 16–19) 
 considers pharmacology and therapeutics of acute coronary 
syndromes (ACS), including unstable angina (UA), acute 
non‐ST elevation myocardial infarction (NSTeMI), and 
acute ST elevation myocardial infarction (STeMI). 
Chapter 16 provides an overview of definition and epidemi-
ology of ACS and discusses current understanding of ACS 
pathophysiology and the mechanistically based drug tar-
geting as well as related therapeutic modalities. Chapter 17 
examines molecular pharmacology of drugs for treating ACS, 
including anticoagulants, platelet inhibitors, and thrombo-
lytic agents. This lays a basis for understanding general 
 principles and current evidence‐based guidelines for the 
management of UA/NSTeMI and STeMI in clinical prac-
tice in Chapters 18 and 19, respectively.

Unit VI has three chapters (Chapters 20–22) that consider 
pharmacology and therapeutics of heart failure, a common 
clinical syndrome representing the end stage of a number of 
different cardiac diseases. Chapter 20 gives an overview of 
heart failure, including definition, classification, epidemi-
ology, and pathophysiology and drug targeting. The major 
drug classes for treating heart failure include diuretics 
(Chapter 7), β‐blockers (Chapter 8), inhibitors of the renin–
angiotensin–aldosterone system (Chapter  9), vasodilators 
(Chapter 11), and positive inotropic agents. Chapter 21 dis-
cusses pharmacological basis of using the above drug classes 
in treating heart failure. Since inotropic drugs have not been 
covered elsewhere in the book, Chapter  21 focuses on 
molecular pharmacology of this drug class in heart failure 
treatment. The chapter also introduces emerging therapeutic 

modalities for heart failure. The principles and current 
 evidence‐based guidelines for management of heart failure 
in clinical practice are provided in Chapter 22.

Unit VII consisting of three chapters (Chapters 23–25) 
discusses pharmacology and therapeutics of cardiac 
 arrhythmias. Chapter  23 provides an overview of cardiac 
arrhythmias, including classification, epidemiology, and 
patho physiology and drug targeting. Chapter  24 discusses 
molecular pharmacology of classical antiarrhythmic drugs 
(Vaughan–Williams class I–IV drugs) with a focus on those 
whose efficacy is supported by recent clinical research. The 
chapter also considers antiarrhythmic agents that do not fall 
into the Vaughan–Williams classification, as well as emerg-
ing drugs with promising results from randomized clinical 
trials. Chapter 25 describes the general principles and current 
evidence‐based guidelines for management of arrhythmias 
in clinical practice with an emphasis on pharmacological 
therapy. Since arrhythmias are a large group of disorders, the 
chapter focuses on those that have the most significant 
clinical and public health impact, including atrial fibrillation 
and certain forms of ventricular tachyarrhythmias.

Unit VIII, the last unit of the book, contains three  chapters 
(Chapters 26–28) devoted to discussing pharmacology and 
therapeutics of ischemic stroke. Chapter 26 gives an over-
view of ischemic stroke, including definition, classification, 
epidemiology, risk factors, and pathophysiology and drug 
targeting. The preventive and therapeutic intervention of 
ischemic stroke involves five areas of management: primary 
prevention, early treatment of acute ischemic stroke, neuro-
protection, secondary prevention, and neurorepair. Although 
neuroprotection and neurorepair are promising strategies, 
presently, they are primarily experimental approaches. Drug 
therapy remains as a major component of the effective inter-
vention of ischemic stroke. Chapter 27 discusses the major 
classes of drugs that are used in each of the above areas. 
Since most of the drugs discussed in the chapter have 
been covered in preceding chapters, Chapter 27 only sum-
marizes current evidence‐based consensus statements on 
their clinical efficacy in preventive and therapeutic interven-
tion of ischemic stroke. The principles and current evidence‐
based guidelines for management of ischemic stroke in 
clinical practice are provided in Chapter 28, the last chapter 
of the book.

It is hoped that this book by integrating the most recent 
advancements in molecular pharmacology and most current 
evidence‐based, guideline‐directed therapeutics of cardio-
vascular diseases will provide the readers a unique approach 
to understanding the rapidly evolving field of cardiovascular 
medicine and therapeutics. Because of the rapidly evolving 
nature of cardiovascular medicine, and medicine as a 
whole, the information contained in this book is subject to 
change based on new scientific knowledge and clinical expe-
rience. Although the author of the book has checked with 
sources believed to be reliable and accurate at the time of 
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publication, information included in the book may not be 
accurate in every respect due to the possibility of human 
errors and rapid changes in medical sciences. As such, the 
author of the book does not warrant that the information 
contained in the work is in every respect accurate and 
complete. The author disclaims all responsibility for any 
errors or omissions or for the results obtained from the use of 
the information contained in this book. The readers are 
advised to seek independent verification for any data, advice, 
or recommendations contained in the work.

This book would not have been possible without the 
assistance of my son Jason Z. Li who drew all of the chemical 

structures for the whole book, and my wife Hong Zhu, MD, 
MPH, who critically reviewed the entire book manuscript.  
I am grateful to those (over 100 scientists worldwide) who 
provided me reprints of their publications and/or comments 
on part of the book manuscript. I am thankful for the time 
and effort made by Mr. Jonathan rose, Senior editor, and 
other editorial personnel, especially Ms. Shiji Sreejish, at 
Wiley, which made the work  possible and of high quality.

Apex, North Carolina Y. robert Li, MD, MPH, PhD
September 23, 2014
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1.1 Overview

The heart has always held a special fascination for humans: 
it has been the seat of the soul, the home of emotions, and the 
pump that when beating symbolizes life and when silent sig
nifies death [1]. Perhaps no other organ in the human body 
has been so closely scrutinized. Hence, the management of 
cardiovascular diseases, including the use of medications, 
has always been a focus of medicine. To set a stage for the 
subsequent discussion of the diverse topics of cardiovascular 
pharmacology and therapeutics, this chapter provides a brief 
introduction to various general aspects of cardiovascular 
 diseases. These include definition, classification, and epide
miology of cardiovascular diseases, as well as the overall 
strategies for their prevention and control. An introduction to 
the principles of pharmacology in general and cardiovas
cular pharmacology in particular is given in Chapter 2.

1.2 DefinitiOn Of CarDiOvasCular 
Diseases

In order to define the term cardiovascular diseases, it is 
imperative to first provide an overview of the cardiovas
cular system. Briefly, cardiovascular system refers to an 
integrated organ system consisting of the heart and blood 
vessels. Blood flows through a network of blood vessels 
that extend between the heart and the peripheral tissues. 
These blood vessels are subdivided into a pulmonary cir
cuit, which carries blood to and from the gas exchange sur
face of the lungs, and a systemic circuit, which transports 

blood to and from the rest of the body. Each circuit begins 
and ends at the heart, and the blood vessels and the heart 
collectively constitute the cardiovascular system. As noted, 
blood is a central player in the cardiovascular system, and 
hence, study of the cardiovascular system inevitably involves 
examination of the blood, including its components and 
functionality. It should be noted that cardiovascular system 
and circulatory system are frequently used interchange
ably; however, strictly, the circulatory system is composed 
of the cardiovascular system, which distributes blood, and 
the lymphatic system, which distributes lymph.

Cardiovascular diseases refer to a group of diseases 
involving the heart, blood vessels, or the sequelae of poor 
blood supply due to a decreased vascular supply and include 
(i) diseases of the heart, (ii) vascular diseases of the brain 
(also known as cerebrovascular diseases), and (iii) diseases 
of other blood vessels (Fig. 1.1). Hence, cardiovascular dis
eases affect the heart, the brain, and other organs or systems 
of the human body.

1.3 ClassifiCatiOn Of CarDiOvasCular 
Diseases

1.3.1 Classification Based on anatomical location

Cardiovascular diseases are classified in various ways. One 
scheme is based primarily on the anatomical location of the 
disease pathogenesis and broadly classifies cardiovascular 
diseases into two categories: (i) diseases of the heart and 
(ii) vascular diseases (Fig. 1.2).

intrODuCtiOn tO CarDiOvasCular Diseases

1
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1.3.2 Classification Based on the involvement 
of atherosclerosis

Another classification scheme emphasizes the primary 
involvement of atherosclerosis and classifies cardiovascular 
diseases into (i) cardiovascular diseases due to atheroscle
rosis (also known as atherosclerotic cardiovascular diseases) 
and (ii) other cardiovascular diseases (Table  1.1). In this 
context, atherosclerosis is responsible for ~75% of all deaths 
due to cardiovascular diseases.

1.3.3 total Cardiovascular Diseases and iCD‐10 
Classification

In addition to the aforementioned classification schemes, the 
American Heart Association (AHA) has recently introduced 
the concept of total cardiovascular diseases. This category 
(ICd‐10 codes I00–I99, Q20–Q28; see next paragraph for the 
description of ICd‐10) includes rheumatic fever/rheumatic 
heart disease (I00–I09); hypertensive diseases (I10–I15); 
ischemic (coronary) heart disease (I20–I25); pulmonary heart 

Diseases of the heart

Vascular diseases of the brain

Diseases of other blood vessels

Cardiovascular
diseases

figure 1.1 definition of cardiovascular diseases. The term cardiovascular diseases refers to a group of diseases, including the diseases 
of the heart, vascular diseases of the brain, and the diseases of other blood vessels.
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Diseases of the heart

Diseases of the vessels

Heart failure and cor pulmonale
Congenital heart disease
Vavular heart disease
Cardiomyopathy and myocarditis
Pericardial disease
Cardiac arrhythmias
Cardiogenic shock
Cardiac arrest and sudden cardiac death
Rheumatic heart disease
Tumors of the heart

Atherosclerosis
Disorders of lipoprotein metabolisms

Coronary heart diseases 

Cerebrovascular diseases

Hypertension
Diseases of the aorta

Stable angina

Vascular diseases of extremities

Acute coronary syndromes

Stroke
Transient ischemic attacks 
Cerebrovascular abnormalities

figure 1.2 Classification of cardiovascular diseases. Primarily based on anatomical location, cardiovascular diseases are classified into 
diseases of the hearts and diseases of the vessels. As illustrated, coronary heart disease and stroke belong to the category of diseases of the 
vessels.
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disease and diseases of pulmonary circulation (I26–I28); 
other forms of heart disease (I30–I52); cerebrovascular dis
ease (stroke) (I60–I69); atherosclerosis (I70); other diseases 
of arteries, arterioles, and capillaries (I71–I79); diseases of 
veins, lymphatics, and lymph nodes not classified elsewhere 
(I80–I89); and other and unspecified disorders of the 
circulatory system (I95–I99), as well as congenital cardiovas
cular defects (Q20–Q28) [2].

ICd denotes International Classification of diseases. It is 
the international standard diagnostic classification for all 
general epidemiological, many health management pur
poses, and clinical use. The current 10th revision, that is, 
ICd‐10, was endorsed by the Forty‐Third World Health 
Assembly in May 1990 and came into use in the World 
Health Organization (WHO) member states as from 1994. 
According to the ICd‐10, diseases of the circulatory system 
are included in I00–I99, whereas the congenital malforma
tions of the circulatory system (Q20–Q28) are included in 
the disease category of congenital malformations, deforma
tions, and chromosomal abnormalities (Q00–Q99). Hence, 

the AHA category of total cardiovascular diseases covers all 
diseases of the circulatory system, including both cardiovas
cular and lymphatic systems. On the other hand, the national 
Center for Health statistics (nCHs) of the united states 
employs the term major cardiovascular diseases for report
ing mortality data. The nCHs category of major cardiovas
cular diseases represents ICd codes I00–I78 and hence is 
less comprehensive than that of the AHA’s total cardiovas
cular diseases (Fig. 1.3).

1.4 PrevalenCe, inCiDenCe, anD trenD 
Of CarDiOvasCular Diseases

This section provides an overview of some of the major 
statistical and epidemiological data on cardiovascular dis
eases in the context of noncommunicable diseases (nCds) 
in the globe as well as in selected countries, including the 
united states and China. The key data are also summarized 
in tables. some pertinent terms are provided in Box 1.1.

taBle 1.1 Classification of cardiovascular diseases based on the involvement of atherosclerosis

Classification basis disease

Cardiovascular diseases due to atherosclerosis  
(also known as atherosclerotic cardiovascular  
diseases)

Coronary heart diseases
Cerebrovascular diseases
diseases of the aorta and arteries including hypertension 

and peripheral vascular diseases
Other cardiovascular diseases Congenital heart diseases

rheumatic heart diseases
Cardiac arrhythmias

100 – 102: Acute rheumatic fever 

105 – 109: Chronic rheumatic heart diseases 

110 – 115: Hypertensive diseases 

120 – 125: Ischemic heart diseases 

126 – 128: Pulmonary heart disease and diseases of pulmonary  
circulation 

130 – 152: Other forms of heart disease 

160 – 169: Cerebrovascular diseases 

170 – 179: Diseases of arteries, arterioles and capillaries 

180 – 189: Diseases of veins, lymphatic vessels and lymph nodes, 
not elsewhere classi�ed 

195 – 199: Other and unspeci�ed disorders of the circulatory 
system 

Q20 – Q28: Congenital malformations of the circulatory system

A
H

A
 to

ta
l c

ar
di

ov
as

cu
la

r 
di

se
as

es

N
C

H
S 

m
aj

or
 c

ar
di

ov
as

cu
la

r 
di

se
as

es

figure 1.3 The ICd‐10 disease codes included in the American Heart Association (AHA) total cardiovascular diseases and the us 
national Center for Health statistics (nCHs) major cardiovascular diseases. As shown, the AHA total cardiovascular diseases are more 
 comprehensive than the nCHs major cardiovascular diseases.
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BOx 1.1 glOssary

•	 Disease prevalence: It is an estimate of how many people have a disease at a given 
point or period in time. Prevalence is sometimes expressed as a percentage of population.

•	 Disease incidence: An incidence rate refers to the number of new cases of a disease 
that develop in a population per unit of time. The unit of time for incidence is not 
 necessarily 1 year although we often discuss incidence in terms of 1 year.

•	 Mortality: It refers to the total number of deaths attributable to a given disease in a 
population during a specific interval of time, usually a year.

•	 Death rate or mortality rate: It refers to the relative frequency with which death 
occurs within some specified interval of time in a population. Mortality rate is 
 typically expressed as number of deaths per 100,000 individuals per year.

•	 the world Health Organization (wHO): The WHO is the directing and coordinating 
authority for health within the united nations system. WHO was established in 1948 
with headquarters in Geneva of switzerland. It is responsible for providing leadership 
on global health matters, shaping the health research agenda, setting norms and 
 standards, articulating evidence‐based policy options, providing technical support to 
countries, and monitoring and assessing health trends.

•	 epidemiology: Epidemiology is the study of the distribution and determinants of 
health‐related states or events in specified populations and the application of this study 
to control of health problems. The objectives of epidemiology include (i) identification 
of the etiology or cause of a disease and the relevant risk factors; (ii) determination of the 
extent of disease found in the community; (iii) study of the natural history and prog
nosis of disease; (iv) evaluation of both existing and newly developed preventive and 
therapeutic measures and modes of healthcare delivery; and (v) providing the foundation 
for developing public policy relating to environmental problems, genetic issues, and 
other considerations regarding disease prevention and health promotion.

•	 global burden of disease: Global burden of disease analysis provides a comprehen
sive and comparable assessment of mortality and loss of health due to diseases, 
injuries, and risk factors for all regions of the world. The overall burden of disease is 
assessed using the disability‐adjusted life year (dAlY), a time‐based measure that 
combines years of life lost due to premature mortality and years of life lost due to time 
lived in states of less than full health. The original Global Burden of disease study 
(GBd 1990 study) was commissioned by the World Bank in 1991 to provide a com
prehensive assessment of the burden of 107 diseases and injuries and 10 selected risk 
factors for the world and 8 major regions in 1990. The methods of the GBd 1990 
study created a common metric to estimate the health loss associated with morbidity 
and mortality. It generated widely published findings and comparable information on 
disease and injury incidence and prevalence for all world regions. It also stimulated 
numerous national studies of burden of disease. These results have been used by gov
ernments and nongovernmental agencies to inform priorities for research, development, 
policies, and funding. The new Global Burden of diseases, Injuries, and risk Factors 
study (GBd 2010 study) commenced in the spring of 2007 and is the first major 
effort since the original GBd 1990 study to carry out a complete systematic assessment 
of global data on all diseases and injuries. The GBd 2010 study constitutes an unprec
edented collaboration of 488 scientists from 303 institutions in 50 countries, focusing 
on describing the state of health around the world using a uniform method. The GBd 
2010 study results for the world and 21 regions have recently been reported for 291 
diseases and injuries, 1160 sequelae of these causes, and 67 risk factors or clusters of 
risk factors [3]. This project is funded by the Bill and Melinda Gates Foundation.

•	 statistics: statistics is the study of the collection, organization, analysis, and interpre
tation of data.
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1.4.1 nCDs and Cardiovascular Diseases:  
the global status

According to the WHO, nCds, including chiefly cardiovas
cular diseases (heart disease and stroke), cancer, chronic 
respiratory diseases, and diabetes, are the leading cause of 
mortality in the world, responsible for 36 million (or 63%) of 
the 57 million of the global deaths in 2008. The WHO defini
tion for nCds is given in Box 1.2. The burden of these dis
eases is rising disproportionately among lower‐income 
countries and populations. In 2008, nearly 80% of nCd 
deaths (i.e., 29 million) occurred in low‐ and middle‐income 
countries with about 29% of deaths occurring before the age 
of 60 years in these countries, dispelling the myth that such 
conditions are mainly a problem of affluent societies. Without 
action, the nCd epidemic is projected to kill 52 million peo
ple annually by 2030. A report by the World Economic 
Forum and the Harvard school of Public Health in september 
2011 showed that the estimated cumulative output loss due to 
nCds over the next 20 years represents ~4% of annual global 
gross domestic product (GdP) and will be $47 trillion by 
2030. The increasing global crisis in nCds is a barrier to 
development goals including poverty reduction, health equity, 
economic stability, and human security. The above stagger
ing numbers and issues convinced the united nations (un) 
to convene its second‐ever high‐level general assembly meet
ing on health in september 2011 in new York, united states. 
This un high‐level meeting on nCds along with its political 
declaration is an unprecedented opportunity to create a 
sustained global movement against premature death and pre
ventable morbidity and disability from nCds [4–6].

Among the 36 million nCd deaths in 2008, cardiovas
cular diseases caused 17.3 million deaths (or 48% of all 
nCd deaths) followed by cancers (7.6 million or 21% of all 

nCd deaths), respiratory diseases (4.2 million or 11.7% of 
all nCd deaths), and diabetes (1.3 million or 3.6% of all 
nCd deaths). These four groups of diseases account for 
around 80% of all nCd deaths. Globally, nCd deaths are 
projected to increase by 15% between 2010 and 2020.

As shown in Figure 1.4, cardiovascular diseases remain 
the number one global killer of the human population, 
accounting for about 30% of all deaths (including communi
cable, noncommunicable, and other disease deaths) in the 
world. notably, based on the WHO 2011 Global Atlas on 
Cardiovascular disease Prevention and Control, out of the 
17.3 million cardiovascular deaths in 2008, ischemic heart 
diseases (myocardial infarction) were responsible for 7.3 
million deaths, and strokes were responsible for 6.2 million 
deaths. This figure remained largely unchanged in 2010 
based on a report from the Global Burden of disease 2010 
study [7]. Together, ischemic heart diseases and strokes 
account for nearly 80% of all cardiovascular deaths in the 
world and are the top two killers of the human population 
(Table 1.2), making them globally the two most pressing car
diovascular diseases for prevention and control.

1.4.2 the status of Cardiovascular Diseases  
in the united states

1.4.2.1 Statistics In the united states, currently, more 
than 82 million adults (more than one in three) have one or 
more types of cardiovascular diseases. Mortality data show 
that cardiovascular diseases, as the underlying causes of 
death, accounted for 31.9% (787,650) of all 2,468,435 deaths 
in 2010, or approximately one of every 3 deaths in the united 
states. The 2010 overall death rate from cardiovascular dis
eases in the united states was 235.5 per 100,000. On the 

BOx 1.2 tHe wHO DefinitiOn Of 
nOnCOMMuniCaBle Diseases

noncommunicable diseases are identified by the WHO as 
“group II diseases,” a category that aggregates (based on 
ICd‐10 code; see section 1.3.3 for ICd‐10) the following 
conditions/causes of death: malignant neoplasms, other 
neoplasms, diabetes mellitus, endocrine disorders, 
 neuropsychiatric conditions, sense organ diseases, car
diovascular diseases, respiratory diseases (e.g., chronic 
obstruc tive pulmonary disease, asthma, others), digestive 
diseases, genitourinary diseases, skin diseases, musculo
skeletal diseases (e.g., rheumatoid arthritis), congenital 
anomalies (e.g., cleft palate, down syndrome), and oral 
conditions (e.g., dental caries). These are distinguished 
from group I diseases (communicable, maternal, peri
natal, and nutritional conditions) and group III diseases 
(unintentional and intentional injuries).

CVDs

Other NCDs

Injuries

CMPNCs

31%

33%

9%

27%

Global
deaths

figure  1.4 Global deaths caused by cardiovascular diseases 
(Cvds). As illustrated, Cvds are responsible for ~30% of all global 
deaths. nCds denote noncommunicable diseases; CMPnCs denote 
communicable, maternal, perinatal, and nutritional conditions.



8 InTrOduCTIOn TO CArdIOvAsCulAr dIsEAsEs

basis of 2010 mortality rate data, more than 2150 Americans 
die of cardiovascular diseases each day, an average of one 
death every 40 s. The total cost of cardiovascular diseases in 
the united states for 2010 is estimated to be $315.4 billion, 
accounting for 15% of total health expenditures in 2010, 
more than any other major diagnostic group [8].

Based on the 2014 update from the AHA [8], the preva
lence (incidence) of various types of cardiovascular diseases 
in adults in the united states is as follows:

 • Hypertension: 78,000,000

 • Coronary heart disease: 15,400,000

 – Myocardial infarction (also known as heart attack): 
7,600,000 (incidence: 720,000)

 – Angina pectoris: 7,800,000 (incidence: 565,000)

 • Heart failure: 5,100,000 (incidence: 825,000)

 • stroke: 6,800,000 (incidence: 795,000)

 • Congenital cardiovascular defects: 650,000–1,300,000

1.4.2.2 Trend According to the AHA 2014 update [8], 
from 2000 to 2010, the overall cardiovascular disease death 
rates declined 31.0%. However, cardiovascular diseases are 

still the leading cause of death in the united states. declines 
in stroke death rate (a 35.8% decrease in annual stoke death 
rate from 2000 to 2010) now rank stroke as the fourth leading 
cause of death in the nation (as of 2008; Table 1.3). Although 
the cardiovascular mortality has decreased substantially over 
the past decades (Fig. 1.5) possibly due to effective preven
tion and better treatments for heart attacks, congestive heart 
failure, stroke, and other conditions, the cardiovascular dis
ease prevalence and costs have been growing steadily and are 
projected to increase substantially in the future. For example, 
by 2030, 40.5% of the us population is projected to have 
some form of cardiovascular diseases. Between 2010 and 
2030, real total direct medical costs of cardiovascular dis
eases are projected to triple, from $273 billion to $818 billion. 
real indirect costs (due to lost productivity) for all cardiovas
cular diseases are estimated to increase from $172 billion in 
2010 to $276 billion in 2030, an increase of 61% [9].

1.4.3 the status of Cardiovascular Diseases in China

According to the official data available through the WHO 
(http://www.who.int), in China, about 230 million people 
currently have cardiovascular diseases. This translates into 

taBle 1.3 ten leading causes of death in the united states in 2010

rank disease deathsa % total deaths

 1 diseases of heart 597,689 24.2
 2 Malignant neoplasms 574,743 23.3
 3 Chronic lower respiratory diseases 138,080 5.6
 4 Cerebrovascular diseases 129,476 5.2
 5 Accidents (unintentional injuries) 120,859 4.9
 6 Alzheimer’s disease 83,494 3.4
 7 diabetes mellitus 69,071 2.8
 8 nephritis, nephrotic syndrome, and nephrosis 50,476 2.0
 9 Influenza and pneumonia 50,097 2.0
10 Intentional self‐harm (suicide) 38,364 1.6

Source: The united states Centers for disease Control and Prevention (CdC) national vital statistics report 2013, 61(4).
a Total deaths in 2010: 2,468,435.

taBle 1.2 top 10 causes of the death in the world in 2011

rank disease deaths in millions % deaths

 1 Ischemic heart disease 7.0 11.2
 2 stroke 6.2 10.6
 3 lower respiratory infections 3.2 6.7
 4 Chronic obstructive pulmonary disease 3.0 5.8
 5 diarrheal diseases 1.9 4.7
 6 HIv/AIdsa 1.6 3.0
 7 Trachea, bronchus, lung cancers 1.5 2.7
 8 diabetes mellitus 1.4 2.6
 9 road injury 1.3 2.2
10 Prematurity 1.2 1.9

Source: The World Health Organization.
a HIv/AIds denotes human immunodeficiency virus/acquired immunodeficiency syndrome.

http://www.who.int
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one in five adults in China having a cardiovascular disease. 
In 2010, 154.8 per 100,000 deaths per year were estimated to 
be associated with cardiovascular diseases in urban areas 
and 163.1 per 100,000 in rural areas. This number accounts 
for 20.9%/17.9% (urban/rural) of China’s total number of 
deaths per year.

Annual cardiovascular events are predicted to increase by 
50% between 2010 and 2030 based on population aging and 
growth alone in China. Projected trends in blood pressure, 
total cholesterol, diabetes mellitus (increases), and active 
smoking (decline) would increase annual cardiovascular dis
ease events by an additional 23%, an increase of ~21.3 million 
cardiovascular events and 7.7 million cardiovascular deaths.

1.5 risk faCtOrs Of CarDiOvasCular 
Diseases

1.5.1 Classification of Cardiovascular  
Disease risk factors

It is known that the development of cardiovascular diseases 
results from the complicated interactions between genes and 
environmental and dietary factors. The major risk factors 
for developing cardiovascular diseases are classified by the 
WHO into (i) behavioral risk factors, (ii) metabolic risk 
factors, and (iii) other risk factors (Table 1.4). On the other 
hand, the AHA classifies cardiovascular risk factors into 
(1) major risk factors and (ii) contributing risk factors. The 
major risk factors are further divided into modifiable and 
nonmodifiable major risk factors (Table 1.5).

1.5.2 Major Cardiovascular Disease risk factors  
and their impact

As noted earlier, there are many risk factors associated with 
the development of cardiovascular diseases. The major risk 
factors, including tobacco use, hypertension, high cholesterol, 
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figure 1.5 Cardiovascular disease mortality rates in the united states over the past seven decades. As shown, the past three to four 
decades have witnessed remarkable decreases in cardiovascular mortality rates. This achievement most likely results from implementation of 
effective health promotion initiatives and the availability of new effective treatments, including drug therapies.

taBle 1.4 the wHO classification of cardiovascular 
disease risk factors

risk factor category risk factora

Behavioral risk factors Tobacco use
Physical inactivity
unhealthy diet (rich in salt, fat, 

and calories)
Harmful use of alcohol

Metabolic risk factors Hypertension
diabetes mellitus
dyslipidemia
Overweight and obesity
Other metabolic risk factors (e.g., 

excess homocysteine)
Other risk factors Advancing age

Genetic disposition
Gender
Psychological factors (e.g., stress, 

depression, anxiety)
Poverty and low educational status

Source: The World Health Organization.
a The term risk factor is defined as an exposure, behavior, or attribute that, if 
present and active, clearly increases the probability of a particular disease in 
a group of people who have the risk factor compared with an otherwise sim
ilar group of people who do not.
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obesity, physical inactivity, and unhealthy diet, have a high 
prevalence across the world. Of particular significance in 
developing countries is the fact that while they are grappling 
with increasing rates of cardiovascular diseases, they still 
face the scourges of poor nutrition and infectious diseases. 
nevertheless, with the exception of sub‐saharan Africa, car
diovascular diseases are also the leading cause of death in 
the developing world.

You will not necessarily develop cardiovascular diseases 
if you have a risk factor. But the more risk factors you have, 
the greater is the likelihood that you will, unless you take 
actions to modify your risk factors and work to prevent them 
from compromising your heart health. Table  1.6 summa
rizes the impact of some of the major risk factors on the 
development of cardiovascular diseases.

1.6 PreventiOn anD COntrOl 
Of CarDiOvasCular Diseases

The mortality and morbidity of cardiovascular diseases (with 
ischemic heart disease and stroke as the major contributors) 
in the united states have been significantly reduced over the 
past decades owing to implementation of various health pro
motion initiatives and the availability of effective surgical 
 procedures and drugs. regardless of the aforementioned 
accomplishments, cardiovascular diseases remain a major 
public health issue in the developed countries including the 
united states, as well as worldwide. As noted in section 1.5.2, 
with the exception of sub‐saharan Africa, cardiovascular 
diseases are the leading cause of death in the developing 
world. Globally, cardiovascular diseases (mainly ischemic 
heart disease and stroke) account for ~30% of all deaths, and 

the figure will surely increase in both developing and devel
oped countries as risk factors for the diseases (primarily dys
lipidemia, hypertension, obesity, diabetes mellitus, physical 
inactivity, poor diet, and smoking) continue to increase. In 
this context, the leading causes of death in the world in 2030 
are projected to be ischemic heart disease and stroke.

The globally increasing burden of cardiovascular  diseases 
has prompted various international and national organiza
tions including the WHO, the World Heart Federation, the 
AHA, as well as many government agencies to take  measures 
to prevent and control these diseases. In this regard, the past 
several years have witnessed a number of international and 
national initiatives and activities toward cardiovascular 
health promotion. These include the un 2011 High‐level 
General Assembly Meeting on nCds, the World Heart 
Federation Call to Action to Prevent and Control Cardio
vascular diseases, the AHA 2020 Health Impact Goal, and 
the us department of Health and Human services (dHHs) 
Million Hearts initiative. A brief description of these initia
tives helps understand the key issues and major measures in 
the prevention and control of cardiovascular diseases in the 
world. In essence, the key to prevention and control of the 
global cardiovascular pandemic is to take measures to 
 control the major modifiable risk factors of cardiovascular 
diseases. However, enforcement and execution of the effec
tive measures represent a great global challenge.

1.6.1 the un High‐level Meeting and tackling 
Cardiovascular Diseases at the global level

The un high‐level meeting (in september 2011) on nCds 
and the declaration represents an unprecedented opportu
nity for those involved in the prevention and treatment of 

taBle 1.5 the aHa classification of cardiovascular disease risk factors

risk factor category risk factor

Major risk factors (significantly increase the risk 
of cardiovascular diseases)

nonmodifiable factors (cannot be changed) Increasing age
Male sex
Heredity

Modifiable factors (can be modified, treated, or controlled 
by changing your lifestyle or taking medicine)

Tobacco smoke
unhealthy dieta

High blood cholesterol
High blood pressure
Physical inactivity
Obesity and overweight
diabetes mellitus
Chronic kidney diseaseb

Contributing risk factors (other factors are associated with increased risk of cardiovascular disease, but their 
significance and prevalence haven’t yet been precisely determined)

stress
Alcohol

Source: The American Heart Association (http://www.heart.org).
a note that diet and nutrition are classified as contributing factors according to the AHA website listed earlier. This might cause confusion as unhealthy diet 
represents a major risk factor for cardiovascular diseases. As such, “diet and nutrition” is removed from the contributing risk factors category, and instead, 
“unhealthy diet” is added to the major risk factors category under “modifiable factors.”
b recent evidence suggests that chronic kidney disease is also a major risk factor for cardiovascular diseases. This is a particularly important risk factor consid
ering the high global prevalence (8–16%) of chronic kidney disease [10, 11].

http://www.heart.org


taBle 1.6 the impact of some of the major cardiovascular disease risk factors

risk factor Impact

Family history Premature paternal history of a heart attack is associated with a 70% increase in the risk of a heart attack in 
women and a 100% increase in men [12, 13]. sibling history of heart disease increases the odds of heart 
disease by ~50% [14]

smoking/tobacco use Cigarette smoking increases cardiovascular disease risk in a “dose”‐dependent manner in both men and 
women. Women smokers have an additional 25% higher risk than men smokers [15]. nonsmokers who are 
exposed to secondhand smoke at home or workplace increase their risk of developing cardiovascular 
diseases by 25–30%. Current smokers have a 2–4 times increased risk of stroke compared with nonsmokers 
or those who have quit for over 10 years [16]. Although smoking cessation is associated with weight gain, 
quitting smoking has a net cardiovascular benefit [17]. Hence, every smoker should be encouraged to quit 
smoking and given support to do so [18]

Physical inactivity Insufficient physical activity can be defined as <5 times 30 min of moderate activity per week, or <3 times 
20 min of vigorous activity per week, or equivalent. People who are insufficiently physically active have a 
20–30% increased risk of all‐cause mortality compared to those who engage in at least 30 min of moderate‐
intensity physical activity most days of the week. Physical inactivity is responsible for over 12% of the 
global burden of myocardial infarction after accounting for other cardiovascular disease risk factors, such as 
cigarette smoking, diabetes mellitus, hypertension, abdominal obesity, lipid profile, no alcohol intakea, and 
psychosocial factors [19]

unhealthy diet dietary habits affect multiple cardiovascular risk factors, including both established risk factors (hypertension, 
dyslipidemias, glucose levels, and obesity/weight gain) and novel risk factors (e.g., inflammation and 
endothelial cell function). An unhealthy dietary pattern characterized by higher intake of processed meat, red 
meat, refined grains, French fries, sweets/desserts, and salt increases cardiovascular mortality by more than 
20%. On the other hand, a healthy dietary pattern characterized by higher intake of vegetables, fruits, fish, 
poultry, and whole grains and lower intake of sodium reduces cardiovascular mortality by >20% [20]

Overweight and  
obesity

Overweight and obesity increase the risk of developing cardiovascular diseases. Childhood obesity is also a 
predictor of an increased rate of death, owing primarily to an increased risk of cardiovascular disease. Overweight 
and obesity are associated with other cardiovascular risk factors, such as hypertension, dyslipidemias, and 
diabetes mellitus. Interestingly, a recent study reported that those who were overweight or obese as children but 
who became nonobese as adults had a cardiovascular risk profile that was similar to that of persons who were 
never obese [21]. This suggests that that childhood obesity does not permanently increase cardiovascular disease 
risk provided that childhood obesity is successfully treated. Given that atherosclerotic cardiovascular diseases are 
a major driver of healthcare expenditures in the united states as well as worldwide, the development of more 
effective strategies for treating and preventing childhood obesity is a cost‐effective way of achieving a long‐term 
reduction in global atherosclerotic cardiovascular diseases [22]

dyslipidemias raised blood cholesterol increases the risk of heart disease and stroke. Globally, one third of ischemic heart 
disease is attributable to high blood cholesterol. For every 30 mg/dl change in low‐density lipoprotein 
cholesterol (ldl‐C), the relative risk for coronary artery disease is changed in proportion by about 30% [23]

Hypertension nearly 70% of people who have a first heart attack, 77% of those who have a first time stroke, and 74% of 
those who have congestive heart failure have hypertension [20]

diabetes mellitus At least 68% of people >65 years of age with diabetes mellitus die of some form of heart disease; 16% die of 
stroke. Heart disease death rates among adults with diabetes mellitus are two to four times higher than the 
rates for adults without diabetes mellitus [20]

Metabolic syndromeb Metabolic syndrome increases the risk of developing cardiovascular diseases by 78–135% [24, 25]
Chronic kidney  

disease
Cardiovascular mortality is about twice as high in patients with stage 3 chronic kidney disease (estimated 

glomerular filtration rate 30–59 ml/min per 1.73 m2) and three times higher at stage 4 (15–29 ml/min per 
1.73 m2) than that in individuals with normal kidney function. The adjusted risk of cardiovascular mortality 
is more than doubled at the upper end of the microalbuminuria category (30–299 mg/g), compared with the 
risk in individuals with normal albuminuria [11]

a Moderate consumption of alcohol is associated with a decreased risk of developing cardiovascular diseases due, at least partly, to its beneficial effects on 
high‐density lipoprotein cholesterol (Hdl‐C). Moderation means an average of one to two drinks per day for men and one drink per day for women. A drink 
(15 ml pure ethanol) is one 12 oz. beer, 4 oz. of wine, 1.5 oz. of 80‐proof spirits, or 1 oz. of 100‐proof spirits. In contrast, overconsumption of alcohol increases 
the risk of developing cardiovascular and other diseases.
b The term metabolic syndrome (also known as syndrome X, insulin resistance syndrome) refers to a cluster of risk factors for cardiovascular diseases and type 
2 diabetes mellitus. several different definitions for metabolic syndrome are in use; in the united states, the national Cholesterol Education Program (nCEP) 
Adult Treatment Panel III (ATP III) definition and its two subsequent revisions have been used most commonly. By this definition, metabolic syndrome is 
diagnosed when three or more of the following five risk factors are present: 

1. Fasting plasma glucose ≥100 mg/dl or undergoing drug treatment for elevated glucose
2. Hdl‐C <40 mg/dl in men or <50 mg/dl in women or undergoing drug treatment for reduced Hdl‐C
3. Triglycerides ≥150 mg/dl or undergoing drug treatment for elevated triglycerides
4. Waist circumference ≥102 cm in men or >88 cm in women
5.  Blood pressure ≥130 mm Hg systolic or ≥85 mm Hg diastolic or undergoing drug treatment for hypertension or antihypertensive drug treatment in a patient 

with a history of hypertension
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cardiovascular diseases and all other concerned parties, 
including the member nations of the un and their health 
ministries, to act and initiate priority programs and interven
tions that can avert the evolving pandemic of cardiovascular 
diseases and address the devastating worldwide effects of 
nCds [26, 27]. The lancet nCd Action Group and the 
nCd Alliance Group have proposed five high‐priority inter
ventions that include tobacco control, salt reduction, 
improved diets and physical activity, reduction in harmful 
alcohol intake, and access to essential drugs and technol
ogies [28]. It is estimated that the implementation of these 
interventions (cost/person/year) would be $1.72 in China 
and $1.52 in India and is generally affordable worldwide. 
salt reduction and tobacco control are the two population‐
directed interventions with the highest health impact. Full 
implementation of the Framework on Tobacco Control 
 strategies would avert 5.5 million deaths over 10 years in 23 
low‐ and middle‐income countries. reduction of salt intake 
by only 15% through mass media campaigns and industry 
reformulation of food products would avert 8.5 million 
deaths in 23 high‐burden countries over 10 years.

1.6.2 the world Heart federation Call to action 
to Prevent and Control Cardiovascular Diseases

The World Heart Federation (http://www.world‐heart‐ 
federation.org), representing 198 societies of cardiology and 
heart foundations worldwide, is acting with strong support 
and involvement from its member societies in developed 
nations, such as the AHA, the American College of Cardiology, 
and the European society of Cardiology, whose expertise and 
experience with the prevention and treatment of cardiovas
cular diseases are substantial, to advocate for and assist with 
the implementation of effective strategies and initiatives that 
will lessen the global burden of cardiovascular diseases.

In the state of the Heart: Cardiovascular disease report 
(2011), the World Heart Federation and partner organiza
tions call for a sustained worldwide effort to prevent and 
control cardiovascular diseases and encourage immediate 
endeavors by international organizations, national governments, 

healthcare professionals, and, importantly, the general 
public. The report identifies nine cardiovascular challenges 
and priorities for the global community (Table 1.7) to act on 
to prevent and control the global pandemic of cardiovascular 
diseases.

1.6.3 the aHa 2010 Health impact goal, 2020 Health 
impact goal, and ideal Cardiovascular Health

1.6.3.1 2010 Impact Goal The AHA stated mission is 
“to build healthier lives, free of cardiovascular diseases and 
stroke.” Consistent with that mission, the AHA set a strategic 
direction in 1998 to provide information and offer solutions 
for the prevention and treatment of cardiovascular diseases 
(including stroke) in people of all ages, with special emphasis 
on those at high risk. The identified goal was to reduce coro
nary heart disease, stroke, and risk by 25% by 2010, as mea
sured by three key indicators [29, 30] listed below:

 • A reduction by 25% in deaths due to coronary heart 
disease and stroke

 • A reduction by 25% in prevalence of smoking, hyper
cholesterolemia, physical inactivity, and uncontrolled 
hypertension

 • A zero growth rate of obesity and diabetic individuals

despite the ambitious nature of the 2010 Impact Goal, by 
2008, the reduction in the death rate due to coronary artery 
disease eclipsed 30.7%, and the reduction in the death rate 
due to stroke reached 29.4% [29]. What is even more pro
vocative, however, is that at least 50% of the reduction in 
deaths due to coronary artery disease and stroke is attribut
able to a greater representation of preventive efforts, espe
cially control of blood pressure, treatment of dyslipidemias, 
and a reduction in smoking. Yet, and ironically, the metric of 
a 25% risk reduction for smoking and physical inactivity and 
a zero growth rate for obesity and diabetes were not consis
tently met and have proven to be more difficult to achieve 
and will represent major challenges to the even more ambi
tious 2020 Impact Goal.

taBle 1.7 the nine challenges and priorities identified by the world Heart federation

1 secure an outcomes statement at the united nations high‐level summit on noncommunicable diseases, taking place in september 2011
2 Enhance benefits of smoking cessation and implement affordable smoking cessation programs at the community level
3 Increase access to affordable, quality essential medicines for cardiovascular diseases in low‐ and middle‐income countries
4 Close disparities in cardiovascular disease health
5 Increase the prevalence of workplace‐wellness initiatives
6 Integrate cardiovascular disease prevention, detection, and treatment into primary healthcare settings
7 Increase the cardiovascular disease health workforce
8 strengthen global, regional, and national partnerships
9 Improve data collection and monitoring of care provided to coronary heart disease patients

Source: The World Heart Federation.

http://www.world-heart-federation.org
http://www.world-heart-federation.org
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1.6.3.2 2020 Impact Goal and Ideal Cardiovascular 
Health The strategic approaches and progress toward the 
2010 Impact Goal pointed to innovations that are required 
to define and implement new strategies for cardiovascular 
risk prevention, improving cardiovascular health, and pre
venting disease events and deaths. Accordingly, the AHA 
established its 2020 Impact Goal: “By 2020, to improve 
the cardiovascular health of all Americans by 20% while 
reducing deaths from cardiovascular diseases and stroke 
by 20%” [29]. The 2020 Impact Goal for the first time 
set an objective improvement in cardiovascular health as a 
necessary component of the goal. This was driven by the 
need for greater efforts in risk prevention and subsequently 
a greater reduction in the burden of cardiovascular diseases 
(including stroke).

several key elements were addressed in the 2020 Impact 
Goal, including (i) the definition of cardiovascular health; 
(ii) the various attributes to cardiovascular health grouped into 

two broad categories, that is, four health behaviors (related 
to status of smoking, body mass index, physical activity, and 
diet) and three health factors (related to status of total blood 
cholesterol, blood pressure, and blood glucose); and (iii) an 
algorithm that would not only define health status but also 
would promote meaningful changes in cardiovascular health 
status for both adults and children.

An aggregation of the above seven health behaviors and 
health factors, now referred to as “The simple 7,” was 
established and made available to the public on the AHA 
website (http://www.heart.org/mylifecheck). “The simple 
7” consists of the following: (i) stop smoking, (ii) lose 
weight, (iii) get active, (iv) eat better, (v) control cholesterol, 
(vi) manage blood pressure, and (vii) reduce blood sugar. 
The definition of ideal cardiovascular health is provided in 
Table 1.8. To meet the complete definition of ideal cardio
vascular health, an individual would need to meet the ideal 
levels of all seven components.

taBle 1.8 Definition of ideal cardiovascular health: “the simple 7” [29]

Goal/metric Ideal cardiovascular health definition

1. Current smoking
Adults >20 years of age never or quit >12 months ago
Children 12–19 years of age never tried; never smoked whole cigarette

2. Body mass index
Adults >20 years of age <25 kg/m2

Children 12–19 years of age <85th percentile
3. Physical activitya

Adults >20 years of age ≥150 min/week moderate intensity or ≥75 min/week vigorous intensity or combination
Children 12–19 years of age ≥60 min of moderate‐ or vigorous‐intensity activity every day

4. Healthy diet componentsb

Adults >20 years of age 4–5 components
Children 12–19 years of age 4–5 components

5. Total cholesterol
Adults >20 years of age <200 mg/dl (untreated value)
Children 12–19 years of age <170 mg/dl (untreated value)

6. Blood pressure
Adults >20 years of age <120/<80 mm Hg (untreated values)
Children 12–19 years of age <90th percentile (untreated value)

7. Fasting plasma glucose
Adults >20 years of age <100 mg/dl (untreated value)
Children 12–19 years of age <100 mg/dl (untreated value)

a Intensity of physical activity or exercise intensity can be defined in absolute or relative terms [31]. Absolute intensity reflects the rate of energy expenditure 
during exercise and is usually expressed in metabolic equivalents (METs), where one MET equals the resting metabolic rate of 3.5 ml O

2
/kg body weight/

minute. relative intensity refers to the percent of aerobic power utilized during exercise and is expressed as percent of maximal heart rate or percent of vO
2
max. 

Moderate‐intensity activities are those performed at a relative intensity of 40–60% of vO
2
max (or absolute intensity of 4–6 METs). vigorous‐intensity activities 

are those performed at a relative intensity of >60% of vO
2
max (or absolute intensity of >6 METs). Moderate activities include such activities as brisk walking 

at 4 mph (5 METs), stationary cycling at 50 W (3 METs), or bicycling at 8 mph (5 METs). vigorous activities include jogging 5 mph (8 METs), running 6 mph 
(10 METs), bicycling 12–13 mph (8 METs), and aerobic stepping 6–8 in. (8.5 METs). Easy or light activities are defined as <3 METs. Examples of light activ
ities are walking 2 mph (2.5 METs), golfing with a cart, or playing piano.
b Healthy diet components include the following:

1. Fruits and vegetables: ≥4.5 cups per day
2. Fish: ≥two 3.5‐oz servings per week (preferably oily fish)
3. Fiber‐rich whole grains (≥1.1 g of fiber per 10 g of carbohydrate): ≥three 1‐oz‐equivalent servings per day
4. sodium: ≤1500 mg per day
5. sugar‐sweetened beverages: ≤450 kcal (36 oz) per week.

http://www.heart.org/mylifecheck
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1.6.3.3 Extremely Low Prevalence of Ideal Cardiovascular 
Health in the Recent “Heart Strategies Concentrating on 
Risk Evaluation” Study As stated earlier, the AHA 2020 
Impact Goal focuses on promotion of health and control of risk 
rather than solely on prevention and treatment of specific car
diovascular diseases. As described earlier, this goal includes a 
new construct of cardiovascular health composed of four 
health behaviors and three health factors. The prevalence of 
the new AHA metrics that define ideal cardiovascular health 
has been addressed in a recent cohort of volunteers partici
pating in a community‐based health‐screening survey, the 
Heart strategies Concentrating on risk Evaluation (Heart 
sCOrE) [32]. The results of the Heart sCOrE study are 
sobering and the penetration of poor health is alarming. Among 
the 1933 participants (mean age 59 years; 44% blacks; 66% 
women), only one person (0.1%) met all seven components of 
the AHA definition of ideal cardiovascular health. The indices 
of ideal health behaviors and ideal health factors were only met 
by 2 and 1.4% of participants, respectively. The large gap bet
ween the prevalence of ideal cardiovascular health and the 
AHA 2020 Impact Goal suggests that the attainment of the 
stated goals for the next decade may be much more challeng
ing than originally conceived. Targeted efforts will be required 
at multiple levels (e.g., individual, social, environmental, pol
icies and intervention, and access to quality healthcare) in 
order to ensure the achievement of this ambitious goal [32, 33].

1.6.4 us DHss “Million Hearts” initiative

1.6.4.1 What Is It? As indicated in section 1.4.2, at pre
sent, more than 14 million Americans are inflicted with a 
myocardial infarction or stroke with over 1.5 million new 
cases diagnosed each year. Cardiovascular diseases (notably 
myocardial infarction and stroke) are the leading cause of 
death in the united states and the largest cause of lower life 
expectancy among blacks. related medical costs and pro
ductivity losses approach $450 billion annually, and infla
tion‐adjusted direct medical costs are projected to triple over 
the next two decades if present trends continue. To reduce 
this burden, the us dHHs; other federal, state, and local 
government agencies; and a broad range of private‐sector 
partners including the AHA lunched a “Million Hearts” 
initiative (http://millionhearts.hhs.gov) on september 13, 
2011, to prevent one million heart attacks and strokes over 
the next 5 years by implementing proven, effective, inexpen
sive interventions [34]. Building on work already underway 
thanks to the Affordable Care Act, “Million Hearts” will 
help improve Americans’ health and increase productivity.

1.6.4.2 Two Major Goals “Million Hearts” is focused on 
two goals:

 • Empowering Americans to make healthy choices such 
as preventing tobacco use and reducing sodium and 
trans‐fat consumption. This can reduce the number of 

people who need medical treatment such as blood 
pressure or cholesterol medications to prevent heart 
attacks and strokes.

 • Improving care for people who do need treatment by 
encouraging a targeted focus on aspirin for people at 
risk, blood pressure control, cholesterol management, 
and smoking cessation (“ABCs”)—which address the 
major risk factors for cardiovascular diseases and can 
help to prevent heart attacks and strokes.

1.6.4.3 Five Strategies “Million Hearts” aims to improve 
heart disease and stroke prevention by:

 • Improving access to effective care

 • Improving the quality of care

 • Focusing more clinical attention on heart attack and 
stroke prevention

 • Increasing public awareness of how to lead a heart‐
healthy lifestyle

 • Increasing the consistent use of high blood pressure 
and cholesterol medications

1.6.4.4 Six 2017‐Specific Goals By empowering 
Americans to make healthy choices and improving care, 
Million Hearts strives to achieve six specific goals by 2017, 
as listed in Table 1.9.

1.6.4.5 Perspectives “Million Hearts” makes preventing 
heart attacks and strokes a top priority for the dHHs, its 
component agencies, and the broader healthcare system. 
“Million Hearts” targets improvements in both clinical pre
ventive practice (e.g., reducing uncontrolled blood pressure 
and cholesterol, increasing aspirin use to prevent and reduce 
the severity of heart attacks and strokes) and community 
prevention (e.g., eliminating smoking and exposure to 
secondhand smoke, decreasing sodium and trans‐fat intake 
in the population).

The “Million Hearts” initiative is aligned with the heart 
disease and stroke targets of the Healthy People 2020 
(http://www.healthypeople.gov), which have been set on 
the basis of achieving a 10–20% improvement in cardiovas
cular prevention over a 10‐year period. By using the diverse 
platforms of health reform to launch a rigorous effort to 
achieve successful clinical and community preventive 
 interventions, the campaign is expected to produce a 10% 
reduction in the rate of acute cardiovascular events each 
year. There are ~2 million heart attacks and strokes in the 
united states annually. A 10% reduction would equate to 
200,000 prevented cardiovascular events per year. If this 
rate is achieved and sustained over the 5‐year campaign, 
“Million Hearts” will reach the goal of preventing one mil
lion heart attacks and strokes.

“Million Hearts” has the potential to make a significant 
contribution to the AHA 2020 Impact Goal to prevent 20% 

http://millionhearts.hhs.gov
http://www.healthypeople.gov
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of cardiovascular disease (including stroke) deaths by 2020 
by preventing 10% of deaths resulting from myocardial 
infarction and stroke (which account for one third of all 
 cardiovascular disease deaths) over 5 years. It would be 
expected that preventing one million heart attacks and 
strokes would reduce cardiovascular disease deaths even 
further by also reducing deaths from other cardiovascular 
disease causes.

To reach the AHA 2020 Impact Goal for cardiovascular 
health (to improve the cardiovascular health of all Americans 
by 20% while reducing deaths from cardiovascular diseases 
including stroke by 20% by 2020), ~4 million cardiovascular 
events must be prevented in 10 years. The AHA 2020 Impact 
Goal may be more aggressive than the “Million Hearts” 
goal, but the data show that with concerted public/private 
and cross‐organizational effort to achieve a range of clinical 
and community preventive interventions, these goals are 
achievable [38].

1.7 CarDiOvasCular risk PreDiCtiOn  
anD eviDenCe‐BaseD treatMents

The decrease in the cardiovascular mortality rate in the 
united states and some developed nations has been hailed as 
one of the great achievements in public health. The reduction 
in the cardiovascular mortality rate started before powerful 
modern medical treatments entered mainstream medical 
practice, signifying that improvements in risk factors (pri
marily smoking, total cholesterol, and blood pressure) were 
key milestones to initiate decline. nevertheless, analyses 
suggest that, more recently, both propitious changes in risk 
factors and the introduction of effective treatments have con
tributed greatly to reducing cardiovascular mortality rates in 
the united states and some developed countries, although 
the balance of these two contributors varies among countries 

[39]. It has been suggested that further reductions in cardio
vascular mortality can be realized if more aggressive targets 
for improving the distribution of risk factors in the population 
can be met and if compliance with evidence‐based treat
ments can be increased [39, 40]. Hence, risk management 
based on cardiovascular risk prediction and evidence‐based 
treatments, including drug therapies, are indispensible com
ponents of the armamentarium for combating cardiovascular 
diseases and reducing their global burden. This section intro
duces the cardiovascular risk prediction algorithms and 
briefly describes the status of evidence‐based treatments, 
especially drug therapies, to serve as a prelude to the intro
duction to principles of cardiovascular pharmacology in 
Chapter 2.

1.7.1 Cardiovascular risk Prediction

Primary prevention (Table 1.10) is paramount for the large 
number of individuals who are at high risk for developing 
cardiovascular diseases. Given limited resources, finding 
low‐cost prevention strategies is a top priority in both devel
oped and developing regions. using prediction algorithms or 
risk scores to identify those at high risk to target specific 
behavioral or pharmacological interventions is a well‐
established primary prevention strategy and has proven to be 
cost‐effective.

various methods to predict cardiovascular risk use 
information on multiple risk factors, including age, gender, 
smoking, hypertension, diabetes mellitus, and blood lipids. 
Of these, perhaps the best known is the Framingham risk 
score [41], with simple online tools readily available to 
 calculate 10‐year risk of coronary artery disease‐related 
adverse events (http://www.mecalc.com/framingham‐cardiac‐ 
risk‐score). The predicted risk has been used by certain 
clinical guidelines to make clinical decisions about treat
ments with drugs.

taBle 1.9 the six 2017‐specific goals of the “Million Hearts” initiative

Indicator Baseline 2017 goal

Aspirin use for people at high risk 47% 65%
Blood pressure control 46% 65%
Effective treatment of high cholesterol (ldl cholesterol) 33% 65%
smoking prevalence 19% 17%
sodium intake (average) 3.5 g/day 20% reduction
Artificial trans‐fata consumption (average) 1% of calories/day 50% reduction

Source: united states dHHs.
a Artificial trans fats (also known as trans‐fatty acids or partially hydrogenated oils) are manufactured fats created during an industrial process that adds 
hydrogen to liquid vegetable oils to stabilize polyunsaturated fatty acids to prevent them from becoming rancid and to keep them solid at room temperature. 
natural trans fats are uncommon, and small amounts of trans fats occur naturally in some meat and dairy products, including beef, lamb, and butterfat. The 
health effects of the naturally occurring trans fats are currently unknown. unless otherwise specified, the term “trans fats” refers primarily to artificial trans 
fats. Artificial trans fats impose significant adverse health effects and increase the risk of developing coronary heart disease, stroke, and diabetes mellitus, 
among others [35, 36]. Many food companies and restaurants have eliminated trans fats over the past decade, in part because of the us Food and drug 
Administration (FdA) nutrition label changes enacted in 2006. And some local governments, including new York City, already prohibit the use of trans fats in 
foods [37]. According to the FdA, these restrictions have helped reduce trans‐fat intake among Americans from 4.6 g daily in 2003 to about 1 g a day in 2012. 
To further reduce the adverse health impact of trans fats, in november 2013, the FdA announced a plan to ban artificial trans fats in foods. According to the 
FdA estimate, the proposed ban on the use of trans fats could prevent an additional 20,000 heart attacks and 7,000 deaths annually in the united states.

http://www.mecalc.com/framingham-cardiac-risk-score
http://www.mecalc.com/framingham-cardiac-risk-score
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Although the original Framingham risk score estimates 
risk of coronary artery disease, the recently developed new 
Framingham risk score/Profile systems are also used to 
predict 10‐year or 30‐year risk of general cardiovascular 
 diseases [42, 43] (Fig. 1.6). The simple online tools for cal
culating the general cardiovascular risks are available on 
the  website (http://www.framinghamheartstudy.org/risk) of 
the Framingham Heart study (Box 1.3). In addition to the 

Framingham risk score systems, several other algorithms 
have been reported for predicting the total cardiovascular 
risk in various human populations [44]. These include the 
systemic Coronary risk Estimation (sCOrE) [45], the Joint 
British societies (JBs3) risk calculator [46], and the most 
recently proposed Pooled Cohort Equations by the American 
College of Cardiology and American Heart Association 
(ACC/AHA) [47, 48].

figure 1.6 General cardiovascular risk prediction in men (panel A) and women (panel B). This 10‐year risk prediction model is based on 
ref. [42]. The general cardiovascular diseases include coronary death, myocardial infarction, coronary insufficiency, angina, ischemic stroke, 
hemorrhagic stroke, transient ischemic attack, peripheral artery disease, and heart failure. As illustrated, six predictors are employed, including 
(i) age, (ii) diabetes, (iii) smoking, (iv) treated and untreated systolic blood pressure, (v) total cholesterol, and (vi) Hdl cholesterol. Body 
mass index (BMI) can be used to replace lipids in a simpler model. In panel A, *, when the points are <0, the cardiovascular age is <30 years; 
**, when the points are ≥17, the cardiovascular age is >80 years. In panel B, *, when the points are <1, the cardiovascular age is <30 years.
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taBle 1.10 the three levels of prevention of cardiovascular diseases

level of prevention description

Primary prevention Primary prevention aims to prevent the disease from occurring. Primary prevention reduces both the 
incidence and prevalence of a disease. Health promotion targeting on avoiding the risk factors of 
cardiovascular diseases is an example of primary prevention

secondary prevention The goal of secondary prevention is to find and treat disease early. In many cases, the disease can be 
cured if detected early. For example, patients with early stage of coronary artery disease and 
hypercholesterolemia are treated with a statin drug to prevent the occurrence of myocardial infarction

Tertiary prevention Tertiary prevention targets the person who already has symptoms of the disease with the goals to slow 
down the disease, prevent the disease complications, and improve quality of life. For example, 
patients following myocardial infarction are treated with inhibitors of the renin–angiotensin–
aldosterone system to prevent or retard the development of congestive heart failure

http://www.framinghamheartstudy.org/risk
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figure 1.6 (Continued )

BOx 1.3 fraMingHaM Heart stuDy

The framingham Heart study is a long‐term, ongoing cardiovascular study on resi
dents of the town of Framingham, Massachusetts. The study under the direction of the 
national Heart, lung, and Blood Institute (nHlBI; then known as the national Heart 
Institute) began in 1948 with 5209 adult subjects from Framingham and is now on its 
third generation of participants. The origins of the study are closely linked to the cardio
vascular health of President Franklin d. roosevelt and his premature death from hyper
tensive heart disease and stroke in 1945 at the age of 63 [49]. At the time, little was 
known about the general causes of heart disease and stroke, but the death rates for cardio
vascular diseases had been increasing steadily since the beginning of the century and had 
become an American epidemic. The objective of the Framingham Heart study was to 
identify the common factors or characteristics that contribute to cardiovascular diseases 
by following its development over a long period of time in a large group of participants 
who had not yet developed overt symptoms of cardiovascular diseases or suffered a heart 
attack or stroke. For more than 60 years, the Framingham Heart study and the residents 
of Framingham, Massachusetts, have been synonymous with the remarkable advances 
made in the prevention of heart disease in the united states and throughout the world. 
More than 60 years of data collected from residents of Framingham have produced over 
1000 scientific papers; identified major risk factors associated with heart disease, stroke, 
and other diseases (and of course the birth of the Framingham risk score, as described 
in section 1.7.1); paved the way for researchers to undertake singular clinical trials based 
on Framingham findings; created a revolution in preventive medicine; and forever 
changed the way the medical community and general public view the genesis of disease. 
Having spent the past six decades looking at risk factors and lifestyle habits, researchers 
are now at the forefront of investigating how genes contribute to common metabolic dis
orders such as obesity, hypertension, diabetes, and even Alzheimer’s disease [50, 51].
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1.7.2 evidence‐Based treatments

The entire medical profession strives to deliver care that is safe, 
timely, evidence based, efficient, equitable, and patient cen
tered. Toward this goal, cardiology probably enjoys the greatest 
evidence base of any medical specialty [52]. The significant 
decline in the cardiovascular mortality in the united states and 
many other developed countries results from both prevention 
of the risk factor and effective treatment of the diseases. 
remarkable progress has recently been made in the evidence‐
based treatments of cardiovascular diseases with pharmacolog
ical management set to assume an increasingly important role. 
Indeed, pharmacological agents not only play an important 
part in the treatment of the cardiovascular diseases but also in 
the management of risk factors of cardiovascular diseases. 
Pharmacological therapy has become an essential component 
of the armamentarium of evidence‐based medicine for com
bating cardiovascular diseases. In fact, cardiovascular drugs 
are among the most widely used prescription drugs in the 
united states and other developed nations, as well as the devel
oping world. Hence, a thorough understanding on the essen
tials and advances of cardiovascular pharmacology and 
therapeutics is of paramount importance for both prevention 
and treatment of  cardiovascular diseases. Chapter 2 introduces 
the basic  principles of pharmacology in general and cardiovas
cular pharmacology in particular to set a stage for the detailed 
discussion of the various topics in cardiovascular pharma
cology and therapeutics throughout the rest of the book.

1.8 suMMary Of CHaPter key POints

 • The term cardiovascular diseases refers to a group of dis
eases involving the heart, blood vessels, or the sequelae 
of poor blood supply due to a decreased vascular supply 
and include diseases of the heart, vascular diseases of the 
brain, and diseases of other blood vessels.

 • Cardiovascular diseases are classified in various ways, 
including schemes based on anatomical location and 
the involvement of atherosclerosis. The World Health 
Organization ICd‐10 category represents the most com
prehensive and most widely adopted classification scheme 
for human diseases, including cardiovascular diseases.

 • Cardiovascular diseases are responsible for 48% of all 
global deaths due to noncommunicable diseases, and as 
such, they remain as a chief contributor to the global 
burden of disease.

 • Globally, cardiovascular diseases (mainly ischemic 
heart disease and stroke) account for ~30% of all 
deaths, and the figure will surely increase in both devel
oping and developed countries as risk factors for the 
diseases continue to increase.

 • The development of cardiovascular diseases results 
from the complicated interactions between genes and 
environmental and dietary factors. The major cardio

vascular disease risk factors include tobacco use, 
hypertension, high blood cholesterol, obesity, physical 
inactivity, and unhealthy diet, which have a high preva
lence across the world and continue to increase.

 • Prevention and control of cardiovascular diseases 
depend largely on how to effectively identify and man
age the risk factors through population‐based health 
promotion programs and initiatives at the community, 
national, and international levels.

 • risk management based on cardiovascular risk predic
tion and evidence‐based treatments, including drug 
therapies, are indispensible components of the arma
mentarium for combating cardiovascular diseases and 
reducing their global burden.

1.9 self‐assessMent QuestiOns

1.9.1. According to a recent report of the Global Burden of 
disease 2010 study (lancet 2012; 380:2095–128), 
there were 52.8 million deaths globally in 2010, of 
which 34.5 million deaths were caused by noncom
municable diseases, including cardiovascular diseases, 
cancer, and diabetes, among others. Cardiovascular 
diseases accounted for which of the following?
A. ~5% of the total global deaths
B. ~10% of the total global deaths
C. ~15% of the total global deaths
d. ~30% of the total global deaths
E. ~50% of the total global deaths

1.9.2. According to the World Health Organization 2011 
Global Atlas on Cardiovascular disease Prevention 
and Control, which of the following is the number 
one cause of the death in the world?
A. Congenital heart disease
B. Heart failure
C. Hypertension
d. Ischemic heart disease
E. stroke

1.9.3. In a recent community‐based Heart strategies 
Concentrating on risk Evaluation (Heart sCOrE) 
study (Circulation 2011; 123:850–7), the AHA con
struct of cardiovascular health and the AHA ideal 
health behaviors index and ideal health factors index 
were evaluated among 1933 participants (mean age 
59 years; 44% blacks; 66% women). Out of the 1933 
participants in the Heart sCOrE study, how many 
participants met all seven components of the AHA 
definition of ideal cardiovascular health?
A. 1
B. 15
C. 29
d. 246
E. 512
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1.9.4. The development of cardiovascular diseases results 
from the complicated interactions between genes and 
environmental and dietary factors. There are many 
risk factors for developing cardiovascular diseases, 
which are classified into modifiable and nonmodifi
able factors. Which of the following is not consid
ered a modifiable risk factor for cardiovascular 
diseases?
A. A diet rich in sea salt
B. Chronic kidney disease
C. diabetes mellitus
d. Moderate consumption of alcohol
E. smoking of <20 cigarettes daily

1.9.5. declines in stroke death rate in the united states now 
rank stroke as which of the following?
A. 3rd leading cause of death in the nation
B. 4th leading cause of death in the nation
C. 5th leading cause of death in the nation
d. 6th leading cause of death in the nation
E. 7th leading cause of death in the nation
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2.1 Overview

In the foreword to the first edition of Principles of 
Pharmacology: The Pathophysiologic Basis of Drug Therapy, 
now a widely acclaimed text in its 3rd edition in medical 
pharmacology, Eugene Braunwald, a world‐renowned cardi
ologist at Harvard Medical School, stated that “Almost every 
practicing physician prescribes drugs; most write many pre
scriptions every day. The learning of pharmacology, the sci
ence that deals with the action and use of drugs, is among the 
most important steps in becoming a physician. Rather than 
reflexly ordering a medication to treat a specific symptom or 
disease, modern therapeutics requires an understanding of 
the underlying mechanism of action of a pharmacological 
agent, how it influences and is influenced by the disease for 
which it is prescribed, and its capacity for causing both 
 beneficial and harmful clinical effects.” Indeed, pharma
cology, as a biomedical discipline, focuses on the complex 
interactions between the drugs and living systems and has 
contributed substantially to the advances in the management 
of human diseases in general and cardiovascular diseases 
in particular. The discovery of new drugs and the rapid 
development of cardiovascular sciences in the past five 
decades have helped cardiovascular pharmacology and ther
apeutics become a major medical subspecialty that plays a 
central part in cardiovascular medicine. Knowledge in car
diovascular pharmacology and therapeutics is not only 
essential for the evidence‐based treatment of patients with 
cardiovascular diseases but also important for cardiovascular 
disease prevention and promotion of public health. In this 

context, cardiovascular diseases are chief contributors to 
global burden of disease (Chapter  1). To lay a basis for 
understanding cardiovascular pharmacology and therapeu
tics, this chapter examines the general principles of phar
macology and therapeutics, beginning with defining 
pharmacology and related terms, followed by introducing 
the pharmacological paradigm as well as drug development 
and regulation. The chapter ends with a brief survey of the 
new developments and challenges of cardiovascular pharma
cology and therapeutics.

2.2 DefinitiOns anD HistOry

2.2.1 what is Pharmacology?

The term pharmacology is derived from the Greek words 
pharmakon (meaning a drug or medicine) and logos 
(meaning the truth about or a rational discussion). In general 
terms, pharmacology is the science dealing with drug action 
(including both beneficial and harmful effects) on biological 
systems. In its entirety, pharmacology embraces knowledge 
of sources, chemical properties, biological effects, and 
therapeutic uses of drugs. Pharmacology is a science that is 
fundamental not only to human clinical medicine but also to 
pharmacy, nursing, and dentistry, as well as veterinary med
icine. Pharmacology taught in medical schools can be 
defined as a biomedical discipline that deals with the action 
and use of drugs in the diagnosis, treatment, or prevention of 
human diseases.

intrODuctiOn tO PrinciPles Of PHarmacOlOgy

2
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2.2.2 Definitions of related terms

Although medical pharmacology has a focus on mechanisms 
of drug actions, it also emphasizes the clinical use of the 
drugs, better known as clinical pharmacology. Hence, med
ical pharmacology may be considered as a discipline that 
bridges the basic medical science and clinical medicine. The 
distinction between medical pharmacology and other related 
disciplines, such as pharmacotherapeutics, has becoming 
less obvious. Table 2.1 lists several different terms related to 
medical pharmacology.

2.2.3 a Brief History of Pharmacology

Historically, the roots of pharmacology go back to the ancient 
civilizations that used plants and plant extracts both in healing 
and as poisons. The accumulated total of this empirical 
knowledge, acquired by mankind through the ages, provided 
a foundation for the evolution of scientific pharmacology as 

it exists today. The well‐known discovery of the beneficial 
effects of foxglove extracts for treating heart disease, the use 
of the bark of the willow and cinchona trees in treating fever, 
and the effectiveness of extracts of the poppy in the treatment 
of dysenteries are outstanding examples of such knowledge 
that have resulted in important advances in pharmacology.

The rise of organic chemistry in the last half of the 
nineteenth century, together with the development of 
 physiology and, later, biochemistry, allowed empiricism to 
be discarded in favor of a rational approach, giving birth 
to modern pharmacology. The first published classic  
text, “outline of Pharmacology,” written by oswald 
Schmiedeberg in 1878, set the momentum for today’s phar
macology advancement throughout the world. Table  2.2 
summarizes the major historic figures and events in the 
early development of modern pharmacology. The photos of 
the major historic figures are shown in figure 2.1. Table 2.3 
lists the nobel Prize‐winning research that has shaped 
modern pharmacology.

taBle 2.1 medical pharmacology and related terms

Term definition

Medical pharmacology Medical pharmacology is the science that deals with the action and use of drugs in the diagnosis, treatment, 
or prevention of human diseases. Medical pharmacology includes basic pharmacology and clinical 
pharmacology. Basic pharmacology emphasizes the basic science principles, such as pharmacokinetics and 
pharmacodynamics, whereas clinical pharmacology is underpinned by the basic science of pharmacology 
with added focus on the application of pharmacological principles and methods in the clinical management 
of human diseases

drug The term drug is often defined in two ways: (i) the uS federal food, drug, and Cosmetic Act (fd&C Act) 
defines drugs, in part, by their intended use as “articles intended for use in the diagnosis, cure, mitigation, 
treatment, or prevention of disease” and “articles (other than food) intended to affect the structure or any 
function of the body of man or other animals” [fd&C Act, sec. 201(g)(1)]; and (ii) in pharmacology, a drug 
is defined as a natural product, chemical substance, or pharmaceutical preparation intended for 
administration to a human or animal to diagnose, treat, or prevent a disease

Pharmacotherapeutics Pharmacotherapeutics is the medical science concerned with the use of drugs in the treatment of diseases, 
and its essence is clinical use of drugs. Pharmacology provides a rational basis for pharmacotherapeutics by 
explaining the mechanisms and effects of drugs on the body and the relationship between dose and drug 
response. Hence, pharmacotherapeutics and pharmacology are closely related and often intertwined. In this 
context, clinical pharmacology is even more closely intertwined with pharmacotherapeutics. The term 
pharmacotherapy refers to treatment of disease through the use of drugs

Pharmacy Pharmacy is the science and profession concerned with the preparation, storage, dispensing, and proper use of 
drug products

Pharmaceutics Pharmaceutics is concerned with the formulation and chemical properties of pharmaceutical products, such as 
tablets, liquid solutions and suspensions, and aerosols. do not confuse pharmaceutics with 
pharmacotherapeutics

Pharmacognosy Pharmacognosy is the study of drugs isolated from natural sources, including plants, microbes, animal tissues, 
and minerals

nutraceutical nutraceutical is the term used to describe any substance that is considered a food or part of a food, including 
nutritional supplements that allege to provide health benefits

functional food functional food refers to food that contains physiologically active compounds that provide health benefits 
beyond their nutrient contributions. The terms nutraceutical and functional food are often used 
interchangeably

Phytochemical The term phytochemical refers to any nonnutrient compound in plant‐derived foods that possesses biological 
activity in the body
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taBle 2.2 list of historic figures and events in the early development of modern pharmacology

figure or event Major contribution or impact

Rudolf Buchheim (1820–1876) In 1847, as professor of pharmacology at the university of dorpat in Estonia (then part of 
Russia), Buchheim established the first laboratory devoted to experimental pharmacology in 
the basement of his home due to lack of outside funding

Pioneer of experimental pharmacology

oswald Schmiedeberg (1838–1921) Schmiedeberg, a student of Buchheim, set up an institute of pharmacology in 1872 in 
Strasbourg, france (Germany at that time), which became a mecca for students who were 
interested in pharmacological problems. In 1878, he published a classic text, “outline of 
Pharmacology.” He and his students, including T. frazer (1841–1921, Scotland), J. langley 
(1852–1925, England), and P. Ehrlich (1854–1915, Germany), helped establish the high 
reputation of pharmacology by introducing fundamental concepts such as structure–activity 
relationship, drug receptors, and selective toxicity

The founder of modern pharmacology

John J. Abel (1857–1938) Abel, a student of Schmiedeberg, founded the first pharmacology department in the united 
States at the university of Michigan in 1891. Abel and 18 of his colleagues founded the 
American Society for Pharmacology and Experimental Therapeutics in 1908

The father of American pharmacology

World War II (1939–1945) The World War II was the impetus for accelerated research in pharmacology and introduced 
strong analytical and synthetic chemical approaches

Rudolph Buchheim
(1820–1876)

Oswald Schmiedeberg
(1838–1921)

John J. Abel
(1857–1938)

Paul Ehrlich
(1854–1915)

figure 2.1 Photos of major historic figures whose pioneering work has shaped today’s pharmacology (from the national library of 
Medicine).

taBle 2.3 list of nobel Prize‐winning research that has shaped modern pharmacology

nobel laureate year of nobel Prize nobel‐winning discoveries (and other notable contributions)

Martin Karplus (1930–) 2013, chemistry development of multiscale models for complex chemical 
systems. Such models of simulating the behavior of 
molecules at various scales are crucial for modern drug 
design

Michael levitt (1947–)
Arieh Warshel (1940–)

Paul Greengard (1925–) 2000, physiology or medicine Signal transduction in the nervous system
Robert f. furchgott (1916–2009) 1998, physiology or medicine nitric oxide as a signaling molecule in the cardiovascular 

systemlouis J. Ignarro (1941–)
ferid Murad (1938–)
Alfred G. Gilman (1941–) 1994, physiology or medicine G proteins and the role of these proteins in signal transduction 

in cellsMartin Rodbell (1925–1998)
Edwin G. Krebs (1918–2009) 1992, physiology or medicine Reversible protein phosphorylation as a biological regulatory 

mechanism

(continued )
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2.3 PHarmacOlOgical ParaDigm: tHe 
central DOgma in PHarmacOlOgy

The central dogma is the key to understanding a medical 
 discipline. figure 2.2 depicts the pharmacological paradigm, 
the central dogma in pharmacology. This paradigm defines 
the broad scope of pharmacology, starting from dosing of 
drugs to pharmacokinetics and pharmacodynamics and 
finally to clinical responses to drug therapy. As shown, phar
macokinetics precedes pharmacodynamics, which in turn 
determines the clinical responses. The clinical responses to 
drug therapy may include the desired responses and the 
untoward outcomes, which are better known as drug adverse 
effects or toxicity. This section introduces several key aspects 
of pharmacology and therapeutics as dictated by the central 
dogma of pharmacology.

2.3.1 Drug names, sources, Preparations, 
and administration

2.3.1.1 Drug Names A particular drug may have up to 
three different names: chemical name, generic name, and 
trade name. Trade name is also known as brand name or pro
prietary name. These different names may be confusing 
when you first learn pharmacology and pharmacotherapeu
tics. It is important to know the different names of a drug so 
that the wrong drug is not prescribed to a patient. Table 2.4 
lists the three types of drug names and summarizes their key 
characteristics.

2.3.1.2 Drug Sources drugs can be obtained from 
natural sources (e.g., plants, microbes, animal tissues, min
erals) or synthesized in the laboratories. While in the past, 

nobel laureate year of nobel Prize nobel‐winning discoveries (and other notable contributions)

Sir James W. Black (1924–2010) 1988, physiology or medicine Important principles for drug treatment; anticancer agents that 
block dnA synthesis; Black developed the first beta‐
blocker, propranolol

Gertrude B. Elion (1918–1999)
George H. Hitchings (1905–1998)
Sune K. Bergström (1916–2004) 1982, physiology or medicine discoveries concerning prostaglandins and related biologically 

active substancesBengt I. Samuelsson (1934–)
John R. Vane (1927–2004)
Earl W. Sutherland, Jr. (1915–1974) 1971, physiology or medicine Mechanisms of the action of hormones with regard to cAMP 

involvement
Julius Axelrod (1912–2004) 1970, physiology or medicine Humoral transmitters in the nerve terminals and the mechanism 

for their storage, release, and inactivationSir Bernard Katz (1911–2003)
ulf von Euler (1905–1983)
daniel Bovet (1907–1992) 1957, physiology or medicine discoveries relating to synthetic compounds (antihistamine 

agents) that inhibit the action of certain body substances and 
especially their action on the vascular system and the 
skeletal muscles

Philip S. Hench (1896–1965) 1950, physiology or medicine discoveries relating to the hormones of the adrenal cortex and 
their structure and biological effectsEdward C. Kendall (1886–1972)

Tadeus Reichstein (1897–1996)
linus C. Pauling (1901–1994) 1954, chemistry nature of the chemical bond and its application to the 

elucidation of the structure of complex substances.
Pauling also won a nobel Prize in
Peace. He was also known for his studies on high‐dose vitamin 

C for treating cancer
Herbert S. Gasser (1888–1963) 1944, physiology or medicine The highly differentiated functions of single nerve fibers
Corneille J.f. Heymans (1892–1968) 1938, physiology or medicine Role played by the sinus and aortic mechanisms in the 

regulation of respiration
Sir Henry H. dale (1875–1968) 1936, physiology or medicine Chemical transmission of nerve impulses
otto loewi (1873–1961)
frederick G. Banting (1891–1941) 1923, physiology or medicine discovery of insulin
Ernst B. Chain (1906–1979) 1945, physiology or medicine discovery of penicillin and its curative effect in various 

infectious diseasesSir Alexander fleming (1881–1955)
Sir Howard florey (1898–1968)
Paul Ehrlich (1854–1915) 1908, physiology or medicine Work on immunity. Ehrlich was also famous for the “magic 

bullet” concept in treating infectious diseases. He 
developed the first synthetic antimicrobial agent

taBle 2.3 (Continued )
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taBle 2.4 Drug names

Type of drug name Characteristics Example

Chemical name •	 It specifies the chemical structure of the drug
•	 It uses standard chemical nomenclature
•	 It is often long and complex

[R‐(R*, R*)]‐2‐(4‐fluorophenyl)‐β,  
δ‐dihydroxy‐5‐(1‐methylethyl)‐3‐phenyl‐4‐
[(phenylamino)
carbonyl]‐1H‐pyrrole‐1‐heptanoic acid

Generic name, also known 
as nonproprietary name

•	 It is the one recognized internationally
•	 It is the type of drug name most suitable for use by 

healthcare professionals
•	 It provides some indication of the class to which a 

particular drug belongs
•	using generic drug names is less likely to result in 

prescribing errors and can give the pharmacist the 
option of substituting a cheaper generic version

Atorvastatin

Trade name, also known 
as brand name or 
proprietary name

•	 It is the patented exclusive property of the drug 
manufacturer

•	 It is often designed to be shorter than generic name
•	 It is often not helpful in identifying the pharmacolog

ical action or class of drug
•	Trade names can sometimes be similar yet refer to 

drugs with entirely different pharmacodynamic actions, 
increasing the hazard of prescribing error

•	Many drugs are marketed under two or more brand 
names, especially after the manufacturer loses patent 
exclusivity

lipitor

Dose of drug
administered 

Drug
concentration

in systemic
circulation 

Drug
concentration

at site of action
(target site) 

Drug–target
interactions

Absorption

Metabolism

Excretion

Distribution

Pharmacokinetics

Pharmacodynamics

Pharmacologic
effect

Pharmacotherapeutics

Pharmacology

Clinical
response

figure 2.2 Pharmacological process. This is considered the central dogma in pharmacology. This paradigm defines the broad scope of 
pharmacology, starting from dosing of drugs to pharmacokinetics and pharmacodynamics and finally to clinical responses to drug therapy. 
This paradigm also illustrates the intimate relationship between pharmacology and pharmacotherapeutics.
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taBle 2.6 Dosage forms for oral administration (oral medication forms)

oral dosage form description

Tablets Tablets are dried, and powdered drugs compressed into small shapes that can be swallowed whole
Capsules Capsules are gelatin containers that hold powder or liquid medicine. Timed‐release or sustained‐release capsules 

contain granulates that dissolve at different rates, providing slow and constant release of medications
Suspensions Suspensions are liquids with solid, insoluble drug particles dispersed throughout. These solid particles tend to 

settle out in layers, so the medication must be shaken before pouring
Elixirs Elixirs are liquids made up of drugs dissolved in alcohol and water that may have coloring and flavoring agents 

added. The alcohol makes the drug more dissolvable than water alone
Emulsions Emulsions are solutions that have small droplets of water and medication dispersed in oil or oil and medication 

dispersed in water
lozenges lozenges are medications mixed with hard sugar base to produce small, hard preparation of various sizes and 

shapes. The drug is released slowly when the lozenge is sucked
Syrups Syrups are liquids with a high sugar content designed to disguise the bitter taste of a drug. They are usually 

used for pediatric patients

drugs were usually obtained from the natural sources, today, 
due to the development of modern synthetic chemistry, drug 
compounds are mainly synthesized in the laboratories. 
Recombinant dnA technology also allows the production of 
protein drugs, such as hormones and antibodies, in large 
quantity and high purity. Table 2.5 summarizes the different 
sources of drugs.

2.3.1.3 Drug Preparations drug preparations include 
three types, as outlined below:

 • Crude drug preparations: They are obtained from 
natural sources by drying or pulverizing a plant or 
animal tissue. Most of the traditional Chinese medi
cines are crude drug preparations, which contain both 
active and inactive ingredients. Recently, the green tea 
extract (Veregen) has been approved by the uS food 
and drug Administration (fdA) for treating genital 
warts. Crude drug preparations, such as herbal rem
edies, vary in composition and potency, and oftentimes, 
the exact active component(s) is not known.

 • Pure drug compounds: Because crude drug prepara
tions contain multiple ingredients, it is difficult to iden
tify and quantify their pharmacological effects. In this 
regard, pure drug compounds either isolated from 

natural sources or synthesized in the laboratories are 
obtained to make pharmaceutical preparations suitable 
for use in humans.

 • Pharmaceutical preparations: Pharmaceutical prepara
tions, also known as dosage form, are drug products 
suitable for administration of a specific dose of a drug 
to a patient via a particular route of administration. 
dosage forms are a mixture of the pure active drug 
components and nondrug components. depending on 
the method of administration, they come in several 
types. These are liquid dosage form, solid dosage form, 
and semisolid dosage form, suitable for the various 
routes of drug administration. Table 2.6 lists the various 
dosage forms for oral administration, the most common 
route of drug administration. The dosage forms for 
other routes of administration are given in Table 2.7.

2.3.1.4  Route of Drug Administration The major 
routes of drug administration are classified into five cate
gories: (i) enteral, (ii) parenteral, (iii) transdermal, (iv) 
 inhalational, and (v) topical administration. The definition 
and a brief description of these various routes of drug 
administration are given in Table 2.8. Table 2.9 summarizes 
the different characteristics of some common routes of drug 
administration.

taBle 2.5 Drug sources

drug source description and example

natural sources •	 Plants (e.g., digitalis from foxglove)
•	Microbes (e.g., penicillin from Penicillium)
•	Animal tissues (e.g., insulin from pancreatic tissue)
•	Minerals (e.g., lithium)

Synthetic drugs •	 Small molecules (e.g., aspirin)
•	 Protein therapeutics (e.g., erythropoietin, insulin)
•	Antisense oligonucleotides and small interference RnAs (siRnAs) (e.g., mipomersen, which is a second‐ 

generation antisense oligonucleotide inhibitor of apolipoprotein B‐100)



taBle 2.7 Dosage forms for nonoral administration

dosage form Route of administration description

Sterile solutions and suspensions Parenteral injections Many drugs are formulated as sterile powders for reconstitution with sterile 
liquids at the time the drug is to be injected. This is due to the fact that 
the drug is not stable for long periods of time in solution

Skin patches Topical Transdermal skin patches are drug preparations in which the drug is slowly 
released from the patch for absorption through the skin into systemic 
circulation

Aerosols Inhalation Aerosols are a type of drug preparation administered via inhalation through 
the nose or mouth

ointments, creams, lotions Topical ointments and creams are semisolid preparations intended for topical 
application of a drug to the skin or mucous membranes. lotion is a low‐ 
to medium‐viscosity topical preparation intended for application to 
unbroken skin

Suppositories Topical (rectal, virginal,  
urethral)

Suppositories are a type of drug preparation in which the drug is 
incorporated into a solid base that is inserted into the rectum (rectal 
suppository), vagina (vaginal suppository), or urethra (urethral 
suppository), where it dissolves at body temperature. Suppositories are 
used to deliver both systemically acting and locally acting drugs

taBle 2.8 classification of routes of drug administrations

Route of drug administration description

Enteral administration •	This term refers to the routes of drug administration that involve absorption of the drug through the 
gastrointestinal tract

•	Enteral administration includes sublingual, buccal, oral, and rectal administration, with oral 
administration being the most common route of drug administration

Parenteral administration •	This term refers to drug administration via a route other than the gastrointestinal tract
•	The common parenteral administration includes intramuscular, intravenous, and subcutaneous 

administration
•	other less common parenteral routes include intrathecal, epidural, intra‐articular, and intradermal 

administration
Transdermal administration •	This term refers to application of drugs to the skin for absorption into the systemic circulation

•	 Skin patches are commonly used for transdermal administration, and ointments are less commonly used
Inhalational administration •	This term refers to medication being carried through the mouth or nose by inhalation down into the 

respiratory tract through the use of aerosol nebulizers, metered‐dose inhalers, or other apparatus
•	 Inhalational administration can be used to produce either a localized or systemic effect depending on the 

type of drugs
Topical administration •	This term refers to application of medication to body surfaces such as the skin or mucous membranes 

such as the vagina, anus, throat, eyes, and ears
•	 It is intended to produce a local effect
•	This is in contrast to transdermal administration, which is intended to produce a systemic effect

taBle 2.9 characteristics of some common routes of drug administration

Route Advantage disadvantage

oral (po) •	 Simple, convenient, and inexpensive
•	 Painless
•	no risk of infection

•	drugs could be inactivated in the harsh environment of the gut
•	The drug is subject to first‐pass effects
•	The drug may cause irritation to the gut
•	 It causes slow delivery of the drug to the target site, leading to 

slow onset of drug action
Intramuscular (im) •	 Intermediate onset of action

•	 Suitable for administering oil‐based drugs
•	 Painful
•	 It may cause intramuscular bleeding

Intravenous (iv) •	Rapid onset of action
•	 It allows for rapid titration of dosage

•	 It may pose more risks for adverse reactions
•	 Skilled personnel are required

Subcutaneous (sc) •	 It is suitable for administering suspensions 
or pellets

•	 It causes slow onset of action

•	only for small volumes of drugs
•	 It cannot be used for drugs that irritate cutaneous tissues
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2.3.2 Pharmacokinetics

following administration, the drug molecules need to reach 
the target tissue to exert pharmacological effects that lead to 
clinical responses. The processes of absorption, distribu
tion, metabolism, and excretion collectively constitute the 
core of pharmacokinetics and determine the concentration 
of drug delivered to the molecular target in the target tissue. 
factors that affect any of the above four processes will inev
itably influence drug concentration in the target tissue and 
hence the pharmacological effects and clinical responses. 
Pharmacokinetics can be viewed as what the body does to 
a drug to influence the concentration of the drug at the site 
of action.

2.3.3 Pharmacodynamics

once a drug accesses a molecular target of action, it alters 
the function of that molecular target, with the ultimate result 
of a drug effect that can be perceived by the patient or health
care provider. The term pharmacodynamics is used to 
describe the effects of a drug on the body and the underlying 
molecular mechanisms. Most drugs interact with specific 
proteins, such as growth factor receptors or enzymes, to 
cause pharmacological effects that benefit the patient. These 
specific proteins or enzymes are termed drug targets or drug 
receptors.

2.3.4 Drug toxicity

2.3.4.1 Drug Toxicity and General Mechanistic 
Aspects All drugs have the potential to cause unintended 
consequences, termed toxic effects, side effects, or adverse 
effects. Such toxic effects are determined by the mecha
nisms of drug action, the size of the drug dose, the concom
itant use of other medications or dietary supplements, as 
well as the status of the patient’s physiology and patho
physiology. In this regard, the genetic variations of the 
individuals could markedly influence both the desired 
pharmacological effects and the unwanted toxicity of the 
medications (Section 2.3.5).

It has been recognized that drug toxicity may result from 
any of the four general processes:

1. on‐target toxic effects, resulting from the drug binding 
to the intended molecular targets at impropriate high 
concentrations or wrong tissues

2. off‐target effects, resulting from the drug binding to 
the unintended molecular targets

3. Harmful effects mediated by dysregulated immunity

4. Idiosyncratic adverse responses, which are drug 
reactions that occur rarely and unpredictably among 
the population and are usually with unclear 
mechanisms

2.3.4.2 Impact of Drug Toxicity

Definitions of Adverse Drug Reactions, Adverse Drug Events, 
and Medication Errors In discussion of the impact of drug 
toxicity, it is necessary to define several commonly used 
terms, especially adverse drug reactions (AdRs) and adverse 
drug events (AdEs), as well as medication errors. The World 
Health organization (WHo) defines an AdR as any nox
ious, unintentional, and undesired effect of a drug, which 
occurs at doses normally used in humans for prophylaxis, 
diagnosis, or therapy. The WHo definition purposely 
excludes therapeutic failures, overdoses, drug abuse, non
compliance, and medication errors. In this context, the uS 
fdA defines AdR as any undesirable experience associated 
with the use of a medical product in a patient. Thus, the fdA 
definition of AdR is much broader than that of the WHo.

AdE is defined as an injury resulting from the use of a 
drug. under this definition, the term AdE includes harm 
directly caused by the drug (due to adverse drug reactions 
and overdoses) and harm from the use of the drug (including 
dose reductions and discontinuations of drug therapy) [1]. 
AdEs may result from medication errors, but most do not.

Medication errors are mishaps that occur during pre
scribing, transcribing, dispensing, administering, adhering 
to, or monitoring a drug. Examples of medication errors 
include misreading or miswriting a prescription. Medication 
errors that are stopped before harm can occur are sometimes 
called “near misses” or “close calls” or, more formally, a 
potential AdE. not all medication errors lead to adverse out
comes. Some do not cause harm, while others are caught 
before harm can occur (“near misses”). Medication errors 
are more common than AdEs, and about 25% of AdEs are 
due to medication errors. Medication errors are the most 
common source of medical errors. other major sources of 
medical errors include hospital‐acquired infections, falls, 
handoff errors, diagnostic errors, and surgical errors [2].

Impact of Adverse Drug Reactions Adverse drug reactions 
are a major health problem to the individuals (including both 
children and adults) as well as for the society. AdRs are 
among the leading causes of death in many countries. It is 
estimated that medical errors, including AdRs, may cost 
tens of thousands of lives in the united States. The exact 
number of AdR‐caused mortality in the united States 
remains uncertain. An early meta‐analysis in 1998 estimated 
about 100,000 deaths annually due to AdRs in the united 
States [3]. However, the reliability of this estimate has been 
questioned. A 1999 report from the uS Institute of Medicine 
(IoM) estimated 44,000–98,000 deaths due to medical 
errors, and of this total, an estimated 7000 deaths occurred 
due to AdRs. Again, this widely quoted statistics has been 
debated [4–6]. According to a more recent analysis of the 
AdR death rates reported in the uS vital statistics between 
1999 and 2006, the annual AdR death rates ranged from 
0.08/100,000 to 0.12/100,000 [7]. Regardless of the debate 



PHARMAColoGICAl PARAdIGM: THE CEnTRAl doGMA In PHARMAColoGy 29

about the estimates, AdRs are increasingly considered as a 
significant public health problem that is, for a significant 
part, preventable [8, 9].

Teratogenesis Due to Drug Therapy and the FDA Pregnancy 
Category Ratings for Drugs In addition to causing injury 
to various organs and systems in both children and adults, 
drugs given to pregnant women may also adversely affect 
the fetus, causing teratogenesis. Teratogenesis refers to the 
induction of structural defects in the fetus, and a teratogen is 
an agent that can induce such defects. Many drugs, including 
those used for the treatment of cardiovascular diseases, are 
teratogens or potentially teratogenic. The uS fdA has 
established five categories (A, B, C, d, and X) to indicate the 
potential of a drug to cause birth defects if used during 
pregnancy. The categories are determined by the reliability 
of data from studies in laboratory animals and in human 
subjects and the risk‐to‐benefit ratio. drugs in category A 
are typically the safest for use in pregnancy, and category X 
drugs, as the name implies, are contraindicated in pregnancy 
(Table 2.10).

2.3.5 Pharmacogenetics and Pharmacogenomics

2.3.5.1 Definitions and Clinical Impact As indicated in 
Section 2.3.4, the pharmacological effects of drugs are influ
enced by many factors including the patient’s genetic 
makeup. The terms pharmacogenetics and pharmacogenom
ics are often used interchangeably to describe a field of 
research focused on how genetic variations affect individu
al’s responses to pharmacological agents. The convergence 
of recent advances in genomic science and equally striking 
advances in molecular pharmacology has resulted in the 
 evolution of pharmacogenetics into pharmacogenomics. In 
this context, pharmacogenomics is generally considered a 
broader term referring to a large number of genes affecting 
drug responses, whereas pharmacogenetics refers to a more 
limited set of genes. However, the difference between the 
two is largely arbitrary. As stated above, they are oftentimes 

used interchangeably. Here, PGx is used to denote pharma
cogenetics/pharmacogenomics. Box 2.1 lists several related 
terms. PGx provides unique methodologies that can lead to 
dnA‐based tests to improve drug selection, identify optimal 
dosing, maximize drug efficacy, or minimize the risk of tox
icity [10]. PGx provides an important path to personalized 
medicine or patient‐centered medicine [11–13].

2.3.5.2 Mechanisms Genetic variations affect the indi
vidual’s response to drug therapy via four mechanisms. As 
illustrated in figure 2.3, genetic changes, primarily single 
nucleotide polymorphisms, may lead to (i) the alterations of 
enzymes or proteins involved in drug metabolism and trans
port, leading to altered pharmacokinetics of drugs; (ii) the 
changes in drug targets or receptors or downstream signaling 
cascades, leading to altered pharmacodynamics of drugs; 
(iii) the alteration of proteins/enzymes involved in both 
pharmacokinetics and pharmacodynamics of drugs; and (iv) 
the idiosyncratic reactions, for which there is no apparent 
alteration in either pharmacokinetics or pharmacodynamics 
of drugs. Idiosyncratic response to drug therapy is believed 
to result from the interaction between the drug molecules 
and a unique aspect of the individual patients. An excellent 
example of idiosyncratic response is the association bet
ween HlA‐B*5701 and a serious hypersensitivity reaction 
to the anti‐HIV drug abacavir. The PGx test for screening 
HlA‐B*5701 can be used to prevent the serious hypersensi
tivity reaction (idiosyncratic response) to the anti‐HIV drug 
abacavir [14].

2.3.5.3 Impact Today, about 10% of labels for the fdA‐
approved drugs contain PGx information—a substantial 
increase since the 1990s but hardly the limit of the possibil
ities for this aspect of personalized medicine. In this context, 
the fdA has become a proactive and thoughtful advocate of 
PGx and believes that as a public health agency, it has a 
responsibility to play a leading role in bringing about the 
translation of PGx from bench to bedsides [10, 12]. The 
fdA has provided guidelines on PGx data submissions that 

taBle 2.10 the fDa pregnancy category ratings for drugs

Category description

a Adequate and well‐controlled studies have failed to demonstrate a risk to the fetus in the first trimester of pregnancy 
(and there is no evidence of risk in later trimesters)

B Animal reproduction studies have failed to demonstrate a risk to the fetus, and there are no adequate and well‐controlled 
studies in pregnant women

c Animal reproduction studies have shown an adverse effect on the fetus, and there are no adequate and well‐controlled 
studies in humans, but potential benefits may warrant use of the drug in pregnant women despite potential risks

D There is positive evidence of human fetal risk based on adverse reaction data from investigational or marketing 
experience or studies in humans, but potential benefits may warrant use of the drug in pregnant women despite 
potential risks

X Studies in animals or humans have demonstrated fetal abnormalities, and/or there is positive evidence of human fetal 
risk based on adverse reaction data from investigational or marketing experience, and the risks involved in use of the 
drug in pregnant women clearly outweigh potential benefits
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figure 2.3 Mechanisms of pharmacogenetics/genomics (PGx). Genetic variations affect the individual’s response to drug therapy via 
four mechanisms, that is, the alteration of enzymes or proteins involved in drug metabolism and transport, leading to altered pharmacokinetics 
of drugs; the changes in drug targets or receptors or downstream signaling cascades, leading to altered pharmacodynamics of drugs; the alter
ation of proteins/enzymes involved in both pharmacokinetics and pharmacodynamics of drugs; and the idiosyncratic reactions, for which 
there is no apparent alteration in either pharmacokinetics or pharmacodynamics of drugs.

BOX 2.1 genetic variatiOns anD terms relateD tO Pgx

•	 genetic variations: The human genome contains 3 billion (3,000,000,000) nucleotides 
and approximately 25,000 genes, encoding over 100,000 proteins. Any two persons 
differ at approximately 1 nucleotide in every 1000 or 3 million base pairs per genome. 
Single nucleotide polymorphisms (SnPs) account for the majority of the genetic 
 variations. The remaining are insertions, deletions, duplications, and reshufflings. 
The above genetic differences or variations constitute each person’s genetic individu
ality. Some of this genetic individuality affects the way in which each person will 
respond to drug treatment, which is known as PGx.

•	 Polymorphism: A genetic variation in the dnA sequence with a measurable 
 frequency of detection above 1%. Any polymorphism in the chromosomal dnA 
 (coding and noncoding) can affect mRnA processing, maturation, and translation as 
a result of changes in conformation. A subset of polymorphisms alters translated 
 proteins. Genetic variants that affect less than 1% of the general population are 
referred to as mutations.

•	 snP: A specific location in a dnA sequence at which different people can have a 
different dnA base. SnPs can occur in coding or noncoding regions of a gene; a 
 coding SnP can be synonymous (the codon encodes the same amino acid), nonsyn
onymous (an amino acid change), or nonsense (a premature stop results).

•	 allozyme: Alternate versions of an enzyme determined by genetic variants (alleles) 
present at a genetic locus.

•	 gene cluster: Two or more genes in close physical proximity in the genome that 
encode similar gene products.

•	 genome‐wide association study (gas): An approach used in genetics research to 
look for associations between large numbers (typically hundreds of thousands) of 
specific genetic variations (most commonly SnPs) and particular diseases.
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help facilitate the drug development and approval. on the 
other hand, advances in PGx studies can provide new 
insights into mechanisms of drug action and as a result can 
contribute to the development of new therapeutic agents. 
Section  2.4 provides a brief overview of the principles of 
drug development and regulation.

2.4 PrinciPles Of Drug DiscOvery, 
DevelOPment, anD regulatiOn

This section first defines drug discovery and drug 
development. It then introduces the paradigm of drug creation 
and survival with an emphasis on the fdA drug approval 
process.

2.4.1 Definitions

drug discovery refers to the process that leads to the 
identification of the potential therapeutic agents for further 
development into drugs that can be used in humans. In the 
past, most drugs have been discovered either by identifying the 
active ingredients from traditional remedies or by serendipi
tous discoveries. Today, due to our profound understanding of 
human physiology and disease pathophysiology as well as 
advances of technologies, useful drugs are rarely discovered as 

naturally existing things; rather, they are sculpted, designed, 
and brought into being based on experimentation and optimi
zation of many independent chemical and/or physical prop
erties. As such, the term drug invention has been used to reflect 
the changes and indicate little serendipity. In this context, 
computational chemistry has played an important role in 
modern drug discovery. This is evidenced by the 2013 nobel 
Prize in Chemistry for the development and application of 
methods to simulate the behavior of molecules at various 
scales, from single molecules to proteins, techniques crucial 
for drug design.

The term drug development is defined as the process that 
involves the sequential preclinical and clinical studies of the 
potential therapeutic agents identified through the drug dis
covery process. drug development sometimes is broadly 
defined to also include the approval of the drugs by 
regulatory authorities. for clarity, this section considers 
drug development and drug approval as two separate entities.

2.4.2 the Paradigm of Drug creation and survival

Creation and survival of a modern human drug involve 
four stages, that is, (i) drug discovery, (ii) drug development, 
(iii) drug approval, and (iv) postapproval regulation of 
 marketed drugs. These four stages collectively form the par
adigm of drug creation and survival. As illustrated in 
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figure 2.4 The paradigm of drug creation and survival. Creation and survival of a modern human drug involves four stages, that is, drug 
discovery, drug development, drug approval, and postapproval regulation of marketed drugs.
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figure 2.4, the first three stages lead to creation of the drugs 
for use in humans, and the last stage determines the survival 
of the approved drugs.

2.4.3 the fDa Drug review and approval Process

The fdA is an agency within the uS department of Health 
and Human Services. The fdA is responsible for protecting 
the public health by assuring that drugs, vaccines and other 
biological products, and medical devices intended for human 
use are safe and effective. drugs must be approved by the 
fdA for marketing in the united States. The path a drug 
travels from a lab to your medicine cabinet is usually long, 
and every drug takes a unique route. often, a drug is devel
oped to treat a specific disease. An important use of a drug 
may also be discovered by accident. Most drugs that undergo 
preclinical (animal) testing never even make it to human 
testing and review by the fdA. The drugs that do must 
undergo the agency’s rigorous evaluation process, which 
scrutinizes everything about the drug—from the design of 
clinical trials to the severity of side effects and to the condi
tions under which the drug is manufactured. The major steps 
involved in the fdA drug review and approval process are 
summarized in Table 2.11 and also depicted in figure 2.4.

2.5 PHarmacOlOgy suBsPecialties

development of modern pharmacology is closely associated 
with advances in biomedical sciences and clinical medicine. 
Indeed, pharmacology is intimately interwoven with the sub
ject matter and experimental techniques of physiology, bio
chemistry, molecular and cellular biology, microbiology, 
immunology, genetics, pathology, epidemiology, and the 
various areas of clinical medicine. As such, modern pharma
cology has been divided into many subspecialties or 
branches. The major subspecialties are briefly summarized 
in Table 2.12.

2.6 intrODuctiOn tO carDiOvascular 
PHarmacOlOgy

2.6.1 Definition and scope

As defined in Table  2.12, cardiovascular pharmacology is 
concerned with the effects of drugs on the heart, the vascular 
system, and those parts of the nervous and endocrine sys
tems that participate in regulating cardiovascular function. 
Hence, the scope of cardiovascular pharmacology includes 
studies on (i) drug effects on the heart, (ii) drug effects on the 
vasculature, and (iii) drug effects on the nervous and 
endocrine systems that are involved in regulating cardiovas
cular function. As blood components are intimately involved 

in vascular disorders, such as coronary artery disease and 
stroke, many cardiovascular drugs target blood components 
in treating cardiovascular diseases.

2.6.2 new Developments and challenges

In the united States, spending for prescription drugs was 
$234.1 billion in 2008, which was more than double what 
was spent in 1999. The spending increased to $314.3 billion in 
2011 [15]. notably, cardiovascular drugs are among the most 
widely used [16]. As new drugs are introduced and new uses 
for old drugs are found, more patients can have improved 
health and quality of life with the appropriate use of 
prescription drugs. Indeed, the past three decades has wit
nessed dramatic advances in the treatment of cardiovascular 
diseases due to the development of highly effective and well‐
tolerated drugs, such as statins, inhibitors of the renin–
angiotensin–aldosterone system (RAAS), and beta‐blockers. 
These developments along with the effective nonpharmaco
logical approaches have dramatically improved the survival 
and life quality of those with major cardiovascular diseases, 
such as myocardial infarction, heart failure, and stroke. As 
elderly and chronically ill population increases, the use of car
diovascular drugs is becoming increasingly common. In this 
context, drug effects are becoming increasingly variable, 
reflecting the complicated interactions among drugs, under
lying cardiovascular disease and disease pathophysiology, and 
patients’ genetic and ethical backgrounds. Hence, increased 
understanding of the factors influencing drug effects is 
essential for further improving the drug therapy of cardiovas
cular diseases. This section provides an overview of recent 
developments along with a brief discussion of the major chal
lenges facing cardiovascular pharmacology and therapeutics.

2.6.2.1 Cardiovascular Genomics and Cardiovascular 
PGx Cardiovascular science and medicine have made 
enormous strides over the past century, beginning with the 
brilliant elucidation of cardiovascular physiology and 
leading to molecular and cellular studies, with concomitant 
epidemiological determinations of risk factors [17]. The 
cardiovascular field is now primed for genomic medicine to 
make equal, if not greater, contributions. The field of car
diovascular genomics has two distinct goals: (i) under
standing biologic mechanisms and (ii) applying the 
knowledge to personalized medicine. Knowledge of the 
molecular pathways can lead to improved therapeutics on a 
broad base (regardless of the individual genotypes) or at an 
individual level (targeted specifically to the genotype). 
during the past several years, the discovery of hundreds of 
cardiovascular loci is a start. In the years to come, we will 
require studies of tens of thousands of patients with cardio
vascular diseases that combine tests of genome‐wide 
association with sequencing. discoveries that are provided 
by genome‐wide association studies have strengthened the 
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taBle 2.11 major steps involved in the fDa drug review, approval, and regulatory process

Step description Explanation

 1 Preclinical testing Preclinical testing provides a basis for investigational new drug (Ind) application 
in Step 2

 2 Ind application An Ind outlines what the sponsor of a new drug proposes for human testing in 
clinical trials

 3 Phase I studies Phase I clinical trials are done to test a new drug in a small group of people (e.g., 
20–80) for the first time to evaluate safety (e.g., determine a safe dosage range 
and identify side effects)

 4 Phase II studies Phase II clinical trials are done to study the new drug in a larger group of people 
(several hundred) to determine efficacy and to further evaluate its safety

 5 Phase III studies Phase III clinical trials are done to study the efficacy of the new drug in large 
groups of human subjects (from several hundred to several thousand) by 
comparing the new drug to other standard drugs as well as to monitor adverse 
effects and to collect information that will allow the drug to be used safely

 6 The pre‐ndA period It is a period of time just before a new drug application (ndA) is submitted. It is 
a common time for the fdA and drug sponsors to meet

 7 ndA submission Submission of an ndA is the formal step asking the fdA to consider a drug for 
marketing approval

 8 ndA filing After an ndA is received, the fdA has 60 days to decide whether to file it so it 
can be reviewed

 9 fdA review of drug safety and efficacy If the fdA files the ndA, an fdA review team is assigned to evaluate the 
sponsor’s research on the drug’s safety and effectiveness

10 fdA review of drug labeling The fdA reviews information that goes on a drug’s professional labeling 
(information on how to use the drug)

11 fdA inspection of facilities The fdA inspects the facilities where the drug will be manufactured as part of 
the approval process

12 fdA decision •	Before August 11, 2008, regarding decision on ndA, the fdA responded to a 
drug sponsor in one of three types of letters: an “approval” letter, meaning the 
drug has met agency standards for safety and efficacy and the drug can be 
marketed for sale in the united States; an “approvable” letter, which generally 
indicates that the drug can probably be approved at a later date provided that 
the applicant provides certain additional information or makes specified 
changes (such as to labeling); or a “not approvable” letter, meaning the 
application has deficiencies generally requiring the submission of substantial 
additional data before the application can be approved

•	 Since August 11, 2008, the fdA has used a new way to communicate its 
decision with drug sponsors. It will either approve the application or issue a 
complete response letter. A complete response letter is the letter that provides a 
more consistent and neutral mechanism to convey that the fdA initial review 
of an application is complete and that the fdA cannot approve the application 
in its present form. The letter will describe specific deficiencies and, when 
possible, will outline recommended actions the applicant might take to get the 
application ready for approval. Hence, a complete response letter is now used 
to replace the previous “approvable” and “not approvable” letters

13 fdA postmarketing surveillance Because all possible side effects of a drug cannot be anticipated based on 
preapproval studies involving only several hundred to several thousand 
patients, the fdA maintains a system of postmarketing surveillance and risk 
assessment programs to identify adverse events that did not appear during the 
drug approval process. The fdA monitors adverse events such as adverse 
reactions and poisonings. The agency uses this information to update drug 
labeling and, on rare occasions, to reevaluate the approval or marketing 
decision. In this context, the term phase IV studies/clinical trials is used to 
describe studies that are designed to monitor effectiveness of the approved 
intervention in the general population and to collect information about any 
adverse effects associated with widespread use
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evidence for PGx interactions in a number of commonly 
used cardiovascular drugs, including anticoagulants, anti
platelet drugs, statins, beta‐blockers, and angiotensin‐
converting enzyme (ACE) inhibitors [17, 18]. The PGx of 
cardiovascular drugs will be discussed throughout the var
ious chapters of the book.

2.6.3 systems Pharmacology in the management 
of cardiovascular Diseases

Systems approaches have long been used in pharmacology 
to understand drug action at the organ and organismal levels. 
The application of computational and experimental systems 
biology approaches to pharmacology allows us to expand 
the definition of systems pharmacology to include network 
analyses at multiple scales of biological organization and to 
explain both therapeutic and adverse effects of drugs [19].

Systems pharmacology analyses rely on experimental 
“omics” technologies that are capable of measuring changes 
in large numbers of variables, often at a genome‐wide level, 
to build networks for analyzing drug action. A major use 
of omics technologies is to relate the genomic status of an 
individual to the therapeutic efficacy of a drug of interest. In 
this regard, pharmacogenomics is a component of systems 
pharmacology. Combining pathway and network analyses, 
pharmacokinetic and pharmacodynamic models, and a 
knowledge of polymorphisms in the genome will enable the 
development of predictive models of therapeutic efficacy 
and catalyze the practice of personalized precision medicine 
[20]. Although in its infancy, the field of systems phar
macology has enormous potential to impact both drug 
development and usage. Systems pharmacology provides 
holistic, mechanistic information on cardiovascular disease 
networks and drug responses and helps identify new drug 

taBle 2.12 subspecialties of modern pharmacology

Subspecialty description

neuropharmacology It refers to the study of drugs that modify the functions of the nervous system, including the brain, the 
spinal cord, and the nerves that communicate with all parts of the body

Cardiovascular pharmacology It is concerned with the effects of drugs on the heart, the vascular system, and those parts of the 
nervous and endocrine systems that participate in regulating cardiovascular function

Respiratory pharmacology It is concerned with the effects of drugs on the respiratory system, including the airways and lungs
Gastrointestinal pharmacology It is concerned with the effects of drugs in the gastrointestinal system, including the gastrointestinal 

tract and liver
Immunopharmacology It is concerned with the effects of drugs on the immune systems, including both innate and adaptive 

immune systems
Endocrine pharmacology It is concerned with the study of actions of drugs that are either hormones or hormone derivatives or 

drugs that may modify the actions of normally secreted hormones
Chemotherapy It is the area of pharmacology that deals with drugs used for the treatment of microbial infections and 

malignancies (cancer)
Molecular pharmacology It is concerned with the use of the techniques of molecular biology to understand the mechanisms of 

drug action
Biochemical pharmacology It is a branch of pharmacology concerned with the biochemical mechanisms responsible for the 

actions of drugs
Pharmacoepidemiology It refers to the study of drug effects at the population level. It is concerned with the variability of drug 

effects between individuals and between populations
Pharmacovigilance It is the area of pharmacology concerned with the safety of drugs. It involves the characterization, 

detection, and understanding of adverse effects that arise as a consequence of the short‐ or long‐
term use of drugs

Pharmacoeconomics A branch of health economics aiming to quantify in economic terms the cost and benefit of drug used 
therapeutically

Clinical pharmacology It refers to the study of pharmacodynamics and pharmacokinetics in human beings. It is underpinned 
by the basic science of pharmacology, with added focus on the application of pharmacological 
principles and methods in the real human world. It has a broad scope, from the discovery of new 
target molecules to the effects of drug usage in humans

Systems pharmacology Systems pharmacology is the combination of systems biology and pharmacology and aims to 
understand both the pharmacological and adverse effects of drugs by considering targets in the 
context of the biological networks in which they exist. Genome medicine forms the basis on 
which systems pharmacology can develop. Experimental and computational approaches enable 
systems pharmacology to obtain holistic, mechanistic information on disease networks and drug 
responses and to identify new drug targets and specific drug combinations
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targets and specific drug combinations for the effective 
management of cardiovascular diseases.

2.6.4 Polypill for the management  
of cardiovascular Diseases

A polypill is a tablet or capsule consisting of a combination 
of drugs to reduce cardiovascular risk factors simultaneously. 
This concept was first proposed by cardiologists n.J. Wald 
and M.R. law of Queen Mary university of london, and 
they concluded that a polypill combining low doses of a 
beta‐blocker, diuretic, aspirin, ACE inhibitor, folic acid, and 
statin would lower cholesterol and blood pressure and 
decrease the incidence of cardiovascular diseases in at‐risk 
patients by more than 80% [21]. In the past few years, the 
polypill idea has gained momentum though it still has its 
critics [22, 23]. Several manufacturers are now making the 
pill, and a handful of teams are conducting independent 
clinical trials. Preliminary results suggest that the polypill is 
safe as well as efficacious in reducing cardiovascular risks 
[24]. There has been relatively high acceptance of pre
scribing a polypill for cardiovascular disease prevention 
[25,  26]. However, evidence from trials on a polypill on 
cardiovascular outcomes is still lacking. Additional evi
dence is required to delineate the exact role of such a pill in 
primary as well as secondary cardiovascular disease pre
vention [27, 28]. nevertheless, the polypill should not be 
considered in isolation, but as an integral part of a com
prehensive cardiovascular disease prevention strategy that 
includes efforts to reduce tobacco use, increase physical 
activity, and increase consumption of heart‐healthy diets.

2.6.5 Protein therapeutics of cardiovascular Diseases

Currently, there are over 130 protein‐ or peptide‐based 
therapeutic agents approved for clinical use. These include 
drugs that supplement endogenous proteins (e.g., cytokines, 
growth factors, enzymes, or coagulation factors) and those 
that block the activity of endogenous proteins (e.g., mono
clonal antibodies, soluble receptors, or enzyme inhibitors) 
[29, 30]. Protein therapeutic agents have been developed 
for the treatment of diseases in almost every organ system, 
including the cardiovascular system. A typical example is 
the antiplatelet drug abciximab, a monoclonal antibody 
(Chapter  17). Great excitement has now arisen in the 
field of cardiac regeneration after myocardial infarction 
(Section 2.6.7). Currently, four classes of potential protein 
therapeutics have been shown to be effective in improving 
cardiac function and cardiac regeneration following myo
cardial infarction in animal models. They are (i) angiogenic 
growth factors, (ii) proteins that increase recruitment of 
progenitor cells to damaged myocardium, (iii) proteins 
that induce mitosis of existing myocytes, and (iv) proteins 
that increase differentiation and growth of stem cells and 

myocytes [31]. As our understanding of cardiac and stem 
cell biology increases, new proteins that promote cardiac 
regeneration will be discovered and existing proteins will be 
more extensively studied for effects on cardiac regeneration. 
Also, major biotechnological advances, such as PEGylation, 
have been made that allow for prolonged activity and better 
pharmacokinetic properties of proteins used as drugs [32, 
33]. This will lead to more and better treatment options for 
patients suffering from myocardial infarction and heart 
failure, as well as other cardiovascular disorders [31].

2.6.6 gene therapy of cardiovascular Diseases

2.6.6.1 Definition, Approaches, and History The term 
gene therapy is widely used but poorly defined. Gene therapy 
can be broadly defined as the introduction, using a vector, of 
nucleic acids (dnA or RnA) into cells with the intention 
of altering gene expression to prevent, halt, or reverse a path
ophysiological process [34]. The major approaches of gene 
therapy include (i) replacing a mutated gene that causes a 
disease with a healthy copy of the gene, (ii) inactivating or 
knocking down a mutated gene that is functioning improp
erly, and (iii) introducing a new gene into the body to help 
fight a disease.

The idea of gene‐based therapeutics has been around for 
some time, but it only received serious attention with the 
advent of recombinant dnA technology and the ability to 
transfer and express exogenous genes in mammalian cells. 
The first federally approved clinical trial of gene therapy 
was carried out in 1990 in a 4‐year‐old child with adenosine 
deaminase deficiency, a rare genetic disease in which chil
dren are born with severe immunodeficiency and are prone 
to repeated serious infections [35]. It was then predicted that 
gene therapy would become a treatment for serious diseases 
in just a matter of years. However, during the ensuring two 
decades, numerous obstacles have tempered the enthusiasm 
for gene therapy. In particular, the gene therapy suffered a 
major setback in 1999 with the death of an 18‐year‐old man 
during a gene therapy trial for ornithine transcarboxylase 
(oTC) deficiency. The patient died after an oTC‐carrying 
adenoviral vector triggered a fatal immune response. Another 
major blow came in January 2003, when the fdA placed a 
temporary halt on all gene therapy trials using retroviral 
vectors in blood stem cells. The fdA took this action after 
it learned that a second child treated in a french gene therapy 
trial had developed a leukemia‐like condition. Both this 
child and another who had developed a similar condition 
in August 2002 had been successfully treated by gene 
therapy for X‐linked severe combined immunodeficiency 
disease (X‐SCId), also known as “bubble baby syndrome.” 
The fdA’s Biological Response Modifiers Advisory 
Committee (BRMAC) met at the end of february 2003 to 
discuss possible measures that could allow a number of ret
roviral gene therapy trials for treatment of life‐threatening 
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diseases to proceed with appropriate safeguards. In April 
2003, the fdA eased the ban on gene therapy trials using 
retroviral vectors in blood stem cells. over the last several 
years, some important technical barriers, especially those 
related to gene delivery, have been overcome to the point 
where successful examples exist of treating specific dis
eases, including leber’s congenital amaurosis (an inherited 
eye disease), hemophilia, β‐thalassemia, Wiskott–Aldrich 
syndrome, chronic lymphoid leukemia, adenosine deami
nase deficiency, X‐SCId [36, 37], as well as certain forms of 
cardiovascular disorders (see Section 2.6.6.3 for description 
of gene therapy of cardiovascular diseases). Although so far 
there have been over 1700 worldwide clinical trials of gene 
therapy [38], the uS fdA has not yet approved any human 
gene therapy product for sale.

2.6.6.2 Classification of Gene‐Based Therapeutics  
Gene‐based therapeutics can be broadly classified into two 
categories: (i) dnA‐based gene therapy and (ii) RnA‐
based gene therapy. While most clinical trials of gene 
therapy have focused on dnA‐based gene therapy, RnA‐
based therapeutics has recently received increasing attention.

DNA‐Based Gene Therapeutics In most dnA‐based 
gene therapy studies, a “normal” gene is inserted into the 
genome to replace an “abnormal” disease‐causing gene. A 
carrier molecule called a vector must be used to deliver the 
therapeutic gene to the patient’s target cells. Currently, 
the most common vector is a virus that has been genetically 
altered to carry normal human dnA. Recently, nonviral 
vectors, such as plasmid‐mediated gene delivery, have also 
received attention due to their safety profile.

The vector carrying the therapeutic dnA can be injected 
or given intravenously directly into a specific tissue in the 
body, where it is taken up by individual cells. Alternately, 
a sample of the patient’s cells can be removed and exposed 
to the vector in a laboratory setting. The cells containing the 
vector are then returned to the patient. If the treatment is 
successful, the new gene delivered by the vector will make 
a functioning protein.

Researchers must overcome many technical challenges 
before gene therapy will be a practical approach to treating 
disease. for example, scientists must find better ways to 
deliver genes and target them to particular cells. They must 
also ensure that new genes are precisely controlled by the 
body.

RNA‐Based Gene Therapeutics Since the milestone 
discoveries of catalytic RnAs in the early 1980s and RnA 
interference (RnAi) in the late 1990s, the biological under
standing of RnA has evolved from simply an intermediate 
between dnA and protein to a dynamic and versatile 
molecule that regulates the functions of genes and cells in all 
living organisms [39]. These and similar breakthroughs have 
led to the emergence of numerous types of RnA‐based 

therapeutics that broaden the scope of gene‐based 
therapeutics.

RnA‐based therapeutics can be classified by the mecha
nism of activity and include (i) inhibitors of mRnA transla
tion (antisense), (ii) the agents of RnAi, (iii) catalytically 
active RnA molecules (ribozymes), and (iv) RnAs that bind 
proteins and other molecular ligands (aptamers) [40, 41].

despite a number of hurdles encountered along the way, 
dozens of RnA‐based therapeutics have reached clinical test
ing for diseases, including inherited genetic disorders, human 
immunodeficiency virus (HIV) infections, various types of 
cancer, and certain forms of cardiovascular disorders.

2.6.6.3 Gene‐Based Therapeutics in Cardiovascular 
Diseases Gene transfer within the cardiovascular system 
was first demonstrated in 1989 in experimental animals [42]. 
despite extensive basic and clinical research, the exact 
efficacy of gene therapy of cardiovascular diseases remains 
to be established. nevertheless, clinical trials over the last 
several years have shown that gene therapeutics of cardio
vascular diseases are relatively safe and may be beneficial 
for certain forms of cardiovascular disorders, especially 
heart failure [43]. With a better understanding of the molec
ular mechanisms of cardiovascular diseases and improved 
vectors for cardiovascular applications [44], gene therapy 
can now be considered as a viable adjunctive treatment to 
mechanical and conventional pharmacological therapies 
for  advanced cardiovascular diseases. Similarly, stem cell 
therapy has also emerged as a promising approach to com
bating serious cardiovascular disorders.

2.6.7 stem cell therapy of cardiovascular Diseases

2.6.7.1 Regenerative Medicine and Stem Cell Therapy  
Regenerative medicine may be simply defined as the repair 
and replacement of damaged tissues and organs. It encom
passes a spectrum of technologies and approaches, including 
cell therapy and tissue engineering (creation of in vitro 
tissues or organs for subsequent transplantation as fully 
functioning organs or as tissue patches), among others 
[45]. The paradigm of regenerative medicine includes three 
Rs: (i) replacement (transplantation of laboratory‐grown 
organs or tissues originated from stem cells), (ii) regenera
tion (engraftment and differentiation of progenitor cells to 
restore tissue function through stem cell‐based therapy), 
and (iii) rejuvenation (repair of damaged tissue through 
activation of endogenous resident stem cells that can 
simulate biogenesis and replenish functional tissue) [46] 
(fig. 2.5). Hence, stem cells are the cornerstone of regen
erative medicine [47, 48].

Stem cells can be defined as cells with the ability to divide 
theoretically for indefinite periods in culture and to give rise 
to specialized cells. Stem cells have the remarkable potential 
to develop into many different cell types in the body during 
early life and growth. In addition, in many tissues, they serve 
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as a sort of internal repair system, dividing essentially 
without limit to replenish other cells as long as the person or 
animal is still alive. When a stem cell divides, each new cell 
has the potential to either remain as a stem cell or become 
another type of cell with a more specialized function, such as 
a muscle cell, a red blood cell, or a brain cell.

Stem cells are distinguished from other cell types by 
two important characteristics. first, they are unspecialized 
cells capable of renewing themselves through cell division, 
sometimes after long periods of inactivity. Second, under 
certain physiological or experimental conditions, they can 
be induced to become tissue‐ or organ‐specific cells with 
special functions. In some organs, such as the gut and bone 
marrow, stem cells regularly divide to repair and replace 
worn‐out or damaged tissues. In other organs, however, such 
as the pancreas and the heart, stem cells only divide under 
special conditions.

The most important use of stem cells in medicine is stem 
cell therapy, which refers to treatment in which stem cells 
are induced to differentiate into the specific cell type required 
to repair damaged or destroyed cells or tissues in the human 
body. The sources of stem cells for stem cell therapy include 
the following:

1. Embryonic stem cells (ESCs): primitive (undifferenti
ated) cells derived from a 5‐day preimplantation embryo 
that are capable of dividing without differentiating for a 
prolonged period in culture and are known to develop 
into cells and tissues of the three primary germ layers.

2. Adult stem cells: relatively rare undifferentiated cells 
found in many organs and differentiated tissues with 
a limited capacity for both self‐renewal (in the labo
ratory) and differentiation. Such cells vary in their 
differentiation capacity, but it is usually limited to 
cell types in the organ of origin.

3. Induced pluripotent stem cells: somatic (adult) cells 
reprogrammed to enter an ESC‐like state by being 
forced to express factors important for maintaining the 
“stemness” of ESCs.

Section 2.6.7.2 provides a brief overview of the current 
development in stem cell therapy of cardiovascular diseases, 
especially ischemic heart disease.

2.6.7.2 Stem Cell Therapy of Cardiovascular Diseases

Preclinical Studies The use of embryonic and adult‐
derived stem cells for cardiac repair is an active area of 
research. A number of stem cell types, including ESCs, 
cardiac stem cells that naturally reside within the heart, 
myoblasts (muscle stem cells), adult bone marrow‐derived 
cells including mesenchymal cells (bone marrow‐derived 
cells that give rise to tissues such as muscle, bone, tendons, 
ligaments, and adipose tissue), endothelial progenitor cells 
(cells that give rise to the endothelium, the interior lining of 
blood vessels), and umbilical cord blood cells, have been 
investigated as possible sources for regenerating damaged 
heart tissue. All have been explored in mouse or rat models, 

Regenerative medicine: the three R’s 

Replacement Regeneration Rejuvenation

figure 2.5 Regenerative medicine. Regenerative medicine is concerned with the repair and replacement of damaged tissues and organs. 
The paradigm of regenerative medicine includes three Rs: replacement (transplantation of laboratory‐grown organs or tissues originated 
from stem cells), regeneration (engraftment and differentiation of progenitor cells to restore tissue function through stem cell‐based therapy), 
and rejuvenation (repair of damaged tissue through activation of endogenous resident stem cells that can simulate biogenesis and replenish 
functional tissue).



38 InTRoduCTIon To PRInCIPlES of PHARMAColoGy

and some have been tested in larger animal models, such as 
pigs and nonhuman primates [49–52].

Clinical Trials over the last several years, multiple small‐
scale clinical trials have been carried out, usually in patients 
who are undergoing open‐heart surgery. Several of these 
have demonstrated that stem cells that are injected into the 
circulation or directly into the injured heart tissue appear to 
improve cardiac function and/or induce the formation of new 
capillaries. notably, two recent phase I clinical trials showed 
that intracoronary infusion of autologous cardiac stem cells 
was safe and effective in improving left ventricular systolic 
function and reducing infarct size in patients with heart 
failure after myocardial infarction [53, 54]. The mechanism 
for this repair remains controversial, and the stem cells likely 
regenerate heart tissue through several pathways. The stem 
cell populations that have been tested in different trials 
vary widely, as do the conditions of their purification and 
application. Although much more research is needed to 
assess the safety and improve the efficacy of this approach, 
these preliminary clinical experiments show how stem cells 
may 1 day be used to repair damaged heart tissue, thereby 
reducing the burden of cardiovascular diseases [55–57].

2.7 summary Of cHaPter Key POints

 • Medical pharmacology is a biomedical discipline 
that deals with the action and use of drugs to diag
nose, treat, or prevent human diseases. It provides 
the basis for pharmacotherapeutics. The learning of 
pharmacology is among the most important steps in 
becoming a physician.

 • In pharmacology, a drug is defined as a natural  product, 
chemical substance, or pharmaceutical preparation 
intended for administration to a human or animal to 
diagnose, treat, or prevent a disease.

 • Pharmacological paradigm is the central dogma in 
pharmacology that defines the broad scope of phar
macology, starting from dosing of drugs to pharmaco
kinetics and pharmacodynamics and finally to clinical 
responses to drug therapy.

 • The major routes of drug administration are classified 
into five classes: enteral, parenteral, transdermal, inhala
tional, and topical administration, with oral administra
tion being the most common and convenient route.

 • All drugs have the potential to cause unintended con
sequences, termed toxic effects, side effects, or adverse 
effects. drug toxicity is determined by the mechanisms 
of drug action, the size of the drug dose, the concomi
tant use of other medications or dietary supplements, as 
well as the  status of the patient’s physiology and 
pathophysiology.

 • Many drugs, including those used for the treatment 
of cardiovascular diseases, are teratogens or potentially 
teratogenic. The uS fdA has established five categories 
(A, B, C, d, and X) to indicate the potential of a drug to 
cause birth defects if used during pregnancy. drugs in 
category X are contraindicated during pregnancy.

 • The terms pharmacogenetics and pharmacogenomics are 
often used interchangeably to describe a field of research 
focused on how genetic variations affect individual’s 
responses to drugs. Pharmacogenetics/genomics provides 
an important path to personalized medicine or patient‐
centered medicine.

 • drug discovery and drug development are two closely 
related but distinct terms. drug discovery refers to the 
process that leads to the identification of the potential 
therapeutic agents for further development into drugs 
that can be used in humans. drug development is defined 
as the process that involves the sequential preclinical 
and clinical studies of the potential therapeutic agents 
 identified through the drug discovery process. drug 
development sometimes is broadly defined to also include 
the approval of the drugs by regulatory authorities.

 • The paradigm of creation and survival of a modern 
human drug involves four stages, that is, drug discovery, 
drug development, drug approval, and postapproval 
regulation of marketed drugs.

 • The uS fdA is responsible for protecting the public 
health by assuring that drugs, vaccines and other biological 
products, and medical devices intended for human use are 
safe and effective. drugs must be approved by the fdA 
for marketing in the united States.

 • development of modern pharmacology is closely asso
ciated with advances in biomedical sciences and clinical 
medicine. Modern pharmacology has evolved to include 
many subspecialties, among which is cardiovascular 
pharmacology.

 • Cardiovascular pharmacology is concerned with the 
effects of drugs on the heart, the vascular system, and 
those parts of the nervous and endocrine systems that 
participate in regulating cardiovascular function. As 
such, cardiovascular drugs comprise many different 
classes of pharmacological agents.

 • The past three decades has witnessed dramatic advances 
in the treatment of cardiovascular diseases due to the 
development of highly effective and well‐tolerated 
drugs, such as statins, inhibitors of the renin–angiotensin–
aldosterone system (RAAS), and beta‐blockers. over 
the past few years, integration of genomics, systems 
biology, polypill concept, and novel therapeutics (e.g., 
gene therapy, stem cell therapy) into cardiovascular 
pharmacology has greatly advanced the field and signif
icantly contributed to the improved management of 
human cardiovascular diseases.
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2.8 self‐assessment QuestiOns

2.8.1 The term pharmacology is derived from the Greek 
words pharmakon (meaning a drug or medicine) and 
logos (meaning the truth about or a rational discussion). 
Medical pharmacology is defined as which of the 
following?
A. The medical science concerned with the clinical 

use of drugs in the treatment of human diseases
B. The science and profession concerned with the 

preparation, storage, dispensing, and proper use 
of drug products

C. The science concerned with the formulation and 
chemical properties of pharmaceutical products, 
such as tablets, liquid solutions and suspensions, 
and aerosols

d. The science that deals with the action and use of 
drugs in the diagnosis, treatment, or prevention 
of human diseases

E. The study of drugs isolated from natural sources, 
including plants, microbes, animal tissues, and 
minerals

2.8.2 The first published classic text, “outline of 
Pharmacology,” written in 1878, set the momentum 
for today’s pharmacology advancement throughout 
the world. The author of this classic text is which 
of the following?
A. Alexander fleming
B. John J. Abel
C. oswald Schmiedeberg
d. Paul Ehrlich
E. Rudolf Buchheim

2.8.3 A particular drug may have up to three different 
names: chemical name, generic name, and trade name. 
Which of the following is a characteristic of generic 
name?
A. Country specific and not recognized inter nationally
B. often designed to be longer than trade name
C. often not helpful in identifying the pharmacolog

ical action or class of drug
d. The patented exclusive property of the drug 

manufacturer
E. The type of drug name most suitable for use by 

healthcare professionals
2.8.4 Azilsartan is an angiotensin receptor blocker, approved 

in 2011 by the uS fdA for hypertension management. 
This drug is classified into the X category of the fdA 
pregnancy category ratings for drugs. Which of the 
following best describes the potential of azilsartan 
regarding its potential teratogenicity?
A. Adequate and well‐controlled studies have failed 

to demonstrate a risk for this drug to the fetus in 
the first trimester of pregnancy (and there is no 
evidence of risk in later trimesters).

B. Animal reproduction studies have failed to 
 demonstrate a risk for this drug to the fetus and 
there are no adequate and well‐controlled studies 
in pregnant women.

C. Animal reproduction studies have shown an 
adverse effect of this drug on the fetus and there 
are no adequate and well‐controlled studies in 
humans, but potential benefits may warrant use 
of the drug in pregnant women despite potential 
risks.

d. Studies in animals or humans have demonstrated 
fetal abnormalities and/or there is positive evidence 
of human fetal risk based on adverse reaction data 
from investigational or marketing experience, and 
the risks involved in use of the drug in pregnant 
women clearly outweigh potential benefits.

E. There is positive evidence of human fetal risk 
based on adverse reaction data from investiga
tional or marketing experience or studies in 
humans, but potential benefits may warrant use of 
the drug in pregnant women despite potential 
risks.

2.8.5 A 55‐year‐old man is being treated with atorvastatin 
(a generic statin drug) for his hypercholesterolemia. 
He is concerned with statin‐induced rhabdomyolysis 
(a severe form of statin‐induced myopathy). you tell 
him that the risk of statin‐induced myopathy may be 
elevated in those with polymorphism(s) in a gene that 
encodes SlCo1B1. This is an example of which of 
the following?
A. Genome‐wide association study
B. Pharmacodynamic consideration
C. Pharmacogenetic consideration
d. Pharmacokinetic consideration
E. Postmarketing surveillance

2.8.6 Professor T.M. and a do/Phd candidate propose 
a  clinical study involving 22 healthy volunteers to 
determine if “BrocoProtector,” a novel phytochemical 
recently isolated by Professor T.M. from broccoli, is 
safe for oral intake at a dose of 0.5 g daily for 7 days. 
This clinical study falls into which of the following 
phases?
A. Phase I
B. Phase II
C. Phase III
d. Phase IV
E. Phase V

2.8.7 Several hospitals are participating in a study to test 
the efficacy of a newly developed drug prior to its 
release. This drug is designed to lower cholesterol 
levels. of the 1000 patients who are involved in this 
study, half receive the drug and half receive a placebo. 
neither the physicians in charge of the study nor the 
patients were permitted to know what the patients 
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have received. Which of the following steps in the 
drug development process does this scenario most 
closely describe?
A. Phase 0 trial
B. Phase I trial
C. Phase II trial
d. Phase III trial
E. Phase IV trial

 2.8.8 Multiple hospitals are participating in a well‐
designed phase III trial of a new analgesic drug for 
mild pain. Which of the following would probably 
not be included?
A. A group of 1000–5000 subjects with a clinical 

condition requiring analgesia
B. A negative control (placebo)
C. A positive control (current standard therapy)
d. double‐blind protocol
E. Prior submission of a new drug application 

(ndA) to the fdA
 2.8.9 A recent clinical study reported in the new 

England  Journal of Medicine (2011; 365:2357–
85)   demonstrated that infusion of a single dose  
of a  serotype‐8‐ pseudotyped, self‐complementary 
adenovirus‐ associated virus (AAV) vector express
ing a codon‐optimized human factor IX (fIX) 
 transgene (scAAV2/8‐lP1‐hfIXco) in a peripheral 
vein in six patients with severe hemophilia B (fIX 
activity, <1% of normal values) improved the 
bleeding  phenotype, with few side effects. Which of 
the  following best describes this study?
A. Gene therapy
B. Polypill therapy
C. Protein therapeutics
d. Regenerative medicine
E. Stem cell therapy

2.8.10 The idea of gene‐based therapeutics has been around 
for some time, but it only received serious attention 
with the advent of recombinant dnA technology and 
the ability to transfer and express exogenous genes 
in mammalian cells. The first uS federally approved 
clinical trial of gene therapy was carried out in 1990 
in a 4‐year‐old child with adenosine deaminase defi
ciency, a rare genetic disease in which children are 
born with severe immunodeficiency and are prone to 
repeated serious infections. up to date, how many 
gene therapy products has the uS fdA approved for 
sale?
A. 0
B. 4
C. 13
d. 37
E. 68
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3.1 IntroductIon

Dyslipidemias, including hyperlipidemia (e.g., hypercho
lesterolemia) and low levels of high‐density lipoprotein 
(HDL) cholesterol (HDL‐C), constitute a chief cause of 
atherosclerosis and atherosclerosis‐associated conditions, 
such as coronary heart disease, ischemic cerebrovascular 
disease, and peripheral vascular disease. Recognition of 
dyslipidemias as a major risk factor of cardiovascular 
 diseases has led to the development of drugs that 
modify  lipid metabolism and correct the dyslipidemias. 
Currently, there are five groups of drugs for treating dys
lipidemias, including (i) statins, (ii) bile acid sequestrants, 
(iii)   cholesterol absorption inhibitors, (iv) fibrates, and 
(v) niacin. The use of these drugs, especially the statins, 
has revolutionized the management of dyslipidemias, par
ticularly high levels of low‐density lipoprotein (LDL) 
cholesterol. Indeed, statins have gained a reputation of 
being a major player in preventive cardiology. Since 
statins and other lipid‐lowering drugs target the pathways 
of lipoprotein metabolism, this chapter first reviews the 
major metabolic pathways of lipoproteins to lay a basis 
for understanding how drugs impact lipoprotein metabo
lism to treat dyslipidemias. The chapter then introduces 
the major types of dyslipidemias, focusing on discussing 
their molecular etiologies. To set a stage for the subsequent 
discussion of drugs for dyslipidemias in Chapter  4, 
the  chapter ends with a brief survey of the various 
 targeting sites of the major drug classes for treating 
dyslipidemias.

3.2 LIpoproteIn MetaboLIsM

3.2.1 definition, structure, and classification of 
Lipoproteins

3.2.1.1 Definition of Lipoproteins To understand lipo
protein metabolism, we need to first define lipoproteins. As 
the name indicates, lipoproteins are large macromolecular 
complexes of lipids and proteins that are essential for trans
porting hydrophobic lipids (primarily triglycerides and cho
lesterol) and lipid‐soluble vitamins. They are responsible for 
(i) the absorption of dietary cholesterol, long‐chain fatty 
acids, and fat‐soluble vitamins; (ii) the transport of triglycer
ides, cholesterol, and fat‐soluble vitamins from the liver to 
peripheral tissues; and (iii) the transport of cholesterol from 
peripheral tissues to the liver, the so‐called reverse cholesterol 
transport, primarily mediated by HDL (see Section 3.2.2.3 for 
description of reverse cholesterol transport).

3.2.1.2 Structure of Lipoproteins Structurally, lipopro
teins are microscopic spherical particles ranging from 7 to 
100 nm in diameter. Each lipoprotein particle contains a core 
of hydrophobic lipids in the form of triglycerides and cho
lesteryl esters surrounded by relatively hydrophilic lipids 
(phospholipids, free unesterified cholesterol) and proteins 
that interact with the body fluids (Fig. 3.1). The proteins in 
the lipoproteins are called apolipoproteins. Each lipoprotein 
particle contains one or more types of apolipoproteins. 
Apolipoproteins are required for the proper assembly, struc
ture, and functions of lipoproteins.

overvIew of dysLIpIdeMIas and drug therapy
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3.2.1.3 Classification of Lipoproteins The plasma lipo
proteins are classified into five major classes based on their 
relative density, size, and protein content: (i) chylomicrons, 
(ii) very‐low‐density lipoproteins (vLDL), (iii) intermediate‐
density lipoproteins (IDL), (iv) LDL, and (v) HDL 
(Table 3.1). As a general rule, larger, less dense lipoproteins 
have a greater percentage composition of lipids. In this 
regard, chylomicrons are the largest and least dense 

 lipoproteins containing the highest lipid content and the 
lowest proportion of proteins, whereas HDL particles are the 
smallest lipoproteins containing the lowest lipid content and 
the highest percentage of protein composition.

In addition to the above five major classes of lipopro
teins, an LDL‐like lipoprotein, known as lipoprotein(a) 
with the abbreviation of Lp(a) has recently received great 
attention. Like LDL, Lp(a) is composed of a central core 

Phospholipid 

Triglyceride

Cholesterol

Cholesteryl ester

Apolipoprotein

fIgure 3.1 Lipoprotein structure and composition. See text (Section 3.2.1.2) for description.

tabLe 3.1 composition and characteristics of human plasma lipoproteins

Cm CmR vLDL IDL LDL HDL

Total protein (%) 2 4 10 18 25 40
Total lipida (%) 98 96 90 82 75 60
Density (g/ml) <0.95 0.95–1.006 <1.006 1.006–1.019 1.019–1.063 1.063–1.210
Diameter (nm) 75–1200 30–80 40–50 25–35 20–25 5–10
Electrophoretic 

motilityb

Origin Slow pre‐β pre‐β Slow pre‐β β α

major apolipoproteins B48 B48, E B100 B100, E B100 A‐I, A‐II
Other apolipoproteins A‐I, A‐Iv, A‐v, 

C‐I, C‐II, C‐
III, E

A‐I, A‐Iv, C‐I, 
C‐II, C‐III

A‐I, A‐II, A‐v, 
C‐I, C‐II, C‐
III, E

C‐I, C‐II, C‐III A‐Iv, A‐v, C‐III, E

Other constitutes Retinyl esters Retinyl esters vitamin E vitamin E vitamin E LCAT, CETp, 
pOn1

Origin Intestine Cm metabolism Liver vLDL IDL Liver, intestine
Cholesterol in plasmac 0.0 0.0 0.1–0.4 mm or 

4–15 mg/dl
0.1–0.3 mm or 

4–12 mg/dl
1.5–3.5 mm or 

58–135 mg/dl
0.9–1.6 mm or 

35–62 mg/dl
Triglyceride in fasting 

plasmad

0.0 0.0 0.2–1.2 mm or 
18–106 mg/dl

0.1–0.3 mm or 
9–27 mg/dl

0.2–0.4 mm or 
18–36 mg/dl

0.1–0.2 mm or 
9–18 mg/dl

a The ratios of triglycerides to cholesterol (both unesterified cholesterol and cholesteryl esters) for Cm, vLDL, IDL, LDL, and HDL are 90/10, 70/30, 50/50, 
20/80, and 20/80, respectively.
b Based on electrophoretic motility, lipoproteins can be classified into alpha‐lipoprotein (i.e., HDL), beta‐lipoprotein (i.e., LDL), and pre‐beta‐lipoproteins (i.e., 
Cm, CmR, vLDL, and IDL).
c For cholesterol, mm multiplied by 38.67 gives rise to mg/dl.
d For triglyceride, mm multiplied by 88.5 gives rise to mg/dl.
CETp, cholesteryl ester transfer protein; Cm, chylomicron; CmR, chylomicron remnant; LCAT, lecithin–cholesterol acyltransferase; pOn1, paraoxonase 1.
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of cholesteryl esters and triglycerides surrounded by phos
pholipids and free cholesterol. Lp(a) is produced by the 
liver and each Lp(a) particle contains a single molecule 
of  ApoB‐100 and an additional protein, called apoli
poprotein(a) [Apo(a)]. ApoB‐100 and Apo(a) are attached 
via a disulfide bond.

As described in Section 3.3.1, dysregulated expression of 
Apo(a)‐encoding gene may cause elevated plasma levels of 
Lp(a), also known as hyperlipoproteinemia(a) or Lp(a) 
hypercholesterolemia. Hyperlipoproteinemia(a) is a risk 
factor for cardiovascular diseases [1–3]. Elevated Lp(a) 
increases the risk of cardiovascular diseases via two pos
sible mechanisms: (i) prothrombotic and antifibrinolytic 
effects as Apo(a) possesses structural homology with 
plasminogen and plasmin but has no fibrinolytic activity 
and (ii) accelerated atherogenesis as a result of intimal 
deposition of the Lp(a) particles and Lp(a)‐provoked 
inflammatory responses.

3.2.2 Metabolic pathways of Lipoproteins and 
drug therapy

The metabolism of lipoproteins involves three pathways: 
(i)  the exogenous pathway (transport of dietary lipids), 
(ii)  the endogenous pathway (transport of hepatic lipids), 
and (iii) the reverse cholesterol transport. The schematic 
illustration of the exogenous and endogenous pathways is 

shown in Figure  3.2 and that for the reverse cholesterol 
transport is given in Figure  3.3. As described later in the 
chapter, the metabolic pathways of lipoproteins serve as the 
targeting sites of the drugs for treating dyslipidemias.

3.2.2.1 Exogenous Pathway

Solubilization of Dietary Fat The exogenous pathway of 
lipoprotein metabolism deals with the transport of dietary 
lipids. Before ingested dietary triglycerides (also known as 
triacylglycerols) can be absorbed through the intestinal wall, 
they must be converted from insoluble macroscopic fat 
particles to finely dispersed microscopic micelles. This 
solubilization process is carried out by bile salts, which are 
synthesized from cholesterol in the liver, stored in the 
gallbladder, and released into the small intestine after 
ingestion of a fatty meal.

Digestion by Pancreatic Lipase and Formation of 
Chylomicrons micelle formation enormously increases the 
fraction of lipid molecules accessible to the action of water‐
soluble pancreatic lipases in the intestine. The lipase action 
converts triglycerides to monoglycerides and diglycerides 
and glycerol. These products of lipase action diffuse into the 
enterocytes, where they are converted to triglycerides and 
packed with ApoB‐48 as well as diet‐derived cholesterol and 
cholesteryl esters and phospholipids to form chylomicrons.

LPL

FFA

HL

LPL

FFA

CM CMR VLDL IDL

LDL

LDLR

Vessel 

Dietary fat

Bile acids

Cholesterol

Exogenous pathway Endogenous pathway 

fIgure 3.2 Endogenous and exogenous pathways of lipoprotein metabolism. See text (Sections 3.2.2.1 and 3.2.2.2) for description. Cm, 
chylomicron; CmR, chylomicron remnant; HL, hepatic lipase; IDL, intermediate‐density lipoprotein; LDL, low‐density lipoprotein; LDLR, LDL 
receptor; FFA, free fatty acid; LpL, lipoprotein lipase; vLDL, very‐low‐density lipoprotein. For color details, please see color plate section.
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Dietary cholesterol is transported into enterocytes by 
selective cholesterol transporting protein, which is the 
molecular target of the lipid‐lowering drug, ezetimibe 
(Chapter 4). Inside the enterocytes, cholesterol is esterified 
to form cholesteryl esters, which, as described earlier, 
together with the unesterified cholesterol and other constitu
ents, forms chylomicrons (Table 3.1).

Hydrolysis of Chylomicrons by Vascular Lipoprotein 
Lipase nascent chylomicrons are secreted into the intestinal 
lymph and delivered via the thoracic duct directly to the 
systemic circulation, where they are extensively processed by 
peripheral tissues before reaching the liver. In circulation, the 
chylomicron particles encounter lipoprotein lipase, which is 
anchored to proteoglycans that decorate the capillary 
endothelial surfaces of the adipose tissue, heart, and skeletal 
muscle. The triglycerides of chylomicrons are hydrolyzed by 
lipoprotein lipase to release free fatty acids. ApoC‐II, which 
is transferred to circulating chylomicrons from HDL, serves 
as an important cofactor for this reaction. As discussed later, 
both ApoC‐II and lipoprotein lipase are molecular targets of 
the lipid‐lowering drugs, fibrates (Chapter 4).

Metabolism of Free Fatty Acids and Formation of 
Chylomicron Remnants The free fatty acids released from 
the lipoprotein lipase‐catalyzed reaction are taken up by 
adjacent myocytes or adipocytes and either oxidized to 
generate energy or re‐esterified and stored as triglycerides. 
Some of the released free fatty acids bind albumin and are 

transported to other tissues, especially the liver. The 
chylomicron particles progressively shrink in size as 
triglycerides are hydrolyzed by the lipoprotein lipase, 
resulting in the formation of chylomicron remnants.

Chylomicron remnants are rapidly removed by the liver 
via a process that requires ApoE of the remnants as a ligand 
for receptors in the plasma membrane of hepatocytes. These 
receptors are known as ApoE‐containing lipoprotein recep
tors (ApoE‐R). It should be noted that the lipoprotein lipase 
discussed here and the aforementioned lipases in the 
intestine, as well as the hormone‐sensitive lipase (a molec
ular target of the lipid‐lowering drug niacin covered in 
Chapter 4) in adipose tissue are distinct enzymes.

Enterohepatic Circulation As noted earlier, bile salts are 
synthesized from cholesterol in the liver. After being released 
into the small intestine, the majority of the bile salts is 
reabsorbed and transported into the liver. This cycle is known 
as enterohepatic circulation or recycling of bile salts. As a 
result of this recycling, the de novo synthesis of bile salts is 
downregulated. Disruption of this recycling by bile acid 
sequestering drugs results in enhanced de novo synthesis of 
bile salts, leading to decreased levels of cholesterol in 
hepatocytes (see Chapter 4).

3.2.2.2 Endogenous Pathway

Hepatic Secretion of VLDL The endogenous pathway of 
lipid metabolism deals with the transport of hepatic lipids 

LCAT
nHDL HDL

Cholesterol

CM 
VLDL
IDL

SR-B1

Atheroma 

Reverse cholesterol transport

Bile acids
Cholesterol

CE

TG

CETP

fIgure 3.3 Reverse cholesterol transport. See text (Section 3.2.2.3) for description. CE, cholesteryl ester; CETp, cholesterol ester trans
porting protein; Cm, chylomicron; HDL, high‐density lipoprotein; IDL, intermediate‐density lipoprotein; LCAT, lecithin–cholesterol acyl
transferase; nHDL, nascent HDL; SR‐B1, scavenger receptor B1; Tg, triglyceride; vLDL, very‐low‐density lipoprotein.
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synthesized  endogenously. This pathway primarily refers to 
the hepatic secretion of ApoB‐containing vLDL particles 
and their metabolism. vLDL particles are similar to 
chylomicrons in protein composition but contain ApoB‐100 
rather than ApoB‐48 and have a higher ratio of cholesterol to 
triglycerides (Table  3.1). The triglycerides in vLDL are 
derived mainly from the esterification of free fatty acids in 
the liver. The assembly of hepatic triglycerides with the 
other major components of the nascent vLDL particles 
(ApoB‐100, cholesteryl esters, phospholipids, and alpha‐
tocopherol; alpha‐tocopherol is one of the eight forms of 
vitamin E) requires the action of the enzyme microsomal 
triglyceride transfer protein.

Conversion of VLDL to IDL After secretion into the 
circulation, vLDL particles acquire multiple copies of ApoE 
and the apolipoproteins of the C series via transfer from 
HDL. As with chylomicrons, the triglycerides of vLDL 
particles are hydrolyzed by the lipoprotein lipase, especially 
in the muscle and adipose tissues. After the vLDL remnants 
dissociate from the lipoprotein lipase, they are referred to as 
IDL particles, which contain similar amounts of cholesterol 
and triglycerides (Table 3.1).

Conversion of IDL to LDL About 50% of the IDL particles 
are removed by the liver via LDL receptor‐mediated 
endocytosis with IDL‐associated ApoE as the ligand. The 
remaining 50% of IDL particles are remodeled by hepatic 
lipase to form LDL particles. Hepatic lipase is synthesized 
and secreted by the liver and binds to heparan sulfate 
proteoglycans on the cell surface of hepatocytes and 
endothelial cells [4]. During hepatic lipase‐catalyzed 
lipolysis, most of the triglycerides in the IDL particles are 
hydrolyzed and all apolipoproteins except ApoB‐100 are 
transferred to other lipoproteins. As a result, LDL is a distinct, 
cholesteryl ester‐enriched lipoprotein with ApoB‐100 as its 
only apolipoprotein. The cholesterol in LDL accounts for 
65–75% of the total plasma cholesterol in most individuals.

Receptor‐Mediated Endocytosis of LDL in the 
Liver Approximately, 70% of circulating LDL is cleared 
by LDL receptor‐mediated endocytosis in the liver. The LDL 
receptor is the only receptor capable of clearing significant 
amounts of LDL from the plasma. The LDL receptor is 
expressed on the surface of hepatocytes as well as several 
other types of cells (e.g., macrophages, smooth muscle 
cells). Due to the lack of ApoE, an important ligand for LDL 
receptor, LDL particles have relatively weak affinity to LDL 
receptor, and as a result, the half‐life of LDL in the circulation 
is relatively long (about 2–4 days). This explains why LDL 
cholesterol accounts for a major portion of the total plasma 
cholesterol (see section “Conversion of IDL to LDL”).

Interaction of ApoB‐100 with LDL receptors facilitates 
receptor‐mediated endocytosis of LDL particles and the 

subsequent vesicle fusion with lysosomes [5]. The LDL 
receptor is recycled back to the cell surface, while the LDL 
particles are hydrolyzed to release the unesterified choles
terol. The increase in the levels of the free cholesterol 
impacts three biochemical pathways: (i) inhibition of 3‐
hydroxy‐3‐methyl coenzyme A (Hmg‐CoA) reductase, the 
key enzyme involved in de novo synthesis of cholesterol 
(this enzyme is the major targeting molecule of statin drugs; 
see Chapter 4); (ii) activation of acetyl coenzyme A choles
terol acyltransferase (ACAT) to increase esterification and 
storage of cholesterol in the cells; and (iii) downregulation 
of LDL receptors, reducing further uptake of LDL particles 
into the cells [5]. Since approximately 70% of circulating 
LDL is cleared by LDL receptor‐mediated endocytosis in 
the liver, upregulation of hepatocyte LDL receptors is an 
important mechanism by which many lipid‐lowering drugs 
decrease the levels of plasma LDL cholesterol (Chapter 4).

Receptor‐Mediated Uptake of LDL in Nonliver Cells and 
Atherogenesis As mentioned earlier, LDL receptors are 
also expressed in several other types of cells, including 
macrophages, lymphocytes, adrenocortical cells, gonadal 
cells, and smooth muscle cells. Elevated circulating LDL is 
a major risk factor for the development of atherosclerosis. 
uptake of LDL by macrophages via receptor‐mediated 
mechanisms in vascular tissue is a critical process underlying 
atherosclerosis. while macrophages can take up native LDL 
via LDL receptor‐mediated endocytosis, the scavenger 
receptors, which are expressed predominantly in 
mononuclear phagocytic cells, play a major role in the 
formation of foam cells (see the following text for description 
of foam cells). In this regard, native LDL particles that 
migrate into the subendothelial space of vascular tissue can 
be oxidatively modified to form oxidized LDL. Oxidized 
LDL provokes inflammatory responses, leading to 
recruitment of blood monocytes to the subendothelial space 
to become macrophages. Expression of scavenger receptors 
on macrophages greatly facilitates the uptake of oxidized 
LDL, resulting in the formation of lipid‐laden macrophages, 
known as foam cells.

Foam cells, as a major constituent of atherosclerotic 
lesion, may exacerbate vascular injury via releasing reactive 
oxygen species and digestive enzymes, as well as proinflam
matory cytokines, thereby forming a vicious cycle. This, 
along with other molecular pathophysiological events, con
tributes to the progression of atherosclerosis. On the other 
hand, mechanisms that facilitate the cholesterol efflux from 
vascular tissues may counteract the earlier vicious cycle and 
afford vascular protection. Indeed, as discussed next, HDL‐
mediated reverse cholesterol transport serves as an impor
tant protective mechanism against atherosclerosis.

3.2.2.3 Reverse Cholesterol Transport Another impor
tant aspect of lipid metabolism is cholesterol efflux from 
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cells of peripheral tissues, especially blood vessels. This is 
primarily mediated by HDL particles. Therefore, this section 
first considers the formation and maturation of HDL parti
cles and then defines the reverse cholesterol transport.

Formation and Maturation of Nascent HDL nascent HDL 
particles are synthesized by the liver and intestine. The 
earliest events occur when lipid‐poor ApoA‐I is secreted by 
the hepatocytes or enterocytes or dissociated from lipoprotein 
particles in the plasma. These amphipathic ApoA‐I molecules 
acquire phospholipids and unesterified cholesterol from the 
membranes of hepatocytes and enterocytes via the action of 
the membrane protein ATp‐binding cassette protein A1 
(ABCA1). The resulting small, disk‐shaped particles, which 
consist of mainly ApoA‐I and phospholipids, are referred to 
as nascent or pre‐β‐HDL particles due to their characteristic 
migration on agarose gels.

As the nascent discoidal HDL particles are relatively 
inefficient in removing excess cholesterol from cell mem
branes, they must mature into spherical particles in the 
plasma. HDL maturation occurs via the action of two 
circulating proteins: (i) lecithin–cholesterol acyltransferase 
(LCAT) and (ii) phospholipid transfer protein (pLTp). 
LCAT converts the cholesterol molecules in the nascent 
LDL particles to cholesteryl esters. This is accomplished by 
transesterification of a fatty acid from a phosphatidylcholine 
molecule on the surface of the nascent HDL to the hydroxyl 
group of a cholesterol molecule. This reaction also creates a 
lysophosphatidylcholine molecule, which dissociates from 
the HDL and binds to plasma albumin. Due to high insolu
bility, cholesteryl esters migrate into the core of the HDL 
particles, resulting in the development of a hydrophobic 
core. This converts the nascent HDL (or pre‐β‐HDL) to 
spherical mature HDL particles. mature HDL is also known 
as α‐HDL due to its characteristic electrophoretic motility 
(Table 3.1).

The pLTp transfers phospholipids from the surface coat 
of ApoB‐containing remnant particles to the surface coat of 
HDL. As noted earlier, during lipoprotein lipase‐catalyzed 
hydrolysis of ApoB‐containing lipoproteins (e.g., vLDL, 
chylomicrons), the particles become smaller as triglycerides 
are removed from the core. This leaves a relative excess of 
phospholipids on the surface of the ApoB‐containing parti
cles. Because phospholipids cannot be spontaneously disso
ciated from the particles, pLTp removes excess phospholipids 
and thereby maintains the appropriate surface phospholipid 
concentration for a shrinking core of the ApoB‐containing 
particles. By transferring phospholipids from the ApoB‐con
taining particles to the surface of HDL, pLTp also replaces 
the molecules that are consumed by the LCAT‐catalyzed 
reaction. This allows the core of HDL to continue to grow. 
During the maturation, HDL particles also acquire addi
tional apolipoproteins from other lipoprotein particles (see 
Table 3.1 for HDL composition).

Definition and Process of Reverse Cholesterol 
Transport Reverse cholesterol transport refers to the 
transport of cholesterol from the plasma membranes of 
peripheral cells (such as macrophages in vascular tissues) to 
the liver (Fig. 3.3). This occurs when unesterified cholesterol 
is transferred from plasma membranes of the peripheral cells 
to the HDL particles. when mature HDL particles circulate 
to the liver, they interact with the scavenger receptor class 
B1 (SR‐B1) on the surface of hepatocytes. SR‐B1 serves as 
a principal receptor for HDL. This receptor promotes the 
selective uptake of lipids. In this process, the cholesterol 
and  cholesteryl esters of HDL particles are taken up into 
the  hepatocytes in the absence of the uptake of the 
apolipoproteins. The hepatic removal of cholesteryl esters 
from HDL particles increases the capacity of these particles 
to take on additional cholesterol molecules from peripheral 
cells. Here, peripheral cells refer to cells outside the liver, 
especially cells in vascular tissues.

HDL‐C may also be transported into hepatocytes via an 
indirect pathway. In this process, HDL cholesteryl esters are 
transferred to ApoB‐containing remnant lipoproteins in 
exchange for triglycerides via the action of the cholesteryl 
ester transfer protein (CETp). The physiological signifi
cance of this pathway remains unclear. On the one hand, 
transfer of the cholesteryl esters from HDL to ApoB‐ 
containing remnant lipoproteins would theoretically increase 
the capacity of HDL particles to take on additional choles
terol from peripheral cells. On the other hand, this process 
would also lead to increased cholesterol levels of ApoB‐con
taining lipoproteins, thereby potentially increasing the risk 
of atherosclerosis. Hence, the transfer of cholesteryl esters 
from HDL to ApoB‐containing remnant lipoproteins might 
not be physiologically advantageous. Indeed, CETp defi
ciency in humans is associated with an increase in the cho
lesteryl ester content of HDL and a reduction in plasma 
levels of LDL cholesterol. CETp genotypes causing 
moderate inhibition of CETp activity (and, therefore, mod
estly higher HDL‐C levels) are associated with a reduced 
coronary risk, which is consistent with the notion that 
increased HDL‐C is cardiovascular protective [6]. 
pharmacological agents have also been recently developed 
to inhibit CETp to augment HDL‐C and achieve cardiovas
cular protection, though the exact clinical efficacy of such a 
strategy remains to be established [7–9] (see Chapter 4 for 
more description of CETp inhibitors).

In addition to CETp, microRnAs also control HDL abun
dance and function by regulating gene networks that control 
HDL biogenesis and uptake, as well as discrete steps in the 
reverse cholesterol transport pathway [10]. notably HDL is 
found to transport miRnAs selectively in health and disease, 
offering new possibilities of how this lipoprotein may alter 
gene expression in distal target cells and tissues and impact 
the development of atherosclerosis [10, 11]. These novel 
findings may open new avenues for the development of 
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HDL‐targeted therapeutics for treating dyslipidemias and 
controlling atherosclerotic cardiovascular diseases.

3.3 dysLIpIdeMIas and genetIc 
LIpoproteIn dIsorders

3.3.1 classification and Molecular etiologies

Dyslipidemia and lipoprotein disorder (also known as dis
order of lipoprotein metabolism) are probably among the 
most commonly encountered terms in cardiovascular med
icine. The term lipoprotein disorder emphasizes the molec
ular etiology and pathophysiology, whereas the term 
dyslipidemia focuses on the plasma lipid profile (primarily 
cholesterol and triglycerides) of the lipoprotein disorder. 
Dyslipidemias are usually classified into four categories: 
(i) hypercholesterolemia, (ii) hypertriglyceridemia, (iii) 
mixed hyperlipidemia, and (iv) hypoalphalipoproteinemia 
(i.e., low HDL levels). These dyslipidemias may result 
from genetic lipoprotein disorders and/or secondary 
causes. The secondary causes may include hormonal and 
metabolic disorders, renal and liver diseases, as well as 
unhealthy lifestyle and the use of certain drugs. This sec
tion primarily considers genetic lipoprotein disorders. 
Table 3.2 lists the various types of genetic lipoprotein dis
orders and their molecular etiologies.

3.3.2 the four types of dyslipidemias and their 
underlying genetic Lipoprotein disorders

As noted earlier, dyslipidemias may stem from lipoprotein 
disorders caused by genetic alterations in the genes encod
ing the various components of the lipoproteins, the receptors 
of the lipoproteins, or the enzymes involved in the metabo
lism of lipoproteins. As described in the following text, a 
particular type of dyslipidemias may result from more than 
one lipoprotein disorders. Dyslipidemias resulting from ge
netic lipoprotein disorders are frequently called primary 
dyslipidemias. most cases of primary dyslipidemias do not 
result from a single gene defect but instead stem from the 
cumulative burden of multiple genes (polygenic) that pre
disposes the individuals to milder forms of dyslipidemias, 
particularly in the presence of unhealthy lifestyle, including 
excessive dietary intake of saturated fats and lack of physical 
activity. On the other hand, dyslipidemias may also result 
from a variety of other diseases and conditions, including 
obesity, diabetes mellitus, lipodystrophy, thyroid disease, 
kidney disorders, hepatic disorders, lysosomal storage 
 diseases, Cushing’s syndrome, alcohol intake, and use of 
estrogens and many other medications (e.g., thiazide 
diuretics, beta‐antagonists, anti‐HIv protease inhibitors, 
and antischizophrenic drugs). Dyslipidemias resulting from 
the above diseases and conditions are known as secondary 

dyslipidemias. This section describes the four types of pri
mary dyslipidemias and their underlying genetic lipoprotein 
disorders, which provide a foundation for understanding 
drug therapy of dyslipidemias.

3.3.2.1 Hypercholesterolemia primary hypercholester
olemia is characterized by increased levels of total plasma 
cholesterol and LDL cholesterol with normal plasma 
 concentrations of triglycerides. The causes of primary hyper
cholesterolemia include familial hypercholesterolemia, 
familial defective ApoB‐100, autosomal dominant 
 hypercholesterolemia, and, more commonly, polygenic 
hypercholesterolemia (Table 3.2).

3.3.2.2 Hypertriglyceridemia primary hypertriglyceri
demia is characterized by high fasting plasma levels of tri
glycerides (200–500 mg/dl or higher) and frequently normal 
plasma levels of LDL cholesterol. The major causes of pri
mary hypertriglyceridemia include familial hypertriglyceri
demia, lipoprotein lipase deficiency, and ApoC‐II deficiency 
(Table 3.2).

3.3.2.3 Mixed Hyperlipidemia patients with primary 
mixed hyperlipidemia exhibit complex lipid profiles, which 
are frequently characterized by increased plasma levels of 
total cholesterol, LDL cholesterol, and triglycerides. HDL‐C 
is often reduced. mixed hyperlipidemia mainly results from 
familial combined hyperlipidemia and dysbetalipoprotein
emia (Table 3.2).

3.3.2.4 Hypoalphalipoproteinemia Low plasma of 
HDL‐C is referred to as hypoalphalipoproteinemia because 
HDL is the “alpha‐lipoprotein” (Table  3.1). Decreased 
HDL‐C is an independent risk factor of atherosclerotic car
diovascular diseases [13]. The causes of decreased HDL‐C 
include ApoA‐I deficiency, Tangier disease, familial HDL 
deficiency, and LCAT deficiency (Table 3.2).

3.4 MechanIstIcaLLy based drug therapy 
of dysLIpIdeMIas

The in‐depth understanding of lipoprotein metabolism and 
lipoprotein disorders at the molecular and genetic levels 
over the past decades has dramatically advanced the 
development of mechanistically based pharmacological 
modalities for treating dyslipidemias to reduce the risk of 
atherosclerotic cardiovascular diseases. These, as detailed in 
Chapter 4, include (i) Hmg‐CoA reductase inhibitors (also 
known as statins) that inhibit the de novo cholesterol syn
thesis in the liver; (ii) bile acid sequestrants that block the 
enterohepatic circulation of bile acids, thereby causing 
increased synthesis of bile acids from cholesterol; (iii) cho
lesterol absorption inhibitors that block the absorption of 
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tabLe 3.2 various types of genetic lipoprotein disorders

name genetic etiology Incidence

LDL disorders (increased 
levels of LDL 
cholesterol)

Familial hypercholesterolemia LDL receptor gene mutations, causing 
decreased expression of LDL 
receptors, leading to reduced uptake of 
LDL by hepatocytes

1/500 (heterozygous);
1/1,000,000 (homozygous)

Familial defective ApoB‐100 mutations of the ApoB‐encoding gene, 
causing disruption of LDL receptor‐
binding domain of ApoB‐100 and the 
consequent decreased hepatic uptake 
of LDL

<1/1,000 (in individuals of 
german descent)

Autosomal dominant 
hypercholesterolemia

gain‐of‐function mutations in pCSK9‐
encoding gene, leading to increased 
LDL receptor degradation. pCSK9 
binds to LDL receptors, causing 
receptor degradation

<1/1,000,000

Autosomal recessive 
hypercholesterolemia

mutations in LDL receptor adaptor 
protein (LDLRAp)‐encoding gene. 
LDLRAp is a protein involved in LDL 
receptor‐mediated endocytosis

<1/1,000,000

Sitosterolemia (also known as 
phytosterolemia)

mutations in either ABCg5‐ or ABCg8‐
encoding gene, leading to decreased 
pumping out of cholesterol from 
enterocytes to the gut lumen and from 
the hepatocytes into the bile. ABCg5 
and ABCg8 are two ATp‐binding 
cassette (ABC) proteins that are 
expressed in enterocytes and 
hepatocytes. Heterodimerization of the 
two proteins forms a functional 
complex that pumps both plant steroids 
and animal steroids (mainly 
cholesterol) into the gut lumen and into 
the bile

<1/1,000,000

Familial lipoprotein(a) 
hyperlipoproteinemia

variation in the Apo(a)‐encoding gene

Triglyceride‐rich 
lipoprotein disorders 
(increased levels of 
chylomicrons/vLDL)

Familial hypertriglyceridemia 
(mainly increased vLDL levels)

polygenic (the disorder results from the 
cumulative burden of multiple genes)

1/500

Familial combined hyperlipidemia 
(elevated levels of both vLDL 
triglycerides an LDL cholesterol)

polygenic (see above for definition)

Lipoprotein lipase deficiency (mainly 
chylomicronemia, also elevated 
plasma levels of vLDL)

mutations in lipoprotein lipase‐encoding 
gene, leading to lipoprotein lipase 
deficiency and thereby decreased 
catabolism of vLDL and chylomicrons

1/1,000,000

Familial ApoC‐II deficiency (mainly 
chylomicronemia, also elevated 
plasma levels of vLDL)

mutations in ApoC‐II‐encoding gene, 
leading to ApoC‐II deficiency. ApoC‐II 
is a cofactor of lipoprotein lipase, and 
deficiency of ApoC‐II disables 
lipoprotein lipase

<1/1,000,000

ApoA‐v deficiency 
(chylomicronemia)

mutations in ApoA‐v‐encoding gene, 
leading to ApoA‐v deficiency. 
ApoA‐v is present in chylomicrons, 
vLDL, and HDL and is involved in 
triglyceride metabolism. Deficiency of 
ApoA‐v results in elevated levels of 
triglyceride‐rich lipoproteins [12]

<1/1,000,000
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cholesterol from the intestine; (iv) fibrate drugs that act to 
enhance the activity of lipoprotein lipase, thereby promoting 
the catabolism of triglyceride‐enriched lipoproteins; (v) 
niacin that acts to decrease free fatty acids used for triglyc
eride synthesis and that acts to increase HDL; and (vi) 
emerging pharmacologic modalities, including agents that 
inhibit CETp to augment HDL‐C [9, 14], as well as drugs 
that inhibit pCSK9 to increase LDL receptors [15–17]. As 
our understanding of the molecular etiology and pathophys
iology of lipoprotein disorders increases, more effective 
drugs will continue to emerge.

3.5 suMMary of chapter Key poInts

 • Dyslipidemias, including hyperlipidemia and low 
levels of HDL cholesterol, constitute a chief cause of 
atherosclerosis and atherosclerotic cardiovascular 
diseases.

 • Dyslipidemias are typically classified into hypercho
lesterolemia, hypertriglyceridemia, mixed hyperlipid
emia, and hypoalphalipoproteinemia (i.e., low HDL 
levels). Dyslipidemias are frequently caused by genetic 
lipoprotein disorders. They may also result from other 

name genetic etiology Incidence

Remnant lipoprotein 
disorders (increased 
levels of chylomicron 
and vLDL remnants)

Familial hepatic lipase deficiency mutations in hepatic lipase‐encoding 
gene, leading to hepatic lipase 
deficiency. Hepatic lipase is involved 
in the conversion of IDL to LDL, and 
deficiency of this enzyme results in 
increased levels of IDL particles, also 
called vLDL remnants

<1/1,000,000

Familial dysbetalipoproteinemia genetic variation in ApoE‐encoding gene, 
leading to ApoE dysfunction. ApoE is 
present on the surface of chylomicron 
remnants and is essential for the 
receptor‐mediated endocytosis of the 
particles via hepatic receptors. Several 
types of mutations of the ApoE can 
cause a deficiency in the clearance of 
these remnant particles

1/10,000

HDL disorders (decreased 
levels of HDL‐C)

ApoA‐I deficiency Deletion of ApoA‐I‐encoding gene, 
leading to ApoA‐I deficiency. ApoA‐I 
is a major apolipoprotein of HDL and 
required for LCAT activity

ABCA1 deficiency, also known as 
Tangier disease

mutations in ABCA1‐encoding gene, 
leading to ABCA1 deficiency. ABCA1 
is a cellular transporting protein that 
facilitates efflux of unesterified 
cholesterol and phospholipids from 
peripheral cells to ApoA‐I. Hence, 
ABCA1 deficiency affects HDL 
maturation

Familial HDL deficiency mutations in ABCA1 or ApoA‐I‐
encoding gene, leading to decreased 
formation of ABCA1 or ApoA‐I

LCAT deficiency (there are two forms 
of LCAT deficiency: complete 
deficiency, also called classic 
LCAT deficiency, and partial 
deficiency, also known as fish‐eye 
disease)

mutations in LCAT‐encoding gene, 
leading to LCAT deficiency. LCAT is 
activated by ApoA‐I and catalyzes the 
esterification of cholesterol to form 
cholesteryl esters. LCAT deficiency 
results in increased proportion of free 
cholesterol in circulating lipoproteins 
and impairs the functional maturation 
of HDL, leading to the rapid 
catabolism of circulating ApoA‐I

tabLe 3.2 (Continued)
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diseases and conditions, such as obesity, diabetes, and 
use of certain drugs.

 • Lipoproteins are large macromolecular complexes of 
lipids and proteins that are essential for transporting 
hydrophobic lipids (primarily triglycerides and choles
terol) and lipid‐soluble vitamins. The plasma lipopro
teins are classified into five major classes, that is, 
chylomicrons, vLDL, IDL, LDL, and HDL.

 • The metabolism of lipoproteins involves three pathways: 
the exogenous pathway (transport of dietary lipids), the 
endogenous pathway (transport of hepatic lipids), and 
the reverse cholesterol transport. Dysregulation of any 
of the above pathways by either genetic disorders or die
tary factors (frequently via combination of both genetic 
and dietary factors) leads to dyslipidemias.

 • Advancement in the molecular medicine of dyslipid
emias has resulted in the development of different 
classes of drugs that target various aspects of lipopro
tein metabolism to treat dyslipidemias. As our under
standing of the molecular mechanisms of lipoprotein 
disorders increases, novel therapeutic modalities will 
continue to emerge for more effectively controlling 
dyslipidemias. The subsequent Chapter 4 considers the 
molecular pharmacology of both currently available 
and emerging drugs for treating dyslipidemias.

3.6 seLf‐assessMent QuestIons

3.6.1 A 35‐year‐old male presents to his doctor’s office for 
an annual checkup. Lab tests show a severely elevated 
level of plasma LDL cholesterol. He is diagnosed with 
familial hypercholesterolemia. mutation in which of 
the following genes is most likely responsible for the 
elevated LDL cholesterol?
A. ABCg5
B. ApoB‐100
C. ApoC‐II
D. LDL receptor
E. Scavenger receptor B1

3.6.2 A 16‐year‐old female presents with tendon xanthomas 
on the extensor surface of her hands and on her 
Achilles tendons. Blood test reveals remarkably ele
vated levels in sitosterol (18.5 mg/dl) and LDL choles
terol (485 mg/dl). genetic sequencing for ABCg5 
reveals compound heterozygous null mutations. 
which of the following is the patient most likely 
having?
A. ApoA‐v deficiency
B. Chylomicronemia
C. Hepatic lipase deficiency
D. phytosterolemia
E. Tangier disease

3.6.3 A 46‐year‐old male is diagnosed with familial ApoC‐
II deficiency. which of the following is most likely 
experienced by the patient?
A. Severely elevated plasma HDL‐cholesterol levels
B. Severely elevated plasma LDL‐cholesterol levels
C. Severely elevated plasma Lp(a) levels
D. Severely elevated plasma plant steroid levels
E. Severely elevated plasma triglyceride levels

3.6.4 A 10‐year‐old boy is diagnosed with a gain‐of‐
function mutation in pCSK9‐encoding gene. which of 
the following is most likely to be found on a blood 
lipid test?
A. Elevated Lp(a)
B. Elevated HDL cholesterol
C. Elevated LDL cholesterol
D. Elevated plant steroids
E. Elevated triglycerides

3.6.5 Substantial studies demonstrate that low HDL choles
terol is a significant risk factor for developing athero
sclerotic cardiovascular diseases. As such, increasing 
HDL cholesterol with therapeutic agents has been 
considered an attractive strategy for controlling ath
erosclerotic cardiovascular diseases. Inhibition of 
which of the following proteins would result in ele
vated HDL‐cholesterol levels?
A. ABCg8
B. CETp
C. LCAT
D. LDLRAp
E. pCSK9
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4.1 Overview

Chapter 3 has discussed lipoprotein metabolism, dyslipid
emias, and lipoprotein disorders and outlined the established 
and emerging molecular targets that drugs act to treat 
dyslipidemias. This chapter examines the molecular phar
macology of the various classes of drugs for treating 
dyslipidemias, including statins, bile acid sequestrants, 
cholesterol absorption inhibitors, fibrates, and niacin, as 
well as the new drugs for homozygous familial hypercholes
terolemia. The chapter also discusses the pharmacological 
basis of phytosterols, phytostanols, and omega‐3 fatty acids 
in the management of dyslipidemias. The recently emerging 
drugs for dyslipidemias are considered at the end of the 
chapter. Following the discussion of the molecular pharma
cology of drugs for dyslipidemias in this chapter, mechanis
tically and evidence‐based guidelines for the management 
of dyslipidemias are considered in Chapter 5.

4.2 StatinS

Listed below are the seven US Food and Drug Administration 
(FDA)‐approved statin drugs for clinical use:

 • Atorvastatin (Lipitor)
 • Fluvastatin (Lescol)
 • Lovastatin (Mevacor)
 • Pitavastatin (Livalo)
 • Pravastatin (Pravachol)
 • Rosuvastatin (Crestor)
 • Simvastatin (Zocor)

4.2.1 General introduction to Drug Class

4.2.1.1 Nomenclature Statins (also called statin drugs) 
are formally known as 3‐hydroxy‐3‐methylglutaryl‐ 
coenzyme A (HMG‐CoA) reductase inhibitors. They are 
called statins because all members of this drug class end 
with “statin.” However, not every drug that ends with 
“statin” is a statin drug. For example, nystatin is an anti
fungal drug, not a statin for treating dyslipidemias.

HMG‐CoA reductase catalyzes the rate‐limiting step of 
cholesterol biosynthesis (more in Section 4.2.3.1). As such, 
statin drugs potently inhibit the de novo synthesis of choles
terol. Statins are highly effective and well tolerated and the 
most commonly prescribed drugs for treating dyslipidemias. 
Multiple well‐controlled clinical trials have demonstrated 
the efficacy and safety of statins in reducing atherosclerosis‐
associated fatal and nonfatal coronary heart disease events, 
strokes, and total mortality.

Currently, there are seven statin drugs approved by the 
US FDA for clinical use. They are atorvastatin, fluvas
tatin, lovastatin, pitavastatin, pravastatin, rosuvastatin, 
and simvastatin. Among them, pitavastatin is the newest 
member, approved by the FDA in 2009 [1].

4.2.1.2 History of Discovery The first statin compound 
was initially isolated from a fungal culture and identified 
as  an inhibitor of cholesterol biosynthesis in 1976 by the 
Japanese biochemist Akira Endo, working at the Sankyo 
Company in Tokyo [2]. A. Endo had been interested in cho
lesterol metabolism for some time and proposed in 1971 
that the fungi being screened at that time for new antibi
otics might also possess an inhibitor of cholesterol synthesis. 
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Over a period of multiple years, A. Endo screened more than 
6000 fungal cultures until a positive result was observed. The 
compound isolated from the culture was first named com
pactin and then renamed mevastatin.

Compactin subsequently proved effective in decreasing 
cholesterol levels in dogs and monkeys, and the work 
came to the attention of Michael Brown and Joseph 
Goldstein at the University of Texas Southwestern Medical 
School. M. Brown and J. Goldstein began to work with A. 
Endo and confirmed his results. The positive results from 
the first limited clinical trials convinced several pharma
ceutical companies to join the hunt for statins. A team at 
Merck led by Alfred Alberts and P. Roy Vagelos began 
screening fungal cultures and found a positive result after 

screening just 18 cultures. The new statin was eventually 
called lovastatin and approved by the US FDA for use in 
humans. Several newer generations of statin drugs have 
been subsequently approved for clinical use. Pitavastatin, 
pravastatin, and simvastatin are chemically modified 
derivatives of lovastatin. Atorvastatin, fluvastatin, and 
rosuvastatin are structurally distinct synthetic compounds 
(see Section 4.2.2.1).

4.2.2 Chemistry and pharmacokinetics

4.2.2.1 Chemistry Among the seven statins (structures 
shown in Fig. 4.1), lovastatin and simvastatin are prodrugs 
that need to undergo metabolism to yield the active forms 
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fiGure 4.1 Chemical structures of the seven US FDA‐approved statins. Lovastatin and simvastatin are prodrugs that need to undergo 
hydrolysis in the gut and liver to form the active drugs that inhibit HMG‐CoA reductase. Atorvastatin, pitavastatin, and rosuvastatin exist as 
calcium salts, whereas fluvastatin and pravastatin are sodium salts.
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that inhibit HMG‐CoA reductase. These two statins are 
inactive lactone compounds that are hydrolyzed in the gut 
and liver to form the active β‐hydroxyl derivatives that 
inhibit the reductase. The other five statins directly inhibit 
HMG‐CoA reductase.

4.2.2.2 Pharmacokinetics After oral administration, 
intestinal absorption of statins varies from 40 to 75% with 
the exception of fluvastatin, which is almost completely 
absorbed. There is extensive first‐pass hepatic uptake of 
all statin drugs, mediated primarily by the organic anion 
transport OATP1B1, which is selectively expressed in 
the  liver [3]. All statins undergo extensive metabolism 
in the liver, and the oral bioavailability varies between 5 
and 30% of administered doses. The metabolism of atorv
astatin, lovastatin, and simvastatin occurs mainly via the 
action of cytochrome P450 3A4 (CyP3A4), whereas that 
of flu vastatin and rosuvastatin is largely mediated by 
CyP2C9. Pravastatin is metabolized through other path
ways, includ ing sulfation.

The principal route of metabolism of the recently 
approved pitavastatin is glucuronidation via liver UDP‐
glucuronosyltransferases (UGT1A3 and UGT2B7) with 
subsequent formation of pitavastatin lactone. There is only 
minimal metabolism of this new statin by the CyP system. 
Because of this, pitavastatin is thought to have a low poten
tial for drug interactions.

More than 70% of statin metabolites are excreted 
into  bile and subsequently eliminated in feces. The rest 
is excreted via the renal route. After an oral dose, plasma 
concentrations of statin peak in 1–4 h. The plasma half‐
lives of the parent compounds for atorvastatin, pitavastatin, 
and rosuvastatin are 14, 12, and 19 h, respectively, and, for 
the other four statins, range from 1 to 4 h. The longer half‐
lives of atorvastatin and rosuvastatin may contribute to 
their greater cholesterol‐lowering efficiency. The major 
pharmacokinetic parameters of the seven statin drugs are 
listed in Table 4.1.

4.2.3 molecular mechanisms and pharmacological 
effects

The mechanisms and pharmacological effects of statins 
are considered from three general aspects: (i) decrease of 
cholesterol synthesis by inhibiting HMG‐CoA reductase 
and impact on lipoprotein metabolism, (ii) decreased pre
nylation of signaling molecules resulting from the initial 
inhibition of HMG‐CoA reductase, and (iii) other novel 
effects independent of inhibition of HMG‐CoA reductase. 
Among these mechanistic pathways, reduction of choles
terol biosynthesis via inhibiting HMG‐CoA reductase has 
been most extensively studied and firmly established. As 
such, statin drugs are also known as HMG‐CoA reductase 
inhibitors. The reduction of plasma cholesterol is crucial 
in  reducing cardiovascular events and has led to practice 
guidelines that emphasize the importance of achieving target 
goals for LDL levels (see Chapter 5).

4.2.3.1 Inhibition of Cholesterol Biosynthesis and Impact 
on Lipoprotein Metabolism As noted earlier, HMG‐CoA 
reductase catalyzes the conversion of HMG‐CoA to meva
lonic acid and is the rate‐limiting enzyme in cholesterol 
biosynthesis (Fig. 4.2). The active forms of the statin drugs 
contain a structural moiety that is similar to the structure of 
HMG‐CoA, and as such, they competitively inhibit HMG‐
CoA reductase, leading to decreased biosynthesis of choles
terol in the liver. Statins primarily impact hepatic cholesterol 
biosynthesis due to two reasons: (i) following oral admini
stration, statins are extracted by the liver, and as such, the 
liver receives the most statin molecules; and (ii) the liver is 
a major organ in de novo cholesterol biosynthesis.

Treatment with statin drugs not only impacts plasma 
LDL‐cholesterol levels but also affects plasma concentra
tions of triglycerides, as well as HDL cholesterol. The mag
nitude of LDL cholesterol lowering depends on the efficacy 
and dosage of the statin that is administered. in general, 
statin drugs reduce plasma LDL‐cholesterol concentrations 

table 4.1 major pharmacokinetic properties of statin drugs

Statin Oral bioavailability (%) Elimination half‐life (h) Metabolism and elimination

Atorvastatin 12 14 CyP3A4; eliminated in the bile/feces
Fluvastatin 25 1 CyP2C9; eliminated in the bile/feces
Lovastatin 5 3.5 CyP3A4; eliminated in the bile/feces
Pitavastatin 51 12 Glucuronidation; eliminated in the bile/feces 

(major) and the urine (minor)
Pravastatin 17 2 Sulfation; eliminated in the bile/feces (major) 

and the urine (minor)
Rosuvastatin 20 19 CyP2C9; eliminated in the bile/feces
Simvastatin <5 3 CyP3A4; eliminated in the bile/feces 

(major) and the urine (minor)
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by 25–55%. Statins reduce plasma triglyceride levels by 
10–35% depending on the type of statins, the doses, and the 
degree of hypertriglyceridemia. On average, treatment with 
stains results in a 5–10% increase in plasma HDL‐ cholesterol 
levels. The molecular mechanisms underlying the effects of 
statins on lipoproteins are described next.

Effects on Plasma LDL‐Cholesterol Levels Decreased 
de  novo synthesis of cholesterol in hepatocytes results in 
reduced amounts of free cholesterol, thereby leading to 
augmented expression of LDL receptor gene. As illustrated 
in Figure  4.3, decreased levels of free cholesterol in 
hepatocytes lead to proteinase activation and cleavage of 
the  sterol regulatory element‐binding protein (SREBP), 
which is a transcription factor that normally resides in the 
cytoplasm. The cleavaged SREBP undergoes nuclear trans
location and binds to sterol response element of the LDL 
receptor gene, leading to upregulation of LDL receptor 
transcription and the subsequent increased synthesis and 
surface expression of LDL receptors.

The increased cell surface expression of LDL recep
tors promotes uptake of LDL particles from plasma 
into hepatocytes, resulting in reduced LDL‐cholesterol 

concentrations in plasma. This is a major mechanism 
by  which statins reduce plasma LDL‐cholesterol levels. 
There is evidence showing that the plasma LDL‐ 
cholesterol‐lowering effects of statins may also occur via 
several minor pathways, including (i) enhanced removal 
of LDL precursors, such as VLDL and iDL, from plasma 
via LDL receptor‐mediated endocytosis, and (ii) decreased 
production of VLDL particles in hepatocytes due to 
decreased levels of free cholesterol within the hepato
cytes. Chole sterol is a major building block for VLDL 
synthesis in the hepatocytes. Reduced synthesis of hepatic 
VLDL causes decreased release of VLDL to plasma, 
which contributes to decreased levels of LDL choles
terol as VLDL is a precursor of LDL.

The effects of statin drugs on plasma LDL‐cholesterol 
levels vary among the various members. Of the seven 
statins, fluvastatin is the least potent, and pitavastatin is the 
most potent statin in reducing plasma LDL cholesterol, 
followed by atorvastatin and rosuvastatin. indeed, before 
the approval of pitavastatin, atorvastatin and rosuvastatin 
were the most potent LDL‐cholesterol‐lowering drugs.

With regard to LDL cholesterol lowering, the dose–
response relationship of statins is nonlinear: the largest 
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reduction occurs with the starting dose. Each subsequent 
doubling of the dose produces, on average, an additional 6% 
LDL reduction. This is known as the “role of 6’s” in statin 
therapy [4].

Effects on Plasma Triglyceride Levels Statin treatment also 
decreases plasma triglycerides in patients with hyper
triglyceridemia. Hypertriglyceridemic patients taking the 
highest doses of the most potent statins experience a 35–45% 
reduction in fasting triglyceride levels, and the magnitude of 
reduction in triglyceride levels is similar to that of LDL‐
cholesterol reduction. The reducing effects of statins on 
plasma triglyceride levels result from two mechanisms: (i) the 
decreased VLDL production by the liver due to decreased 
levels of free cholesterol within hepatocytes (since VLDL is 
rich in triglycerides, decreased release of VLDL from the 
liver to plasma leads to reduced levels of plasma triglycerides) 
and (ii) increased clearance of remnant lipoproteins by the 
liver due to upregulation of LDL receptors on the surface of 
hepatocytes. As remnant lipoproteins carry high amounts of 
triglycerides, augmented hepatic uptake of these particles 
results in decreased plasma triglyceride concentration. Here, 
remnant lipoproteins primarily refer to chylomicron remnants 
and VLDL remnants. VLDL remnants are also known as iDL 
particles (see Chapter 3).

Effects on Plasma HDL‐Cholesterol Levels Statin treat
ment of patients with high LDL‐cholesterol and normal 
HDL‐cholesterol levels leads to an average 5–10% increase 
in HDL cholesterol. in patients with lower HDL cholesterol, 
the magnitude of HDL‐cholesterol induction can be as 
much as 15–20% for certain potent statin drugs. The detailed 
mechanisms underlying statin‐induced HDL‐cholesterol 
elevation remain poorly understood. Statins increase ApoA‐i 
levels, which may serve as a potential mechanism for the 
observed elevation of HDL cholesterol following statin 
therapy.

4.2.3.2 Decreased Prenylation of Signaling Molecules 
and Impact on Vascular Biology in addition to their impact 
on lipoprotein metabolism, statins also exert many other 
pharmacological effects independent of their lipid‐lowering 
action [5–7]. These include (i) improvement of endothelial 
dysfunction, (ii) decreased coagulation and thrombogene
sis, (iii) decreased inflammation, (iv) increased stability 
of atherosclerotic plaques, and (v) decreased production of 
reactive oxygen species (ROS). These diverse actions are 
also known as the pleiotropic effects of statins.

Although the pleiotropic effects of statins are independent 
of the changes in the plasma levels of lipoproteins, such 
effects do stem from the initial inhibition of the HMG‐CoA 
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reductase. The synthesis of cholesterol is a complex multi
step process. isoprenoids are important intermediates in 
the cholesterol biosynthetic pathway that serve as lipid 
attachments for a wide variety of signaling molecules, such 
as heterotrimeric G proteins and the small GTP‐binding 
protein Ras and its related Ras‐like proteins (e.g., Rho, 
Rac, Rab, Rap, and Ral) (see Fig. 4.2).

in response to a number of growth factors and cytokines, 
the aforementioned signaling molecules are activated and 
thereby exert a diverse array of cellular effects. Although 
their functions are overlapping to some degree, Ras has been 
associated with dysregulated cell proliferation, Rac with gen
eration of ROS, and Rho with activation of proinflammatory 
pathways. All of these contribute to vascular dysfunction.

By inhibiting HMG‐CoA reductase, statins decrease the 
biosynthesis of isoprenoids and protein prenylation. As a 
consequence, vascular inflammation, dysregulated cell prolif
eration, and overproduction of ROS are ameliorated. Substantial 
studies suggest that the pleiotropic effects of statins may sig
nificantly contribute to their clinical efficacy in decreasing  
 cardiovascular mobility and mortality. This notion is sup
ported by several lines of evidence, as outlined below [5–8]:

 • Results of multiple clinical trials suggest that the higher 
than expected degree of cardiovascular benefit of statins 
does not correlate fully with the magnitude of choles
terol lowering.

 • Statins reduce the risk of transplant‐associated arteri
opathy and stroke, disease processes that are not strongly 
associated with elevated lipid levels.

 • Reduction in new coronary events by statin treatment 
occurs more rapidly than changes in morphology of 
arterial plaques. indeed, some statin trials have reported 
benefits with just a few weeks of statin therapy.

 • Lipid lowering by alternative means, such as ileal 
bypass, requires more time to manifest cardiovascular 
clinical benefits than statin therapy.

 • inflammation plays a crucial role in cardiovascular disease 
processes. Statins possess potent anti‐inflammatory activ
ities, and treatment with statins decreases inflammatory 
biomarkers, such as C‐reactive protein. Clinical studies 
demonstrate that the magnitude of benefits associated 
with a low C‐reactive protein level may be as large as 
that associated with a low LDL‐cholesterol level, and the 
benefits of decreasing C‐reactive protein are additive 
and independent of the lipid lowering.

4.2.3.3 Other Novel Effects Independent of Inhibition 
of  HMG‐CoA Reductase The pharmacological effects of 
statins described earlier are primarily derived from the potent 
inhibition of HMG‐CoA reductase by these drugs. Evidence 
also exists, showing that statins may directly interact with 
various cellular signaling pathways involved in inflamma

tion and antioxidant defenses [9, 10]. For example, statins can 
directly interact with lymphocyte function‐associated antigen‐1 
and reduce adhesion of lymphocytes to the endothelium [11]. 
Statins also cause activation of nuclear factor E2‐related 
factor 2 (nrf2), a transcription factor playing a central role in 
regulating the expression of cellular antioxidant and other 
cytoprotective genes. Statins may directly scavenge free radi
cals and protect against oxidation of LDL. The contribution of 
these novel effects to statin‐mediated cardiovascular protec
tion, however, remains to be elucidated in clinical studies.

4.2.4 Clinical uses

The clinical uses of statins are related to the following indica
tions and considerations: (i) treatment of dyslipidemias in adults, 
(ii) treatment of dyslipidemias in children, (iii) treatment of 
dyslipidemias in women, and (iv) other potential indications.

4.2.4.1 Treatment of Dyslipidemias in Adults

Hyper cholesterolemia and Hypertriglyceridemia Statin 
drugs are  used alone or in combination with other lipid‐
lowering drugs (such as bile acid sequestrants, ezetimibe, or 
niacin) for reducing plasma LDL cholesterol in patients with 
 hypercholesterolemia. Hypercholesterolemia is the primary 
indication of statin treatment, and statins are considered first‐
line therapy for increased LDL cholesterol. As discussed 
earlier, statins also increase HDL cholesterol. An early study 
demonstrated that statin therapy was associated with 
regression of coronary atherosclerosis when LDL cholesterol 
was substantially reduced and HDL cholesterol was 
increased by more than 7.5% [12]. A recent study also 
showed that maximal doses of rosuvastatin and atorvastatin 
decreased LDL cholesterol and increased HDL cholesterol 
and caused significant regression of coronary atherosclerosis 
[13]. These findings suggest that statin benefits may be 
derived from both reductions in atherogenic lipoprotein levels 
and increases in HDL cholesterol. However, it remains to be 
determined whether the atherosclerotic regression associated 
with these changes in lipid levels will translate to meaningful 
reductions in clinical events and improved clinical outcomes.

Statins, especially the most potent ones, such as atorvas
tatin and rosuvastatin, are also effective in reducing plasma 
triglycerides. These drugs are useful in treating patients 
with mixed hyperlipidemia (i.e., having both hypercholes
terolemia and hypertriglyceridemia). it should be noted that 
although statin treatment lowers plasma triglyceride levels, 
fibrates and niacin (see Sections 4.5 and 4.6) are more 
 effective in treating hypertriglyceridemia.

Combination Therapy with Other Lipid‐Lowering Drugs  
Listed below are the typical combination options:

 • A statin plus a bile acid sequestrant

 • A statin plus ezetimibe
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 • A statin plus niacin

 • A statin plus a fibrate drug

if a statin alone is insufficient to lower LDL cholesterol to 
target levels, the statin drug can be effectively combined 
with other lipid‐lowering drugs. The combination of a statin 
with a bile acid sequestrant (Section  4.3) or the cholesterol 
absorption inhibitor ezetimibe (Section 4.4) results in additive 
decreases in LDL‐cholesterol levels. A fixed‐dose combination 
of simvastatin and ezetimibe (Vytorin) is available. The US 
FDA also recently approved a fixed‐dose combination of 
atorvastatin and ezetimibe (Liptruzet).

The combination of a statin with niacin may be most 
useful in patients with high levels of LDL cholesterol and 
low levels of HDL cholesterol as niacin is the most effec
tive agent in raising HDL cholesterol (see Section 4.6 for 
niacin). Fibrates and statins have also been reported to be 
efficacious in combination; however, such a combination 
may increase the risk of myopathy, a significant adverse 
effect associated with statin treatment (see Section  4.2.6 
for adverse effects of statin therapy).

4.2.4.2 Treatment of Dyslipidemias in Children The use 
of statins in children is restricted to selected patients with 
heterozygous familial hypercholesterolemia. in this regard, 
atorvastatin, lovastatin, and simvastatin are indicated for 
children ≥11 years, and pravastatin for children ≥8 years.

4.2.4.3 Treatment of Dyslipidemias in Women The 
safety of statin drugs during pregnancy has not been well 
established. The US FDA has classified statins as category X 
drugs, and pregnant women are advised to stop statins dur
ing the preconception period and in pregnancy (see Chapter 2 
for discussion of the FDA’s pregnancy category of drugs). 
Accordingly, women with hyperlipidemia who are pregnant 
or likely to become pregnant should not take statins. nursing 
mothers also are advised to avoid taking statins.

Due to the widespread use of statins in the management 
of dyslipidemias and cardiovascular diseases, the safety 
of  these drugs in pregnancy has recently been revisited. A 
recent review of existing studies concluded that there was 
no evidence to demonstrate that use of statins in pregnancy 
increased the risk of fetal abnormalities [14]. However, the 
existing clinical studies on the safety of statins in pregnancy 
are limited by study quality, sample size, and confounding 
factors involved.

4.2.4.4 Other Potential Indications The pleiotropic 
effects of statins imply that these drugs may exert benefits 
in other disease conditions in addition to atherosclerotic 
cardiovascular diseases. Clinical studies suggest that 
statins may be useful in improving the outcomes of ventric
ular arrhythmias, sudden cardiac death, cardiac transplant 
rejection, chronic obstructive pulmonary disease, sepsis, 

and, most recently, periodontal inflammation [15]. 
However, for these conditions, the level of evidence was 
inadequate to  recommend statin use. The evidence for 
improving outcomes in atrial fibrillation, mortality in heart 
failure, contrast‐induced nephropathy, cataract, age‐related 
macular degeneration, subarachnoid hemorrhage, osteopo
rosis, dementia, and cancer incidence was conflicting and 
inconclusive. The currently ongoing and future large‐scale 
randomized, double‐blind, placebo‐controlled trials will 
certainly provide important insights into the potential clinical 
use of statins in diverse disease conditions other than dyslip
idemias and atherosclerotic cardiovascular diseases.

4.2.5 therapeutic Dosages

Listed below are the dosage forms and strengths of the seven 
statin drugs:

 • Atorvastatin (Lipitor): Oral, 10, 20, 40, and 80 mg tablets

 • Fluvastatin (Lescol): Oral, 20 and 40 mg capsules; 
extended release (Lescol XL), 80 mg capsules

 • Lovastatin (Mevacor): Oral, 10, 20, and 40 mg tablets; 
extended release (Altoprev), 20, 40, and 60 mg tablets

 • Pitavastatin (Livalo): Oral, 1, 2, and 4 mg tablets

 • Pravastatin (Pravachol): Oral, 10, 20, 40, and 80 mg 
tablets

 • Rosuvastatin (Crestor): Oral, 5, 10, 20, and 40 mg 
tablets

 • Simvastatin (Zocor): Oral, 5, 10, 20, 40, and 80 mg 
tablets

As statins are primarily used to treat hypercholesterolemia, 
this section describes the therapeutic dosage of various 
statins with regard to their efficacy in reducing plasma LDL‐
cholesterol levels. Table 4.2 provides the dosages of statins 
required to attain various reductions in plasma LDL choles
terol from baseline levels. As shown in the table, before the 
recently approved pitavastatin, atorvastatin and rosuvastatin 
were the two most potent statins for reducing LDL‐ 
cholesterol levels.

Each statin drug has a low recommended starting dose 
that reduces LDL cholesterol by 20–30%. it is recommended 
that a high dose of statin be used to achieve the patient’s 
target goal for lowering LDL cholesterol. Because hepatic 
cholesterol synthesis occurs predominantly at night, statins 
with half‐lives <4 h (all but atorvastatin, pitavastatin, and 
rosuvastatin) should be given in the evening if a single daily 
dose is used.

The choice of statin drugs should be based on efficacy 
in reducing LDL cholesterol as well as the cost of the drug. 
Among the seven approved statins, atorvastatin, lovastatin, 
pravastatin, and simvastatin have been used safely in clinical 
trials involving thousands of patients for multiple years. The 
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documented safety record should be considered, especially 
when initiating therapy in younger patients. in this context, 
although the recently approved pitavastatin is the most 
potent statin drug, the safety profile of this drug is less well 
established than that of the old members of the statin class. 
The therapeutic strategies and regimens of using statins 
along with other modalities for treating patients with high 
LDL‐cholesterol levels are further discussed in Chapter 5.

4.2.6 adverse effects and Drug interactions

Outlined below are key points regarding the adverse effects 
of statins and drug interactions, which are discussed individ
ually in this section. in addition, as stated earlier, statins 
should be avoided during pregnancy or in nursing mothers:

 • Statins are generally well‐tolerated drugs.

 • Less frequently, statins may cause liver toxicity.

 • Myopathy is the major adverse effect of statins.

 • Possible diabetogenic effects are far outweighed by 
benefits.

 • Drug interactions for statins can be significant.

4.2.6.1 Statins as Generally Well‐Tolerated Drugs  
Statins appear to be remarkably safe. The potential common 
mild adverse effects include dyspepsia, headache, fatigue, 
and muscle and joint pain.

4.2.6.2 Hepatotoxicity Associated with Statins Less 
frequently, statins may cause liver toxicity as indicated by 
elevations of serum hepatic aminotransferase activity. Serum 
aminotransferases including alanine aminotransferase (ALT) 
and aspartate aminotransferase (AST) should be checked 
before starting therapy, 1–2 months after therapy, and then 
every 6–12 months if stable. Substantial (>3 times upper 
limit of normal) elevations in serum hepatic aminotransfer
ases are relatively rare in patients treated with statins. Mild 
to moderate (1–3 times normal) elevations in serum hepatic 
aminotransferases in the absence of symptoms need not 
mandate discontinuing the medication.

in some patients who may have an underlying liver dis
order, serum levels of aminotransferases may exceed three 

times normal following statin therapy, and these patients 
may present with symptoms, such as malaise and anorexia. 
Statin therapy should be immediately discontinued in such 
patients as well as in asymptomatic patients whose serum 
aminotransferase activity is persistently elevated to greater 
than three times the upper limit of normal. The statin‐asso
ciated elevations in serum hepatic aminotransferases usu
ally resolve upon discontinuation of the medication. Due 
to the potential liver toxicity, statins should be used with 
caution or in reduced dose in patients with concomitant 
liver disorders.

4.2.6.3 Myopathy Associated with Statins Muscle and 
joint pain may not be uncommon in patients treated with 
statins [16]. Minor increases in serum creatine kinase activity 
(a biomarker of myopathy) are observed in some patients 
receiving statin therapy, frequently associated with heavy 
physical activity. Significant myopathy including the most 
severe form, namely, rhabdomyolysis (see definition in the 
following text), occurs rarely with statin therapy. Although 
rarely occurring, myopathy, especially rhabdomyolysis, rep
resents a major adverse effect of statin drugs. Patients with 
severe myopathy present with marked elevations in serum 
creatine kinase, frequently accompanied by generalized dis
comfort or weakness in skeletal muscles. if the medication 
is not discontinued, myoglobinuria can occur, leading to 
renal injury, which is a characteristic of rhabdomyolysis. 
Use of statins must be discontinued if myopathy occurs.

Here, the term rhabdomyolysis refers to the dissociation 
and damage of skeletal muscle fibers and the release of 
myoglobin into the circulation, an event that results in myo
globinuria and acute renal failure. The US FDA recorded 
42 deaths from statin‐induced rhabdomyolysis between 
1987 and 2001, corresponding to an approximate rate of one 
death per million prescriptions (30‐day supply). Although 
the exact mechanisms of statin‐induced myopathy including 
rhabdomyolysis remain to be elucidated, alteration of the 
plasma membrane composition and electrophysiological 
properties due primarily to inhibition of cholesterol biosyn
thesis may play a significant part in the pathophysiology 
[17]. The risk of statin‐associated myopathy is increased 
by the presence of advanced age, frailty, renal and hepatic 

table 4.2 the once daily dosages of currently available statins required to attain various reductions 
in plasma lDl‐cholesterol levels

Statin 20–25% 26–30% 31–35% 36–40% 41–50% 51–55%

Atorvastatin 10 mg 20 mg 40 mg 80 mg
Fluvastatin 20 mg 40 mg 80 mg
Lovastatin 10 mg 20 mg 40 mg 80 mg
Pitavastatin 1 mg 2 mg 4 mg
Pravastatin 10 mg 20 mg 40 mg
Rosuvastatin 5 mg 10 mg 20 mg, 40 mg
Simvastatin 10 mg 20 mg 40 mg 80 mg
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dysfunction, as well as coadministration of drugs that 
interfere with the metabolism of statins (see Section 4.2.6.5 
for more discussion of drug interactions). A genome‐wide 
study demonstrated that genetic variations in SLCO1B1, 
a gene encoding the organic anion‐transporting polypeptide 
OATP1B1, are strongly associated with an increased risk of 
statin‐induced myopathy [18]. OATP1B1 has been shown to 
regulate the hepatic uptake of statins (see Section 4.2.2.2).

4.2.6.4 Possible Diabetogenic Effects Early meta‐analysis 
studies suggested that statin therapy, especially at high doses, 
might be associated with slightly increased risk of new‐
onset type 2 diabetes mellitus (diabetes for short) [19, 20]. 
Reexamination of the early studies revealed possible flaws 
in the study design among others, which may render the 
conclusion inaccurate and misleading [21]. Furthermore, 
even if statin therapy is diabetogenic, the small risk of devel
oping diabetes with statin therapy is far outweighed by the 
potential of statins to reduce cardiovascular events [22].

4.2.6.5 Drug Interactions in Statin Therapy As statins 
(except for pitavastatin and pravastatin) are primarily metab
olized by hepatic CyP system, especially CyP3A4 (atorvas
tatin, lovastatin, and simvastatin) and CyP2C9 (fluvastatin 
and rosuvastatin), drugs or conditions that alter the activity 
of these CyP enzymes may have significant impact on statin 
metabolism and thereby the adverse effects of statins [23].

Drug Interactions due to Altered CYP3A4 Activity Many 
drugs are able to inhibit or compete for CyP3A4 and thereby 
increase the risk of statin‐induced myopathy. These include 
macrolide antibiotics (e.g., erythromycin), azole antifungal 
drugs (e.g., itraconazole), anti‐HiV agents (e.g., indinavir), 
and fibric acid derivatives (particularly gemfibrozil; see 
Section  4.5). As CyP3A4 is primarily responsible for the 
metabolism of atorvastatin, lovastatin, and simvastatin, these 
three statins most likely interact with the aforementioned 
CyP3A4‐inhibiting drugs, causing increased risk of myopathy. 
Because grapefruit juice contains compounds that inhibit 
CyP3A4, plasma levels of the above three statins may be 
elevated in patients ingesting large amounts of grapefruit juice.

Conversely, drugs that induce CyP3A4 may increase the 
hepatic metabolism and thereby decrease the plasma levels 
of the CyP3A4‐dependent statins (atorvastatin, lovastatin, 
and simvastatin). The CyP3A4‐inducing drugs include 
phenytoin, barbiturates, rifamycin, and thiazolidinediones, 
among many others.

Drug Interactions due to Altered CYP2C9 Activity  
Fluvastatin and rosuvastatin are CyP2C9‐dependent drugs. 
Hence, the adverse effects of these two statins may be 
potentiated by drugs that inhibit CyP2C9, such as ketocon
azole (an antifungal agent), metronidazole (an antimicrobial 
agent), sulfinpyrazone (an antigout drug), amiodarone 

(an antiarrhythmic agent), and cimetidine (an antihistamine 
drug).

Other Drugs Other drugs that may interact with statins 
and increase statin‐induced adverse effects include immuno
suppressive agents (e.g., cyclosporine A), anticoagulants 
(e.g., warfarin), and calcium channel blockers (e.g., verapamil).

4.2.6.6 Contraindications and Pregnancy Category

 • Active liver disease, which may include unexplained 
persistent elevations in hepatic transaminase levels.

 • Hypersensitivity to any component of the medication.

 • nursing mothers: women who require statin treatment 
should not breastfeed their infants.

 • Pregnancy category: X.

4.2.7 Summary of Statin Drugs

 • Statins are the first‐line drugs for treating patients 
with  high LDL cholesterol. They are also useful 
for  reducing plasma triglycerides in patients with 
mixed  dyslipidemia (hypercholesterolemia and 
hypertriglyc eridemia).

 • Statins reduce cholesterol biosynthesis by inhibiting 
HMG‐CoA reductase, the key enzyme in cholesterol 
synthesis. in addition to lipid lowering, statins also exert 
many other beneficial activities, collectively known as 
the pleiotropic effects.

 • Statins reduce atherosclerosis‐associated fatal and non
fatal coronary heart disease events, strokes, and total 
mortality and have become an important component of 
preventive cardiology. Statins may also be potentially 
useful for many noncardiovascular disease conditions.

 • Statins are generally well tolerated. Rarely, significant 
liver toxicity and myopathy may occur that mandate 
the dosage adjustment or discontinuation of the 
medication.

4.3 bile aCiD SequeStrantS

Listed below are the three US FDA‐approved bile acid 
sequestrants for treating dyslipidemias:

 • Cholestyramine (Questran)

 • Colesevelam (Welchol)

 • Colestipol (Colestid)

4.3.1 General introduction to Drug Class

Bile acid sequestrants, also known as bile acid‐binding 
resins, are moderately effective drugs for treating 
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hypercholesterolemia. They cause 10–25% reduction in LDL 
cholesterol at therapeutic dosages. Currently, three bile acid 
sequestrants are available: cholestyramine, colesevelam, and 
colestipol. Because they are not absorbed from the gut, 
these drugs have an excellent safety record and are espe
cially valuable for patients who cannot tolerate other lipid‐
lowering drugs.

Of the three bile acid sequestrants, cholestyramine and 
colestipol are among the oldest drugs for dyslipidemias 
and probably also the safest lipid‐lowering agents. As 
such, both cholestyramine and colestipol are recommended 
for treating hypercholesterolemia in children and young 
patients (11–20 years of age). Colesevelam is a relatively 
newer bile acid sequestrant approved by the US FDA in 
2000. it is also used for treating hypercholesterolemia 
in children. Recent clinical studies demonstrate an efficacy 
for colesevelam in treating type 2 diabetes when added to 
antidiabetic drugs [24].

4.3.2 Chemistry and pharmacokinetics

The bile acid sequestrants (structures shown in Fig. 4.4) for 
clinical use are large molecular weight cationic polymer 
resins that bind noncovalently to negatively charged bile 
acids in the intestinal lumen. The resin‐bound bile acids 
cannot be reabsorbed in the small intestine and are thus 
excreted in the feces.

4.3.3 molecular mechanisms and pharmacological 
effects

The pharmacological effects of bile acid sequestrants and 
the underlying mechanisms are generally discussed in the 
context of modulation of lipoprotein metabolism. in addition, 
recent work shows that bile acid sequestrants, especially 
colesevelam exert favorable pharmacological effects in treat
ing diabetes.
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fiGure 4.4 Chemical structures of the three US FDA‐approved bile acid sequestrants for treating dyslipidemias. All three bile acid 
sequestrants are water‐insoluble high‐molecular‐mass resins in the form of hydrochloride. Colestipol hydrochloride is a copolymer 
of  diethylenetriamine and 1‐chloro‐2,3‐epoxypropane, with approximately 1 out of 5 amine nitrogens protonated (chloride form). 
Colesevelam hydrochloride is poly(allylamine hydrochloride) cross‐linked with epichlorohydrin and alkylated with 1‐bromodecane and 
(6‐bromohexyl)‐trimethylammonium bromide.
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4.3.3.1 Effects on Plasma LDL‐Cholesterol Levels and 
Mechanisms The most notable pharmacological effect of 
bile acid sequestrants is the decreased levels of LDL cho
lesterol. Bile acid sequestrants reduce the enterohepatic 
circulation of bile acids. Decreased reabsorption of bile 
acids from the small intestine into the liver causes the 
upregulation of cholesterol 7‐α‐hydroxylase in hepato
cytes, the key enzyme in bile acid biosynthesis (Fig. 4.5). 
The increased biosynthesis of bile acids reduces the con
centrations of free cholesterol in hepatocytes, which then 
lead to the concurrent upregulation of LDL receptors. The 
augmented expression of LDL receptors on the surface of 
hepatocytes causes enhanced uptake of LDL particles 
from the blood plasma, thereby leading to decreased levels 
of plasma LDL cholesterol.

As noted earlier, at therapeutic doses, all three bile acid 
sequestrants have similar efficacy in reducing plasma 
LDL‐cholesterol levels. A 20–25% reduction of plasma 
LDL cholesterol occurs with maximal doses of the bile 
acid sequestrants. However, the maximal doses are associ
ated with significant gastrointestinal adverse effects that 
limit patient’s compliance (see Section 4.3.6).

4.3.3.2 Effects on Plasma Triglyceride Levels and 
Mechanisms Treatment with bile acid sequestrants may 
increase the plasma triglyceride levels in some patients, 
which could lead to adverse clinical consequences in those 
with significant hypertriglyceridemia. in such patients, 
bile acid sequestrants may cause further marked increases 
in plasma triglyceride levels. Hence, use of bile acid 
sequestrants in those patients should be avoided or with 
great caution.

How bile acid sequestrants increase plasma triglyceride 
levels remains elusive, and the most plausible mechanism 
may be associated with bile acid receptors. Bile acids, includ
ing cholic acid and chenodeoxycholic acid, are natural 
ligands for the farnesoid X receptor (FXR), which is involved 
in the regulation of lipid and glucose metabolism via 
controlling the activity of various downstream molecules. 
Reduction of bile acid flux in the portal vein by bile acid 
sequestrants decreases FXR activity in the liver, and this 
decreased FXR activity may induce an increase in the activity 
of another receptor, known as liver X receptor (LXR). 
Activation of LXR increases circulating triglyceride levels 
by promoting the production of a transcription factor, known 
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fiGure 4.5 Molecular mechanism by which bile acid sequestrants reduce cholesterol. A significant portion of bile acids (bile salts) 
secreted into the intestine is reabsorbed and delivered into the liver via portal vein, hence forming enterohepatic circulation of bile acids (BA). 
Bile acid sequestrants (BAS) bind BA forming complexes that are eliminated in feces. The decreased return of BA to the liver causes 
upregulation of cholesterol (CH) 7‐α‐hydroxylase, the key enzyme in BA synthesis, thereby leading to decreases in CH concentration 
in hepatocytes. As described in Figure 4.3 legend, decreased cholesterol causes increased expression of LDL receptors on the surface of 
hepatocytes and the subsequent reduction in plasma LDL cholesterol. For color details, please see color plate section.
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as stimulating sterol regulatory element‐binding protein 1c 
(SREBP1c), in the liver. SREBP1c plays an important role in 
regulating the biosynthesis of triglycerides.

4.3.3.3 Effects on Type 2 Diabetes and Mechanisms

History and Approval The beneficial effects of bile acid 
sequestrants in diabetes were first observed in a short‐term 
(6 weeks), double‐blind, crossover trial in patients with both 
type 2 diabetes and dyslipidemia [25]. in the trial, cholestyramine 
therapy not only lowered LDL‐cholesterol levels but also 
improved glycemic control as evidenced by a 13% decrease in 
mean plasma glucose values. in addition, a tendency to lower 
glycosylated hemoglobin (HbA1c) concentration was noted. in 
a short‐term observational study with another bile acid 
sequestrant, colestimide (this is not a US FDA‐approved drug) 
in Japan, an absolute HbA1c reduction of 0.9% (from 7.7 to 
6.8%) and a 0.8 mM reduction (from 8.5 mm to 7.7 mM) in 
fasting plasma glucose were reported in patients with type 2 
diabetes and hypercholesterolemia [26]. These pilot studies 
suggested a potential value for bile acid sequestrants in glycemic 
control in type 2 diabetes.

The effects of addition of colesevelam to established 
antidiabetes monotherapy or combination therapy with met
formin, sulfonylureas, or insulin in patients with type 2 
diabetes have been recently evaluated in three randomized, 
double‐blind, placebo‐controlled clinical trials [27–29]. 
These trials collectively enrolled a total of 1054 patients 
with type 2 diabetes with inadequate glycemic control on 
their current antidiabetes treatment regimen. The addition of 
colesevelam resulted in a consistent reduction in HbA1c 
(ranging from 0.50 to 0.54%) across all three trials, regardless 
of the background antidiabetes medication used, which was 
accompanied by reduction in fasting glucose. Based on these 
trials, colesevelam has been approved by the US FDA as 
an  adjunct to antidiabetic therapy for improving glycemic 
control in adults with type 2 diabetes.

Mechanisms The exact mechanisms underlying the 
glycemic effects of bile acid sequestrants remain unclear 
and studies to elucidate the mechanisms are ongoing. 
Two potential mechanisms have been proposed, which 
are summarized below:

 • FXR‐ and LXR‐dependent mechanism [30]: As 
described in Section 4.3.3.2, reduction of bile acid flux 
in the portal vein by bile acid sequestrants decreases the 
activity of FXR in the liver, and this decreased FXR 
activity in turn induces an increase in the activity of 
LXR. On the one hand, activation of LXR is respon
sible for the elevated plasma levels of triglycerides. On 
the other hand, LXR activation in the liver results in 
improved glucose metabolism by causing inhibition 
of gluconeogenesis. LXR activation may also improve 

glucose metabolism by promoting the expression of 
glucokinase and glucose transporter 4 in adipose tissue 
or by promoting insulin secretion by the pancreatic 
β‐cells.

 • incretin hormone‐dependent mechanism [31]: Bile acid 
sequestrants may increase the secretion of incretin 
hormones, especially glucagon‐like peptide‐1 and 
glucose‐dependent insulinotropic polypeptide. These 
hormones play a crucial role in regulating glucose 
metabolism.

4.3.4 Clinical uses

Bile acid sequestrants have two major clinical applications: 
(i) treatment of hypercholesterolemia and (ii) as an adjunctive 
therapy for type 2 diabetes. in addition, they are also useful in 
several other conditions.

4.3.4.1 Hypercholesterolemia As noted earlier, bile 
acid sequestrants were the drugs of choice for LDL‐ 
cholesterol reduction in the prestatin era, reducing LDL 
cholesterol by up to 20–30%. Due to their well‐documented 
safety profiles, these drugs are still commonly used in the 
management of patients with hypercholesterolemia, espe
cially for those who cannot tolerate other drugs, such as 
high doses of statins. in this context, combination of a bile 
acid sequestrant with a  statin drug can have additive 
effects on lowering LDL‐cholesterol levels. This allows 
the use of relatively low doses of statins to avoid significant 
adverse effects. Due to long‐term safety record, bile acid 
sequestrants may be particularly useful for treating hyper
cholesterolemia in children, such as those with heterozy
gous familial hypercholesterolemia. They can also be used 
in combination with statins and other lipid‐lowering drugs 
for treating patients with homozygous familial hypercho
lesterolemia (HoFH).

4.3.4.2 Type 2 Diabetes Due to the documented benefits 
of colesevelam in improving glycemic control in multiple 
clinical trials, this drug is the only bile acid sequestrant 
approved by the US FDA as an adjunctive in the treatment 
of hyperglycemia in adults with type 2 diabetes. The dual 
efficacy in glycemic control and LDL‐cholesterol reduction 
as well as the well‐documented safety make colesevelam a 
drug of interest for individuals with both hyperglycemia 
and hypercholesterolemia. in this regard, hyperglycemia and 
hypercholesterolemia frequently coexist in adults with type 2 
diabetes.

4.3.4.3 Others Indications Bile acid sequestrants have 
been used to relieve diarrhea and pruritus (itching) in patients 
who have cholestasis and bile salt accumulation. Because 
they bind to digitalis glycosides, bile acid sequestrants may 
also be useful in alleviating digitalis toxicity.
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4.3.5 therapeutic Dosages

Listed below are the dosage forms and strengths of the three 
bile acid sequestrants:

 • Cholestyramine (Questran): Oral, 4 g packets granules

 • Colestipol (Colestid): Oral, 5 g packets granules; 1 g 
tablets

 • Colesevelam (Welchol): Oral, 625 mg tablets; 1.875 
and 3.75 packets granules

Cholestyramine and colestipol are available in powder 
(or  granular) in the individual packets of 4 and 5 g, respec
tively, for mixing with water or juice before administration. 
ideally, the resins should be taken shortly before or with 
breakfast or supper (the drugs should be present in the small 
intestine during gallbladder empting to achieve maximal 
binding). A gradual increase of dosage from 4 g or 5–20 g/
day is recommended. Total daily dosages of 30–32 g may be 
needed to attain maximal LDL‐cholesterol reduction; how
ever, such large dosages are frequently associated with 
significant gut disturbances (bloating and constipation) that 
reduce patients’ compliance. The usual daily dosages in chil
dren range from 10 to 20 g. Colestipol is also available in 1 g 
tablets, with a maximal daily dosage of 16 g.

The newer resin colesevelam hydrochloride is available 
as tablets of 625 mg or as a powder in packets of 1.875 
or 3.75 g. The recommended dose is six tablets once daily or 
three tablets twice daily. The tablets should be taken with 
meals and liquid. For the powder formulation, the recom
mended dose is 3.75 g packet once daily or 1.875 g packet 
twice daily. The powder is first suspended in 4–8 oz of water 
and then taken with meals.

4.3.6 adverse effects and Drug interactions

4.3.6.1 Adverse Effects As stated before, bile acid 
sequestrants are probably the safest drugs for lowering LDL 
cholesterol. This is largely due to the fact that they are not 
absorbed systematically and thereby have little potential for 
systemic adverse effects. Common complaints include gas
trointestinal disturbance. in addition, bile acid sequestrants 
may interfere with the absorption of dietary vitamins. 
Another adverse effect is the elevation of plasma triglyceride 
levels (see Section 4.3.3.2).

Gut Disturbance Gut disturbance is manifested as bloating, 
dyspepsia, and constipation, which can be relieved by increasing 
dietary fiber intake. Steatorrhea may also occur, particularly in 
patients with preexisting bowel disease or cholestasis. Many of 
these adverse effects are due to the increased delivery of fat and 
bile acids to the large intestine. Bile acid sequestrants should 
be avoided in patients with diverticulitis and individuals with a 
history of bowel obstruction.

Interference with Vitamin Absorption Bile acid sequestrants 
can reduce the absorption of fat‐soluble vitamins, such as 
vitamin K. Bleeding due to vitamin K deficiency has 
occasionally been reported. As noted in the following, bile 
acid sequestrants also affect the absorption of many drugs 
(Section 4.3.6.2).

Elevation of Plasma Triglyceride Levels As bile acid 
sequestrants increase plasma triglyceride levels, these drugs 
should be avoided in patients with severe hypertriglyceridemia 
(>500 mg/dl). They are also contraindicated in patients 
with a history of hypertriglyceridemia‐induced pancreatitis. 
Use of bile acid sequestrants to lower LDL cholesterol in 
individuals with less severe hypertriglyceridemia (>250 and 
<500 mg/dl) should be accompanied by frequent monitoring 
of fasting plasma triglyceride levels.

4.3.6.2 Drug Interactions in the intestine, cholestyramine 
and colestipol bind and reduce the absorption of many drugs, 
including warfarin, digoxin, furosemide, some thiazides, pro
pranolol, thyroxin, and some statins. in contrast, colesevelam 
does not appear to interfere with the gut absorption of warfarin, 
digoxin, or lovastatin, but it reduces the gut absorption of 
verapamil. The effects of bile acid sequestrants on the gut 
absorption of most other drugs are unknown. Hence, it is wise 
to administer all drugs either at least 1–2 h before or 3–4 h after 
the resin to avoid potential drug interactions.

4.3.6.3 Contraindications and Pregnancy Category 

 • Patients with a history of bowel obstruction.

 • Patients with serum triglyceride concentrations 
>500 mg/dl.

 • Patients with a history of hypertriglyceridemia‐induced 
pancreatitis.

 • Hypersensitivity to the drug products.

 • Pregnancy category: B.

4.3.7 Summary of bile acid Sequestrants

 • Cholestyramine, colestipol, and colesevelam are three 
US FDA‐approved bile acid sequestrants that inhibit 
the reabsorption of bile acids from the small intestine.

 • Reduced bile acid reabsorption leads to decreased con
centrations of free cholesterol in hepatocytes. This is 
due to increased biosynthesis of bile acids, thereby 
consuming cholesterol in hepatocytes. As a result, 
hepatocyte LDL receptors are upregulated, resulting in 
enhanced clearance of LDL cholesterol from plasma.

 • Bile acid sequestrants are probably the safest lipid‐
lowering drugs. They are useful in individuals who 
cannot tolerate other lipid‐lowering drugs or used in 
combination with other drugs to achieve the goal of 
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LDL‐cholesterol reduction. Due to an excellent safety 
record, these drugs are also valuable in treating hyper
cholesterolemia in children.

 • Bile acid sequestrants are also effective in improving 
glycemic control in type 2 diabetes. Colesevelam is 
a  US FAD‐approved drug (as an adjunctive) for the 
management of adult type 2 diabetes. The exact mech
anisms underlying the favorable effects of bile acid 
sequestrants on glycemic control remain elusive.

4.4 ChOleSterOl abSOrptiOn inhibitOrS

Listed below is the only US FDA‐approved cholesterol 
absorption inhibitor for clinical use:

 • Ezetimibe (Zetia)

4.4.1 General introduction to Drug Class

Cholesterol absorption inhibitors reduce cholesterol 
(including dietary and biliary cholesterol) absorption by the 
intestine. Ezetimibe is the first drug approved by the US 
FDA for lowering total and LDL cholesterol that inhibits 
cholesterol absorption by enterocytes in the small intestine. 
in addition to ezetimibe, plant sterols and stanols that are 
naturally present in nuts, vegetables, and fruits also inhibit 
intestinal cholesterol absorption. Plant sterols and stanols 
(see Section 4.8 for more discussion) are structurally similar 
to cholesterol but are much more hydrophilic. As such, they 
displace cholesterol from micelles, thereby increasing the 
excretion of cholesterol from feces. As discussed later, 
ezetimibe inhibits intestinal absorption of cholesterol via a 
novel, transporter‐dependent mechanism.

Ezetimibe was discovered serendipitously during a search 
for inhibitors of acyl‐coenzyme A:cholesterol acyltrans
ferase at Schering‐Plough Research institute (now merged 
into Merck). The drug was approved by the US FDA in 2002. 
At the therapeutic dosage, ezetimibe reduces plasma LDL‐
cholesterol levels by ~15–20% and is employed primarily as 
an adjunctive therapy with a statin to attain the goal of LDL‐
cholesterol reduction.

4.4.2 Chemistry and pharmacokinetics

Ezetimibe (structure shown in Fig. 4.6) is highly water insol
uble. The absolute bioavailability of ezetimibe cannot be 
determined as the compound is virtually insoluble in aque
ous media suitable for injection. Absorption of ezetimibe is 
not significantly affected by food. After oral administration, 
ezetimibe is absorbed and undergoes extensive glucuronida
tion in the small intestine and the liver to form ezetimibe‐
glucuronide. Ezetimibe‐glucuronide is believed to be 
pharmacologically active. Peak plasma levels of ezetimibe 

and ezetimibe‐glucuronide are reached within 4–12 h 
and between 1 and 2 h, respectively. Ezetimibe undergoes 
enterohepatic circulation. Both ezetimibe and ezetimibe‐
glucuronide are eliminated from plasma with a similar half‐
life of ~22 h. About 80% of the drug is excreted in feces, 
and ~10% in urine.

4.4.3 molecular mechanisms and pharmacological 
effects

The pharmacological effects of ezetimibe can be summarized 
into two general aspects, as outlined below:

 • Reduction of plasma LDL cholesterol

 • Other effects

4.4.3.1 Reduction of Plasma LDL Cholesterol Ezetimibe 
reduces blood cholesterol by inhibiting the absorption of 
cholesterol by the small intestine. it inhibits intestinal cho
lesterol absorption by ~50% without reducing the absorption 
of triglycerides and fat‐soluble vitamins. in order to better 
understand the mechanisms of action and pharmacological 
effects of ezetimibe, let’s briefly look at the sources of cho
lesterol in the liver. The cholesterol content of the liver is 
derived predominantly from three sources, as listed below:

 • De novo synthesis of cholesterol in hepatocytes

 • Uptake of cholesterol from circulating lipoproteins via 
receptor‐mediated endocytosis

 • Cholesterol absorbed by the small intestine (intestinal 
cholesterol is derived primarily from cholesterol 
secreted in the bile and from dietary cholesterol)

Ezetimibe has a mechanism of action that differs from those 
of other classes of cholesterol‐reducing drugs. The molec
ular target of ezetimibe has been shown to be the sterol 
 transporter, namely, niemann–Pick C1‐Like 1 (nPC1L1), 
located on the brush border cells of the small intestine. This 
transporter is involved in the intestinal uptake of choles
terol and phytosterols. nPC1L1 is also present in the liver. 
inhibition of nPC1L1 by ezetimibe leads to a decrease in 
the delivery of intestinal cholesterol to the liver (Fig. 4.6). 
This causes a reduction of hepatic cholesterol stores, which 
results in upregulation of hepatocyte LDL receptors and the 
consequent augmented clearance of LDL particles from 
plasma (also see Fig. 4.3).

4.4.3.2 Other Effects in patients with hyperlipidemia, 
ezetimibe decreases plasma triglyceride levels by ~8% and 
elevates HDL cholesterol by ~3%; however, the underlying 
mechanisms remain unclear. As nPC1L1 also mediates the 
intestinal uptake of phytosterols, ezetimibe reduces the absorp
tion of these plant sterols and decreases their blood levels.



70 DRUGS FOR DySLiPiDEMiAS

Like statins, ezetimibe has been suggested also to exert 
pleiotropic effects. When added to statin therapy, ezeti
mibe improves endothelial dysfunction and lowers blood 
C‐reactive protein levels [32, 33]. Elevation of plasma C‐
reactive protein is an independent risk factor for cardiovas
cular diseases [34].

4.4.4 Clinical uses

The clinical indications of ezetimibe include the following:

 • To reduce elevated plasma total and LDL cholesterol in 
patients with hyperlipidemia

 • To reduce elevated plasma levels of sitosterol and 
campesterol in patients with homozygous sitosterolemia, 
also known as phytosterolemia

4.4.4.1 Hypercholesterolemia Treatment of hypercho
lesterolemia may involve ezetimibe monotherapy but more 

commonly employs combination therapy with a statin or 
another lipid‐lowering agent (e.g., fenofibrate).

Monotherapy versus Combination Therapy Ezetimibe 
monotherapy reduces plasma LDL cholesterol maximally 
by  ~15–20%. However, inhibition of intestinal cholesterol 
absorption by ezetimibe results in compensatory augmen
tation of hepatic cholesterol biosynthesis. Hence, ezetimibe 
monotherapy has limited efficacy in reducing plasma LDL 
cholesterol upon long‐term treatment. Likewise, inhibition 
of hepatic cholesterol synthesis by statins also causes 
increased absorption of cholesterol from the small intestine, 
which limits the effectiveness of statins in lowering plasma 
LDL cholesterol. The combination of ezetimibe and a 
statin has additive or synergistic effects, leading to marked 
reduction of LDL cholesterol.

A fixed‐dose combination formulation (Vytorin) contain
ing 10 mg ezetimibe and various doses of simvastatin (10, 
20, 40, and 80 mg) has been approved by the US FDA. 
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fiGure 4.6 Chemical structure and molecular mechanism of action of ezetimibe. The molecular target of ezetimibe is the sterol trans
porter, niemann–Pick C1‐Like 1 (nPC1L1), which is involved in the intestinal uptake of cholesterol and phytosterols (phytosterol transport 
is not shown here; see Fig. 4.11 for details). Dietary or bile‐derived cholesterol in the micelles is transported into the enterocytes via nPC1L1. 
Cholesterol in enterocytes is converted to cholesterol ester via the action of acyl‐CoA:cholesterol acyltransferase (ACAT). Cholesterol ester 
is then incorporated into chylomicrons and eventually delivered into the liver primarily via LDL receptor‐mediated uptake of chylomicron 
remnants (CMR). Cholesterol in enterocytes can also be transported back into the lumen via ABC transporters G5 and G8. Ezetimibe does 
not inhibit cholesterol synthesis in the liver or increase bile acid excretion. instead, ezetimibe localizes at the brush border of the small 
intestine and inhibits nPC1L1 and the subsequent absorption of cholesterol, leading to a decrease in the delivery of intestinal cholesterol to 
the liver. This causes a reduction of hepatic cholesterol stores and an increase in clearance of LDL cholesterol from the plasma. This distinct 
mechanism is complementary to that of statins, and as such, the combination therapy of ezetimibe and a statin results in additive or synergistic 
effects in lowering plasma LDL cholesterol.
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Combination of 10 mg of ezetimibe and 80 mg of simvastatin 
can reduce LDL cholesterol by 60%, which is greater than 
what can be achieved with any statin as monotherapy. 
Although the effects of the combination of ezetimibe and 
simvastatin on lipid profiles and C‐reactive protein have 
been documented by clinical trials, the impact of this 
combination therapy on cardiovascular morbidity and 
mortality remains to be determined. The following section 
summarizes the completed and ongoing clinical trials in 
this regard. More recently, another fixed‐dose combination 
formulation (Liptruzet) containing 10 mg ezetimibe and 
various doses of atorvastatin (10, 20, 40, and 80 mg) was 
approved by the US FDA in 2013 [35].

Clinical Trials on Combination Therapy of Ezetimibe and a 
Statin The combination therapy of ezetimibe with a statin 
(simvastatin) has been evaluated in several trials, including 
(i) the Ezetimibe and Simvastatin in Hypercholesterolemia 
Enhances Atherosclerosis Regression (EnHAnCE) trial, 
(ii) the Simvastatin and Ezetimibe in Aortic Stenosis (SEAS) 
trial, and (iii) the Arterial Biology for the investigation of 
the Treatment Effects of Reducing Cholesterol 6—HDL and 
LDL Treatment Strategies in Atherosclerosis (ARBiTER 
6‐HALTS) trial.

The EnHAnCE trial found that although the addition 
of ezetimibe (10 mg daily) to high‐dose simvastatin (80 mg 
daily) in patients with heterozygous familial hypercholes
terolemia caused an additional 16.5% reduction in LDL 
cholesterol, it did not significantly affect the mean change 
in the carotid intima‐media thickness (a surrogate for athero
sclerosis) compared with simvastatin monotherapy. However, 
addition of ezetimibe caused a 6.6% and 25.7% greater 
reduction in plasma triglycerides and C‐reactive protein, 
respectively, than simvastatin alone [33].

The subsequent SEAS study showed that treatment with 
ezetimibe (10 mg daily) plus simvastatin (40 mg daily) signif
icantly reduced plasma LDL‐cholesterol levels in patients 
with aortic stenosis compared with placebo, but did not reduce 
the composite outcome of combined aortic valve events and 
ischemic events [36]. The SEAS trial was not designed to 
compare the ezetimibe/simvastatin combination therapy with 
simvastatin monotherapy, but rather to determine if intensive 
lipid lowering with ezetimibe and simvastatin affected the 
composite primary outcome of aortic valve events and ischemic 
events in the patients compared with placebo. notably, the 
SEAS study found that cancer occurred more frequently in 
the  ezetimibe/simvastatin group compared with the placebo 
group (see section “Effect of Ezetimibe on Cancer Rate” for 
more discussion of ezetimibe and cancer risk).

The ARBiTER 6‐HALTS trial found that whereas 
niacin‐extended release added to statin therapy caused a 
smaller LDL‐cholesterol reduction compared with ezeti
mibe added to statin therapy in patients with coronary heart 
disease or a coronary heart disease equivalent, niacin had 

a  greater efficacy than ezetimibe when combined with a 
statin regarding the induction of regression of carotid intima‐
media thickness [37].

Although the aforementioned trials primarily using carotid 
intima‐media thickness as a surrogate marker of atheroscle
rosis did not find a beneficial effect of ezetimibe when added 
to statin therapy, they didn’t disprove the effects of ezeti
mibe on cardiovascular events. in this context, the ongoing 
large‐scale improved Reduction of Outcomes: Vytorin 
Efficacy international Trail (iMPROVE‐iT) was designed to 
compare the cardiovascular outcome (death from cardiovas
cular or cerebrovascular events) in 18,000 patients with high‐
risk acute coronary syndromes treated with ezetimibe (10 mg/
day) plus simvastatin (40 mg/day) versus placebo plus simv
astatin (40 mg/day) [38]. The trial is projected to conclude 
in  late 2014. Until then, the exact value of ezetimibe in 
combination with statin therapy in reducing cardiovascular 
events remains unknown.

Effect of Ezetimibe on Cancer Rate As mentioned earlier, 
the SEAS trial suggested a possible increased rate of cancer 
in patients treated with ezetimibe plus simvastatin. However, 
analyses of cancer data from three ezetimibe trials, including 
the SEAS trial, did not provide credible evidence of any 
adverse effects of ezetimibe on cancer rate [39]. in contrast, 
when the cancer mortality data from these three trials were 
combined, there was an increase in cancer mortality risk 
in the ezetimibe plus simvastatin groups as compared with 
controls [40]. The potential cancer hazard of ezetimibe is 
currently inconclusive and remains to be further determined 
by follow‐up of longer duration.

Current Recommendations on Using Ezetimibe in view 
of the currently available data from ezetimibe clinical 
trials, especially the EnHAnCE trial, until the results from 
iMPROVE‐iT are available, it seems prudent to encourage 
patients whose LDL‐cholesterol levels remain elevated 
despite treatment with an optimal dose of a statin to 
redouble their efforts at dietary control and regular exercise. 
Addition of niacin, fibrates, and bile acid sequestrants 
should be considered when diet, exercise, and a statin have 
failed to achieve the target level, with ezetimibe reserved 
for patients who cannot tolerate these agents [41, 42].

4.4.4.2 Sitosterolemia

Introduction to Sitosterolemia Plant sterols and stanols are 
also known as phytosterols and phytostanols, respectively. 
Phytostanols are much less abundant than phytosterols in 
nature. As such, phytosterols have received more attention. 
Over 40 phytosterols have been identified; of those,  
β‐sitosterol, stigmasterol, and campesterol account for over 
95% of total phytosterol dietary intake [43]. Phytosterols 
are poorly absorbed in the intestine with an absorption rate 
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of 0.4–3.5%. Phytosterols absorbed into the enterocytes 
are  excreted back to the intestinal lumen by ATP‐binding 
cassette (ABC) transporters, such as ABCG5/ABCG8.

Sitosterolemia (also known as phytosterolemia) is a rare 
autosomal recessively inherited disease caused by mutations 
affecting ABCG5 and ABCG8 and characterized by elevated 
plasma and tissue levels of phytosterols (also see Table 3.2). 
in contrast to healthy individuals in whom total plasma phy
tosterols are <1 mg/dl, patients with sitosterolemia have 
plasma phytosterol concentrations ranging from 12 to 40 mg/
dl. Plasma cholesterol levels may be normal or elevated. The 
disease is characterized clinically by tendon and tuberous 
xanthomas and by a strong predisposition to premature coro
nary atherosclerosis.

Treatment with Ezetimibe As ezetimibe inhibits nPC1L1‐
mediated uptake of phytosterols from the gut lumen into 
enterocytes, this drug is indicated as adjunctive therapy to 
diet for the reduction of elevated sitosterol and campesterol 
levels in patients with homozygous familial sitosterolemia.

4.4.5 therapeutic Dosages

The dosage form and strength of ezetimibe are listed below:

 • Ezetimibe (Zetia): Oral, 10 mg tablets

To reduce plasma LDL‐cholesterol levels, ezetimibe is given 
at one 10 mg tablet once daily, with or without food. 
The  same dosage is also for treating sitosterolemia. As 
stated   earlier, ezetimibe (10 mg daily) is usually used in 
combination  with other lipid‐lowering drugs for treating 
hypercholesterolemia.

Dosing of ezetimibe should occur either ≥2 h before 
or ≥4 h after administration of a bile acid sequestrant. This 
is because bile acid sequestrants bind to ezetimibe and 
reduce its intestinal absorption (see Section  4.3 for bile 
acid sequestrants).

4.4.6 adverse effects and Drug interactions

4.4.6.1 Adverse Effects Ezetimibe is generally well tol
erated. Based on clinical trial database, the commonly 
reported adverse effects in ezetimibe monotherapy or 
combination therapy with a statin include upper respiratory 
infection, sinusitis, diarrhea, arthralgia, and pain in the 
extremity. it may rarely also cause elevated serum hepatic 
aminotransferase activity. As with statins, ezetimibe should 
be avoided in pregnant women or nursing mothers. Ezetimibe 
may also rarely cause allergic reactions.

4.4.6.2 Drug Interactions Except for the aforemen
tioned bile acid sequestrants that reduce ezetimibe absorption 
from the intestine, drug interactions with other medications 
seem to happen rarely. nevertheless, interaction of  ezetimibe 

with several drugs, such as cyclosporine and coumarin anti
coagulants, may occur. in this regard, caution should be 
exercised when using ezetimibe and cyclosporine concomi
tantly due to increased exposure to both ezetimibe and 
cyclosporine. Cyclosporine concentrations should be moni
tored in patients receiving ezetimibe and cyclosporine. if 
ezetimibe is added to warfarin, a coumarin anticoagulant, 
the international normalized ratio (inR) should be appropri
ately monitored.

4.4.6.3 Contraindications and Pregnancy Category 

 • Active liver disease, which may include unexplained  
persistent elevations in serum hepatic aminotransferase 
levels.

 • Women who are pregnant or may become pregnant.

 • nursing mothers.

 • Patients with a known hypersensitivity to the drug.

 • Pregnancy category: X.

4.4.7 Summary of ezetimibe

 • Ezetimibe inhibits the absorption of dietary and bil
iary cholesterol from the intestine, thereby reducing 
plasma LDL‐cholesterol levels. The molecular target 
of ezetimibe is the cholesterol (and also phytosterol) 
transporter nPC1L1 located on the brush border 
enterocytes.

 • Ezetimibe is used in monotherapy and more fre
quently in combination therapy with a statin to attain 
the target LDL‐cholesterol levels in patients with 
hypercholesterolemia.

 • Ezetimibe also inhibits intestinal absorption of phy
tosterols and, as such, is indicated for treating familial 
homozygous sitosterolemia.

 • The effects of ezetimibe (either monotherapy or in 
combination with other lipid‐lowering agents) on 
cardiovascular morbidity and mortality remain to be 
determined.

 • Ezetimibe is generally well tolerated. it is contraindi
cated in individuals with active liver disease, pregnant 
women, nursing mothers, and patients with a known 
hypersensitivity to the drug.

4.5 fibrateS

Listed below are the two US FDA‐approved fibrates for 
treating dyslipidemias:

 • Fenofibrate (Tricor, Antara, Lofibra)

 • Gemfibrozil (Lopid)
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4.5.1 General introduction to Drug Class

Fibrates have been used as lipid (primarily triglyceride)‐
lowering drugs for more than 40 years. The first lipid‐
lowering fibrate, clofibrate, was discovered when its use as 
a vehicle for androgen administration resulted in the finding 
that the vehicle alone (used as a control) was as effective in 
reducing plasma lipids as the combination [44]. in 1967, 
clofibrate was approved for clinical use in the United States 
and became the most widely prescribed lipid‐lowering drug 
for effectively reducing plasma triglyceride levels.

in the 1970s, the effects of clofibrate on cardiovascular 
disease risk were evaluated in clinical studies. in the Coronary 
Drug Project and later in a World Health Organization (WHO) 
study in 1978, clofibrate therapy in patients with histories of 
coronary heart disease produced significant reduction in 
cardiovascular events. However, in the WHO study, the total 
mortality was reported to be significantly greater with clo
fibrate treatment than with placebo. The increased mortality 
was due to multiple reasons, including cholelithiasis associ
ated with the long‐term use of clofibrate.

The negative results of the 1978 WHO study raised wide
spread concern on the safety of clofibrate as a lipid‐lowering 
drug, which led to virtual abandonment of the drug. A series 
of analogs have been developed and have essentially replaced 
clofibrate in most countries. These include gemfibrozil, feno
fibrate, bezafibrate, and ciprofibrate. Among them, gemfibro
zil and fenofibrate are available in the United States. Hence, 
this section focuses on these two fibrates.

Fibrates can decrease plasma triglyceride levels by up 
to 40–50% in patients with hypertriglyceridemia. They also 
reduce plasma LDL cholesterol by about 10% and raise 
HDL cholesterol by 10–20%.

4.5.2 Chemistry and pharmacokinetics

As shown in Figure 4.7, the fibrate drugs are derivatives of a 
branched‐chain carboxylic acid, known as fibric acid. in con
trast to other fibrate drugs, gemfibrozil is not halogenated.

Both fenofibrate and gemfibrozil are rapidly and effi
ciently absorbed from the intestine, with an oral bioavail
ability for both drugs of >90%. More than 95% of the 
fibrate drugs bind to albumin in plasma. The half‐life for 
fenofibrate and gemfibrozil is 20 and 1.5 h, respectively. 
Gemfibrozil also crosses the blood–placenta barrier. Most 
of the drugs are eliminated from the urine as glucuronide 
conjugates, with smaller amounts excreted in the feces.

4.5.3 molecular mechanisms and pharmacological 
effects

Listed below are the major pharmacological effects of fibrate 
drugs. Among them, the triglyceride‐lowering activity is of 
most significance for fibrates:

 • Reduction of plasma triglyceride levels by 40–50%

 • Reduction of plasma LDL‐cholesterol levels by ~10%

 • increase of plasma HDL‐cholesterol levels by 10–20%
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4.5.3.1 Reduction of Plasma Triglyceride Levels The 
effects of fibrate drugs on lipoproteins are primarily mediated 
by peroxisome proliferator‐activated receptor‐α (PPAR‐α). 
PPAR‐α is a transcription factor and its activation by fibrates 
causes the following three events, which together lead to 
decreased plasma triglyceride levels (Fig. 4.7):

 • increased expression of lipoprotein lipase

 • Decreased expression of apolipoprotein Ciii, an inhibitor 
of lipoprotein lipase

 • increased oxidation of fatty acids due to augmented 
expression of fatty acid oxidation enzymes

increased expression of lipoprotein lipase and decreased 
expression of ApoC‐iii bring about elevated activity of 
lipoprotein lipase. This increases the hydrolysis and 
removal of triglycerides from VLDL and chylomicrons, 
thereby leading to decreased levels of plasma triglycerides 
(note: VLDL and chylomicrons are the major contributors 
to plasma triglycerides).

increased oxidation of fatty acids reduces the availability 
of free fatty acids for the biosynthesis of triglycerides. This 
also contributes to the decreased levels of plasma triglycer
ides upon treatment with fibrate drugs.

4.5.3.2 Reduction of Plasma LDL‐Cholesterol Levels  
Fibrate treatment frequently causes an approximately 10% 
reduction in plasma LDL‐cholesterol levels. This effect 
results from two mechanisms, as outlined below and also 
depicted in Figure 4.7:

 • Activation of PPAR‐α also results in increased expres
sion of LDL receptors on liver cells, thereby promoting 
hepatic uptake of LDL from plasma.

 • The increased oxidation of fatty acids, as noted earlier, 
causes decreased hepatic synthesis of triglycerides. As 
triglycerides are building blocks for VLDL, the reduced 
triglyceride synthesis causes decreased formation and 
release of hepatic VLDL. Since VLDLs are precursors 
of LDL, decreased plasma levels of VLDL contribute to 
the LDL‐cholesterol‐lowering effect of fibrate drugs.

notably, fibrates also cause a decrease in the proportion of 
small, dense LDL particles in the LDL density profile. This 
activity is of potential significance as small, dense LDL parti
cles are more atherogenic. The mechanism underlying this 
action is currently unclear. in addition to the reduction of small, 
dense LDL particles, fibrates also improve lipoprotein profiles 
by causing elevation of HDL cholesterol, as described next.

4.5.3.3 Increase of Plasma HDL‐Cholesterol Levels  
The exact mechanisms by which fibrates elevate plasma 
HDL‐cholesterol levels remain unclear. it has been suggested 

that fibrate‐mediated activation of PPAR‐α results in 
increased synthesis of ApoA‐i and ApoA‐ii, which are the 
major components of HDL. This causes increased formation 
of mature HDL particles and thereby the elevated plasma 
levels of HDL cholesterol (Fig. 4.7).

4.5.4 Clinical uses

4.5.4.1 Clinical Indications

 • Hypertriglyceridemia
 • Hypertriglyceridemia with low HDL‐cholesterol levels

Fibrates are indicated for the treatment of hypertriglyceride
mia and hypertriglyceridemia with low HDL cholesterol. As 
fibrates are highly effective in triglyceride lowering and able 
to decrease plasma triglyceride levels by up to 50%, they are 
usually the drugs of choice for treating severe hypertriglyc
eridemia to prevent the occurrence of pancreatitis. in this 
context, hypertriglyceridemia is one of the most common 
causes of pancreatitis. On the other hand, in patients with 
normal or mildly elevated triglyceride levels, use of statin 
therapy is also associated with a lower risk of pancreatitis 
[45]. The HDL‐cholesterol‐raising effects of fibrates also 
make them useful for treating individuals with both hypertri
glyceridemia and low HDL cholesterol.

4.5.4.2 Effects on Cardiovascular Events and Mortality  
Fibrates have been used as lipid‐lowering drugs for a long 
time, and the use of these drugs, particularly fenofibrate, in 
the United States has been increasing over the past decade 
[46]. The beneficial effects of these drugs in improving lipid 
profiles have been well documented. However, evidence that 
fibrates have clinical benefits is mixed. Multiple systemic 
reviews and meta‐analyses of the recent clinical trials 
 demonstrate that fibrates can reduce the risk of major cardio
vascular events predominantly by prevention of coronary 
events in patients with dyslipidemias, especially in those with 
combined dyslipidemia (high triglycerides and  low HDL 
 cholesterol) [47–50]. However, clinical trials overall do not 
suggest that fibrates substantially affect all‐cause mortality.

4.5.4.3 Combination Therapy Many patients who 
receive statin therapy for hyperlipidemia (such as patients 
with diabetes and metabolic syndrome) have residual cardio
vascular risk despite intensive LDL‐cholesterol reduction. 
These patients often have other forms of dyslipidemias, 
including low levels of HDL cholesterol and elevated 
levels of triglycerides and small, dense LDL particles. For 
such patients, combination treatment with statins and fibrates 
is a potentially useful strategy to improve lipid and lipo
protein profiles and reduce cardiovascular risk [51–53]. 
Combination of fenofibrate with a statin (e.g., simvastatin) 
has been shown to be well tolerated.
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4.5.5 therapeutic Dosages

Listed below are the dosage forms and strengths of the two 
US FDA‐approved fibrates:

 • Fenofibrate (Tricor): Oral, 48 and 145 mg tablets

 • Fenofibrate (Fenoglide): Oral, 40 and 120 mg tablets

 • Fenofibrate (Lofibra): Oral, 67, 134, and 200 mg capsules

 • Fenofibrate (Trilipix): Oral, 45 and 135 mg delayed‐
release capsules

 • Gemfibrozil (Lopid): Oral, 600 mg tablets

Fenofibrate is available in several different formulations. 
The usual dosage for fenofibrate (as Tricor) is one to three 
48 mg tablets daily or a single 145 mg tablet daily. 
Gemfibrozil is usually taken at a dosage of 600 mg twice 
daily, preferably 30 min before the morning and evening 
meals (to maximize its absorption).

4.5.6 adverse effects and Drug interactions

4.5.6.1 Adverse Effects The adverse effects of fibrates 
are summarized as follows:

 • Gastrointestinal disturbance is the most common 
adverse effect of fibrates.

 • increases in hepatic transaminases may also occur in 
~5% of the patients.

 • Rare adverse effects include myopathy, cardiac arrhyth
mias, hepatotoxicity, and gallstones. Formation of gall
stone is probably due to the fibrate‐induced increased 
secretion of cholesterol into the bile.

 • Combination of fibrates (especially gemfibrozil) with 
statins increases the risk of myopathy (see 
Section 4.5.6.2). Therefore, such combination therapy 
should be done with caution. in this context, combination 
of fenofibrate with rosuvastatin or simvastatin appears 
to have minimal risk of enhanced myopathy.

4.5.6.2 Drug Interactions Significant drug interactions 
for fibrates include the following four aspects:

 • Gemfibrozil inhibits statin metabolism, increasing 
their concentrations and hence the risk of myopathy. 
Fenofibrate has less significant effect on statin metab
olism compared with gemfibrozil.

 • Fibrate drugs increase the plasma free concentrations 
of oral coagulants (e.g., warfarin) by displacing them 
from their binding sites on plasma albumin.

 • if given concurrently, bile acid sequestrants reduce the 
intestinal absorption of fibrates. Hence, fibrates should 
be taken at least 1 h before or 4–6 h after the administration 
of a bile acid sequestrant.

 • Gemfibrozil markedly increases plasma levels of 
the  antidiabetic drug repaglinide. Coadministration 
of  these two drugs increases the risk of severe 
hypoglycemia.

4.5.6.3 Contraindications and Pregnancy Category 

 • Hepatic or renal dysfunction.

 • Preexisting gallbladder disease.

 • Known hypersensitivity to the drug products.

 • Combination therapy of gemfibrozil with repaglinide.

 • Pregnancy category: C.

4.5.7 Summary of fibrates

 • Fibrates have been used for treating dyslipidemia for a 
long time; the beneficial effects on lipid profiles include 
marked reduction of plasma triglycerides and moderate 
elevation of HDL cholesterol. They also cause moderate 
reduction in LDL‐cholesterol levels.

 • The aforementioned effects in improving lipid pro
files occur primarily via activation of PPAR‐α and 
the subsequent increased expression or level of 
lipoprotein lipase, LDL receptors, and ApoA‐i and 
ApoA‐ii, among other molecular and biochemical 
alterations.

 • Fibrates are indicated for treating hypertriglyceridemia 
and hypertriglyceridemia with low HDL‐cholesterol 
levels.

 • Treatment with fibrates in patients with dyslipidemias 
(especially high triglyceridemia and low HDL choles
terol) reduces nonfatal cardiovascular events, but does 
not substantially affect the mortality.

 • Fibrates are generally well tolerated. Rare adverse effects 
include myopathy, liver injury, and cardiac arrhythmias. 
Combination of fibrates with statins increases the risk of 
myopathy, and as such, the combination therapy should 
be done with caution.

 • Fibrates are contraindicated in patients who show 
hyper sensitivity reactions, with liver and renal 
dysfunction, and with preexisting gallbladder disease. 
Coadministration of gemfibrozil and the antidiabetic 
repaglinide is also contraindicated due to the increased 
risk of severe hypoglycemia.

4.6 niaCin

Listed below is the only US FDA‐approved vitamin drug for 
treating dyslipidemias:

 • niacin extended release (niaspan)
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4.6.1 General introduction to niacin

niacin, also known as nicotinic acid or vitamin B3, is a 
water‐soluble B‐complex vitamin. At physiological concen
trations, it is a substrate in the biosynthesis of nicotinamide 
adenine dinucleotide (nAD) and nicotinamide adenine 
dinucleotide phosphate (nADP), which are important factors 
in various metabolic pathways. niacin functions as a vitamin 
only after its conversion to nAD or nADP. At pharmacolog
ical dosage (which is much larger than that required for its 
vitamin effects), niacin extended release exerts beneficial 
effects on lipid profiles.

niacin was initially discovered in 1873, but its lipid‐
modulating properties were not discovered until 1955, when 
R. Altschul and coworkers reported that pharmacological 
dosage of niacin lowered plasma cholesterol levels in normal 
as well as hypercholesterolemic subjects [54]. in view of 
the  recognition of plasma cholesterol as an important 
independent risk factor for coronary artery disease, this dis
covery by R. Altschul and coworkers formed the basis for 
the development of lipid‐based therapies for coronary artery 
disease. Multiple subsequent clinical studies established the 
use of niacin as a broad‐spectrum lipid‐modifying agent and 
the first lipid‐based intervention to prevent cardiovascular 
disease and death. The beneficial effects of niacin on lipid 
profiles include reduction of plasma levels of triglycerides, 

LDL cholesterol, and Lp(a) and elevation of plasma HDL‐
cholesterol levels. in addition, niacin reduces the portion of 
small, dense LDL particles.

4.6.2 Chemistry and pharmacokinetics

The chemical name of niacin is pyridine‐3‐carboxylic acid 
(structure shown in Fig. 4.8). niacin is readily absorbed from 
the intestine. Due to extensive and saturable first‐pass metab
olism, niacin concentrations in the general circulation are dose 
dependent and highly variable. At smaller pharmacological 
doses, niacin is extensively metabolized in the liver, and only 
the major metabolite, nicotinuric acid, is found in the urine. At 
high pharmacological doses, a greater proportion of the drug is 
excreted in the urine as unchanged parent compound.

4.6.3 molecular mechanisms and pharmacological 
effects

niacin exerts broad‐spectrum beneficial effects on plasma 
lipid profiles. These effects as outlined below are primarily 
responsible for its cardiovascular benefits:

 • Decrease of plasma triglyceride levels by 30–50%

 • Decrease of plasma LDL‐cholesterol levels by 15–30%

 • Reduction of Lp(a)
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fiGure 4.8 Chemical structure and molecular mechanism of action of niacin. The impact of niacin on lipid profiles is mediated by puta
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 • Reduction in the number of small, dense LDL particles

 • increase of plasma HDL‐cholesterol levels by 20–35%

in addition, niacin also exerts pleiotropic effects, 
including anti‐inflammatory, antithrombotic, and antioxi
dant activities. These pleiotropic actions may also contribute 
to the favorable cardiovascular outcomes resulting from 
niacin treatment [55, 56].

niacin acts by binding to and activating several recep
tors (Fig. 4.8). The high‐affinity G‐protein‐coupled recep
tor GPR109A mediates most of niacin’s effects on lipid 
profiles and is also responsible for its adverse effects 
(e.g.,  skin flushing). This receptor was discovered inde
pendently by three groups in 2003 [57–59]. niacin also 
activates the β‐chain of ATP synthase in the liver cells. 
Moreover, niacin is found to directly inhibit enzymes, such 
as acyl‐CoA:diacylglycerol acyltransferase‐2 (DGAT‐2), 
an enzyme involved in triglyceride biosynthesis. The roles 
of the aforementioned pathways in mediating niacin’s 
pharmacological effects are discussed next.

4.6.3.1 Decrease of Plasma Triglyceride Levels niacin 
is as effective as fibrates in lowering plasma triglyceride 
levels in patients with hypertriglyceridemia. The effects of 
niacin on triglycerides are thought to be primarily medi
ated by activation of GPR109A and inhibition of DGAT‐2 
[55, 60].

Activation of GPR109A Activation of adipocyte GPR109A 
by niacin in adipose tissue results in the stimulation of the 
G

i
‐adenylyl cyclase pathway, leading to inhibition of cAMP 

production and decrease of adipocyte hormone‐sensitive 
lipase activity. This causes reduced hydrolysis of peripheral 
tissue triglycerides to free fatty acids and thereby the 
decreased flux of free fatty acids to the liver. The reduced flux 
of free fatty acids decreases the rate of hepatic triglyceride 
biosynthesis and production of VLDL.

Inhibition of DGAT‐2 niacin inhibits the activity of 
hepatocyte DGAT‐2, an enzyme involved in triglyceride 
synthesis. This results in decreased triglyceride synthesis and 
its availability for VLDL assembly. The decreased hepatic 
triglyceride synthesis and release of VLDL via inhibiting 
DGAT‐2 may play a more significant role than decreased 
lipolysis of peripheral tissue triglycerides (section “Activation 
of GPR109A”) in niacin’s impact on plasma triglyceride 
levels. in addition, niacin increases ApoB catabolism, which 
further impairs hepatic VLDL synthesis and secretion.

4.6.3.2 Decrease of Plasma LDL‐Cholesterol Levels  
The reduced levels of plasma LDL cholesterol following 
niacin treatment appear to result from two potential path
ways: (i) decreased hepatic VLDL assembly and secretion 
and (ii) increased hepatic catabolism of ApoB. Decreased 

VLDL secretion would lead to decreased levels of LDL cho
lesterol, as LDL is derived from VLDL. Augmented hepatic 
catabolism of ApoB results in decreased formation of LDL, 
as ApoB is a major component of LDL. Augmented ApoB 
catabolism is also a mechanism leading to decreased pro
duction of VLDL.

4.6.3.3 Reduction of Lp(a) and Small, Dense LDL Particles  
The mechanisms involved in niacin‐mediated reduction of 
Lp(a) and small, dense LDL particles are currently unclear. in 
addition to niacin, treatment with other lipid‐lowering drugs, 
such as statins also results in decreases in Lp(a) and small, 
dense LDL particles.

4.6.3.4 Increase of Plasma HDL‐Cholesterol Levels  
niacin is the most effective drug for raising plasma HDL‐
cholesterol levels. The major mechanism by which niacin 
raises HDL‐cholesterol levels is through decreased catab
olism of ApoA‐i, a major component of HDL particles. 
niacin does not increase the de novo synthesis of ApoA‐i. in 
the liver, niacin inhibits the ectopic β‐chain of ATP synthase, 
a protein complex of the mitochondrial inner membrane that, 
when expressed on the hepatocyte surface, serves as a high‐
affinity receptor for ApoA‐i. Binding of ApoA‐i to this 
receptor triggers the endocytosis of the ApoA‐i‐containing 
holo‐HDL particles, thereby leading to the augmented 
catabolism of ApoA‐i [61]. niacin decreases the surface 
expression of the β‐chain of ATP synthase, causing decreased 
HDL uptake and increased levels of plasma levels of HDL.

By decreasing triglyceride levels in ApoB‐containing 
lipoproteins (VLDL and LDL), niacin also increases HDL 
cholesterol indirectly. This is because the lower LDL and 
VLDL levels result in less exchange of cholesterol esters 
between HDL and LDL/VLDL. in addition, niacin may also 
increase HDL‐cholesterol levels by reducing nAD and 
nADP. As discussed in Section 4.8, inhibition of cholesterol 
ester transfer protein (CETP) represents an effective strategy 
for raising HDL‐cholesterol levels although the clinical 
benefits of pharmacological inhibition of CETP remain to 
be established.

4.6.4 Clinical uses

4.6.4.1 Clinical Indications The clinical indications of 
niacin include the following:

 • Hypertriglyceridemia

 • Elevated LDL cholesterol

 • Low plasma HDL cholesterol

niacin is indicated to reduce triglyceride levels in patients 
with severe hypertriglyceridemia. it is also used (often in 
combination with a statin or a bile acid sequestrant) to 
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reduce LDL‐cholesterol levels in patients with hypercholes
terolemia or mixed dyslipidemia. As it is the most effective 
drug for raising HDL cholesterol, niacin is particularly use
ful for treating patients with both hypertriglyceridemia and 
low HDL‐cholesterol levels. in fact, over the past decade, 
niacin use has rapidly increased in the United States and 
Canada [62].

4.6.4.2 Effects on Cardiovascular Events and Mortality  
Early studies suggested that niacin treatment was associated 
with decreased cardiovascular events and mortality [63]. 
Small‐scale clinical trials also demonstrated that combination 
therapy of niacin with a statin or a bile acid sequestrant could 
slow progression or promote regression of atherosclerotic 
disease in patients with a history of coronary artery disease 
and hyperlipidemia [64]. However, a recent large‐scale 
cardiovascular outcome trial, namely, the Atherothrombosis 
intervention in Metabolic Syndrome with Low HDL/High 
Triglycerides: impact on Global Health Outcomes (AiM‐
HiGH) trial, reported that among patients with atheroscle
rotic cardiovascular disease and LDL‐cholesterol levels of 
<70 mg/dl (1.81 mmol/l), there was no incremental clinical 
benefit from the addition of niacin to statin therapy during 
a  36‐month follow‐up period, despite significant improve
ments in HDL‐cholesterol and triglyceride levels [65].

More recently, the much larger Heart Protection Study 2: 
Treatment of HDL to Reduce the incidence of Vascular Events 
(HPS2‐THRiVE) trial reported that the addition of niacin‐
extended release and laropiprant (laropiprant, a selective 
prostaglandin D

2
 (PGD

2
) receptor 1 antagonist, was used in 

the trial to prevent niacin‐induced flushing) to simvastatin did 
not reduce cardiovascular events in a high‐risk group of 
patients with existing cardiovascular diseases, despite low
ering LDL cholesterol and triglycerides and raising HDL 
cholesterol. instead, the risk of myopathy was increased by 
adding niacin/laropiprant to simvastatin 40 mg daily (with or 
without ezetimibe), particularly in Chinese patients [66].

The failure of the above two major clinical trials to 
demonstrate the cardiovascular benefits of niacin has left 
us uncertain about its utility, particularly in patients with 
optimal LDL‐cholesterol levels on statin therapy. The lack of 
additional cardiovascular outcome benefits by niacin could 
be due to the optimal LDL‐cholesterol levels achieved by 
statin therapy as well as the pleiotropic effects of the statin 
drugs, which collectively make it difficult to further augment 
the cardiovascular protection by adding niacin to the existing 
statin therapy. On the contrary, niacin is an excellent adjunc
tive therapy in familial hypercholesterolemia, where LDL 
cholesterol remains high despite statin treatment [64, 67].

4.6.4.3 Combination Therapy niacin can be used in 
combination with a statin (e.g., simvastatin, lovastatin) or a 
bile acid sequestrant. in combination with simvastatin or 
lovastatin, niacin is used to treat primary hyperlipidemia 

or mixed dyslipidemia when treatment with niacin, simvas
tatin, or lovastatin monotherapy is considered inadequate. 
The combination formulations of niacin with simvastatin 
and lovastatin are also known by the trade names Simcor and 
Advicor, respectively.

4.6.5 therapeutic Dosages

The dosage form and strength of niacin are listed below:

 • niacin (niaspan): Oral, 500, 750, and 1000 mg tablets

niacin is available in various formulations, including 
prescription and dietary supplement forms. niacin‐extended 
release (niaspan) is the most widely used formulation, and 
it  is the only niacin formulation approved by the US FDA 
for treating dyslipidemias and available only by prescription. 
The immediate‐ and sustained‐release niacin preparations 
are available without prescription as dietary supplements.

niacin‐extended release (niacin‐ER) should be taken at 
bedtime with a low‐fat snack. The dose range is 500–
2000 mg once daily. Therapy with niacin‐ER must be ini
tiated at 500 mg at bedtime in order to reduce the 
incidence and severity of adverse effects, which may 
occur during early therapy. The dosage is increased grad
ually, and increase should not be more than 500 mg in any 
4‐week period. The maintenance dose is 1000–2000 mg 
once daily. Doses >2000 mg daily are not recommended.

For combination therapy with simvastatin, initial dose of 
simvastatin is 20 mg once a day. The combination therapy 
with niacin‐ER and simvastatin should not exceed doses 
of 2000 mg and 40 mg daily, respectively. For combination 
therapy with lovastatin, initial dose of lovastatin is 20 mg 
once a day, and combination therapy with niacin‐ER and 
lovastatin should not exceed doses of 2000 mg and 40 mg 
daily, respectively.

4.6.6 adverse effects and Drug interactions

4.6.6.1 Adverse Effects The adverse effects of niacin can 
be summarized into two categories: (i) common, less severe 
adverse effects and (ii) less common but more severe adverse 
effects.

Common, Less Severe Adverse Effects The most common 
adverse effects of niacin treatment are skin flushing and 
associated pruritus and gastric disturbances (e.g., nausea, 
vomiting, diarrhea), which limit the patient’s compliance. 
Skin flushing results from niacin‐induced activation of 
GPR109A and is mediated by the formation of prostaglandins. 
Flushing is usually more significant when niacin is started or 
its dosage increased. Flushing can be minimized by starting 
the therapy with low doses. Flushing of the skin may be 
reduced in frequency or severity by pretreatment with aspirin 
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(up to the recommended dose of 325 mg taken 30 min 
prior to niacin‐ER dose). The efficacy of aspirin is due to 
its inhibition of prostaglandin formation.

in addition to aspirin, flushing can also be managed by 
a newly developed drug, laropiprant. Laropiprant is a 
PGD

2
 receptor 1 antagonist that selectively blocks the 

binding of PGD
2
 to its receptor, thereby reducing flushing 

associated with niacin. The combination of niacin‐ER 
and laropiprant has completed successfully phase iii 
development and been recently marketed in many coun
tries, but not yet in the United States. This combination 
formulation significantly reduces skin flushing caused 
by niacin [68].

Less Common but More Severe Adverse Effects

 • Liver toxicity: Treatment with niacin, especially the 
immediate‐release and sustained‐release forms, may 
cause hepato toxicity manifested as increased serum 
levels of hepatic transaminases. The risk for liver injury 
is reduced with niacin‐ER.

 • Metabolic disturbances: niacin may disrupt glucose 
homeostasis and increase blood glucose levels by caus
ing insulin resistance. Glucose levels should be closely 
monitored in diabetic and potentially diabetic patients, 
particularly during the first few months of use or dose 
adjustment [69]. Although niacin can cause glucose 
intolerance and potentially aggravate diabetes, clinical 
trials demonstrate that it can be used in patients whose 
diabetes is well controlled with little effect on glucose 
levels. niacin may also increase blood uric acid levels 
and occasionally precipitates gout. The antigout drug 
allopurinol may be given with niacin if needed.

 • Myopathy: Myopathy has been reported in patients 
taking niacin‐ER. The risk for myopathy and rhabdo
myolysis is increased when lovastatin and simvastatin 
are coadministered with niacin‐ER, especially in elderly 
patients and patients with diabetes, renal failure, or 
uncontrolled hypothyroidism.

 • Others: The gastric distress caused by niacin may activate 
peptic ulcer disease. niacin treatment may also cause 
reduction in platelet count and increase in prothrombin 
time, and as such, caution should be taken when niacin is 
administered concomitantly with anticoagulants.

4.6.6.2 Drug Interactions The major drug interactions 
for niacin therapy include the following:

 • As noted earlier, caution should be used when pre
scribing niacin with statins as these agents can increase 
the risk of myopathy and rhabdomyolysis.

 • Bile acid sequestrants have a high niacin‐binding 
capacity and should be taken at least 4–6 h before niacin 
administration.

 • niacin may potentiate the effects of ganglionic block
ing agents and vasoactive drugs, resulting in postural 
hypotension.

4.6.6.3 Contraindications and Pregnancy Category 

 • Active liver disease, which may include unexplained 
persistent elevations in hepatic transaminase levels.

 • Active peptic ulcer disease.

 • Arterial bleeding.

 • Known hypersensitivity to the drug product.

 • Pregnancy category: C. niacin, at doses used in 
humans, has been associated with birth defects 
in  experimental animals. it is not known whether 
niacin at doses typically used for lipid disorders can 
cause fetal harm when administered to pregnant 
women or whether it can affect reproductive capacity. 
if a woman receiving niacin for primary hypercho
lesterolemia becomes pregnant, the drug should be 
discontinued. if a woman being treated with niacin 
for hypertriglyceridemia conceives, the benefits and 
risks of continued drug therapy should be assessed 
on an individual basis.

4.6.7 Summary of niacin

 • niacin (nicotinic acid, vitamin B3) at pharmacological 
doses exerts favorable effects on lipid profiles, including 
reduction of plasma levels of triglycerides, LDL cho
lesterol, and Lp(a) and elevation of HDL cholesterol. 
it is the most effective HDL‐raising agent currently 
approved by the US FDA. niacin also exerts 
other  pleiotropic beneficial effects, including anti‐ 
inflammation and antithrombogenesis.

 • The beneficial effects of niacin on lipids/lipoproteins 
are primarily mediated by activation of the G‐ 
protein‐coupled receptor GPR109A. niacin also affects 
other molecular targets to impact lipid profiles as well 
as to result in pleiotropic effects.

 • niacin is used to treat hypertriglyceridemia and 
 elevated LDL cholesterol. it is a particularly useful 
agent for treating patients with dyslipidemia and mark
edly decreased levels of HDL cholesterol when statin 
or other lipid‐lowering monotherapy is inadequate for 
achieving the target goals of plasma lipoproteins.

 • Two recent cardiovascular outcome trials, namely, 
AiM‐HiGH and HPS2‐THRiVE, reported that adding 
niacin failed to further reduce cardiovascular events in 
high‐risk patients with optimal LDL‐cholesterol levels 
on statin therapy despite significant increases in HDL 
cholesterol and reductions in triglycerides and LDL 
cholesterol.
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 • niacin is generally well tolerated. Common adverse 
effects include flushing of the skin and pruritus, which 
can be managed by taking aspirin. Other less common 
adverse effects may include liver injury, elevation of 
blood glucose levels, elevation of blood uric acid levels, 
and activation of peptic ulcer disease.

4.7 new DruGS fOr hofh

Listed below are two recently US FDA‐approved drugs for 
treating HoFH:

 • Lomitapide (Juxtapid).

 • Mipomersen (Kynamro).

As described in Chapter 3 (Table 3.2), familial hypercho
lesterolemia is an inherited lipoprotein disorder caused by 
defects in the LDL receptor gene that result in very high 
levels of LDL cholesterol. Patients with HoFH (prevalence: 
one per million) have extremely high levels of LDL choles
terol; without treatment, cardiovascular events and death 
can occur in childhood. Standard treatment of patients with 
HoFH includes dietary fat restriction, high doses of statin 
therapy combined with ezetimibe, a bile acid sequestrant, 
and niacin (see Sections 4.2, 4.3, 4.4, and 4.6 for detailed 
discussion of these drugs).

Standard therapy, however, generally fails to achieve LDL‐
cholesterol levels anywhere near the goal, and LDL apheresis 
(a procedure that takes blood outside the body to remove the 
LDL cholesterol and then returns the blood back to the body) 
or liver transplantation is usually required to adequately con
trol LDL cholesterol. in fact, LDL apheresis remains the 
treatment of choice with additional pharmacological therapy. 
However, the procedure carries high burdens to the patients.

Over the past decade, new pharmacotherapies have been 
developed to address this patient population (about 300 
patients in the United States). The US FDA has recently 
approved two new drugs (i.e., lomitapide and mipomersen) 
for reducing LDL cholesterol by inhibiting VLDL production 
through distinct mechanisms [70] (Fig.  4.9). This section 
examines the molecular pharmacology of these two new drugs.

4.7.1 lomitapide

The US FDA approval of lomitapide was based on a single‐
arm, open‐label, phase 3 clinical trial in 29 adult patients 
with HoFH recruited from 11 centers in four countries 
(United States, Canada, South Africa, and italy). Of the 29 
enrolled patients, 23 completed both the efficacy phase 
(26 weeks) and the full study (78 weeks). The median dose 
of lomitapide was 40 mg a day. LDL cholesterol was reduced 
by 50% from a baseline of 336 mg/dl to 166 mg/dl after 
26  weeks. Concentrations of LDL cholesterol remained 

reduced by 44% at week 56 and 38% at week 78. All the 
reductions were statistically significant [71].

4.7.1.1 Chemistry and Pharmacokinetics Lomitapide 
(structure shown in Fig.  4.9) is a synthetic drug. The 
chemical name of lomitapide mesylate is N‐(2,2,2‐trifluo
roethyl)‐9‐[4‐[4‐[[[4′‐(trifluoromethyl)[1,1′‐biphenyl]‐ 
2‐yl]carbonyl]amino]‐1‐piperidinyl]butyl]‐9H‐fluorene‐9‐
carboxamide, methanesulfonate salt with a molecular mass 
of 789.8.

Following oral administration, lomitapide is absorbed 
from the gut with a t

max
 of ~6 h. The drug undergoes 

extensive metabolism in the liver primarily via CyP3A4, 
and the oral bioavailability is ~7%. Lomitapide is 99.8% 
plasma protein bound. The drug is excreted from the 
kidney (53–60% as metabolites) and feces (33–35%) and 
has an elimination half‐life of 40 h.

4.7.1.2 Molecular Mechanisms and Pharmacological 
Effects As depicted in Figure  4.9, lomitapide directly 
binds and inhibits microsomal triglyceride transfer protein 
(MTP) (also see section “Hepatic Secretion of VLDL” of 
Chapter 3), which resides in the lumen of the endoplasmic 
reticulum, thereby preventing the assembly of ApoB‐contain
ing lipoproteins in enterocytes and hepatocytes. This inhibits 
the synthesis of chylomicrons and VLDL. The inhibition of 
the synthesis of VLDL leads to reduced levels of plasma 
LDL cholesterol.

4.7.1.3 Clinical Uses

Clinical Indications Lomitapide is indicated as an adjunct to 
a low‐fat diet and other lipid‐lowering treatments, including 
LDL apheresis where available, to reduce LDL cholesterol, 
total cholesterol, ApoB, and non‐HDL cholesterol in patients 
with HoFH.

Limitations of Use The safety and effectiveness of 
lomitapide have not been established in patients with 
hypercholesterolemia who do not have HoFH. The effect 
of lomitapide on cardiovascular morbidity and mortality has 
not been determined.

4.7.1.4 Therapeutic Dosages The dosage forms and 
strengths of lomitapide are listed below:

 • Lomitapide (Juxtapid): Oral, 5, 10, and 20 mg capsules.

Because of the risk of hepatotoxicity, before treatment, 
plasma levels of ALT, AST, alkaline phosphatase, and total 
bilirubin should be obtained to establish baseline data. 
Treatment should be initiated at 5 mg once daily and 
increased to 10 mg daily after at least 2 weeks and then, at a 
minimum of 4‐week intervals, to 20 mg, to 40 mg, and up 
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to  the maximum recommended dose of 60 mg daily. Due 
to  reduced absorption of fat‐soluble vitamins/fatty acids, 
patients should take daily vitamin E, linoleic acid, alpha‐lin
olenic acid (ALA), eicosapentaenoic acid (EPA), and doco
sahexaenoic acid (DHA) supplements. The drug should be 
taken without food or at least 2 h after evening meal because 
taking with food may increase the risk of gastrointestinal 
adverse effects. Patients with end‐stage renal disease on dial
ysis or with baseline mild hepatic impairment should not 
take more than 40 mg daily.

4.7.1.5 Adverse Effects and Drug Interactions

Adverse Effects The adverse effects of lomitapide include 
the following three aspects:

 • Risk of hepatotoxicity (black box warning): Lomitapide 
may cause elevations in plasma ALT and AST. it may 
also cause hepatic steatosis, a risk factor for progressive 
liver disease, including steatohepatitis and cirrhosis.

 • Reduced absorption of fat‐soluble vitamins and omega‐3 
fatty acids.

 • Gastrointestinal adverse reactions including diarrhea, 
nausea, vomiting, dyspepsia, and abdominal pain.

Drug Interactions Outlined below are key aspects of 
lomitapide drug interactions:

 • CyP3A4 inhibitors: Lomitapide is both a substrate and 
an inhibitor of CyP3A4. CyP3A4 inhibitors increase 
exposure to lomitapide. Strong and moderate CyP3A4 
inhibitors are contraindicated with lomitapide. Patients 
must avoid grapefruit juice, which contain compounds 
that inhibit CyP3A4. The daily dose of lomitapide 
should not exceed 30 mg when used concomitantly 
with weak CyP3A4 inhibitors, including atorvastatin 
and oral contraceptives.

 • Warfarin: Lomitapide increases plasma concentrations 
of warfarin. it is necessary to monitor inR regularly, 
especially with lomitapide dose adjustment.

 • Lomitapide increases the plasma levels of simvastatin 
and lovastatin. The doses of these statins need to be 
reduced when coadministered with lomitapide due 
to myopathy risk.
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 • P‐Glycoprotein substrates: Lomitapide is an inhibitor 
of P‐glycoprotein, and dose reduction of drugs that 
are P‐glycoprotein substrates is required because of 
possible increased absorption of these drugs when 
coadministered with lomitapide.

 • Bile acid sequestrants: Administration of bile acid 
sequestrants and lomitapide should be separated by at 
least 4 h due to binding of lomitapide by bile acid 
sequestrants.

Contraindications and Pregnancy Category

 • Concomitant use with strong or moderate CyP3A4 
inhibitors.

 • Moderate or severe hepatic impairment or active liver 
disease including unexplained persistent abnormal liver 
function tests.

 • Pregnancy category: X.

4.7.2 mipomersen

The approval of mipomersen by the US FDA was based on 
a randomized, double‐blind, placebo‐controlled phase 3 trial in 
51 patients aged 12 and older with HoFH reported in Lancet in 
2010 [72]. Of the 51 patients, 45 completed the 26‐week 
treatment period (28 mipomersen, 17 placebo). Mean concen
trations of LDL cholesterol at baseline were 441 mg/dl 
(11.4 mmol/l) in the mipomersen group and 402 mg/dl 
(10.4 mmol/l) in the placebo group. The mean percentage 
change in LDL‐cholesterol concentration was significantly 
greater with mipomersen (−24.7%) than with placebo (−3.3%) 
[72]. More recently, multiple clinical trials also demonstrated 
an efficacy for mipomersen in nonhomozygous familial hyper
cholesterolemic patients with high LDL cholesterol refractory 
to conventional lipid‐lowering therapy. These include patients 
with heterozygous familial hypercholesterolemia and severe 
hypercholesterolemia at high cardiovascular risk [73, 74].

4.7.2.1 Chemistry and Pharmacokinetics Mipomersen 
sodium is a synthetic phosphorothioate oligonucleotide 
sodium salt (20 nucleotides in length). it is a specific anti
sense inhibitor of ApoB‐100 synthesis (Fig. 4.9). Following 
subcutaneous injection, peak plasma concentrations of 
mipomersen are typically reached in 3–4 h, and bioavailability 
ranges from 54 to 78%. Mipomersen is highly bound to 
human plasma proteins (≥90%). it is not a substrate for CyP 
metabolism and is metabolized in tissues by endonucleases 
to form shorter oligonucleotides that are further metabolized 
by exonucleases. The elimination of mipomersen involves 
both metabolism in tissues and excretion primarily in the 
urine. Following subcutaneous administration, elimination 
half‐life for mipomersen is ~1–2 months.

4.7.2.2 Molecular Mechanisms and Pharmacological 
Effects Mipomersen is an antisense oligonucleotide targeted 

to human mRnA for ApoB‐100, the principal apolipoprotein 
of LDL and its metabolic precursor, VLDL. Mipomersen is 
complementary to the coding region of the mRnA for 
ApoB‐100 and binds by Watson and Crick base pairing. The 
hybridization of mipomersen to the cognate mRnA results in 
Rnase H‐mediated degradation of the cognate mRnA, thus 
inhibiting translation of the ApoB‐100 protein (Fig. 4.9).

4.7.2.3 Clinical Uses

Clinical Indications Mipomersen is indicated as an 
adjunct to lipid‐lowering medications and diet to reduce 
LDL cholesterol, ApoB, total cholesterol, and non‐HDL 
cholesterol in patients with HoFH.

Limitations of Use 

 • The safety and effectiveness of mipomersen have not been 
well established in patients with hypercholesterolemia 
who do not have HoFH. A planned interim analysis of an 
ongoing, open‐label extension trial in 141 patients with 
familial hypercholesterolemia receiving a subcuta
neous injection of 200 mg mipomersen weekly 
plus maximally tolerated lipid‐lowering therapy for up 
to 104 weeks suggested that long‐term treatment with 
mipomersen for up to 104 weeks provided sustained 
reductions in all atherosclerotic lipoproteins measured 
and a safety profile consistent with prior controlled trials 
in these high‐risk patient populations [75].

 • The effect of mipomersen on cardiovascular morbidity 
and mortality has not been determined.

 • The use of mipomersen as an adjunct to LDL apheresis 
is not recommended.

4.7.2.4 Therapeutic Dosages The dosage forms and 
strengths of mipomersen are listed below:

 • Single‐use vial containing 1 ml of a 200 mg/ml solution

 • Single‐use prefilled syringe containing 1 ml of a 200 mg/ml 
solution

The drug is given at 200 mg once weekly as a subcutaneous 
injection. The injection sites may include the abdomen, 
thigh region, or outer area of the upper arm. Before treatment, 
ALT, AST, alkaline phosphatase, and total bilirubin should 
be measured because the drug may cause hepatotoxicity (see 
Section 4.7.2.5).

4.7.2.5 Adverse Effects and Drug Interactions 

Adverse Effects The most commonly reported adverse 
reactions (incidence ≥10% and greater than placebo) are 
injection site reactions, flu‐like symptoms, nausea, headache, 
and elevations in serum transaminases, specifi cally ALT. The 
drug may also increase the risk of hepatic steatosis, a risk 
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factor for progressive liver disease, including steatohepatitis 
and cirrhosis. Risk of hepatotoxicity is a black box warning 
for mipomersen.

Drug Interactions no significant drug interactions have 
been reported with mipomersen. This is likely due to its 
unique pharmacokinetic characteristics, including its inability 
to affect CyP enzymes as well as the novel mechanism of its 
metabolism (see Section 4.7.2.1).

Contraindications and Pregnancy Category

 • Moderate or severe hepatic impairment, or active liver 
disease, including unexplained persistent elevations of 
serum transaminases.

 • Known sensitivity to product components.

 • Pregnancy category: B.

4.7.3 Summary of new Drugs for hofh

 • HoFH is an inherited lipoprotein disorder caused by 
defects in the LDL receptor gene that result in very 
severe hypercholesterolemia.

 • The recently approved drugs, lomitapide and mipomersen, 
act via distinct mechanisms to reduce ApoB‐containing 
lipoprotein levels in patients with HoFH already taking 
maximum dosages of other lipid‐lowering drugs. 
Lomitapide directly inhibits MTP, thereby preventing the 
assembly of ApoB‐containing lipoproteins in enterocytes 
and hepatocytes, whereas mipomersen is an antisense 
oligonucleotide targeting human mRnA for ApoB‐100, 
thereby inhibiting the synthesis of ApoB‐100.

 • Both lomitapide and mipomersen can cause hepato
toxicity and increase the risk of hepatic steatosis. in 
addition, both drugs are very expensive with the annual 
cost ranging from $176,000 to $295,000 [76, 77].

4.8 phytOSterOlS anD phytOStanOlS

4.8.1 introduction to phytosterols and phytostanols

4.8.1.1 Definition and Chemistry Phytosterols, also 
known as plant sterols, are natural components of cell mem
branes of plants. The role of phytosterols in plants is similar 
to that of cholesterol in animals. in fact, the structures of 
phytosterols and cholesterols are very similar, with a C5 
double bond and 3‐beta‐hydroxyl group, but phytosterols 
possess structure modifications of the C24 side chains (struc
tures shown in Fig.  4.10). As noted in Section  4.4, most 
common types of phytosterols in diet are β‐sitosterol, 
campesterol, and stigmasterol. Phytostanols are the satu
rated form of phytosterols and lack the C5 double bond, 

and they are much less abundant than phytosterols. β‐
Sitostanol and campestanol are the two most common types 
of dietary stanols.

4.8.1.2 Sources and Dietary Intakes The natural sources 
of phytosterols/phytostanols include vegetable oils, nuts, 
seeds, cereals, vegetables, and fruits. The typical Western die
tary intake of phytosterols/phytostanols ranges from 200 mg 
to 400 mg/day, and between the two, phytosta nols account for 
a small portion (about 50 mg/day). Mediterranean diet con
tains more phytosterols/phytostanols. in contrast to  dietary 
cholesterol, phytosterols are poorly absorbed (0.4–5% of 
amounts ingested), and the absorp tion of phytostanols is even 
less (about 10% of that of phytosterols).

4.8.1.3 History The cholesterol‐lowering effects of phy
tosterols were first demonstrated 60 years ago by D.W. 
Peterson, who observed that supplementation of soybean ste
rols in the diet decreased plasma and liver cholesterol levels 
in chicks [78]. in 1953, O.J. Pollak first reported that 
administration of crude sitosterol decreased blood choles
terol levels in human subjects [79]. O.J. Pollak also observed 
that sitosterol was poorly absorbed and its administration 
inhibited the intestinal absorption of cholesterol [80]. These 
early observations prompted subsequent clinical studies that 
collectively demonstrated a therapeutic efficacy for dietary 
supplementation of  phytosterols as well as phytostanols in 
reducing plasma LDL‐cholesterol levels in patients with 
hypercholesterolemia [81]. The solubility issue associated 
with phytosterols and phytostanols also stimulated the 
development of the ester forms with increased solubility and 
incorporation into fat‐based food products, such as margarine 
(see Section 4.8.2). The cholesterol‐lowering effects of the 
esters were also demonstrated in numerous clinical studies.

4.8.1.4 Esterification and Dietary Supplementation As 
noted earlier, due to the limited solubility of natural phytos
terols and phytostanols, esterification of these compounds 
is  necessary to augment the lipid solubility and facilitate 
incorporation into fat‐based food products and increase the 
delivery of the compounds to the small intestine. Esterified 
phytosterols and phytostanols are hydrolyzed in the small 
intestine to the free forms that inhibit cholesterol absorption. 
Due to their lipid‐lowering effects, phytosterol esters and 
phytostanol esters added to the foodstuffs are recom
mended as part of the therapeutic lifestyle change regimen 
for patients with elevated LDL‐cholesterol levels.

4.8.2 molecular mechanisms and pharmacological 
effects

Phytosterols and phytostanols reduce the absorption of cho
lesterol in the small intestine and, as such, result in decreased 
levels of plasma LDL cholesterol [82]. Two potential 
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mechanisms have been proposed to explain the cholesterol‐
lowering effect of phytosterols/phytostanols (Fig. 4.10):

 • Blockage of cholesterol incorporation into micelles: 
Because phytosterols and phytostanols are more 
hydrophobic than cholesterol, they have a higher 
affinity for micelles than has cholesterol. Consequently, 
they displace cholesterol from micelles. This results 
in  decreased intestinal absorption of cholesterol and 
hence increased fecal excretion of cholesterol.

 • Promotion of cholesterol efflux into the intestinal 
lumen: Phytosterols/phytostanols may also promote 
increased efflux of cholesterol molecules that have 
already entered the enterocytes into the intestinal lumen. 
This is thought to occur via induction of ABC transport 
proteins by phytosterols/phytostanols. induction of these 
transport proteins augments the efflux of cholesterol 
molecules.

4.8.3 Clinical uses

The clinical applications of phytosterols/phytostanols include 
the following:

 • Reduction of plasma LDL‐cholesterol levels as part of 
the therapeutic lifestyle change regimen

 • Reduction of plasma LDL cholesterol as an addition to 
statin therapy

Systemic review and meta‐analysis of clinical trials show 
that supplementation of phytosterols/phytostanols at  dos
ages of 2–3 g/day lowers plasma LDL cholesterol by 5–15% 
[83, 84]. Clinical trials also demonstrate that addition of 
phytosterols/phytostanols to statin therapy is associated with 
a further ~5% reduction in LDL cholesterol per gram of the 
phytosterols/phytostanols. This additional reduction of 
LDL  cholesterol is equivalent to that  caused by doubling 
of  the statin dosage (see section “Effects on Plasma 
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LDL‐Cholesterol Levels”). However, it is currently unknown 
if the LDL‐cholesterol‐lowering effect persists beyond 2 
years as clinical studies on phytosterols/phytostanols have 
been relatively short term (usually 1–18 months).

4.8.4 therapeutic Dosages

The Adult Treatment Panel iii guidelines recommend a 
daily intake of 2 g of phytosterol/phytostanol esters as a part 
of the therapeutic lifestyle change regimen to enhance LDL‐
cholesterol reduction (see Chapter 5).

Phytosterols are also included in Animi‐3® capsules, 
which also contain folic acid, vitamin B6, vitamin B12, and 
omega‐3 fatty acids. Animi‐3® capsules are indicated for 
improving nutritional status in conditions requiring folic acid, 
vitamins B6 and B12, and essential fatty acids, as well as for 
patients whose plasma cholesterol levels are a concern.

4.8.5 adverse effects and Drug interactions

in general, phytosterols/phytostanols are well tolerated and 
recognized as safe [82]. Commonly reported adverse effects 

are primarily gastrointestinal in nature (e.g., nausea, dys
pepsia, diarrhea, constipation, flatulence, gastroesophageal 
reflux, appetite changes). These compounds may also result 
in reduced absorption of carotenoids, especially α‐carotene, 
β‐carotene, and lycopene. The long‐term safety (>5 years) 
of phytosterols and phytostanols remains to be established.

4.8.6 Summary of phytosterols/phytostanols

 • Phytosterols and phytostanols are naturally present in 
vegetable oils, nuts, seeds, vegetables, and fruits.

 • Dietary supplementation of phytosterols/phytostanols 
leads to inhibition of intestinal absorption of  cholesterol 
and thereby reduced levels of plasma LDL cholesterol. 
Addition of phytosterols/phytostanols to statin therapy 
causes additional reduction in plasma LDL‐cholesterol 
levels.

 • The Adult Treatment Panel iii guidelines recommend a 
daily intake of 2 g of phytosterol/phytostanol esters as 
part of the therapeutic lifestyle change regimen to 
enhance LDL‐cholesterol reduction.
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 • Phytosterols and phytostanols are well tolerated and 
generally recognized as safe. However, the long‐term 
safety of dietary supplementation of these compounds 
remains to be established.

4.9 OmeGa‐3 fatty aCiDS

Listed below are the two US FDA‐approved drugs of 
omega‐3 fatty acids:

 • Omega‐3‐acid ethyl esters (Lovaza)

 • icosapent ethyl (Vascepa)

4.9.1 introduction to Omega‐3 fatty acids

4.9.1.1 Definition Omega‐3 fatty acids, also known as 
ω‐3 fatty acids, constitute a series of essential unsaturated 
fatty acids that have a final carbon–carbon double bond in 
the n‐3 position (also known as the ω position), that is, 
the  third bond from the methyl end of the fatty acid. As 
such, omega‐3 fatty acids are also referred to as n‐3 fatty 

acids. nutritionally important omega‐3 fatty acids include 
the plant‐derived α‐linolenic acid (ALA) and the marine‐
derived EPA and DHA, all of which are polyunsaturated 
(structure shown in Fig. 4.12).

4.9.1.2 Preparations The marine EPA and DHA are 
present mainly in oily fish and the commercially available 
supplements, which are available either over the counter 
(as fish oils) or as concentrated pharmaceutical preparations. 
Currently, there are two US FDA‐approved pharmaceutical 
preparations of omega‐3 fatty acids: Lovaza and Vascepa 
(Fig. 4.13).

Lovaza (omega‐3‐acid ethyl esters) is a liquid‐filled 
gel capsule for oral administration. Each 1 g capsule 
of Lovaza contains at least 900 mg of the ethyl esters of 
omega‐3 fatty acids sourced from fish oils. These are 
predominantly a combination of ethyl esters of EPA 
(~465 mg) and DHA (~375 mg). The ethyl esters of EPA 
and DHA are absorbed into systemic circulation when 
they are administered orally.

Vascepa is also a liquid‐filled gel capsule for oral 
administration. Each Vascepa capsule contains 1 gram of 
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fiGure 4.12 Chemical structures of omega‐3 fatty acids. The three main forms of omega‐3 fatty acids are alpha‐linolenic acid (ALA), 
eicosapentaenoic acid (EPA), and docosahexaenoic acid (DHA). Lovaza is a mixture of esters of EPA and DHA, whereas Vascepa is an ester 
of EPA (ester shown in cycle).
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icosapent ethyl. icosapent ethyl is an ethyl ester of the 
omega‐3 fatty acid EPA.

4.9.1.3 Cardiovascular Effects of Omega‐3 Fatty Acids  
A number of epidemiological studies and small‐scale 
clinical trials have suggested potential beneficial effects 
of  supplementation of omega‐3 fatty acids in various 
 cardiovascular disorders, including coronary artery disease, 
atrial fibrillation, and heart failure [85, 86]. However, 
recently, multiple large‐scale randomized, double‐blind, 
placebo‐controlled trials failed to show an efficacy for 
omega‐3 fatty acids in reducing cardiovascular events and 
mortality in patients at high risk for cardiovascular events 
[87–90]. At present, the best characterized and well‐ 
documented effect of omega‐3 fatty acids is the reduction 
of plasma triglyceride levels in patients with severe 
hypertriglyceridemia.

4.9.2 molecular mechanisms and pharmacological 
effects

As noted earlier, reduction of triglyceride levels is the best 
documented effect of omega‐3 fatty acids. This section focuses 
on the discussion of the potential mechanisms underlying 
omega‐3 fatty acid‐mediated triglyceride lowering. 
Accumulating evidence also suggests that omega‐3 fatty acids 
may exert other beneficial effects, such as anti‐inflammation.

4.9.2.1 Reduction of Triglyceride Levels The best 
documented effect of omega‐3 fatty acids is reduction of 
triglyceride levels in patients with severe hypertriglyceride
mia, and this is the only FDA‐approved condition for which 
Lovaza or Vascepa is currently prescribed.

The mechanisms of triglyceride‐lowering effects of 
omega‐3 fatty acids are not well understood. Potential path
ways include the following:

 • inhibition of acyl‐CoA:1,2‐diacylglycerol acyltransfer
ase, an enzyme involved in triglyceride biosynthesis.

 • increased mitochondrial and peroxisomal β‐oxidation 
in the liver, leading to increased consumption of fatty 
acids and thereby reduced triglyceride biosynthesis.

 • increased lipoprotein lipase activity, leading to 
augmented hydrolysis of triglycerides in VLDLs and 
chylomicrons.

 • Lovaza and Vascepa may also reduce the synthesis of 
triglycerides in the liver because EPA and DHA are 
poor substrates for the enzymes responsible for triglyc
eride synthesis, and EPA and DHA inhibit esterification 
of other fatty acids.

4.9.2.2 Anti‐inflammation and Other Potential Effects  
Omega‐3 fatty acids have anti‐inflammatory and antidia
betic effects in experimental models. it has been shown 
that  the G‐protein‐coupled receptor GPR120 is a receptor 
for omega‐3 fatty acids, and activation of this receptor by 
omega‐3 fatty acids inhibits multiple inflammation cascades 
in macrophages and reverses insulin resistance in obese 
mice [91]. A recent trial has demonstrated that the addition 
of omega‐3‐acid ethyl esters to the combination of aspirin 
and clopidogrel (both aspirin and clopidogrel are inhibitors 
of platelets) significantly potentiates platelet responses to 
clopidogrel after percutaneous coronary intervention [92].

4.9.3 Clinical uses

Both Lovaza and Vascepa are indicated as an adjunct to diet 
to reduce triglyceride levels in adult patients with severe 
(≥500 mg/dl) hypertriglyceridemia. Patients should be placed 
on an appropriate lipid‐lowering diet before receiving Lovaza 
or Vascepa and should continue this diet during treatment 
with the drug.
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fiGure  4.13 Molecular mechanism of action of omega‐3 
fatty acids. The FDA‐approved use of omega‐3 fatty acids 
(Lovaza and Vascepa) is to reduce triglycerides (TG) in individ
uals with severe hypertriglyceridemia. The TG‐lowering activity 
of Lovaza and Vascepa results from inhibition acyl‐
CoA:diacylglycerol acyltransferase (DGAT) and activation of 
lipoprotein lipase (LPL), as well as increased oxidation of fatty 
acids (FA). Omega‐3 fatty acids also exert anti‐inflammatory 
effects, likely mediated by activation of the G‐protein‐coupled 
receptor 120.
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4.9.4 therapeutic Dosages

The dosage forms and strengths of Lovaza and Vascepa are 
given below:

 • Lovaza (omega‐3‐acid ethyl esters) capsules are sup
plied as 1 g transparent soft‐gelatin capsules filled with 
light‐yellow oil and bearing the designation Lovaza.

 • Vascepa (icosapent ethyl) capsules are supplied as 1 g 
amber‐colored soft‐gelatin capsules imprinted with 
Vascepa.

The daily dose of Lovaza is 4 g taken as a single 4 g dose (4 
capsules) or as two 2 g doses (2 capsules given twice daily). 
The daily dose of Vascepa is 4 g/day taken as two capsules 
twice daily with food.

4.9.5 adverse effects and Drug interactions

4.9.5.1 Adverse Effects Omega‐3 fatty acids are well toler
ated and generally regarded as safe. The most common adverse 
effects of Lovaza are eructation and dyspepsia. Lovaza may 
increase plasma LDL‐cholesterol levels. LDL‐cholesterol levels 
should be monitored periodically during therapy with Lovaza. 
The most common reported adverse reaction (incidence >2% 
and greater than placebo) of Vascepa treatment is arthralgia.

4.9.5.2 Drug Interactions Omega‐3 fatty acids may pro
long bleeding time due, at least partially, to its potential 
effects on platelets. Patients taking Lovaza or Vascepa and 
an anticoagulant or other drug affecting coagulation should 
be monitored periodically.

4.9.5.3 Contraindications and Pregnancy Category 

 • Lovaza or Vascepa is contraindicated in patient with 
known hypersensitivity to the drug or any of its 
components.

 • Pregnancy category: C. it is unknown whether Lovaza 
or Vascepa can cause fetal harm when administered to 
pregnant women or can affect reproductive capacity. 
Lovaza or Vascepa should be used during pregnancy 
only if the potential benefits to the patients justify the 
potential risks to the fetus.

4.9.6 Summary of Omega‐3 fatty acids

 • Omega‐3 fatty acids mainly refer to the marine EPA 
and DHA, which are present in oily fish. Lovaza and 
Vascepa are currently the only two US FDA‐approved 
pharmaceutical formulations of omega‐3 fatty acids.

 • Recent clinical trials failed to show a beneficial effect of 
omega‐3 fatty acids on cardiovascular events in patients 
at high cardiovascular risk. Severe hypertriglyceridemia 

is the only US FDA‐approved indication for Lovaza or 
Vascepa therapy.

 • Lovaza and Vascepa affect multiple potential pathways 
involved in the synthesis and catabolism of triglycer
ides to cause reduction of plasma triglyceride levels in 
patients with severe triglyceridemia.

 • Omega‐3 fatty acids are well tolerated and generally 
recognized as safe.

4.10 emerGinG therapeutiC mODalitieS 
fOr DySlipiDemiaS

The drugs described earlier in this chapter are generally effec
tive for treating various forms of dyslipidemias, including 
elevated levels of LDL cholesterols and low HDL‐choles
terol levels. However, issues continue to exist, including 
limited maximal effects of the drugs and their intolerable 
adverse effects, as well as patients who are refractory to the 
existing drugs. Hence, development of novel therapeutic 
agents for dyslipidemias is imperative for the effective 
control of cardiovascular disorders associated with dys
lipidemias. This section discusses emerging therapeutic 
modalities for reducing LDL cholesterol and novel ther
apies for raising HDL cholesterol.

4.10.1 emerging therapeutic Strategies targeting lDl

There are a number of emerging therapeutic modalities that 
target LDL cholesterol [93, 94]. They are listed below:

 • Antisense oligonucleotides that inhibit the synthesis 
of ApoB‐100, thereby leading to decreased LDL‐
cholesterol levels

 • Squalene synthase inhibitors that inhibit the biosynthesis 
of cholesterol by blocking the synthesis of squalene

 • MTP inhibitors that decrease the levels of LDL choles
terol and triglycerides by decreasing the assembly and 
secretion of VLDL and chylomicrons

 • Thyroid hormone analogs that enhance the expression 
of hepatic LDL receptor expression, thereby increasing 
LDL clearance and decreasing LDL‐cholesterol levels

 • inhibitors of proprotein convertase subtilisin/kexin type 
9 (PCSK9), a protein involved in degradation of LDL 
receptor

4.10.1.1 Antisense Oligonucleotides Targeting ApoB‐100  
Among the aforementioned novel therapeutic modalities, 
antisense oligonucleotides targeting ApoB‐100 have received 
much attention regarding their efficacy in treating refractory 
hypercholesterolemia. in this context, as discussed ear
lier, mipomersen, a 20 mer antisense oligonucleotide 
that specifically binds ApoB‐100 mRnA and leads to 



EMERGinG THERAPEUTiC MODALiTiES FOR DySLiPiDEMiAS 89

inhibition of protein translation, reduces the synthesis and 
secretion of LDL and VLDL that contain ApoB‐100. 
Clinical studies show that mipomersen is effective in low
ering LDL‐cholesterol levels, causing an ~25% reduction 
in patients with HoFH [72]. As noted in Section 4.7.2, this 
antisense agent has recently received the US FDA approval 
for treating HoFH.

4.10.1.2 Inhibitors of Squalene Synthase As stated ear
lier, the most popular drugs for cholesterol reduction are 
the satins, which are competitive inhibitors of HMG‐CoA 
reductase, the primary rate‐limiting enzyme in cholesterol 
biosynthesis. Although relatively safe and effective, statins 
can cause liver injury and myopathy owing, at least partly, 
to their inhibition of the formation of metabolites of the 
mevalonate pathway, such as coenzyme Q (also known as 
ubiquinone). inhibition of cholesterol biosynthesis down
stream of these metabolites might theoretically limit statin‐
associated adverse effects. Squalene synthase catalyzes the 
conversion of two molecules of farnesyl pyrophosphate to 
squalene in a two‐step reaction that represents the first 
committed step in the de novo cholesterol biosynthesis 
(see Fig. 4.2).

Several classes of squalene synthase inhibitors have been 
developed, and one of the inhibitors, lapaquistat, has under
gone extensive clinical trials for safety and efficacy in reducing 
LDL cholesterol. Systemic analysis of the trials indicates that 
lapaquistat at 100 mg could significantly reduce LDL choles
terol by ~22% in monotherapy and 18% in combination with 
a statin. However, the drug caused significant liver injury, 
which led to the termination of development. The lapaquistat 
experience illustrates the current challenges in lipid‐altering 
drug development [95].

4.10.1.3 Inhibitors of MTP MTP is an enzyme expressed 
in the liver, intestine, and myocardium. it catalyzes the 
intracellular assembly of chylomicrons in the intestine and 
VLDLs in the liver by linking triglycerides with ApoB. 
Functional MTP is absent in subjects with abetalipopro
teinemia, a genetic disorder characterized by low levels of 
circulating cholesterol and triglycerides due to a defect in 
the assembly and secretion of ApoB‐containing lipoproteins 
[96]. This suggests that inhibition of MTP may be a poten
tial effective strategy for treating mixed dyslipidemia 
(i.e., elevated levels of LDL cholesterol and triglycerides). 
To this end, several pharmacological inhibitors of MTP 
have been investigated in preclinical and clinical studies 
and are at various stages of development.

As noted in Section 4.7.1, clinical studies show that inhi
bition of MTP by lomitapide results in the reduction of LDL‐
cholesterol levels in patients with HoFH, owing to reduced 
production of ApoB. This led to the recent approval of lomi
tapide by the US FDA for treating HoFH. However, lomitapide 
therapy is associated with elevated liver aminotransferase 

levels and hepatic fat accumulation [97]. To avoid the poten
tial liver toxicity, several enterocyte‐specific MTP inhibitors 
have been developed and tested in preclinical and clinical 
studies. However, the exact efficacy and safety of these 
intestine‐selective inhibitors remain to be assessed in large‐
scale clinical trials. inhibition of MTP by antisense oligonu
cleotides has also been reported in the literature.

4.10.1.4 Thyroid Hormone Analogs Thyroid hormones 
exert their effects via stimulation of thyroid hormone recep
tors (TR) that have different tissue distribution and meta
bolic targets. TRβ is predominantly expressed in the liver 
and mainly responsible for the favorable effects of thyroid 
hormones on cholesterol and lipoprotein metabolism, 
whereas TRα is predominantly expressed in the brain, 
skeletal muscle, and heart and mediates most of the syner
gism between thyroid hormones and the sympathetic sig
naling pathway in the heart.

TRβ signaling regulates plasma cholesterol through a 
number of pathways: (i) activation of TRβ increases LDL 
receptor expression; (ii) augmentation of 7α‐hydroxylase‐
mediated cholesterol and bile secretion results in a decreased 
hepatic cholesterol pool (this induces SREBP‐2‐mediated 
LDL receptor upregulation (also see Chapter  3)); (iii) TRβ 
stimulation augments reverse cholesterol transport via 
upregulating scavenger receptor B1 (SR‐B1), a hepatic 
transporter of cholesteryl esters derived from HDL cho
lesterol; and (iv) activation of TRβ results in increased 
synthesis of ApoA‐i, a major component of HDL.

Thyroid hormone analogs (also known as thyromimetics) 
have been developed that selectively activate TRβ in the 
liver. Such compounds stimulate hepatic LDL receptor 
expression, increase cholesterol elimination (in the form of 
bile acids and cholesterol), promote reverse cholesterol 
transport, and retard atherosclerosis progression in animal 
models. Phase 1 studies demonstrated that eprotirome, a 
liver‐selective TRβ agonist, exerted favorable lipid‐modu
lating effects while lacking thyroid hormone‐related side 
effects and maintaining normal hypothalamic–pituitary–thy
roid feedback. in phase 2 studies, when added to statins, 
eprotirome reduced LDL and non‐HDL cholesterol, ApoB, 
and triglycerides as well as Lp(a) [98]. Unfortunately, phase 
3 studies were terminated due to potential adverse effects on 
cartilage tissue following long‐term treatment with eproti
rome. The development of other thyromimetics has also 
been halted due to similar concerns on long‐term adverse 
effects [99].

4.10.1.5 Inhibitors of PCSK9 PCSK9 is secreted into 
the plasma primarily by the liver. it binds the LDL receptor 
at the surface of hepatocytes, thereby preventing its recy
cling and enhancing its degradation in endosomes/lysosomes, 
resulting in reduced LDL‐cholesterol clearance. As discussed 
in Chapter 3, rare gain‐of‐function PCSK9 variants lead to 
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higher levels of LDL cholesterol and increased risk of 
cardiovascular diseases, and conversely, loss‐of‐function 
PCSK9 variants are associated with reductions in both LDL 
cholesterol and risk of cardiovascular diseases [100]. Because 
of the critical role of PCSK9 in inducing LDL receptor deg
radation, several anti‐PCSK9 therapeutic strategies have 
recently been developed and tested in clinical trials, among 
which monoclonal antibodies are the most advanced PCSK9 
inhibitors in development [101–103] (Fig. 4.14).

Two monoclonal antibodies against PCSK9 have been 
tested in multiple 14‐week phase 2 trials, and these PCSK9 
inhibitors can decrease LDL cholesterol by 60–70%, even 
as an add‐on therapy to a maximal dose of a statin [102, 
103]. Phase 3 studies and larger, event‐driven clinical trials 
are ongoing to determine the long‐term safety and efficacy 
profiles of these anti‐PCSK9 antibodies.

in addition to the monoclonal antibody strategy, small 
molecules and gene‐silencing approaches for inhibiting 
PCSK9 have also recently received attention [103]. in this 
context, a randomized, single‐blind, placebo‐controlled 
phase 1 trial reported that a single intravenous injection 
of a small RnA interference (siRnA) drug (ALn‐PCS) at a 
maximal dose of 0.4 mg/kg in healthy individuals with 
raised cholesterol was well tolerated and resulted in a 70% 
reduction in circulating PCSK9 protein and a 40% reduction 
in LDL cholesterol [104]. The lower efficacy of this siRnA 

in reducing plasma LDL cholesterol compared to mono
clonal antibodies described earlier might reflect the higher 
capacity of the latter to block the circulating PCSK9 protein. 
nevertheless, this is the first clinical study showing the effi
cacy of a pharmacological agent able to block intracellular 
PCSK9 synthesis in reducing LDL cholesterol. Large‐scale 
studies are therefore warranted to further explore the safety 
and efficacy of this gene‐silencing approach.

4.10.2 novel therapeutic Strategies targeting hDl

Treatment of lipid abnormalities has generally focused on 
LDL‐cholesterol reduction. However, it has become increas
ingly clear that a significant percentage of patients continue to 
have cardiovascular events despite being on effective LDL‐
cholesterol‐lowering medications, suggesting the influence 
of other risk factors. in this regard, HDL‐cholesterol levels 
have been shown to be inversely associated with cardio
vascular risk in epidemiological studies. Furthermore, this 
relationship also exists despite reduction of LDL‐cholesterol 
levels to below 70 mg/dl [105], suggesting that merely 
reducing LDL‐cholesterol levels with statin therapies does 
not sufficiently reduce cardiovascular risk.

Elevation of functional HDL cholesterol is cardiovascular 
protective, and it has been estimated that a 1% elevation of 
HDL cholesterol may be associated with a 1–3% reduction 
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fiGure 4.14 PCSK9 inhibition as a novel strategy for lowering LDL cholesterol. PCSK9 (proprotein convertase subtilisin/kexin type 9) is 
primarily released into plasma by the hepatocytes. PCSK9 in the plasma binds to LDL receptor (LDLR), leading to the endosomal/lysosomal 
degradation of LDL receptors. PCSK inhibitors, including monoclonal antibodies and small RnA interference (siRnA), are currently under 
clinical studies as a novel strategy for increasing LDL receptor expression on the surface of hepatocytes and reducing plasma LDL 
cholesterol.
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of cardiovascular risk. The cardiovascular protective action of 
HDL may be primarily due to its function in reverse cholesterol 
transport. in addition, HDL also exerts protective effects on 
oxidative stress, inflammation, thrombogenesis, and endothelial 
dysfunction [106, 107]. These pleiotropic effects may also con
tribute to the cardiovascular protective function of HDL.

As discussed earlier in this chapter, current medications 
that elevate HDL‐cholesterol levels include statins, fibrates, 
and niacin, with niacin being the most effective drug for raising 
HDL cholesterol. However, augmentation of HDL cholesterol 
by currently available drugs is limited by their maximal HDL‐
raising capacity (5–10% for statins, 10–20% for fibrates, and 
20–35% for niacin) as well as adverse effects. As such, several 
novel pharmaceutical agents have been recently developed 
as potentially effective modalities for raising HDL cholesterol 
[107–110]. These modalities can be broadly classified into the 
following three categories:

 • CETP inhibitors (Fig. 4.15)

 • Administration of HDL‐derived proteins and mimetic 
peptides/lipids

 • inducers of ApoA‐i expression

4.10.2.1 CETP Inhibitors 

CETP and Its Role in Lipid Metabolism One of the most 
promising HDL‐cholesterol‐raising strategies in develop
ment derives from the concept of inhibiting the enzyme 
CETP. As discussed in Chapter  3, CETP plays a critical 
role  in the transfer of cholesteryl esters from HDL to 
proatherogenic ApoB‐containing lipoproteins, including 
VLDL and LDL, and of triglycerides from the ApoB‐
containing lipoproteins to HDL. The transfer of cholesteryl 
esters from HDL to ApoB‐containing lipoproteins leads 
to  reduced HDL‐cholesterol levels and ApoA‐i content as 
well as the decreased size of HDL particles. The transfer also 
results in increased cholesterol content of LDL and VLDL.

CETP deficiency or inhibition results in increased levels 
of HDL cholesterol and decreased levels of LDL cholesterol, 
effects that are protective against atherosclerosis. indeed, 
substantial experimental and clinical evidence shows an 
inverse relationship between CETP deficiency or inhibition 
and increased levels of HDL cholesterol or decreased burden 
of atherosclerosis. Several CETP inhibitors have been tested 
for their lipid‐modifying effects in humans. These include 
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fiGure 4.15 CETP inhibition as a novel strategy for raising HDL cholesterol. Cholesterol ester transfer protein (CETP) catalyzes the 
transfer of cholesterol esters (CE) from HDL to ApoB‐containing lipoproteins, including LDL and VLDL, and of triglycerides (TG) from the 
ApoB‐containing lipoproteins to HDL. inhibition of CETP by emerging drugs leads to increased HDL cholesterol and improved functionality 
of HDL, as well as decreased LDL cholesterol, effects that are protective against atherosclerosis. The cardiovascular benefits of CETP inhib
itors are currently under phase 3 clinical trials.
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torcetrapib, dalcetrapib, anacetrapib, and evacetrapib. The 
current status of clinical research on these CETP inhibitors 
is described next.

Clinical Studies on Torcetrapib Clinical studies demon
strated that in patients with low HDL cholesterol, CETP 
inhibition with torcetrapib markedly increased HDL‐
cholesterol levels and also decreased LDL‐cholesterol levels 
both when administered as monotherapy and in combination 
with a statin [111]. However, clinical trials on torcetrapib 
evaluating coronary atherosclerosis or carotid atheroscle
rosis showed that addition of torcetrapib to atorvastatin, as 
compared with atorvastatin alone, did not result in further 
reduction of progression of atherosclerosis [112–114]. The 
combination therapy, however, caused further remarkable 
elevation of HDL‐cholesterol levels and decreased LDL‐
cholesterol levels as compared with the statin monotherapy.

A large‐scale phase iii trial (iLLUMinATE) involving 
15,076 patients at high cardiovascular risk was conducted 
to  compare the torcetrapib/atorvastatin combination with 
atorvastatin alone in reducing major cardiovascular events. 
The combination therapy caused further remarkable eleva
tion and reduction in HDL cholesterol and LDL cholesterol, 
respectively. However, the trial was stopped due to increased 
mortality in the combination therapy group [105]. This 
increased mortality was caused by an off‐target effect of 
torcetrapib, leading to increased aldosterone levels and blood 
pressure.

Clinical Studies on Dalcetrapib, Anacetrapib, and Evacetrapib  
Dalcetrapib, anacetrapib, and evacetrapib appear to lack the 
off‐target effect of torcetrapib. Treatment with dalcetrapib, 
anacetrapib, and evacetrapib, especially the latter two, has 
robust effects on HDL‐cholesterol and LDL‐cholesterol 
levels, as observed with torcetrapib. in contrast to torcetrapib, 
the above three CETP inhibitors lack the off‐target effect 
on  aldosterone levels and blood pressure, and hence, their 
inhibition of CETP shows promise as a potential strategy to 
reduce cardiovascular disease risk [115, 116].

Unfortunately, the dal‐OUTCOMES trial, the first phase 3 
randomized, placebo‐controlled trial investigating the effect 
of dalcetrapib in 15,871 statin‐treated patients, was termi
nated early in May 2012 for futility [110, 117]. Compared 
with placebo, dalcetrapib treatment resulted in a 30% increase 
of HDL‐cholesterol levels, without a significant effect on 
LDL‐cholesterol levels. There was, however, no significant 
benefit in overall and cardiovascular disease‐related mortality 
and major cardiovascular events, which formed the basis for 
the advice of the Data Safety Monitoring Board to terminate 
the trial [110].

Although the failure of dalcetrapib to reduce cardiovas
cular events in the dal‐OUTCOMES trial has raised serious 
questions on the validity of CETP inhibition for reducing 
cardiovascular events in high‐risk individuals, the 

rela tively small elevation of HDL cholesterol (30% increase) 
by dalcetrapib might have rendered the ineffectiveness on 
cardiovascular outcomes. in this context, anacetrapib and 
evacetrapib are much more robust in augmenting HDL 
cholesterol than dalcetrapib. in addition, these two CETP 
inhibitors, unlike dalcetrapib, also show beneficial effects on 
other lipid parameters, such as reduction on LDL cholesterol 
and Lp(a) [115, 118]. More importantly, evidence suggests 
that these newer CETP inhibitors not only increase HDL‐
cholesterol levels but also improve functionality of HDL 
(Fig. 4.15). in this context, dysfunction of HDL is seen in 
cardiovascular diseases. in view of the aforementioned 
considerations, anacetrapib and evacetrapib are currently in 
phase 3 studies to determine their effects on cardiovascular 
outcomes in patients at high cardiovascular risk, and the 
trials are expected to be completed in 2015–2017 [119]. 
Although many questions remain regarding CETP inhibitors, 
there is optimism that they may prove to be potent HDL‐cho
lesterol‐raising medications that will further reduce cardio
vascular events in high‐risk patients.

4.10.2.2 Administration of HDL‐Derived Proteins and 
Mimetic Peptides/Lipids ApoA‐i Milano is a variant of 
ApoA‐i identified in individuals in rural italy who exhibit 
very low levels of HDL cholesterol [120]. However, these 
patients were shown to have reduced atherosclerosis despite 
very low levels of HDL cholesterol (10–30 mg/dl), suggest
ing augmented antiatherosclerotic function of the mutant 
protein. The recombinant ApoA‐i Milano protein differs 
from the wild‐type ApoA‐i by a cysteine to arginine 
substitution at amino acid 173. The antiatherogenic effects 
of ApoA‐i Milano complexed with phospholipids (also 
known as ETC‐216) have been documented in animal 
models. in a small‐scale clinical study, infusion of ETC‐216 
was shown to produce significant regression of coronary ath
erosclerosis as measured by intravascular ultrasonography in 
patients with acute coronary syndromes [121]. ETC‐216 is 
currently under clinical development, and the safety and effi
cacy of this potential antiatherosclerotic modality remain to 
be determined by future large‐scale clinical trials [122].

Similar to the ApoA‐i Milano concept, synthetic ApoA‐i 
mimetic peptides have been developed. Several such 
mimetics have been tested in animal models and clinical 
studies for their safety and efficacy in treating atheroscle
rosis [93, 107, 123].

4.10.2.3 Inducers of ApoA‐I Expression A small 
synthetic molecule, known as RVX‐208, has been shown 
to  increase ApoA‐i gene expression, resulting in increased 
levels of plasma ApoA‐i and HDL cholesterol in animal 
models including monkeys. Clinical studies demonstrated 
that oral administration of RVX‐208 could also cause 
increased levels of plasma ApoA‐i, HDL cholesterol, and 
larger HDL particles in patients with acute coronary syndromes. 
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This oral ApoA‐i inducer was found to cause increased 
hepatic transaminases [124]. Clinical studies are currently 
underway to investigate the efficacy of RVX‐208 in reducing 
coronary atherosclerosis [110].

4.10.3 Summary of emerging Drugs

 • Emerging therapies focus on reducing LDL cholesterol 
and augmenting HDL cholesterol as well as improving 
HDL functionality.

 • Among the emerging modalities targeting LDL cho
lesterol, inhibitors of PCSK9 hold great promise due 
to favorable results from multiple phase 2 trials.

 • Phase 3 trials are currently ongoing to determine if 
augmentation of HDL cholesterol and improvement 
of HDL functionality by newer CETP inhibitors reduce 
cardiovascular events and mortality in patients at high 
cardiovascular risk.

 • Other emerging strategies to increase HDL choles
terol include administration of reconstituted HDL and 
induction of ApoA‐i expression by oral inducers.

4.11 Summary Of Chapter Key pOintS

 • Commonly used drugs for treating dyslipidemias include 
statins, bile acid sequestrants, ezetimibe, fibrates, and 
niacin, among which statins are the most commonly 
prescribed lipid‐lowering agents.

 • Statins act via inhibiting HMG‐CoA reductase, the 
key enzyme in cholesterol biosynthesis. Bile acid 
sequestrants block the enterohepatic circulation of 
bile acids, thus leading to consumption of cholesterol 
in hepatocytes. Ezetimibe decreases cholesterol absorp
tion by inhibiting the cholesterol transporting protein, 
nPC1L1, in enterocytes. Fibrate drugs reduce plasma 
triglycerides by increasing lipoprotein lipase activity. 
Fibrates also decrease LDL cholesterol as well as 
increase HDL cholesterol. niacin reduces plasma 
triglycerides and LDL cholesterol and potently aug
ments HDL cholesterol.

 • Statins, bile acid sequestrants, and ezetimibe are pri
marily used for treating hypercholesterolemia, whereas 
fibrates and niacin are effective agents for treating 
hypertriglyceridemia.

 • Lomitapide and mipomersen are two newly approved 
drugs for treating severe hypercholesterolemia in patients 
with HoFH. On the other hand, Lovaza and Vascepa are 
two recently approved omega‐3 fatty acid drugs for 
treating severe hypertriglyceridemia.

 • Emerging drugs for dyslipidemias focus on reducing 
LDL cholesterol and increasing HDL cholesterol 
via novel mechanisms. notably emerging modalities 

include inhibitors of PCSK9 and CETP, whose clinical 
efficacy in reducing cardiovascular events and mortality 
in patients with high cardiovascular risk is currently 
being investigated in phase 3 trials.

 • in addition to conventional drug therapy, gene therapy 
has also been developed to treat certain forms of 
dyslipidemias. in this context, a major milestone in 
the development of gene therapy for dyslipidemias has 
been achieved with the approval of alipogene tiparv
ovec (Glybera) in Europe for the treatment of familial 
lipoprotein lipase deficiency [125]. Alipogene tiparv
ovec is a recombinant adeno‐associated viral vector 
of serotype 1 mediating muscle‐directed expression of 
lipoprotein lipase. it is the first gene therapy to receive 
approval in the Western world.

4.12 Self‐aSSeSSment queStiOnS

4.12.1  A 37‐year‐old male is diagnosed with heterozygous 
familial hypercholesterolemia. History reveals that a 
family member has recently died of myocardial 
infarction at the age of 49 years. The patient is 
placed on atorvastatin, 20 mg, once daily. To further 
reduce his LDL‐cholesterol levels, the patient is also 
prescribed a drug that reduces intestinal cholesterol 
absorption. Which of the following is the molecular 
target of this added drug?
A. G‐protein‐coupled receptor 120
B. Microsomal triglyceride transfer protein
C. niemann–Pick C1‐Like 1
D. Peroxisome proliferator‐activated receptor‐ 

gamma
E. Proprotein convertase subtilisin/kexin type 9

4.12.2  A 58‐year‐old male with hyperlipidemia is treated 
with a drug that increases the expression of lipopro
tein lipase. Which of the following effects would be 
expected to most likely result from this action?
A. Decreased plasma fatty acid levels
B. Decreased plasma HDL‐cholesterol levels
C. Decreased plasma levels of PCSK9
D. Decreased plasma Lp(a) levels
E. Decreased plasma triglyceride levels

4.12.3  A 56‐year‐old female presents to her doctor’s office 
complaining of flushing and pruritus over her upper 
body after starting a drug for her hypertriglyceride
mia. Activation of which of the following is the most 
likely mechanism of action for this drug to reduce 
triglycerides?
A. Cholesterol ester transfer protein
B. Acyl‐CoA:diacylglycerol acyltransferase‐2
C. G‐protein‐coupled receptor 109A
D. Lipoprotein lipase
E. Peroxisome proliferator‐activated receptor‐alpha
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4.12.4  A 50‐year‐old male presents with elevated plasma 
levels of total cholesterol (285 mg/dl), LDL choles
terol (147 mg/dl), and triglycerides (164 mg/dl). He 
has a family history of early cardiovascular disease. 
Which of the following drugs if prescribed as mono
therapy would most likely and most significantly 
reduce the risk of acute myocardial infarction in this 
patient?
A. Atorvastatin
B. Colestipol
C. Ezetimibe
D. Gemfibrozil
E. niacin

4.12.5  The EnHAnCE trial involving 720 patients with 
heterozygous familial hypercholesterolemia showed 
no significant differences in the primary endpoint 
[mean change in the intima‐media thickness (iMT) 
measured at three sites in the carotid arteries] 
 between patients treated with ezetimibe/simvastatin 
(10/80 mg) and patients treated with simvastatin 
(80 mg) alone over a 2‐year period, though  ezetimibe/
simvastatin group showed a more significant 
decrease in LDL‐C (58% vs. 41%). What is the 
mechanism of action of ezetimibe in further  lowering 
cholesterol in statin‐treated patients?
A. Ezetimibe binds to, and interrupts, bile acid and 

cholesterol enterohepatic circulation
B. Ezetimibe displaces cholesterol from chylomi

crons and facilitates its transport to the liver
C. Ezetimibe displaces dietary cholesterol from 

micelles and enhances its loss in the feces
D. Ezetimibe inhibits cholesterol incorporation into 

VLDL in the liver
E. Ezetimibe inhibits cholesterol uptake through a 

brush border cholesterol transporting protein on 
enterocytes

4.12.6  in 1976, Dr A. Endo of Japan discovered the first 
potent and selective inhibitor of HMG‐CoA reduc
tase, named ML‐236B. now, HMG‐CoA reductase 
inhibitors approved by the US FDA are the most fre
quently used and well‐studied lipid‐lowering drugs. 
Among the clinically available statins, which of the 
following is the most potent inhibitor of HMG‐CoA 
reductase?
A. Atorvastatin
B. Fluvastatin
C. Lovastatin
D. Pitavastatin
E. Pravastatin

4.12.7  Statins have become the mainstay of therapy for 
treating high blood cholesterol to reduce the risk of 
atherosclerotic cardiovascular diseases. in addition 
to reducing LDL‐cholesterol levels, statins have also 

been demonstrated to exert other pharmacological 
effects, which may ameliorate the underlying 
 pathophysiological states associated with the 
development of atherosclerotic cardiovascular 
 diseases. Which of the following is one of the pleio
tropic effects of statin therapy?
A. Decreased expression of ApoB‐100
B. Decreased HDL cholesterol
C. Decreased inflammation
D. Decreased size of LDL particles
E. Decreased stability of atherosclerotic plaque

 4.12.8   A 12‐year‐old boy with homozygous familial 
hypercholesterolemia is treated with a recently US 
FDA‐approved lipid‐lowering drug in an effort to 
reduce the need for LDL apheresis. The patient sub
sequently develops flu‐like symptoms, and a blood 
test also reveals elevated alanine aminotransferase. 
Which of the following is the most likely molec
ular target of this new drug?
A. Apolipoprotein B‐100
B. G‐protein‐coupled receptor 120
C. Microsomal triglyceride transfer protein
D. niemann–Pick C1‐Like 1
E. Proprotein convertase subtilisin/kexin type 9

4.12.9 A recent study reported that treatment with an RnA 
interference drug targeting specifically on proprotein 
convertase subtilisin/kexin type 9 (PCSK9) in indi
viduals with elevated LDL cholesterol resulted in a 
mean 70% reduction in circulating PCSK9 plasma 
protein and a mean 40% reduction in LDL choles
terol from baseline relative to placebo [104]. Which 
of the following was most likely responsible for the 
reduction of LDL cholesterol in the treated group?
A. increased degradation of ApoB‐100 mRnA
B. increased degradation of niemann–Pick C1‐Like 1
C. increased deposition of LDL in peripheral 

tissues
D. increased expression of lipoprotein lipase
E. increased LDL receptor density on hepatocytes

4.12.10  Evacetrapib is currently in a phase iii trial that was 
designed to determine its effects on cardiovascular 
outcomes in patients at high cardiovascular risk. 
What was the rationale for this phase iii study?
A. Evacetrapib activates GPR120 to augment 

HDL cholesterol
B. Evacetrapib activates PPAR‐α to augment HDL 

cholesterol
C. Evacetrapib induces ApoA‐i to augment HDL 

cholesterol
D. Evacetrapib inhibits CETP to augment HDL 

cholesterol
E. Evacetrapib inhibits PCSK9 to augment HDL 

cholesterol
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5.1 Overview

As discussed in the preceding two chapters, lipid metabolism 
can be disturbed in different ways, leading to changes in 
plasma levels of lipoproteins as well as lipoprotein 
dysfunction. Such changes by themselves and through inter
action with other cardiovascular risk factors may profoundly 
impact the development of atherosclerosis. In this context, 
atherosclerosis is responsible for approximately 75% of all 
cardiovascular deaths. Hence, appropriate management of 
dyslipidemias is one of the most important steps in controlling 
the development of atherosclerotic cardiovascular diseases 
and reducing cardiovascular mortality.

Chapter 4 has discussed the molecular pharmacology of 
drugs for treating dyslipidemias. This chapter first considers 
the general principles of the management of dyslipidemias 
and then examines current evidence‐based guidelines on use 
of pharmacological agents along with other interventional 
modalities in treating dyslipidemias. The chapter focuses on 
discussion of the well‐known Adult Treatment Panel (ATP) 
III guideline and the newly released 2013 American College 
of Cardiology/American Heart Association (ACC/AHA) 
guideline. This chapter also introduces recent guidelines 
from the European Society of Cardiology/European 
Atherosclerosis Society (ESC/EAS), the UK National 
Institute for Health and Care Excellence (NICE), the Joint 
British Societies (JBS), and the Canadian Cardiovascular 
Society (CCS). Due to the controversies facing the 2013 
ACC/AHA guideline, the chapter compares and contrasts the 
above non‐ACC/AHA guidelines with the ACC/AHA rec
ommendations to provide a comprehensive and unbiased 

discussion of the currently available evidence‐based guide
lines for the optimal management of dyslipidemias.

5.2 General PrinciPles Of the 
ManaGeMent Of DysliPiDeMias

Effective management of dyslipidemias requires implemen
tation of a comprehensive approach that addresses all the key 
aspects of the disorders, ranging from identification of etiol
ogies and molecular pathophysiology, laboratory evaluation 
of lipid profiles, and assessment of cardiovascular risk to 
defining treatment targets, implementation of both pharma
cological and nonpharmacological treatment approaches, 
and monitoring treatment effects and ensuring treatment 
adherence. This section introduces the general principles 
involved in dyslipidemia management to provide a foundation 
for understanding the evidence‐based guidelines covered in 
Section 5.3.

5.2.1 Defining Dyslipidemias in the context of Disease 
Management

Although dyslipidemias can be manifested as any changes in 
the plasma lipid profiles, elevation of total cholesterol and 
LDL cholesterol has received most attention. This is due 
 primarily to two reasons: (i) both total cholesterol and LDL 
cholesterol can be effectively modified by lifestyle changes 
and drug therapies, and (ii) reducing total and LDL choles
terol prevents cardiovascular diseases and decreases cardio
vascular mortality. Data suggest that for every 30 mg/dl 
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change in LDL cholesterol, the relative risk for coronary 
heart diseases (CHD) is changed in proportion by 30% [1]. 
Plasma levels of total cholesterol and LDL cholesterol, 
 especially LDL cholesterol, continue to constitute the pri
mary targets of therapy.

In addition to elevated total and LDL cholesterol, several 
other types of dyslipidemias also predispose the individuals 
to premature cardiovascular diseases. A particular pattern, 
termed the atherogenic lipid triad, is more common than 
others and consists of the coexistence of increased very low‐
density lipoprotein (VLDL) remnants manifested as mildly 
elevated triglycerides, increased small dense LDL particles, 
and reduced HDL‐cholesterol levels [2]. However, clinical 
trial evidence is currently limited on the effectiveness and 
safety of intervening modalities in this pattern to reduce car
diovascular risk.

5.2.2 understanding laboratory lipid Profiles

Lipid profile, also called lipid panel, lipoprotein panel, or 
lipoprotein profile, is a term to describe major blood lipid 
fractions, that is, total cholesterol, LDL cholesterol, HDL 
cholesterol, and triglycerides. While the levels of plasma 
total cholesterol, HDL cholesterol, and triglycerides can be 
easily and reliably measured, direct measurement of LDL‐
cholesterol levels requires specific techniques. It is for this 
reason that LDL cholesterol is routinely estimated based on 
the measurements of total cholesterol, HDL cholesterol, and 
triglycerides (see the following text for more detail). Lipid 
 profiling of the above four lipid fractions is also known as 
basic lipid profile. In this context, measurements of other 
lipid fractions, including apolipoproteins (e.g., ApoB, 
ApoA‐I), Lp(a), and lipoprotein particle size, can also be 
 carried out under certain conditions to provide additional 
information for cardiovascular risk assessment.

5.2.2.1 Unit Conversion Factors The units for lipid pro
files are in the form of either mg/dl mainly used in the 
United States or mM (or μM) used in the rest of the world. 
The conversion factors between these two unit systems are 
listed below:

1. one mg/dl cholesterol = 38.7 mM cholesterol

2. one mg/dl triglyceride = 88.6 mM triglyceride

3. one mg/dl Lp(a) = 0.0357 μM Lp(a)

5.2.2.2 Total Cholesterol Total cholesterol is fre
quently measured in screening programs to estimate total 
cardiovascular risk by means of the framingham risk 
Score/Profile systems (see Section  1.7). However, 
measurement of total cholesterol may be misleading in the 
individual cases. This is particularly true in women who 
often have high HDL‐ cholesterol levels and in subjects 

with diabetes or metabolic syndrome who often have low 
HDL‐cholesterol levels. for an adequate risk analysis, 
both HDL cholesterol and LDL cholesterol should be 
measured.

5.2.2.3 LDL Cholesterol As noted earlier, in most 
clinical studies, especially those conducted a decade ago, 
LDL cholesterol is typically calculated using friedewald’s 
formula listed below when plasma triglyceride level is below 
400 mg/dl:

 • LDL cholesterol = (total cholesterol) − (HDL choles
terol) − (triglycerides/5) in mg/dl

This formula is based on the fact that total cholesterol 
is the sum of HDL cholesterol, LDL cholesterol, and 
VLDL cholesterol. Total cholesterol, HDL cholesterol, 
and triglycerides are relatively easy and inexpensive to 
measure, but the same cannot be said of LDL cholesterol 
and VLDL cholesterol [3]. In 1972, W.T. friedewald 
observed that there was a relationship between the level 
of measured triglycerides and the level of the triglyc
eride‐rich VLDL  particles. Thus, VLDL cholesterol can 
be estimated based on the level of triglycerides. This 
ratio of triglycerides to VLDL‐cholesterol levels on 
average is 5:1. This observation enabled friedewald to 
create the above simple formula for estimating LDL cho
lesterol [3].

However, friedewald’s formula is not accurate when 
 triglycerides are high. Therefore, it is not used if the triglycer
ides are above 400 mg/dl, and a more costly direct LDL‐
c holesterol measurement is necessary. recently, S.S. Martin 
and associates developed a novel method to estimate LDL 
cholesterol. Using a database with approximately 1.3 million 
lipid profiles, S.S. Martin and associates developed a table 
that established a more precise but variable triglycerides/
VLDL‐cholesterol ratio that is dependent on both triglyceride 
and non‐HDL‐cholesterol levels. This estimation method 
provided higher‐fidelity estimates than the friedewald 
equation or other methods, particularly when classifying 
LDL‐cholesterol levels lower than 70 mg/dl in the presence 
of high triglyceride levels [4, 5].

If Martin’s approach is confirmed, it will create a simple, 
but important, method to more accurately estimate LDL‐
cholesterol levels that could be easily implemented at little 
or no cost at the time that the data are presented to the clini
cians. This novel method could reduce the need for more 
expensive direct LDL‐cholesterol measurements, and it also 
could be particularly useful in parts of the world where direct 
LDL‐cholesterol measurement is not readily available or is 
too costly to afford [3]. Nevertheless, direct methods for 
determining LDL cholesterol should be used whenever 
available and affordable before Martin’s method becomes 
externally validated.
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5.2.2.4 Non‐HDL Cholesterol Non‐HDL cholesterol 
can be considered as the indicator of total load of atherogenic 
lipoprotein particles in plasma. Non‐HDL cholesterol thus 
provides a better estimation of cardiovascular risk as com
pared with LDL cholesterol alone, especially in individuals 
with hypertriglyceridemia combined with diabetes, meta
bolic syndrome, or chronic kidney diseases [6, 7]. Non‐HDL 
cholesterol is calculated as the following:

 • Non‐HDL cholesterol = (total cholesterol) − (HDL 
cholesterol)

5.2.3 cardiovascular risk assessment

for decades, well‐recognized guidelines for the management 
of cardiovascular diseases, including primary and secondary 
prevention, have almost exclusively embraced a risk 
assessment‐based paradigm, which links the intensity of pre
ventive therapy with an estimated cardiovascular risk for the 
individuals. The standard for cardiovascular risk assessment 
has been the framingham risk Score (see Section  1.7). 
However, weaknesses have emerged over time with the 
framingham risk Score system, including concerns about 
whether it can be generalized to nonwhite populations and 
its applicability to women, among others [8]. The new 2013 
ACC/AHA guideline on the Assessment of Cardiovascular 
risk makes substantial progress in particular aspects of per
sonalization [9], though it has received criticisms, especially 
on its potential to overestimate cardiovascular risk [10].

The new 2013 ACC/AHA cardiovascular risk assessment 
guideline not only provides separate equations for men and 
women but also offers distinct equations for white and 
African American individuals, recognizing that the determi
nants of disease can differ according to ethnicity. The new 
guideline also broadens the clinical outcome endpoints by 
inclusion of stroke. As discussed in Section 5.3.3.1, this new 
cardiovascular risk assessment approach is used in the newly 
released guideline on the treatment of blood cholesterol to 
reduce atherosclerotic cardiovascular risk [11].

5.2.4 treatment Goals

one of the fundamental principles guiding cholesterol‐low
ering intervention is that the intensity of treatment is directly 
related to the degree of cardiovascular risk. In nearly all 
lipid‐lowering trials, the LDL‐cholesterol levels have been 
used as a major indicator of response to therapy. LDL‐cho
lesterol levels remain the primary target of therapy in most 
strategies and guidelines of dyslipidemia management, 
including the widely adopted US National Cholesterol 
Education Program (NCEP) Adult Treatment Panel III (ATP 
III) guideline [12] (see Section 5.3.3.1).

The overall guidelines on cardiovascular disease preven
tion in clinical practice strongly recommend modulating the 

intensity of the preventive intervention according to the 
level  of the predicted cardiovascular risk. In this regard, 
the  therapeutic goals for LDL cholesterol should be less 
demanding when the estimated cardiovascular risk decreases 
from very high to high or moderate. Setting such treatment 
goals for LDL cholesterol in dyslipidemia management 
guidelines is based on the notion that the extent of LDL‐ 
cholesterol reduction is proportional to the cardiovascular 
risk reduction. The most recent Cholesterol Treatment 
Trialists’ Collaboration (CTT) meta‐analysis of several trials 
involving more than 170,000 patients further confirmed the 
dose‐dependent reduction in cardiovascular diseases with 
LDL cholesterol lowering. Based on this analysis, for every 
1.0 mM (∼40 mg/dl) reduction in LDL cholesterol, there is a 
corresponding 22% reduction in cardiovascular mortality and 
morbidity [13]. Although most guidelines on dys lipidemia 
management include treatment goals for LDL  cholesterol 
based on the individual patient’s conditions, in the newly 
released 2013 ACC/AHA guideline, no recommendations are 
made for or against specific LDL‐cholesterol or non‐HDL‐
cholesterol goals for primary or secondary  prevention 
of   atherosclerotic cardiovascular diseases (ASCVD) (see 
Section 5.3.3.1 for more discussion).

5.2.5 General approaches to Management: lifestyle 
Modifications and Drug therapies

Lifestyle modifications and drug therapies are two 
essential components of effective management of dyslip
idemias. It must be emphasized that lifestyle modification 
(i.e., adhering to a heart‐healthy diet, regular exercise 
habits, avoidance of tobacco products, and maintenance of 
a healthy weight) remains the foundation for cardiovas
cular risk reduction efforts, both prior to and in concert 
with the use of cholesterol‐lowering drug therapies. In 
this  context, lifestyle  modifications are considered as 
background therapy of dyslipidemias. The 2013 AHA/
ACC guideline on lifestyle management to reduce cardio
vascular risk has recently been released [14], and the 
reader is suggested to refer to the full document for 
detailed recommendations.

5.2.6 Management in specific clinical settings

Management of dyslipidemias should not only focus on the 
general populations but also address specific clinical settings. 
These include familial dyslipidemias (e.g., familial hyper
cholesterolemia), dyslipidemias in children, women, the 
elderly, and different racial and ethical groups. These also 
include dyslipidemias in patient with comorbid conditions, 
including diabetes, metabolic  syndrome, acute coronary 
 syndromes, heart failure, valvular diseases, peripheral artery 
disease, stroke, kidney  diseases, organ transplantation, auto
immune diseases, and HIV infections [2].
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5.2.7 treatment Monitoring and adherence

Treatment monitoring and adherence are an integrated part 
of dyslipidemia management. Lipids and enzymes, such as 
liver and skeletal muscular enzymes (e.g., alanine amino
transferase and creatine phosphokinase), should be moni
tored in patients on lipid‐lowering drug therapy to assess 
therapeutic efficacy as well as potential drug adverse effects. 
Effective strategies should also be considered to improve 
adherence to lifestyle changes and compliance with drug 
therapy [2, 12].

5.3 current eviDence‐BaseD GuiDelines 
On the ManaGeMent Of DysliPiDeMias

The importance of evidence‐based clinical practice guide
lines in improving patient’s care has been increasingly recog
nized over the past two decades. This is particularly true for 
the management of cardiovascular diseases. This section first 
defines clinical guidelines and then introduces the classification 
of evidence‐based recommendations and strength of evi
dence. This sets a stage for the discussion of the current guide
lines on dyslipidemia management.

5.3.1 Defining clinical Guidelines in the context 
of Dyslipidemia Management

Clinicians and other healthcare providers are oftentimes 
faced with difficult decisions and considerable uncertainty 
when treating patients with cardiovascular diseases. They 
rely on the scientific literature, in addition to their knowledge, 
skills, experience, and patient preferences, to inform their 
decisions. According to the US Institute of Medicine (IoM)’s 
2011 report on the development of trustworthy clinical prac
tice guidelines, clinical practice guidelines are defined as 
statements that include recommendations intended to opti
mize patient care that are informed by a systematic review of 
evidence and an assessment of the benefits and harms of 
alternative care options. rather than dictating a one‐size‐
fits‐all approach to patient care, clinical practice guidelines 
offer an evaluation of the quality of the relevant scientific 
literature and an assessment of the likely benefits and harms 
of a particular treatment. This information enables health
care providers to proceed accordingly, selecting the best care 
for a unique patient based on his or her preferences. The 
IoM’s definition came about as a result of the US Medicare 
Improvements for Patients and Providers Act of 2008, in 
which the US Congress asked the IoM to investigate the best 
methods for developing clinical practice guidelines [15].

According to the IoM’s 2011 report, to be trustworthy, 
clinical practice guidelines should (i) be based on a 
systematic review of the existing evidence; (ii) be developed 
by a knowledgeable, multidisciplinary panel of experts and 

representatives from key affected groups; (iii) consider 
important patient subgroups and patient preferences, as 
appropriate; (iv) be based on an explicit and transparent 
 process that minimizes distortions, biases, and conflicts of 
interest; (v) provide a clear explanation of the logical rela
tionships between alternative care options and health out
comes and provide ratings of both the quality of evidence 
and the strength of recommendations; and (vi) be reconsid
ered and revised as appropriate when important new  evidence 
warrants modifications of recommendations.

In response to the IoM’s 2011 report, the US National 
Heart, Lung, and Blood Institute (NHLBI) Advisory 
Council recommended that the NHLBI focus specifically 
on reviewing the highest‐quality evidence and partner 
with  other organizations to develop recommendations. 
Accordingly, in 2013, the NHLBI initiated collaboration 
with the ACC and AHA to work with other organizations 
to  complete and publish four clinical practice guidelines: 
(i) 2013 ACC/AHA guideline on the assessment of cardio
vascular risk [16], (ii) 2013 AHA/ACC guideline on life
style management to reduce cardiovascular risk [14], (iii) 
2013 ACC/AHA guideline on the treatment of blood cho
lesterol to reduce  atherosclerotic cardiovascular risk in 
adults [17] (see Section 5.3.3.1), and (iv) 2013 AHA/ACC/
ToS guideline for the management of overweight and obe
sity in adults [18]. These evidence‐based guidelines 
 provide important opportunities for the practice of evi
dence‐based patient care to promote cardiovascular health 
in the US populations, though the new risk assessment 
approach and cholesterol treatment guideline have received 
criticisms. In this context, evidence‐based new guidelines 
on cardiovascular health, including risk assessment and 
management of dyslipidemias, have also been released 
from the ESC/EAS, Joint British Societies (JBS), and 
National Institute for Health and Care Excellence (NICE) 
to address the European populations and from the CCS to 
guide patient care in Canada. Each of these guidelines is 
based on scientific evidence whose strength is classified in 
different but related manners. The following section intro
duces the two commonly used classification schemes for 
evidence‐based  recommendations and strength of evidence 
to support the recommendations: one from the ACC/AHA 
and the other from the NHLBI.

5.3.2 classification of evidence‐Based Guideline 
recommendations and strength of evidence

5.3.2.1 The ACC/AHA Classification Scheme In the 
ACC/AHA guidelines, evidence‐based clinical practice rec
ommendations are divided into three classes, namely, class I, 
class II (IIa and IIb), and class III (Table 5.1). Each of the 
recommendations is also accompanied by one of the three 
levels of supporting evidence: level A, level B, and level C 
(Table 5.2).
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5.3.2.2 The NHLBI Grading Format The NHLBI 
appoints expert panels to conduct systematic evidence reviews 
to enable clinical practice guideline development. The IoM 
2011 report defines a systematic evidence review as “a 
scientific investigation that focuses on a specific question and 
uses explicit, prespecified scientific methods to identify, select, 
assess, and summarize the findings of  similar but separate 

studies. It may include a quantitative synthesis (meta‐ analysis), 
depending on the available data.” Systematic evidence reviews 
of comparative effectiveness research to learn what is known 
and not known about the potential benefits and harms of 
alternative drugs, devices, and other healthcare services pro
vide the best evidence to inform clinical decisions. The 
NHLBI’s grading methodologies for clinical practice guide
line recommendations are summarized in Tables 5.3 and 5.4.

5.3.3 current Guidelines on the Management 
of Dyslipidemias

Table 5.5 summarizes the current guidelines on dyslipidemia 
management from different nations and organizations. This 
section focuses on discussing the current guidelines from 
ACC/AHA and ESC/EAS, as well as NICE, paying particular 
attention to the strengths and weaknesses of each of the guide
lines. Due to the controversies surrounding the newly released 
2013 ACC/AHA guideline on cholesterol management (also 
known informally as ATP IV guideline), the well‐known ATP 
III guideline is discussed here to help the reader understand 
the major changes in the 2013 ACC/AHA guideline and the 
possible sources of controversies.

taBle 5.1 the acc/aha classes of recommendationsa

Class of recommendation Definition Suggested wording to use

Class I •	Benefit >> > risk
•	recommendation that the procedure or 

treatment is useful/effective
•	 Procedure or treatment should be performed 

or administered

•	 Should
•	 Is recommended or indicated
•	 Is useful, effective, or beneficial

Class II IIa •	Benefit ≫ risk
•	recommendation in favor of treatment or 

procedure being useful/effective
•	Additional studies with focused objectives 

are needed
•	 It is reasonable to perform procedure or 

administer treatment

•	 Is reasonable
•	 Is probably recommended or 

indicated
•	Can be useful, effective, or 

beneficial

IIb •	Benefit > risk
•	Usefulness or efficacy is less well established
•	Additional studies with broad objectives are 

needed
•	Additional registry data would be helpful
•	 Procedure/treatment may be considered

•	May/might be considered
•	May/might be reasonable
•	Usefulness/effectiveness is 

unknown, unclear, uncertain, or 
not well established

Class III No benefit •	 Procedure/test is not helpful
•	Treatment has no proven benefit

•	 Is not recommended
•	 Is not indicated
•	 Should not be performed/

administered
•	 Is not useful/beneficial/effective

Harm •	 Procedure/test results in excess cost without 
benefit

•	 Procedure/test is harmful
•	Treatment is harmful to patients

•	 Potentially harmful
•	Causes harm associated with 

excess morbidity/mortality
•	 Should not be performed/

administered
a ref. 17.

taBle 5.2 the acc/aha levels of evidencea

Level of evidence Definition

A •	Multiple populations evaluatedb

•	Data derived from multiple randomized 
clinical trials or meta‐analysis

B •	Limited populations evaluatedb

•	Data derived from a single randomized 
trial or nonrandomized studies

C •	Very limited populations evaluatedb

•	only consensus opinion of experts, 
case studies, or standard of care

a ref. 17.
b Data available from clinical trials or registries about the usefulness/efficacy 
in different subpopulations, such as sex, age, history of diabetes, history of 
prior myocardial infarction, history of heart failure, and prior aspirin use.
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5.3.3.1 The ATP III Guideline 

Overview The Third report of the Expert Panel on 
Detection, Evaluation, and Treatment of High Blood 
Cholesterol in Adults (ATP III) constitutes the NCEP’s 
updated clinical guidelines for cholesterol testing and 
management. The full ATP III document, published in 2002 
[12] with a minor update in 2004 [20], is an evidence‐based 
and extensively referenced report for the management of 
dyslipidemia. This 280‐page report with 1121 references 
cited is probably the most comprehensive guideline, up to 
date, on dyslipidemia management [12].

The full ATP III report consists of nine major sections: 
(i)  background and introduction, (ii) rationale for 

intervention, (iii)  detection and evaluation, (iv) general 
approach to treatment goals and thresholds, (v) adopting 
healthful lifestyle habit to lower LDL cholesterol and reduce 
CHD risk, (vi) drug therapy, (vii) management of specific 
dyslipidemias, (viii) special considerations for different 
population groups, and (ix) adherence [12].

New Features of the ATP III Report ATP III is constructed 
on the foundation of ATP I and ATP II, with LDL cholesterol 
continuing to be identified as the primary target of 
cholesterol‐lowering therapy. Compared with the previous 
two reports, the new features of ATP III include (i) aggressive 
treatment of persons who are at relatively high risk for CHD 
due to multiple risk factors, (ii) use of the lipoprotein profile 

taBle 5.3 the nhlBi’s grading of the strength of recommendation

grade recommendation strength Definition

A Strong There is high certainty based on evidence that net benefit is substantial. Net 
benefit is defined as benefits minus risks/harms of the service/intervention

B Moderate There is moderate certainty based on evidence that net benefit is moderate 
to substantial or high certainty that net benefit is moderate

C Weak There is at least moderate certainty based on evidence that there is a small 
net benefit

D Against There is at least moderate certainty based on evidence that it has no net 
benefit or that risks/harms outweigh benefits

E Expert opinion Net benefit is unclear. Balance of benefits and harms cannot be 
determined because of no evidence, insufficient evidence, unclear 
evidence, or conflicting evidence, but the panel thought it was 
important to provide clinical guidance and make a recommendation. 
further research is recommended in this area

N No recommendation for 
or against

Net benefit is unclear. Balance of benefits and harms cannot be determined 
because of no evidence, insufficient evidence, unclear evidence, or 
conflicting evidence, and the panel thought no recommendation should 
be made. further research is recommended in this area

taBle 5.4 the nhlBi’s quality rating of the strength of evidence

Quality rating Definition Type of evidence

High Estimate of effect is unlikely to be 
impacted and/or changed by 
further research

•	Well‐designed, well‐executed randomized controlled trials 
that adequately represent populations to which the results are 
applied and directly assess effects on health outcomes

•	Meta‐analyses of such studies
Moderate Estimate of effect may be impacted 

and/or changed by further 
research

•	randomized controlled trials with minor limitations affecting 
confidence in, or applicability of, the results

•	Well‐designed, well‐executed nonrandomized controlled 
studies and well‐designed, well‐executed observational studies

•	Meta‐analyses of such studies
Low Estimate of effect is likely to be 

impacted and/or changed by 
further research

•	randomized controlled trials with major limitations
•	Nonrandomized controlled studies and observational studies 

with major limitations affecting confidence in, or applicability 
of, the results

•	Uncontrolled clinical observations without an appropriate 
comparison group (e.g., case series, case reports)

•	 Physiological studies in humans
•	Meta‐analyses of such studies
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as the first test for high cholesterol, (iii) a new level at which 
low HDL becomes a major heart disease risk factor, (iv) a 
new set of “therapeutic lifestyle changes” (TLC) to improve 
cholesterol levels, (v) an increased focus on a cluster of heart 
disease risk factors known as the metabolic syndrome, and 
(vi) increased attention to the treatment of high triglycerides.

Major Steps of the ATP III Guideline The ATP III guideline 
includes nine major steps to the management of dys
lipidemias, which are briefly described next.

Step 1: Determine lipoprotein levels to obtain complete 
lipoprotein profile after a 9–12 h fast. The ATP III classification 
of LDL, total, and HDL cholesterol is given in Table 5.6.

Step 2: Identify the presence of clinical atherosclerotic 
diseases that confer high risk for CHD events (CHD risk 

taBle 5.5 current guidelines on dyslipidemia management from different countries and organizations

organization Nation year Title and reference Note

ACC/AHA United States 2013 2013 ACC/AHA guideline on the 
treatment of blood cholesterol to 
reduce atherosclerotic cardiovascular 
risk in adults: a report of the American 
College of Cardiology/American Heart 
Association Task force on Practice 
guidelines

The blood cholesterol Expert Panel 
(Expert Panel) was originally 
convened as the Expert Panel on 
detection, evaluation, and treatment of 
high blood cholesterol in adults (Adult 
Treatment Panel [ATP] IV) appointed 
by the NHLBI. All 16 members of the 
NHLBI ATP IV Panel later 
transitioned to the ACC/AHA 
guideline Expert Panel, which led to 
the publication of the long‐awaited 
2013 ACC/AHA guideline. In this 
context, the well‐known ATP III 
guideline was published in 2002 [12] 
and updated in 2004 [1]

Circulation. 2014, June 24; 129(25 Suppl 2): 
S1–45.

J Am Coll Cardiol. 2014 July 1; 63(25 Pt B): 
2889–934.

ESC/EAS 2011 ESC/EAS guidelines for the management 
of dyslipidaemias: the Task force for 
the management of dyslipidaemias of 
the European Society of Cardiology 
(ESC) and the European 
Atherosclerosis Society (EAS)

Like previous guidelines from ACC/
AHA, this ESC/EAS guideline 
classifies recommendations into three 
classes, namely, I, II (IIa and IIb), and 
III, and evidence into three levels, 
namely A, B, and C

Eur Heart J. 2011 July; 32(14):1769–818
Atherosclerosis. 2011 July; 217(1):3–46

NICE United Kingdom 2014 Lipid modification: cardiovascular risk 
assessment and the modification of 
blood lipids for the primary and 
secondary prevention of cardiovascular 
disease. http://www.nice.org.uk/
guidance/index.
jsp?action=download&o=66547 
(accessed March 1, 2014)

The draft guideline is out for consultation 
with stakeholders. The guideline is 
expected to be published in July 2014

CCS Canada 2012 2012 update of the Canadian 
Cardiovascular Society guidelines 
for the diagnosis and treatment of 
dyslipidemia for the prevention of 
cardiovascular disease in the adult

This is an update of the 2009 Canadian 
Cardiovascular Society (CCS) 
dyslipidemia guidelines [19]

Can J Cardiol. 2013 february; 
29(2):151–67

taBle 5.6 atP iii classification of plasma lDl, total, and 
hDl cholesterol

Plasma lipid
Plasma level 
(mg/dl) Classification

LDL cholesterol <100 optimal
100–129 Near optimal/above 

optimal
130–159 Borderline high
160–189 High
≥190 Very high

Total cholesterol <200 Desirable
200–239 Borderline high
≥240 High

HDL cholesterol <40 Low
≥60 High

http://www.nice.org.uk/guidance/index.jsp?action=download&o=66547
http://www.nice.org.uk/guidance/index.jsp?action=download&o=66547
http://www.nice.org.uk/guidance/index.jsp?action=download&o=66547
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equivalent). CHD risk equivalents include (i) noncoronary 
forms of atherosclerotic diseases such as peripheral arterial 
disease, abdominal aortic aneurysm, and carotid artery dis
ease (transient ischemic attacks or stroke of carotid origin or 
>50% obstruction of a carotid artery), (ii) diabetes, and 
(iii)  ≥2 risk factors with 10‐year risk for CHD >20% (see 
Step 3 for defining risk factors).

Step 3: Determine the presence of major risk factors 
(other than LDL). The major risk factors (exclusive of LDL 
cholesterol) that modify LDL‐cholesterol goals include 
(i)  cigarette smoking, (ii) hypertension (blood pressure 
≥140/90 mm Hg or on antihypertensive medication), 
(iii)  low HDL cholesterol (<40 mg/dl), (iv) family history 
of premature CHD (CHD in male first‐degree relative 
<55 years of age; CHD in female first‐degree relative 
<65 years of age), and (v) age (men ≥45 years; women 
≥55 years). Because HDL is protective against atheroscle
rosis, HDL cholesterol ≥60 mg/dl counts as a “negative” 
risk factor, and its presence removes one risk factor from 
the total count.

Step 4: Assess 10‐year (short‐term) CHD risk using the 
framingham risk Score system (see Chapter 1) if ≥2 risk 
factors (other than LDL cholesterol) are present without 
CHD or CHD risk equivalent. The three levels of 10‐year 
risk are (i) ≥20% (this is considered as CHD equivalent), (ii) 
10–20%, and (iii) <10%.

Step 5: Determine the risk category to (i) establish LDL‐
cholesterol goal of therapy, (ii) determine need for TLC, and 
determine the LDL‐cholesterol level for drug consideration. 
Listed below are the four risk categories:

 • High risk: CHD or CHD risk equivalents (10‐year risk 
>20%)

 • Moderate high risk: ≥2 risk factors (10‐year risk of 
10–20%)

 • Moderate risk: ≥2 risk factors (10‐year risk <10%)

 • Low risk: 0–1 risk factor

The ATP III LDL‐cholesterol goals and cutpoints for 
TLC and drug therapy in different risk categories are given 
in Table 5.7.

Step 6: Initiate TLC if LDL cholesterol is above goal. The 
TLC includes three components, as listed below:

1. TLC diet: (i) saturated fat <7% of calories, cholesterol 
<200 mg/day; (ii) increased viscous (soluble) fiber 
(10–25 g/day) and plant stanols/sterols (2 g/day) as 
therapeutic options to enhance LDL cholesterol 
lowering

2. Weight management

3. Increased physical activity

Step 7: Consider adding drug therapy if LDL cholesterol 
exceeds recommended levels. This step includes (i) considering 
drug simultaneously with TLC for CHD and CHD equivalents 
and (ii) considering adding drug to TLC after 3 months for other 
risk categories. The drug choices may include statins, bile acid 
sequestrants, niacin, and fibrates although statins are considered 
as the most important agents for treating high blood 
cholesterol.

Step 8: Identify metabolic syndrome and treat, if present, 
after 3 months of TLC. Metabolic syndrome is defined by 
the presence of any three of the following five conditions:

1. Central or abdominal obesity (measured by waist 
 circumference): >102 cm for men; >88 cm for women

2. fasting blood triglycerides: ≥150 mg/dl

3. Blood HDL cholesterol: <40 mg/dl for men; <50 mg/
dl for women

4. Blood pressure: ≥130/85 mm Hg

5. fasting glucose: ≥100 mg/dl

Treatment of metabolic syndrome includes the following 
two aspects: (i) treating underlying causes (overweight/ 
obesity and physical inactivity) via intensified weight 
management and increased physical activity and (ii) treating 
lipid and nonlipid risk factors if they persist despite the above 
lifestyle therapies, which includes treatment of hypertension, 
use of aspirin for CHD patients to reduce prothrombotic 
state, and treatment of elevated triglycerides and/or low HDL 
cholesterol.

taBle 5.7 lDl‐cholesterol goals and cutpoints for tlc and drug therapy in different risk categories

risk category
LDL‐cholesterol 
goal

LDL‐cholesterol level 
at which to initiate TLC

LDL‐cholesterol level at which 
to consider drug therapy

High risk <100 mg/dl (optional 
goal: <70 mg/dl)

≥100 mg/dl ≥100 mg/dl (<100 mg/dl: 
consider drug options)

Moderately high risk <130 mg/dl ≥130 mg/dl ≥130 mg/dl (100–129 mg/dl; 
consider drug options)

Moderate risk <130 mg/dl ≥130 mg/dl ≥160 mg/dl
Low risk <160 mg/dl ≥160 mg/dl ≥190 mg/dl (160–189 mg/dl: 

LDL‐lowering drug optional)
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Step 9: Treat elevated triglycerides and low HDL choles
terol. Treatment of elevated triglycerides (see Table 5.8 for ATP 
III classification of plasma triglycerides) depends on severity of 
the hypertriglyceridemia. In addition, because patients with 
elevated triglycerides usually also have increased LDL choles
terol, the primary aim of therapy is to reach the LDL‐ cholesterol 
goal unless the triglycerides are severely elevated:

 • Treatment of elevated triglycerides (>150 mg/dl): (i) 
intensify weight management and increase physical 
activity; (ii) if triglycerides are ≥200 mg/dl after LDL‐
cholesterol goal is reached, set secondary goal for  non‐
HDL cholesterol at 30 mg/dl higher than LDL‐cholesterol 
goal (i.e., non‐HDL‐cholesterol goal = LDL‐ 
cholesterol goal + 30 mg/dl).

 • If triglycerides are between 200 and 499 mg/dl after 
LDL‐cholesterol goal is reached, consider adding drug 
therapy to reach non‐HDL goal via (i) intensifying 
therapy with LDL‐cholesterol‐lowering drug or (ii) 
adding niacin or a fibrate.

 • If triglycerides are >500 mg/dl, first lower triglycerides 
to prevent pancreatitis via (i) very low‐fat diet (≤15% 
of calories from diet), (ii) weight management and 
physical activity, and (iii) use of a fibrate or niacin. 
When triglycerides are <500 mg/dl, turn to LDL‐ 
lowering therapy.

Similar to the situation described for elevated triglycer
ides, low HDL cholesterol (<40 mg/dl) is frequently accom
panied by high LDL cholesterol and hypertriglyceridemia. 
Accordingly, the treatment of low HDL cholesterol involves 
the following aspects: (i) first reach LDL‐cholesterol goal 
and then intensify weight management and increase physical 
activity (these lifestyle managements can increase HDL 
 cholesterol); (ii) if triglycerides are 200–499 mg/dl, 
achieve non‐HDL goal via intensifying therapy with LDL‐ 
cholesterol‐lowering drug or adding niacin or a fibrate; and 
(iii) if triglycerides are <200 mg/dl (isolated low HDL cho
lesterol) in CHD or CHD equivalent, consider the use of 
niacin or a fibrate drug to raise HDL cholesterol.

Summary of the ATP III Guideline 

 • The ATP III report (released in 2001, published in 
2002, updated in 2004) has been probably the most 

extensively referenced evidence‐based guideline on 
the management of dyslipidemias.

 • ATP III is constructed on the foundation of ATP I and 
ATP II, with LDL cholesterol continuing to be identi
fied as the primary target of cholesterol‐lowering 
therapy. Its major new feature is a focus on primary 
prevention in persons with multiple risk factors and 
setting specific LDL‐cholesterol goals for different 
risk categories.

 • Although the one‐decade‐old ATP III guideline has 
been widely accepted and applied with relative consis
tency, new development in dyslipidemia management 
over the past decade has necessitated a major revision 
of the ATP III recommendations to more closely reflect 
the current evidence. In this regard, as described next, 
an updated guideline for the management of blood cho
lesterol (initially known as ATP IV guideline) was 
recently released by the ACC/AHA.

5.3.3.2 The 2013 ACC/AHA Guideline

Overview It has been more than a decade since the last full 
version of NCEP guideline (ATP III) for dyslipidemia 
management was published. Since then, substantial amounts 
of new data, especially those from randomized controlled 
trials, have emerged to justify a new version of the guideline 
to better target lipid management therapies for more effective 
control of ASCVD. In this context, in 2008, the NHLBI 
convened the ATP IV to update the ATP III guideline using a 
rigorous process to systematically review randomized 
controlled trials and meta‐analyses of such trials that 
examined cardiovascular outcomes. The panel commissioned 
independent systematic evidence reviews according to 
principles recommended by the IoM to answer three 
questions relevant to clinical care. Two questions focused on 
the evidence  supporting LDL‐cholesterol and non‐HDL‐
cholesterol levels as targets of treatment. one question 
examined the reduction in atherosclerotic cardiovascular 
events and adverse effects for each cholesterol‐lowering 
drug class.

The panel synthesized the evidence from the aforemen
tioned systemic evidence reviews as well as from Lifestyle 
Management and risk Assessment Work groups reviews 
[14, 16], and the draft recommendations were transitioned to 
the ACC/AHA in September 2013. The full guideline was 
released and in press in November 2013 under the title of 
“2013 ACC/AHA guideline on the Treatment of Blood 
Cholesterol to reduce Atherosclerotic Cardiovascular risk 
in Adults: A report of the American College of Cardiology/
American Heart Association Task force on Practice 
guidelines.” The full guideline is published simultaneously 
in the Circulation [17] and the Journal of American College 
of Cardiology [21], and the synopsis of the full guideline is 

taBle 5.8 atP iii classification of plasma triglycerides

Triglyceride level (mg/dl) Classification

<150 Normal
150–199 Borderline high
200–499 High
≥500 Very high
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published in Annals of Internal Medicine [22]. The major 
recommendations of the 2013 ACC/AHA guideline are 
 summarized next. The reader is advised to refer to the full 
 guideline for a complete list of recommendations and sup
porting evidence behind each recommendation.

Major Recommendations The full 2013 ACC/AHA 
guideline includes 10 sections in addition to appendices and 
references: (i) introduction; (ii) overview of the guideline 
including lifestyle as the foundation for ASCVD risk 
reduction efforts and four major statin benefit groups; (iii) 
critical questions and conclusions; (iv) statin treatment 
recommendations, including the recommendation on using 
the new Pooled Cohort risk Assessment Equations to 
estimate the 10‐year ASCVD risk for the identification of 
candidates for statin therapy; (v) safety recommendations; 
(vi) managing statin therapy recommendations; (vii) 
selected clinical and population subgroups; (viii) limitations; 
(ix) evidence gaps and future research needs; and (x) 
conclusion. from the table of contents of the guideline, one 
can readily notice the emphasis of the new guideline on 
statin therapy. The major recommendations are summarized 
in Tables 5.9, 5.10, and 5.11.

Controversies and Potential Impact The release of 2013 
ACC/AHA guideline on the treatment of blood cholesterol 
represents a major event in facilitating evidence‐based 
medicine in the field of cardiovascular diseases. The new 
guideline is based on rigorous reviews of high‐quality 
evidence according to the IoM’s 2011 guideline on developing 
trustworthy clinical practice guidelines. The new guideline 
emphasizes prevention of ASCVD, including both CHD and 
stroke, focuses appropriately on statin therapy rather than 
alternative unproven therapeutic agents with  regard to 
reducing ASCVD morbidity and mortality, and  recognizes 
that more intensive statin treatment is superior to less intensive 
treatment for many patient groups. furthermore, by 
eliminating emphasis on LDL‐cholesterol treatment goals 
and defining four statin benefit groups, the new guideline 
greatly simplifies blood cholesterol treatment 
recommendations as compared with ATP III guideline as well 
as other guidelines on dyslipidemia management (Table 5.5).

As with all other clinical practice guidelines, the 2013 
ACC/AHA cholesterol treatment guideline is not without 
controversies. Despite the aforementioned notable improve
ments, the new guideline has received intense criticism 
immediately since its release in November 2013. Main con
cerns have focused on methodological issues of the Pooled 
Cohort Equations for ASCVD risk prediction, omission of 
LDL‐cholesterol treatment goals, and inference that too 
many people would need statin treatment for primary preven
tion of ASCVD [10, 23–26]. Continued discussion about the 
strengths and potential shortfalls of the new guideline along 
with the continued accumulation of high‐quality evidence 

will certainly create new momentum for effective implemen
tation and timely updates to maximally benefit the popula
tions throughout the world. In this context, the population 
and economic impact of the 2013 ACC/AHA guideline as 
compared with other widely adopted guidelines have been 
investigated [27–29]. Likewise, a recent study examined the 
validity of the 2013 ACC/AHA Pooled Cohort Equations for 
ASCVD risk estimation. It was concluded that in a cohort of 
US adults (n = 10,997) for whom statin initiation is consid
ered based on the ACC/AHA Pooled Cohort risk equations, 
observed and predicted 5‐year ASCVD risks were similar, 
indicating that these risk equations were well calibrated in 
the population for which they were designed to be used, and 
demonstrated moderate to good discrimination [30].

Summary of the 2013 ACC/AHA Guideline

 • The 2013 ACC/AHA cholesterol treatment guideline 
(informally known as the ATP IV guideline) arose from 
careful consideration of an extensive body of higher‐
quality evidence derived from randomized controlled trials 
and systematic reviews and meta‐analyses of such trials.

 • rather than defining LDL‐cholesterol or non‐HDL‐
cholesterol goals as in the APT III guideline, this new 
guideline recommends the use of the intensity of statin 
therapy as the goal of treatment, focusing on those indi
viduals most likely to benefit from evidence‐based 
statin therapy to reduce ASCVD risk.

 • The new guideline identifies four groups of individuals 
as statin benefit groups, for whom an extensive body of 
randomized controlled trial evidence shows a reduction 
in ASCVD events with a good margin of safety.

 • The new guideline adopts the Pooled Cohort Equations 
for ASCVD risk prediction and emphasizes lifestyle 
management as the foundation for ASCVD risk reduction 
efforts.

 • Although the new guideline represents a major step for
ward in blood cholesterol management, it has received 
intense criticism, largely for its distinct changes as 
compared with other widely adopted guidelines, 
including the ATP III guideline and the 2011 ESC/EAS 
guideline for the management of dyslipidemias. on the 
other hand, as discussed next, the 2013 ACC/AHA 
guideline and the UK 2014 NICE guideline have 
 considerable agreement.

5.3.4 comparison and contrast of current lipid 
Guidelines

ASCVD is the most important public health problem of our 
time in both the United States and the rest of the world, 
accounting for the greatest expenditure in most healthcare 
budgets (see Chapter  1). Hence, achieving consistency of 



taBle 5.9 Major recommendations of the 2013 acc/aha guideline on treating blood cholesterol to reduce atherosclerotic 
cardiovascular disease (ascvD) risk in adulta

Major recommendation Description

Encourage adherence to a healthy 
lifestyle

The guideline emphasizes lifestyle as the foundation for cardiovascular disease risk 
reduction efforts and endorses the 2013 AHA/ACC Lifestyle Management guideline [14] 
to (i) adhere to a diet that is low in saturated fat, trans fat, and sodium; emphasizes 
vegetables, fruits, whole grains, low‐fat dairy products, poultry, fish, legumes, nontropical 
vegetable oils, and nuts; and limits sweets, sugar‐sweetened beverages, and red meats; (ii) 
engage in regular aerobic physical activity; and (iii) maintain a healthy body weight, avoid 
smoking, and control hypertension and diabetes when present

Statin therapy is recommended for 
adults in four groups 
demonstrated to benefit

Strong randomized controlled trial evidence shows a reduction in atherosclerotic 
cardiovascular disease (ASCVD) events with a good margin of safety from moderate‐ or 
high‐intensity statin therapy (see recommendation 6 for definition). The four statin 
benefit groups are (i) individuals with clinical ASCVD, (ii) individuals with primary 
elevations of LDL cholesterol ≥190 mg/dl, (iii) individuals 40–75 years of age with 
diabetes and LDL cholesterol of 70–189 mg/dl without clinical ASCVD, and (iv) 
individuals without clinical ASCVD or diabetes who are 40–75 years of age with LDL 
cholesterol of 70–189 mg/dl and have an estimated 10‐year ASCVD risk of ≥7.5%. 
Individuals in the last group can be identified by using the Pooled Cohort Equations 
described in the 2013 ACC/AHA guideline on the Assessment of Cardiovascular risk [16]

Statins have an acceptable margin 
of safety when used in properly 
selected individuals and 
appropriately monitored

Strong randomized controlled trial evidence supports safety of statins when they are used as 
directed in conjunction with regular follow‐up assessments in properly selected patients. 
Adjustment of statin intensity is recommended in individuals older than 75 years with a 
history of statin intolerance or other characteristics or those receiving drug therapy that 
may increase statin adverse events. routine monitoring of hepatic aminotransferase level 
or creatine kinase level is not recommended unless clinically indicated by symptoms 
suggesting hepatotoxicity or myopathy. Although statin therapy modestly increases the risk 
for type 2 diabetes, ASCVD risk reduction outweighs the excess risk for diabetes

Engage in a clinician–patient 
discussion before initiating statin 
therapy, especially for primary 
prevention in patients with lower 
ASCVD risk

Decisions to initiate statin therapy in primary prevention should be based on clinical 
judgment and preferences of informed patients. In adults without clinical ASCVD or 
diabetes whose LDL‐cholesterol level is <190 mg/dl, calculating the estimated 10‐year 
ASCVD risk should be the start of the clinician–patient discussion and should not 
automatically lead to statin initiation. As the absolute risk for ASCVD events decreases, so 
does the net benefit of the intervention. Therefore, discussion of the potential for ASCVD 
event reduction, adverse effects, drug–drug interactions, and patient preferences is 
especially important for lower‐risk primary prevention. The discussion provides the 
opportunity to encourage healthy lifestyle habits and control other risk factors

Use the newly developed Pooled 
Cohort Equations for estimating 
10‐year ASCVD risk

The Pooled Cohort Equations [16] are currently the best available method for estimating  
10‐year ASCVD risk to guide statin initiation. The Pooled Cohort Equations were 
developed using recent data from 5 NHLBI‐sponsored, longitudinal, population‐based 
cohorts of African American and white men and women

Initiate the appropriate intensity of 
statin therapy

The appropriate intensity of statin therapy should be used to reduce ASCVD risk and 
minimize adverse effects in statin benefit groups. for clarity, the intensity of statin 
treatment is defined in Table 5.10, and the major statin treatment recommendations are 
given in Table 5.11

Evidence is inadequate to support 
treatment to specific LDL‐
cholesterol or non‐HDL‐
cholesterol goals

given the absence of randomized controlled trial data on titration of drug therapy to specific 
goals, no recommendations are made for or against specific LDL‐cholesterol or non‐
HDL‐cholesterol goals for primary or secondary prevention of ASCVD. (This is one of the 
major differences between 2013 ACC/AHA guideline and the ATP III guideline)

regularly monitor patients for 
adherence to lifestyle and statin 
therapy

A fasting lipid panel is needed after initiation of or changes in statin or other drug therapy. 
Percentage reductions in LDL‐cholesterol levels should be used to assess and provide 
feedback to promote adherence to healthy lifestyle behaviors and statin therapy. Safety 
measurements should be assessed as clinically indicated. In patients with a less‐than‐
anticipated therapeutic response or intolerance of recommended statin therapy intensity, 
adherence to healthy lifestyle behaviors and medications should be reemphasized and 
secondary causes of hyperlipidemia excluded. A nonstatin LDL‐cholesterol‐lowering 
drug, preferably one that reduced ASCVD events in randomized controlled trials, can be 
considered in higher‐risk adults, including those with genetic dyslipidemias, such as 
familial hypercholesterolemia, if the potential for additional ASCVD risk reduction 
outweighs the potential for adverse effects

ASCVD includes acute coronary syndromes, history of myocardial infarction, stable or unstable angina, coronary or other arterial revascularization, stroke, 
transient ischemic attack, or peripheral arterial disease presumed to be of atherosclerotic origin.
a refs. 17, 22.
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taBle 5.10 Definition of high‐, moderate‐, and low‐intensity statin therapy

Intensity of statin treatment Definition Statin daily dose

High intensity Daily dose lowers LDL 
cholesterol on average, 
by approximately ≥50%

Atorvastatin 40–80 mg
rosuvastatin 20 (40) mg

Moderate intensity Daily dose lowers LDL 
cholesterol on average, by 
approximately 30 to <50%

Atorvastatin 10 (20) mg
rosuvastatin (5) 10 mg
Simvastatin 20–40 mga

Pravastatin 40 (80) mg
Lovastatin 40 mg
Fluvastatin XL 80 mg
fluvastatin 40 mg (twice daily)
Pitavastatin 2–4 mg

Low intensity Daily dose lowers LDL 
cholesterol on average,  
by <30%

Simvastatin 10 mg
Pravastatin 10–20 mg
Lovastatin 20 mg
Fluvastatin 20–40 mg
Pitavastatin 1 mg

Statins and doses that are approved by the US fDA but were not tested in the randomized controlled trials reviewed are 
listed in italics.
a Although simvastatin, 80 mg, was evaluated in randomized controlled trials, initiation of or titration to 80 mg of simvastatin 
is not recommended by the US fDA due to the increased risk of myopathy, including rhabdomyolysis.

taBle 5.11 the 2013 acc/aha major statin treatment recommendationsa

Major statin treatment recommendation Cor (LoE)

1. Clinical ASCVD (secondary prevention)

 i.  High‐intensity statin therapy should be initiated or continued as first‐line therapy in women and men ≤75 years 
of age who have clinical ASCVD, unless contraindicated

I (A)

 ii.  In individuals with clinical ASCVD in whom high‐intensity statin therapy would otherwise be used, when 
high‐intensity statin therapy is contraindicated or when characteristics predisposing to statin‐associated adverse 
effects are present, moderate‐intensity statin should be used as the second option if tolerated

I (A)

iii.  In individuals with clinical ASCVD >75 years of age, it is reasonable to evaluate the potential for ASCVD risk 
reduction benefits and for adverse effects and drug–drug interactions and to consider patient preferences when 
initiating a moderate‐ or high‐intensity statin. It is reasonable to continue statin therapy in those who are tolerating it

IIa (B)

2. Primary prevention in individuals ≥21 years of age with LDL cholesterol ≥190 mg/dl

 i.  Individuals with LDL cholesterol ≥190 mg/dl or triglycerides ≥500 mg/dl should be evaluated for secondary 
causes of hyperlipidemia

I (B)

 ii.  Adults ≥21 years of age with primary LDL cholesterol ≥190 mg/dl should be treated with statin therapy (10‐year 
ASCVD risk estimation is not required): (i) using high‐intensity statin therapy unless contraindicated and (ii), 
for individuals unable to tolerate high‐intensity statin therapy, using the maximum tolerated statin intensity

I (B)

iii.  for individuals ≥21 years of age with an untreated primary LDL cholesterol ≥190 mg/dl, it is reasonable to 
intensify statin therapy to achieve at least a 50% LDL‐cholesterol reduction

IIa (B)

 iv.  for individuals ≥21 years of age with an untreated primary LDL cholesterol ≥190 mg/dl, after the maximum 
intensity of statin therapy has been achieved, addition of a nonstatin drug may be considered to further lower 
LDL cholesterol. Evaluate the potential for ASCVD risk reduction benefits, adverse effects, and drug–drug 
interactions, and consider patient preferences

IIb (C)

3. Primary prevention in individuals with diabetes mellitus and LDL cholesterol 70–189 mg/dl

 i. Moderate‐intensity statin therapy should be initiated or continued for adults 40–75 years of age with diabetes mellitus I (A)
 ii.  High‐intensity statin therapy is reasonable for adults 40–75 years of age with diabetes mellitus with a ≥7.5% 

estimated 10‐year ASCVD risk unless contraindicated
IIa (B)

iii.  In adults with diabetes mellitus, who are < 40 or >75 years of age, or with LDL cholesterol < 70 mg/dl, it is 
reasonable to evaluate the potential for ASCVD benefits and for adverse effects and for drug–drug interactions 
and to consider patient preferences when deciding to initiate, continue, or intensify statin therapy

IIa (C)

(Continued)



CUrrENT EVIDENCE‐BASED gUIDELINES oN THE MANAgEMENT of DySLIPIDEMIAS 111

clinical care, incorporating new evidence and their synthesis 
into practical recommendations for healthcare providers via 
the coordinated work of various guideline committees 
throughout the world is crucially important for the effective 
management of this major public health problem. In this con
text, any significant changes in a set of clinical practice 
guidelines would have far‐reaching consequences, particu
larly if they appear to be at variance with the existing widely 
adopted guidelines. The newly released ACC/AHA guideline 
on the treatment of blood cholesterol is apparently a good 
example of such concern. Indeed, as noted earlier, the 2013 
ACC/AHA guideline came with intense criticism immedi
ately with its release. This section compares and contrasts the 
2013 ACC/AHA guidelines with the widely accepted ATP III 
guideline and 2011 ESC/EAS guideline, and the newly 
released draft guideline from NICE to help the reader gain a 
better understanding of the 2013 ACC/AHA guideline on the 
treatment of blood cholesterol to reduce ASCVD risk.

5.3.4.1 2013 ACC/AHA Guideline versus ATP III 
Guideline A quick comparison of the 2013 ACC/AHA 
guideline and the prior ATP III report identifies several key 
features for the new guideline:

 • The 2013 ACC/AHA guideline on the treatment of 
blood cholesterol to reduce ASCVD in adults is not 

intended to provide for a comprehensive approach to 
the detection, evaluation, and treatment of lipid disor
ders as was done in the prior ATP III report.

 • The recommendations in the new guideline are exclu
sively based on rigorous systematic evidence reviews 
of high‐quality randomized controlled trials and meta‐
analysis of such trials.

 • The new guideline focuses on ASCVD risk reduction in 
four statin benefit groups and focuses efforts to reduce 
ASCVD events in secondary and primary prevention. 
The new guideline identifies high‐intensity and 
moderate‐intensity statin therapy for use in secondary 
and primary prevention to maximize the benefit in 
reducing ASCVD morbidity and mortality.

 • The new guideline provides new perspectives on LDL‐cho
lesterol and/or non‐HDL‐cholesterol treatment goals and 
states that (i) the Expert Panel was unable to find randomized 
controlled trial evidence to support continued use of specific 
LDL‐cholesterol and/or non‐HDL‐cholesterol treatment 
targets as recommended in the prior ATP III report, (ii) the 
appropriate intensity of statin therapy should be used to 
reduce ASCVD risk in those most likely to benefit, and (iii) 
nonstatin therapies do not provide acceptable ASCVD risk 
reduction benefits compared to their potential for adverse 
effects in the routine prevention of ASCVD.

Major statin treatment recommendation Cor (LoE)

4. Primary prevention in individuals without diabetes mellitus and with LDL cholesterol 70–189 mg/dl

 i. The Pooled Cohort Equations should be used to estimate 10‐year ASCVD risk for individuals with LDL 
cholesterol 70–189 mg/dl without clinical ASCVD to guide initiation of statin therapy for the primary prevention 
of ASCVD

I (B)

 ii. (2) Adults 40–75 years of age with LDL cholesterol 70–189 mg/dl without clinical ASCVD or diabetes and an 
estimated 10‐year ASCVD risk ≥7.5% should be treated with moderate‐ to high‐intensity statin therapy

I (A)

iii. It is reasonable to offer treatment with a moderate‐intensity statin to adults 40–75 years of age with LDL cholesterol 
70–189 mg/dl without clinical ASCVD or diabetes and an estimated 10‐year ASCVD risk of 5% to < 7.5%

IIa (B)

 iv. Before initiating statin therapy for the primary prevention of ASCVD in adults with LDL cholesterol 70–189 mg/
dl without clinical ASCVD or diabetes, it is reasonable for clinicians and patients to engage in a discussion that 
considers the potential for ASCVD risk reduction benefits and for adverse effects and for drug–drug interactions 
and patient preferences for treatment

IIa (C)

  v. In adults with LDL cholesterol < 190 mg/dl who are not otherwise identified in a statin benefit group or for 
whom after quantitative risk assessment a risk based treatment decision is uncertain, additional factors may be 
considered to inform treatment decision making. In these individuals, statin therapy for primary prevention may 
be considered after evaluating the potential for ASCVD risk reduction benefits, adverse effects, drug–drug 
interactions, and discussion of patient preferences

IIb (C)

5. No recommendations

 i. The guideline makes no recommendations for or against specific LDL‐cholesterol or non‐HDL‐cholesterol 
targets for the primary or secondary prevention of ASCVD

 ii. The guideline makes no recommendations regarding the initiation or discontinuation of statins in patients with 
New york Heart Association (NyHA) class II–IV ischemic systolic heart failure or in patients on maintenance 
hemodialysis

a refs. 17.

taBle 5.11 (Continued)
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 • Instead of using the framingham Score system used in 
the prior ATP III report, the new guideline recommends 
use of the new Pooled Cohort Equations to estimate 
10‐year ASCVD risk in both white and black men and 
women. By more accurately identifying higher‐risk 
individuals for statin therapy, the guideline focuses 
statin therapy on those most likely to benefit.

 • The new guideline uses randomized controlled trials 
to identify important safety considerations in individ
uals receiving treatment of blood cholesterol to reduce 
ASCVD risk. Using randomized controlled trials 
to  determine statin adverse effects facilitates 
 understanding of the net benefit from statin therapy. 
The new guideline  provides expert guidance on 
management of statin‐ associated adverse effects, 
including muscle symptoms.

5.3.4.2 The 2013 ACC/AHA Guideline versus the 2011 
ESC/EAS Guideline The 2011 ESC/EAS guideline for the 
management of dyslipidemias is the most current guideline 
that provides recommendations to healthcare providers in 
Europe on effective management of dyslipidemias, including 
hypercholesterolemia, hypertriglyceridemia, and low HDL 
cholesterol [2]. recently, K.K. ray and coworkers com
pared the 2013 ACC/AHA guideline with this ESC/EAS 
guideline and identified several major differences with 
potential implications, as summarized below:

 • The scope of the 2013 ACC/AHA guideline is limited 
to randomized trials only, which excludes a significant 
body of data and promotes essentially a statin‐centric 
approach only. on the other hand, the 2011 ESC/EAS 
guideline considers all available evidence.

 • The LDL‐cholesterol goals are omitted from the 2013 
ACC/AHA guideline in favor of specific statin regi
mens that produce a 30–50% reduction in LDL choles
terol. The target LDL‐cholesterol levels in very 
high‐risk patients with high absolute risk or residual 
risk factors are also absent in the 2013 ACC/AHA 
guideline. on the other hand, the 2011 ESC/EAS 
guideline categorizes people in moderate and very high 
cardiovascular risk with guidance on specific LDL‐
cholesterol targets for each level of absolute risk.

 • The cardiovascular risk threshold for treatment in pri
mary prevention is reduced from 20 to 7.5% in the 2013 
ACC/AHA guideline, which would result in a greater 
number of patients being prescribed statin therapy. on 
the other hand, the above 7.5% risk corresponds to 
2.5% risk in the Systemic Coronary risk Estimation 
(SCorE) (see the following text) system used for risk 
estimation in the 2011 ESC/EAS guideline.

 • The newly published mixed pool risk calculator [16] 
is used to assess cardiovascular risk in the 2013 

ACC/AHA guideline for primary prevention. on the 
other hand, the SCorE system [31] is used in the 
2011 ESC/EAS guideline for cardiovascular risk 
estimation.

Upon the above comparisons, K.K. ray and coworkers 
concluded that the 2011 ESC/EAS guideline on dyslipid
emia management appears to be the most appropriate for 
European countries and that the 2013 ACC/AHA guideline 
would result in a much larger proportion of patients being 
treated with statins and especially at higher doses [32]. In 
this regard, a recent study reported that with application of 
the 2013 ACC/AHA guideline in a healthy European 
population‐based cohort, nearly all men and the majority of 
women aged 55 years or older were candidates for drug 
treatment [28].

5.3.4.3 The 2013 ACC/AHA Guideline versus the 2014 
NICE Guideline The new JBS consensus recommenda
tions for the prevention of cardiovascular disease (JBS3) 
[33] and its closely linked draft document on cardiovas
cular risk assessment and modification of blood lipids for 
the primary and secondary prevention of cardiovascular 
disease from the NICE were recently released (Table 5.5). 
The new NICE lipid guideline was published only 
4 months after the release of the 2013 ACC/AHA guide
line on risk assessment and lipid lowering, which led to 
comparisons of these two most recent lipid guidelines 
[34]. It is striking that these two guidelines have consider
able agreement with regard to principles of risk calcula
tion, use of statins, and drug treatment versus lifestyle 
interventions [32]. of particular note, both guidelines 
give high priority to use of statins for risk reduction in 
comparison to other less proven lipid‐lowering drugs for 
cardiovascular risk reduction. This should come as no sur
prise since they are both based on the same scientific 
foundation. The fact that totally different committees, in 
different societies, working separately and independently, 
came to nearly identical conclusions and recommenda
tions suggests that bias did not greatly play a role in either 
guideline’s conclusions [34].

5.3.4.4 Summary of Comparison and Contrast of 
Current Lipid Guidelines

 • The 2013 ACC/AHA guideline on the treatment of 
blood cholesterol to reduce ASCVD risk has encoun
tered intense criticism since its release in November 
2013. The criticism results primarily from the new 
 recommendations being remarkably different in several 
key aspects from the existing widely accepted guide
lines, such as the prior ATP III report and the 2011 
ESC/EAS guideline for the management of dyslipid
emias. on the other hand, the newly released 2014 
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NICE lipid guideline and the 2013 ACC/AHA  guideline 
have much in common.

 • It has also been recognized that the 2013 ACC/AHA 
guideline represents a strong fit with the clinical trial 
evidence and its implementation would likely maxi
mize the benefit of blood cholesterol treatment in indi
viduals and improve the health of the public. In this 
context, the goal of therapy is not the achievement of a 
target level of LDL cholesterol, an approach that previ
ously might have required multiple drugs. The primary 
aim of drug therapy is the use of a first‐line drug (such 
as a statin) among those likely to benefit, an approach 
designed to improve the health of the populations [35].

5.4 suMMary Of chaPter Key POints

 • Although dyslipidemias can be manifested as any 
changes in the plasma lipid profiles, elevation of total 
cholesterol and LDL cholesterol has received most 
attention.

 • Effective management of dyslipidemias, especially 
hypercholesterolemia, requires implementation of a 
comprehensive approach (frequently in the form of 
clinical practice guidelines) that addresses all the key 
aspects of the disorders, ranging from risk assessment 
to selection of drug therapy.

 • Clinical practice guidelines are defined as statements 
that include recommendations intended to optimize 
patient care that are informed by a systematic review of 
evidence and an assessment of the benefits and harms 
of alternative care options.

 • Multiple guidelines on blood lipid management have 
been made available for healthcare providers to con
sider in treating individuals with dyslipidemias. These 
include the most widely adopted ATP III guideline 
(released in 2001, published in 2002, and updated in 
2004) on detection, evaluation, and treatment of high 
blood cholesterol in adults; the 2011 ESC/EAS guide
line for the management of dyslipidemias; and the 
most recently released 2013 ACC/AHA guideline on 
the treatment of blood cholesterol to reduce athero
sclerotic cardiovascular risk in adults.

 • The 2013 ACC/AHA guideline (informally known as 
the ATP IV guideline) arose from careful consideration 
of an extensive body of higher‐quality evidence 
derived from randomized controlled trials and 
systematic reviews and meta‐analyses of such trials. 
This new guideline, though facing intense criticism, 
represents a strong fit with the clinical trial evidence 
and emphasizes the use of statin therapy in those likely 
to benefit with regard to reducing cardiovascular events 
and mortality.

5.5 self‐assessMent QuestiOns

5.5.1. A 55‐year‐old healthy male presents to the doctor’s 
office for an annual checkup. Lab test reveals that his 
plasma LDL cholesterol is 95 mg/dl. He has a family 
history of premature cardiovascular disease. According 
to the ATP III guideline, which of the following best 
describes his LDL‐cholesterol level?
A. Borderline high
B. High
C. Near optimal
D. optimal
E. Very high

5.5.2. A 60‐year‐old diabetic patient presents to the physi
cian’s office for a routine checkup. His blood lipid 
profiles are within normal range, with LDL choles
terol of 89 mg/dl. He denies any history of adverse 
drug reactions. He is without clinical atherosclerotic 
cardiovascular disease though one family member 
died of myocardial infarction at the age of 59 years. 
According to the 2013 ACC/AHA guideline on 
 treating blood cholesterol to reduce atherosclerotic 
cardiovascular disease, which of the following should 
be prescribed to the patient to reduce the risk of 
 cardiovascular events?
A. Atorvastatin 40 mg, once daily
B. Ezetimibe 10 mg, once daily
C. Icosapent ethyl (Vascepa) 1 g, once daily
D. Niacin (Niaspan) 1000 mg, once daily
E. Phytosterol/phytostanol esters 2 g, once daily

5.5.3. A 47‐year‐old male with clinical atherosclerotic car
diovascular disease presents to the doctor’s office 
asking for advice regarding how to reduce the risk of 
developing myocardial infarction. He states that his 
brother recently died of myocardial infarction at the 
age of 54 years. According to the 2013 ACC/AHA 
guideline on treating blood cholesterol to reduce ath
erosclerotic cardiovascular risk in adults in addition to 
adhering to a healthy lifestyle, which of the following 
is the most appropriate treatment for the patient?
A. Atorvastatin 10 mg, once daily
B. fluvastatin 20 mg, once daily
C. Lovastatin 10 mg, once daily
D. Pravastatin 20 mg, once daily
E. rosuvastatin 20 mg, once daily

5.5.4. The 2013 ACC/AHA guideline (ATP IV) on the 
treatment of blood cholesterol to reduce atheroscle
rotic cardiovascular risk in adults has encountered 
intense criticism since its release in November 2013. 
The criticism results primarily from the new recom
mendations being remarkably different in several key 
aspects from the existing widely accepted ATP III 
report. Which of the following is a major difference 
between the ATP IV and ATP III guidelines?
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A. Absence of a risk assessment calculator in ATP IV
B. Absence of clinician–patient discussion in ATP 

IV
C. Absence of LDL‐cholesterol treatment goals in 

ATP IV
D. Absence of lifestyle modifications in ATP IV
E. Absence of primary prevention in ATP IV

5.5.5. A patient with a 5‐year history of stable angina is 
found to have an elevated LDL‐cholesterol level of 
178 mg/dl. He is prescribed simvastatin (20 mg, once 
daily) to reduce his LDL cholesterol. According to ATP 
III guideline, which of the following best describes the 
LDL‐cholesterol goal in this patient?
A. <100 mg/dl
B. <120 mg/dl
C. <130 mg/dl
D. <150 mg/dl
E. <160 mg/dl
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6.1 IntroductIon

Hypertension is the most common condition seen in 
 primary care settings and leads to myocardial infarction, 
stroke, renal failure, and death if not detected early and 
treated appropriately. Advances in risk factor identification, 
molecular pathophysiology, and mechanistically based 
therapies, especially pharmacological agents, have led to 
significant improvement of hypertension management.  
To set a stage for the subsequent discussion of the molec
ular pharmacology of antihypertensive drugs and evi
dence‐based  therapeutics of hypertension in the remaining 
 chapters of Unit III, this chapter provides an overview on 
several aspects of hypertension, including definition, epi
demiology, pathophysiology, and mechanistically based 
drug therapy. Because the different drug classes used for 
treating hypertension are also commonly employed in the 
management of other cardiovascular diseases, these multi
tasking cardiovascular drugs are considered in separate 
chapters (Chapters 7–11). Following the discussion of these 
multitasking drugs, the current guidelines on hypertension 
management are given in Chapter 12.

6.2 defInItIons, classIfIcatIons, and 
epIdemIology of HypertensIon

Hypertension, when not specified, typically refers to 
increased blood pressure in systemic circulation and hence is 
also known as systemic arterial hypertension. In addition to 
systemic circulation, hypertension also occurs in pulmonary 

and portal circulations. This section defines hypertension 
and provides an overview of its epidemiology.

6.2.1 definitions and classifications

6.2.1.1 The JNC7 Classification of Blood Pressure  
Hypertension, also known as high blood pressure, is defined 
as systolic pressure ≥140 mm Hg and/or diastolic pressure 
≥90 mm Hg. Based on the Seventh Report of the Joint National 
Committee on the Prevention, Detection, Evaluation, and 
Treatment of High Blood Pressure (JNC7), blood pressure is 
classified into four categories (Table  6.1). According to 
JNC7, hypertension is further classified into two stages, that 
is, stage 1 and stage 2.

6.2.1.2 Hypertension Crisis Hypertension crisis is a 
term that refers to critical clinical conditions of severely 
 elevated blood pressure. Hypertensive crisis can present as 
hypertensive urgency or as hypertensive emergency.

Hypertensive urgency is a situation where the blood 
pressure is severely elevated (≥180 mm Hg for systolic 
pressure or ≥110 mm Hg for diastolic pressure), but there is 
no associated organ damage. Individuals experiencing hyper
tensive urgency may or may not experience one or more of 
these symptoms: severe headache, shortness of breath, nose
bleeds, and severe anxiety.

The term hypertensive emergency refers to severely ele
vated blood pressure levels that are damaging organs, which 
can be manifested as stroke, myocardial infarction, renal 
failure, and loss of consciousness. Hypertensive emergencies 
generally occur at blood pressure levels exceeding 180 mm 
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Hg (systolic) or 120 mm Hg (diastolic) but can also occur at 
even lower levels in patients whose blood pressure had not 
been previously high.

6.2.1.3 Primary and Secondary Hypertension Based on 
etiology, hypertension is classified into primary and secondary 
hypertension. In 90–95% of hypertensive patients, a single 
reversible cause of the elevated blood pressure cannot be 
identified, and hence, the patients are said to have primary 
(or essential) hypertension. In the remaining 5–10% of 
cases, a cause can be identified, and hence, the patients are 
said to have secondary hypertension. Common causes of 
secondary hypertension are listed below, and the underlying 
mechanisms are given in Table 6.2:

 • Kidney diseases, especially chronic kidney disease [1]

 • Primary aldosteronism [2]

 • Cushing’s syndrome [3]

 • Pheochromocytoma [4]

6.2.1.4 Systemic and Pulmonary Hypertension The 
term hypertension is often used synonymously with systemic 
arterial hypertension. Systemic arterial hypertension is the 
predominant form of hypertension. It should be kept in mind 
that hypertension can also occur in pulmonary and portal cir
culations. Pulmonary hypertension refers to an abnormal 
elevation in pulmonary artery pressure. It may be the result 
of left‐side heart failure, pulmonary parenchymal or vascular 
disease, thromboembolism, or a combination of these factors 
[5]. Pulmonary hypertension is the most common cause of 
right ventricular enlargement and failure.

6.2.2 epidemiology and Health Impact 
of Hypertension

6.2.2.1 Epidemiology Hypertension currently affects 
approximately 78 million American adults (one in three 
adults) and over one billion people worldwide. Many risk 
factors for development of hypertension have been identi
fied, including age, ethnicity, family history of hypertension 
and genetic factors, lower education and socioeconomic 
status, greater weight, lower physical activity, tobacco use, 
psychosocial stressors, sleep apnea, and dietary factors 
(including dietary fats, higher sodium intake, lower potassium 
intake, and excessive alcohol intake) [6]. Notably, the preva
lence of hypertension in blacks in the United States is among 
the highest in the world; 41% of the total black population 
and 44% of black women have hypertension. Moreover, a 
recent study reported that blacks, compared with whites, also 
appear to be more susceptible to stroke, given the same level 
of elevated blood pressure. Blacks have more hypertension 
and are less likely to have it controlled, and when it is not 
controlled, they are at greater risk for incident stroke (relative 
to whites with the same blood pressure levels) [7].

6.2.2.2 Health Impact Hypertension remains the most 
common, readily identifiable, and reversible risk factor for 
myocardial infarction, stroke, heart failure, and kidney dis
eases. Hypertension exerts remarkable health impact at both 
individual and population levels. For example, a 50‐year‐old 
man of normal body mass with blood pressure of 146/86 mm 
Hg has:

 • Almost 3 times the risk of dying from a heart attack

 • Almost 4 times the risk of dying from a stroke

 • About twice the risk of developing heart failure

 • About 3 times the risk of developing kidney disease 
than if he had normal blood pressure (<120/80 mm Hg)

Similarly, a 40‐year‐old woman of normal body mass 
with blood pressure of 146/86 mm Hg has:

 • More than 3 times the risk of dying from a heart attack

 • Almost 4 times the risk of dying from a stroke

 • About 3 times the risk of developing heart failure

 • About 3 times the risk of developing kidney disease 
than if she had normal blood pressure (<120/80 mm Hg)

Approximately 69% of people who have a first myocar
dial infarction, 77% of those who have a first stroke, and 
74% of those who have congestive heart failure have blood 
pressure >140/90 mm Hg. Compared with hypertensive indi
viduals at 50 years of age, people with untreated blood 
pressure <140/90 mm Hg survive on average 7 years longer 
without cardiovascular diseases [6].

table 6.1 the Jnc7 classification of blood pressure

Blood pressure 
classification

Systolic blood 
pressure (mm Hg)

Diastolic blood 
pressure (mm Hg)

Normal <120 and <80
Prehypertension 120–139 or 80–89
Stage 1 hypertension 140–159 or 90–99
Stage 2 hypertension ≥160 or ≥100

table 6.2 major mechanisms of secondary hypertension

Cause Major mechanism

Kidney diseases Increased renin release due to decreased 
perfusion

Primary aldosteronism water and salt retention due to increased 
levels of aldosterone

Cushing’s syndrome water and salt retention due to increased 
release of corticosteroids

Pheochromocytoma Release of catecholamines from the 
tumors of the adrenal chromaffin cells



PATHOPHySIOlOgy OF HyPERTENSION 121

In addition to the 78 million hypertensive patients in the 
United States, more than 36% of the American adults have 
prehypertension. Although prehypertension is not hyperten
sion, it is associated with stroke [8] and estimated to decrease 
life expectancy by approximately 5 years [9].

6.3 patHopHysIology of HypertensIon

In order to understand the molecular pathophysiology of 
hypertension, it is necessary to first examine the physiology 
of blood pressure regulation.

6.3.1 physiology of blood pressure regulation

Blood pressure is the product of cardiac output and peripheral 
resistance (Fig. 6.1). Therefore, factors that affect either the 
cardiac output or the peripheral resistance will impact blood 
pressure.

As blood pressure is vital, its regulation is tightly con
trolled with the coordinated involvement of many organs and 
pathways. when blood pressure drops, several systems or 
pathways become activated to cause increased cardiac output 
and peripheral resistance and the consequent recovery of the 
blood pressure.

6.3.1.1 Sympathetic Nervous System A decrease in blood 
pressure activates the baroreceptor reflex, causing increased 
activities of sympathetic nervous system. The activation of 
sympathetic nervous system results in recovery of blood 
pressure via the following three major mechanisms [10]:

1. Increased heart rate and contractility, leading to 
augmented cardiac output

2. Constriction of blood vessels, leading to increased 
peripheral resistance

3. Activation of β
1
‐adrenergic receptors on renal juxta

glomerular cells, causing increased release of renin 
and the subsequent activation of the renin–angiotensin–
aldosterone system (RAAS) (see Section 6.3.1.2)

6.3.1.2 RAAS As noted earlier, activation of the 
sympathetic nervous system due to blood pressure drop 
increases the release of renin and the subsequent activation 
of the RAAS. Hence, activation of sympathetic nervous 
system is always coupled with the concomitant activation of 
the RAAS. In addition, increased renin release also occurs as 
a result of the decreased renal arterial pressure. when the 
RAAS becomes activated, the following events result, con
tributing to the recovery of blood pressure:

 • Constriction of arterials caused by angiotensin II, 
leading to increased peripheral resistance

 • Increased water and salt retention due to increased levels 
of aldosterone, leading to increased blood volume and 
hence the cardiac output

6.3.1.3 Vasopressin System A decrease in arterial 
pressure causes increased release of vasopressin via barore
flex mechanism. This results in increased water retention 
and thereby increased blood volume and cardiac output. The 
increased blood volume and cardiac output lead to elevation 
of blood pressure.

6.3.1.4 Fluid Retention by the Kidney A decrease in renal 
arterial pressure also causes less excretion of water and salt by 
the kidney. This increases blood volume and cardiac output.

Blood pressure = cardiac output  x  peripheral resistance

Stroke
volume

Heart
rate

Arterial volume
arterial tone

Blood volume
venous tone

Myocardial
contractility

fIgure 6.1 Physiological determinants of blood pressure. As illustrated, blood pressure is the product of cardiac output and peripheral 
resistance. Factors that affect either cardiac output or peripheral resistance will inevitably affect blood pressure.
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6.3.1.5 Summary of Physiology of Blood Pressure 
Regulation In summary, a drop of blood pressure activates 
the aforementioned various systems and pathways, leading 
to recovery of blood pressure due to increases in cardiac 
output and peripheral resistance. Hence, the coordinated 
actions of the various systems and pathways ensure the 
maintenance of the blood pressure within the physiological 
ranges. Hypertension develops when these homeostatic 
processes are disrupted by pathophysiological factors or due 
to other unknown reasons.

6.3.2 molecular pathophysiology of Hypertension 
development

6.3.2.1 Overview As noted earlier, 90–95% of hyperten
sion cases are without identifiable causes. Mechanistic 
studies over the last decades have revealed a critical involve
ment of both sympathetic nervous system and the RAAS in 
the genesis and progression of hypertension [10, 11]. Indeed, 
these two systems serve as targets of many current antihy
pertensive drugs. In addition, endothelial dysfunction and 
oxidative stress also serve as important pathophysiological 
mechanisms of hypertension (Fig. 6.2).

6.3.2.2 Crosstalk Notably, the aforementioned mecha
nisms are closely related and there is extensive crosstalk 
 between them. For example, as mentioned earlier, activation 
of sympathetic nervous system causes activation of the 
RAAS. RAAS activation also increases the activity of the 
sympathetic nervous system. Activation of the RAAS con
tributes to endothelial dysfunction and vascular remodeling. 
Endothelial dysfunction characterized by decreased nitric 
oxide bioavailability and increased formation of endothelin 

plays an important role in the development and progression 
of hypertension.

6.3.2.3 Oxidative Stress as a Potential Final Common 
Pathway Activation of sympathetic nervous system and 
RAAS also results in increased formation of reactive oxygen 
species (ROS). On the one hand, ROS directly cause damage 
and dysfunction of the endothelium. On the other hand, ROS, 
such as superoxide, react with nitric oxide, forming more 
reactive species, and at the same time decreasing the bioavail
ability of nitric oxide, leading to endothelial dysfunction. In 
both experimental models and human subjects, administration 
of antioxidant compounds has been shown to have antihyper
tensive effects via decreasing ROS formation or increasing 
the levels of nitric oxide. Accordingly, antioxidant compounds 
are emerging therapeutic modalities for hypertension [12].

6.3.2.4 Summary of Molecular Pathophysiology of 
Hypertension In summary, the major pathophysiological 
mechanisms of hypertension include the following four 
pathways and events:

1. Activation of the sympathetic nervous system

2. Activation of the RAAS

3. Endothelial dysfunction

4. Oxidative stress

The aforementioned mechanisms are intertwined with 
sympathetic and RAAS activation as major pathophysiolog
ical components. Indeed, as described next, many current 
antihypertensive medications mainly act to reduce the activ
ities of the sympathetic nervous system and RAAS.

Blood volume
Cardiac contractility

Heart rate

Activation
of SNS

Activation
of RAAS

Oxidative 
stress

Endothelial
dysfunction

Arterial
vasoconstriction

Hypertension

Cardiac 
output

Peripheral
resistance

fIgure 6.2 Pathophysiology of hypertension development. Hypertension develops when the physiological homeostasis of blood pressure 
is disrupted, leading to uncontrolled activation of sympathetic nervous system and RAAS, endothelial dysfunction, and oxidative stress. 
RAAS, renin–angiotensin–aldosterone system; SNS, sympathetic nervous system.
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6.4 mecHanIstIcally based drug tHerapy 
of HypertensIon: an overvIew

6.4.1 Historical overview

The treatment of hypertension has been one of medicine’s 
major successes of the past half century. Since the introduc
tion of the thiazide diuretics in the late 1950s, many classes 
of antihypertensive drugs have been developed and approved 
for clinical use (Table  6.3) [13]. Five of these, namely, 
diuretics, β‐blockers, angiotensin‐converting enzyme inhibi
tors, calcium channel blockers, and angiotensin receptor 
blockers, now represent the primary treatment options for 
hypertension [14, 15].

6.4.2 mechanistic overview

As blood pressure is determined by cardiac output and 
peripheral resistance, antihypertensive drugs, regardless of 
their chemical classes, achieve their blood pressure‐lowering 
effects by eventually decreasing either cardiac output or 
peripheral resistance or both. As listed below and further 
described in Table  6.4, there are four major categories of 
antihypertensive agents:

1. Diuretics

2. Sympatholytics

3. RAAS inhibitors

4. Direct vasodilators

Figure 6.3 illustrates the acting sites of these four classes 
of antihypertensive drugs along the physiological and patho
physiological pathways of blood pressure regulation and 
hypertension development. The above four categories of 
antihypertensive agents are also useful in treating various 
other types of cardiovascular disorders, including ischemic 
heart disease (see Units Iv and v), heart failure (see Unit 
vI), and cardiac arrhythmias (see Unit vII). Hence, these 
agents can be considered as multitasking cardiovascular 
drugs. In addition, many of these drugs are also indicated for 
disorders other than cardiovascular diseases. The subsequent 
chapters discuss each of these categories of drugs with a 
focus on their applications in treating hypertension. Their 
use in treating other cardiovascular diseases is further 
covered in other units of the book.

6.5 summary of cHapter Key poInts

 • Hypertension, also called high blood pressure, cur
rently affects approximately 78 million American 
adults (one in three adults) and over one billion people 
worldwide. It is the most common, readily identifiable, 
and reversible risk factor for myocardial infarction, 
stroke, heart failure, and kidney diseases.

 • Hypertension is defined by JNC7 as systolic pressure 
≥140 mm Hg and/or diastolic pressure ≥90 mm Hg. 
Based on the extent of blood pressure elevation, 
hypertension is further divided into stage I and stage II 

table 6.3 Historical overview of the development of drug therapy for hypertensiona

Decade Drug therapy of hypertension

1940s •	 Potassium thiocyanate
•	Kempner diet (rice and fruits; low in calories, fat, protein, and sodium)
•	lumbodorsal sympathectomy

1950s •	Rauvolfia serpentina (a plant containing a number of bioactive chemicals, including yohimbine, reserpine, ajmaline, 
deserpidine, rescinnamine, serpentinine)

•	ganglionic blockers
•	veratrum alkaloids
•	Hydralazine
•	guanethidine
•	Thiazide diuretics

1960s •	 α
2
‐Adrenergic receptor agonists

•	 Spironolactone
•	 β‐Adrenergic receptor antagonists

1970s •	 α
1
‐Adrenergic receptor antagonists

•	Angiotensin‐converting enzyme inhibitors
1980s •	Calcium channel blockers
1990s •	Angiotensin receptor blockers

•	Endothelin receptor blockers (for pulmonary hypertension)
2000s •	Renin inhibitors (aliskiren)

a Modified from reference [13].
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table 6.4 four major categories of antihypertensive drugs and their mechanisms of action

Drug category Mechanism of action

Diuretics
•	Thiazides and related diuretics
•	loop diuretics
•	 Potassium‐sparing diuretics

•	Diuretics decrease plasma volume, thereby leading to the reduced cardiac output
•	Diuretics, especially thiazide diuretics, also reduce peripheral resistance
•	 Potassium‐sparing diuretics (eplerenone and spironolactone) block aldosterone 

receptors (also known as mineralocorticoid receptors)
Sympatholytics
•	 α‐Blockers
•	 β‐Blockers
•	Centrally acting drugs

•	Blockage of peripheral α‐receptors causes peripheral vasodilation and thereby 
decreased peripheral resistance

•	Blockage of β
1
 receptors decreases heart rate and stroke volume, leading to 

decreased cardiac output
•	Blockage of β

1
 receptors decreases renin release, thereby leading to decreased 

activation of the RAAS
•	Centrally acting agents decrease the sympathetic outflow from brain to peripheral 

tissues, leading to decreased peripheral resistance and reduced activation of the 
RAAS

RAAS inhibitors
•	Angiotensin‐converting enzyme inhibitors 

(ACEIs)
•	Angiotensin receptor blockers (ARBs)
•	Renin inhibitors
•	Aldosterone receptor blockers

•	ACEIs decrease the formation of angiotensin II and thereby reduce the 
angiotensin II‐mediated vasoconstriction and aldosterone production

•	ARBs block the effects of angiotensin II on vasculature by blocking the 
angiotensin type 1 receptors

•	Renin inhibitors decrease the conversion of angiotensinogen to angiotensin I, 
thereby leading to decreased activity of the RAAS

Direct vasodilators
•	Calcium channel blockers (CCBs)
•	Other direct vasodilators

•	Calcium channel blockers cause vasodilation, leading to decreased peripheral 
resistance

•	 Some CCBs also suppress cardiac contractility, decreasing cardiac output
•	Other direct vasodilators cause vasodilation, reducing peripheral resistance
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fIgure 6.3 Mechanistically based drug targeting in hypertension treatment. Depicted are the acting sites of the four categories of antihy
pertensive drugs along the pathophysiological process of hypertension development. RAAS, renin–angiotensin–aldosterone system; SNS, 
sympathetic nervous system.
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hypertension. The term prehypertension is defined as 
systolic pressure of 120–139 mm Hg or diastolic pressure 
of 80–89 mm Hg.

 • Based on the part of circulation involved, hypertension 
is classified as systemic hypertension (also called 
systemic arterial hypertension) and pulmonary hyper
tension. Based on etiology, hypertension is classified 
into essential and secondary hypertension.

 • The major pathophysiological mechanisms of hyperten
sion include activation of sympathetic nervous system, 
activation of the RAAS, endothelial dysfunction, and 
oxidative stress, with sympathetic and RAAS activation 
as two key pathophysiological components. Many anti
hypertensive medications mainly act to reduce the 
activities of sympathetic nervous system and RAAS.

 • Currently, there are four major categories of antihyper
tensive drugs that act on the various steps of the 
 pathophysiological process of hypertension, which 
include diuretics, sympatholytics, RAAS inhibitors, 
and vasodilators. These categories of drugs are also 
useful for treating other cardiovascular disorders and 
hence named here multitasking cardiovascular drugs. 
The molecular pharmacology of these drugs in treating 
hypertension as well as other cardiovascular diseases is 
covered in Chapters 7–11.

6.6 self‐assessment QuestIons

6.6.1. A 32‐year‐old female presents to the physician’s 
office complaining of frequent headache and dizzi
ness. Her blood pressure is about 150/90 mm Hg upon 
repeated measurements. She is otherwise healthy. 
which of the following is the best diagnosis for her 
condition?
A. Hypertension emergency
B. Prehypertension
C. Pulmonary hypertension
D. State 1 hypertension
E. State 2 hypertension

6.6.2. Hypertension currently affects about 78 million US 
adults. Among the US populations, which of the fol
lowing have the highest prevalence of hypertension?
A. Asian males
B. Black females
C. Black males
D. Hispanic females
E. white females

6.6.3. A 48‐year‐old male is diagnosed with primary aldo
steronism. His blood pressure is consistently in the 
range of 140–150/90–100 mm Hg. He is otherwise 
healthy. which of the following is most likely respon
sible for his high blood pressure?

A. Increased activation of renal β
1
‐adrenergic receptors

B. Increased heart rate
C. Increased myocardial contraction
D. Increased renal perfusion
E. Increased water and salt retention

6.6.4. A 52‐year‐old male is brought to the emergency 
department because of severe headache, shortness  
of breath, and anxiety. Blood pressure is about 
190/110 mm Hg upon repeated measurements. He is 
otherwise normal without evidence of organ damage. 
which of the following best describes the patient’s 
condition?
A. Hypertension emergency
B. Hypertension urgency
C. Pulmonary hypertension
D. Secondary hypertension
E. State 1 hypertension

6.6.5. A recent meta‐analysis of prospective studies 
(762,393 participants from 19 prospective cohort 
studies) shows a clear association between blood 
pressure ≥120/80 mm Hg and stroke, with signifi
cantly increased risk even in the 120–129/80–84 mm 
Hg range. which of the following best describes the 
conclusion of this meta‐analysis?
A. Control of prehypertension is unlikely associated 

with decreased risk of stroke.
B. Hypertension or high blood pressure increases the 

risk of stroke.
C. Increase of blood pressure within the normal 

range is associated with increased risk of stroke.
D. Prehypertension is associated with increased risk 

of stroke.
E. Stroke increases the risk of prehypertension.
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7.1 Overview

Diuretic agents, also known as diuretics, refer to drugs that 
cause increased production of urine (diuresis). Most diuretics 
act at the various sites of the tubular system of the renal 
nephrons to inhibit the reabsorption of sodium from the 
tubular fluid into the circulation, thereby leading to increased 
excretion of sodium in the urine. The increased excretion of 
sodium in the urine is referred to as natriuresis, and the 
diuretics that cause natriuresis are also called natriuretics. 
Increased sodium excretion is accompanied with increased 
water excretion and hence the increased production of urine. 
Diuretics also affect the excretion of other ions, including 
potassium (K+), calcium (Ca2+), magnesium (Mg2+), chloride 
(Cl−), and bicarbonate (HCO

3
−).

As diuretics decrease plasma volume and volume of 
tissue fluid by increasing urine production, they are com
monly used in the management of edema associated with 
cardiovascular disorders, renal diseases, hepatic disorders, 
and endocrine abnormalities [1]. Some diuretics are also 
used for treating hypertension, glaucoma, and other clinical 
conditions. This chapter discusses the molecular pharma
cology of various classes of diuretics with an emphasis on 
their mechanistically based application in treating cardio
vascular diseases, including hypertension and congestive 
heart failure. The guidelines on using diuretics to treat 
hypertension are discussed in Chapter 12. Use of diuretics in 
the management of congestive heart failure is covered in 
Unit VI.

7.2 vOlume regulatiOn and drug 
targeting

As mentioned earlier, most diuretics act at various sites of 
the renal tubular system to inhibit reabsorption of tubular 
sodium into circulation. Hence, background knowledge on 
kidney physiology and volume regulation is necessary for 
understanding the molecular pharmacology of diuretics.

7.2.1 renal Physiology and volume regulation

The kidney is one of the most highly differentiated organs in 
the body that has evolved to carry out a number of important 
physiological activities. The primary function of the kidney 
is regulation of the extracellular fluid (plasma and interstitial 
fluid) environment in the body. This is accomplished through 
the formation of urine, which is a modified filtrate of plasma. 
In the process of urine formation, the kidney regulates 
important physiological events as listed below:

 • The volume of plasma

 • The concentration of waste products in the blood

 • The concentration of electrolytes (Na+, K+, HCO
3
−, and 

other ions) in the plasma

 • The pH of plasma

The basic functional unit of the kidney is the nephron, 
which consists of the renal corpuscle (glomerulus and 

diuretics

7
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Bowman’s capsule) and the tubular system (Fig. 7.1). The 
glomerulus produces an ultrafiltrate (also called filtrate) of 
plasma that flows through the tubular system. The tubular 
system includes the proximal tubule, loop of Henle, distal 
tubule, and collecting duct. This tubular system is respon
sible for reabsorption of the solutes and water from the fil
trate into the circulation as well as for excretion of metabolic 
waste products and xenobiotics, including drugs.

In a single day, the renal glomeruli generate approxi
mately 180 l of filtrate, and 99% of it is reabsorbed, with 
the rest 1% excreted as the urine. Hence, agents that 
affect the reabsorption of the filtrate will have significant 
impact on the production of the urine. For example, if the 
reabsorption rate were decreased from the initial 99 to 
98% by a drug, the production of urine would be doubled. 
This would lead to a significant reduction in the volume 
of plasma and interstitial fluid as regulation of extracel
lular fluid volume by the kidney occurs via the formation 
of urine.

7.2.2 drug class and drug targeting

7.2.2.1 Drug Class There are different ways for clas
sification of diuretics. One commonly used scheme clas
sifies clinical useful diuretics into the following six groups, 

with the first three groups being commonly used in cardio
vascular diseases:

1. Thiazide and thiazide‐type diuretics

2. Loop diuretics

3. Potassium‐sparing diuretics

4. Carbonic anhydrase inhibitors

5. Osmotic diuretics

6. Antidiuretic hormone antagonists

7.2.2.2 Drug Targeting The most important process of 
renal reabsorption of the filtrate is the reabsorption of Na+ 
as well as an accompanying anion, usually Cl− from the 
tubular fluid into the circulation. NaCl in the body is the 
major determinant of the extracellular fluid volume. Hence, 
most diuretic agents (e.g., thiazide and thiazide‐type 
diuretics, loop diuretics, potassium‐sparing diuretics) pri
marily affect the reabsorption of Na+. As noted before, 
diuretic drugs also affect the reabsorption of other ions in 
the filtrate or the secretion of ions into the tubular fluid 
and may thus potentially cause electrolyte disturbance. 
Figure 7.2 illustrates the reabsorption of Na+ and water as 
well as other solutes at the various segments of the tubular 
system. The figure also depicts the acting sites of the various 

Glomerulus

Proximal tubule Distal tubule

Loop of Henle

Collecting duct

Bowman’s
capsule

Descending limb

Thin ascending limb

Thick ascending limb

Corpuscle 

Urine

Figure 7.1 Schematic illustration of a nephron. Nephron is the basic structural and functional unit of the kidney and consists of the 
corpuscle and tubular system. The corpuscle further comprises the glomerulus and Bowman’s capsule. The glomerulus produces filtrate of 
plasma that flows through the tubular system. The tubular system includes the proximal tubule, loop of Henle, distal tubule, and collecting 
duct. This tubular system is responsible for reabsorption of the solutes and water from the filtrate into the circulation as well as for excretion 
of metabolic waste products and xenobiotics, including drugs. Diuretics act on different segments of the tubular system to affect the reabsorp
tion of solutes and water (see Fig. 7.2).
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types of diuretic agents. The detailed mechanisms of action 
as well as the clinical use of the various classes of diuretics 
are described next.

7.3 thiazide and thiazide‐tyPe  
diuretics

Listed below are the US FDA‐approved thiazide and 
 thiazide‐type diuretics, with chlorthalidone and hydrochlo
rothiazide being the most commonly used members of the 
drug class:

 • Bendroflumethiazide (Naturetin)

 • Chlorothiazide (Diuril)

 • Chlorthalidone (Hygroton)

 • Cyclothiazide (Anhydron)

 • Hydrochlorothiazide (esidrix, Hydrodiuril)

 • Hydroflumethiazide (Diucardin, Saluron)

 • Indapamide (Lozol)

 • Methyclothiazide (enduron)

 • Metolazone (Diulo, Mykrox, zaroxolyn)

 • Polythiazide (renese)

 • Quinethazone (Hydromox)

 • Trichlormethiazide (Metahydrin, Naqua)

7.3.1 general introduction to drug class

Thiazide and thiazide‐type diuretics are the most commonly 
used diuretics and particularly useful in the management of 
hypertension. These agents are orally efficacious, have a 
moderate diuretic effect, and are generally well tolerated. 
Among them, hydrochlorothiazide is the most commonly 
prescribed. recently, the use of chlorthalidone, a thiazide‐
type diuretic, in the treatment of hypertension has increased 
substantially due to favorable clinical outcome associated 
with its use [2]. Structures of chlorthalidone and hydrochlo
rothiazide are given in Figure 7.3.

7.3.2 chemistry and Pharmacokinetics

Thiazides are sulfonamide compounds that contain a 
 benzothiadiazide (thiazide) moiety. Many of the initially 
developed thiazide diuretics are actually analogs of 1,2,4‐
benzothiadiazine‐1,2‐dioxide. Subsequently, drugs that are 
pharmacologically similar to thiazide diuretics, but chemi
cally are not thiazides, were developed and called thiazide‐
type or thiazide‐like diuretics. In the literature, the term 
“thiazide diuretics” is used loosely to refer to both the thia
zide and thiazide‐type diuretics. But, strictly, this is not accu
rate as the thiazide‐type diuretics are chemically not thiazide 
compounds. Because of this, in this book, the compound 
term “thiazide and thiazide‐type diuretics” is used.

Proximal tubule reabsorption
• ~100% filtered glucose, amino acids
• ~60–70% of filtered Na+ and Cl–

• ~60–70% of filtered H2O
• ~85% of filtered HCO3

–

• ~50% of filtered K+

Carbonic anhydrase inhibitors

Loop of Henle reabsorption
• ~20–25 of filtered Na+ and Cl–

• ~25% of filtered H2O
• ~40% of filtered K+

Loop diuretics

Distal tubule reabsorption
• ~5–10% of filtered Na+

• ~5% of filtered H2O 
Thiazide and related diuretics

Collecting duct reabsorption
• ~3% of filtered Na+

• ~9% of filtered H2O  
Potassium-sparing diuretics
Antidiuretic hormone antagonists

Urine

Figure 7.2 Schematic illustration of the reabsorption percentage of solutes and water at the various segments of the renal tubular system 
and the targeting sites of diuretics. Carbonic anhydrase inhibitors act on proximal tubule. As the name indicates, loop diuretics act on the thick 
ascending limb of the loop of Henle. The distal tubule is the acting site of thiazide and thiazide‐type diuretics. Potassium‐sparing diuretics 
and antidiuretic hormone antagonists act on the collecting duct.
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Thiazide and thiazide‐type diuretics exhibit good oral 
bioavailability, ranging from 50 to >90%. These drugs are 
actively secreted into the tubular fluid by the organic acid 
secretory system in the proximal tubular cells and travel 
through the tubular fluid to reach their site of action in the 
distal tubule. As uric acid is also secreted by the same organic 
acid secretory system, use of the thiazide and thiazide‐type 
diuretics may decrease uric acid secretion by the proximal 
tubule and thereby cause increased levels of uric acid in 
plasma. This explains the increased risk of gout associated 
with the use of these diuretics. Thiazide and thiazide‐type 
diuretics undergo metabolism to varying degrees and a major 
portion of the drug is excreted intact in urine. Table  7.1 
 summarizes the key pharmacokinetic properties of the two 
commonly used thiazide and thiazide‐type diuretics, hydro
chlorothiazide and chlorthalidone. As shown, chlorthalidone 
has a much longer half‐life and duration of action than 
hydrochlorothiazide. This may explain the better efficacy of 
chlorthalidone in treating hypertension (see Chapter 12).

7.3.3 molecular mechanisms and Pharmacological 
effects

The pharmacological effects of thiazide and thiazide‐type 
diuretics are outlined below:

 • Diuresis due to increased excretion of Na+ and Cl−

 • Altered excretion of other ions

 • reduced peripheral vascular resistance

 • Other potential novel effects

7.3.3.1 Diuresis due to Increased Excretion of Na+ and 
Cl− The key mechanism of action of thiazide and thiazide‐
type diuretics is the inhibition of the Na+/Cl− cotransporter at 
the early portion of the distal tubule (Fig. 7.4). This cotrans
porter is responsible for the absorption of Na+ and Cl− by the 
distal tubular cells. Inhibition of this cotransporter results in 
increased excretion of Na+ and Cl− in urine.

7.3.3.2 Altered Excretion of Other Ions Thiazide and 
thiazide‐type diuretics also affect the excretion of other ions, 
including (i) increased excretion of K+, (ii) decreased excre
tion of Ca2+, and (iii) increased excretion of Mg2+.

Increased Excretion of K+ The mechanism of increased K+ 
excretion is as follows: inhibition of the Na+/Cl− cotransporter 
at the early portion of the distal tubule leads to the delivery 
of a greater volume of NaCl‐enriched tubular fluid to the late 
distal tubule and collecting duct, which in turn stimulates the 
exchange of Na+ and K+ at these sites. In the process, a small 
amount of Na+ is reabsorbed as K+ is secreted into the tubular 
fluid. Because of this increased K+ excretion in urine, 
thiazide and thiazide‐type diuretics have a kaliuretic effect 
(increased K+ excretion in urine) that may result in 
hypokalemia in some patients (see Section 7.3.6).

Decreased Excretion of Urinary Ca2+ Thiazide and thiazide‐
type diuretics enhance Ca2+ reabsorption, thereby decreas
ing the Ca2+ concentration in tubular fluid. Because of this 
effect, thiazide and thiazide‐type diuretics are used in the 
management of nephrolithiasis (kidney stones) due to 
idiopathic hypercalciuria (see Section 7.3.4).

The exact mechanisms of the enhanced reabsorption of 
Ca2+ by thiazide and thiazide‐type diuretics are unclear. 
Three potential mechanisms have been suggested [3–6]:  
(i) in the proximal tubule, thiazide and thiazide‐type diuretic‐
induced volume depletion leads to enhanced passive Ca2+ 
reabsorption; (ii) in the distal tubule, lowering of the intra
cellular Na+ by thiazide and thiazide‐type drug‐induced 
blockage of Na+ entry results in the enhanced Na+/Ca2+ 
exchange in the basolateral membrane; and (iii) thiazide and 
thiazide‐type diuretics induce enhanced expression of apical 
calcium channels.

Increased Urinary Excretion of Mg2+ Thiazide and 
thiazide‐type diuretics increase urinary excretion of Mg2+ via 
a poorly understood mechanism possibly involving the 
reduced Mg2+ channel abundance [5]. This effect may lead to 
a mild magnesuria, and long‐term use of the drugs may 
cause magnesium deficiency, particularly in the elderly.

table 7.1 major pharmacokinetic properties of 
 hydrochlorothiazide and chlorthalidone

Drug
Oral  
bioavailability Half‐life (h)

Duration  
of action (h)

Hydrochlorothiazide ~70% ~2.5 ~12
Chlorthalidone ~65% ~40–60 ~72
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NH
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Figure 7.3 Structures of hydrochlorothiazide and chlorthalidone. 
Hydrochlorothiazide is a thiazide compound, whereas chlorthali
done is a thiazide‐like drug.
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7.3.3.3 Reduced Peripheral Vascular Resistance Initially, 
thiazide and thiazide‐type diuretics lower blood pressure by 
decreasing plasma volume and cardiac output. Cardiac 
output eventually returns to normal and plasma and extracel
lular fluid volumes return to slightly less than normal, but 
peripheral vascular resistance is reduced, resulting in lower 
blood pressure. The exact mechanisms responsible for the 
lowered peripheral resistance upon chronic treatment with 
thiazide and thiazide‐type diuretics remain unclear. Two 
possible pathways have been hypothesized: (i) direct vasodi
latory effects and (ii) indirect vasodilatory effects [7]. For 
the former mechanism, both endothelium and vascular 
smooth muscle have been suggested to be the source of vaso
dilatory effects, likely involving calcium and rho signaling. 
For the later mechanism, it is thought that blood vessels 
adapt to the initial thiazide‐induced plasma volume loss and 
decrease in cardiac output by undergoing vasoconstriction. 
Then, over time, blood vessels dilate to increase cardiac 
output back toward baseline levels (cardiac output increases 
as arterials dilate). According to this hypothesis, thiazide and 
thiazide‐type diuretic‐induced vasodilation would still origi
nate from sodium‐induced fluid loss via inhibition of the 
Na+/Cl− cotransporter [7].

7.3.3.4 Other Potential Novel Effects The thiazide‐type 
diuretics, including chlorthalidone and indapamide, have 
antiplatelet activity in vitro. recently, chlorthalidone has 
been shown to decrease platelet aggregation and vascular 
permeability, and promote angiogenesis [8]. These novel 
effects may explain the cardiovascular benefits in patients 
treated with chlorthalidone [2, 9, 10] (see Section 7.3.4.1). 
Thiazide and thiazide‐type diuretics may increase prosta
glandin synthesis. As prostaglandins cause vasodilation, the 
aforementioned effect may be responsible partly for the anti
hypertensive activity of these diuretic drugs.

7.3.4 clinical uses

Outlined below are the major clinical indications of thiazide 
and thiazide‐type diuretics:

 • Hypertension

 • edema associated with congestive heart failure and 
other conditions

 • Nephrolithiasis due to idiopathic hypercalciuria

 • Nephrogenic diabetes insipidus

Ca2+

2K+

Na+

Cl–
Cl–

3Na+

3Na+

Na+ /Cl– cotransporter

Ca2+

Na+ /K+ ATPase

Na+ /Ca2+ exchanger

Cl– channel

+

+

Thiazide and 
thiazide-type
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membrane
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Figure 7.4 Molecular mechanisms of action of thiazide and thiazide‐type diuretics. Thiazide and thiazide‐type diuretics inhibit Na+/Cl− 
cotransporter at the early portion of the distal tubule. This cotransporter is responsible for the absorption of Na+ and Cl− by the distal tubular 
cells. Inhibition of this cotransporter results in increased excretion of Na+ and Cl− in urine. Thiazide and thiazide‐type diuretics also enhance 
Ca2+ reabsorption via three possible mechanisms: (1) in the proximal tubule, these drugs induce volume depletion resulting in enhanced 
passive Ca2+ reabsorption; (2) in the distal tubule, lowering of the intracellular Na+ by the drug‐induced blockage of Na+ entry results in the 
enhanced Na+/Ca2+ exchange in the basolateral membrane; and (3) these drugs induce enhanced expression of apical calcium channels.
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7.3.4.1 Hypertension Thiazide and thiazide‐type diuretics 
are widely used in the treatment of hypertension either 
alone or in combination with other drugs (see Chapter 12). 
These drugs have become the mainstay of antihypertensive 
therapy because they are (i) effective, (ii) convenient to 
administer, (iii) inexpensive, and (iv) well tolerated. In 
addition, the antihypertensive effects of the inhibitors of 
the renin–angiotensin–aldosterone system (rAAS) (see 
Chapter  9) are enhanced when given in combination with 
thiazide and thiazide‐type diuretics.

It should be noted that the efficacy of the various thiazide 
and thiazide‐type diuretics in treating hypertension varies. In 
this regard, although hydrochlorothiazide is the most widely 
used diuretic drug for hypertension, the thiazide‐type drug 
chlorthalidone has been shown to be more effective because 
of its longer half‐life as well as other potential novel effects 
(see Section 7.3.3.4). Indeed, there is no evidence that hydro
chlorothiazide at the usually dose of 12.5–50 mg daily 
reduces myocardial infarction, stroke, or death. In contrast, 
treatment of hypertensive patients with chlorthalidone is 
associated with decreased mortality and longer life expectancy 
[11]. It has been becoming increasingly recognized that 
chlorthalidone appears to be the best diuretic for the treatment 
of hypertension, with regard to both blood pressure‐lowering 
efficacy and, most importantly, prevention of hypertension‐
related morbidity and mortality.

7.3.4.2 Edema Associated with Congestive Heart Failure 
and Other Conditions Due to their ability to reduce extra
cellular fluid via diuresis, thiazide and thiazide‐type diuretics 
are useful for treating edema associated with mild to 
moderate congestive heart failure. For severe edema associ
ated with congestive heart failure, loop diuretics are usually 
preferred due to their high efficacy (see Section 7.4).

Thiazide and thiazide‐type diuretics are also useful for 
the management of edema associated with liver and renal 
diseases. However, with the possible exception of metola
zone and indapamide, most of these drugs are ineffective 
when the glomerular filtration rate (GFr) is <30–40 ml/min.

7.3.4.3 Nephrolithiasis due to Idiopathic Hypercalciuria  
Thiazide and thiazide‐type diuretics decrease renal excretion 
of Ca2+ and as such are useful in the management of idio
pathic nephrolithiasis, especially for prevention of stone 
recurrence [12]. However, there is a paucity of clinical data 
on the dose‐dependent effects of these drugs in preventing 
the recurrence of calcium‐containing kidney stones. It has 
been suggested that the doses for treating nephrolithiasis 
should be higher than those used for treating hypertension. 
In this regard, the best available evidence for prevention of 
kidney stone recurrence suggests the use of chlorthalidone 
(25–50 mg, daily), indapamide (2.5 mg daily), or hydrochlo
rothiazide (25 mg twice daily or 50 mg daily) [12].

Due to their inhibition of renal calcium excretion and the 
consequent positive calcium balance, thiazide and thiazide‐type 

diuretics may be useful for the management of osteoporosis. 
However, the clinical efficacy in this regard remains to be 
established via large‐scale randomized clinical trials [13].

7.3.4.4 Nephrogenic Diabetes Insipidus Patients with 
nephrogenic diabetes insipidus do not respond to desmopres
sin (a synthetic replacement for vasopressin, the hormone 
that reduces urine production). However, thiazide and 
 thiazide‐type diuretics can paradoxically reduce the urine 
volume in patients with nephrogenic diabetes insipidus, and 
as such, are the mainstay for the treatment of patients with this 
syndrome. As described below, two mechanisms have been 
proposed to explain the seemly paradoxical effects of these 
drugs in treating nephrogenic diabetes insipidus [14–16]:

 • Decreased GFr hypothesis: This widely accepted 
 hypothesis suggests that the antidiuretic action of thia
zide and thiazide‐type diuretics in nephrogenic diabetes 
insipidus is secondary to increased renal sodium excre
tion. The renal sodium loss causes extracellular volume 
contraction leading to reduced GFr and increased 
proximal tubular sodium and water reabsorption. 
Hence, less water and solutes are delivered to the distal 
tubule and collecting duct and are lost as urine.

 • Upregulation of aquaporin and Na+ transporters hypo
thesis: In a lithium‐induced nephrogenic diabetes insip
idus model, G.H. Kim and associates showed that 
hydrochlorothiazide could upregulate aquaporin‐2 and 
distal renal Na+ transporters [15]. These effects might 
account, at least partly, for the antidiuretic action of this 
thiazide drug in nephrogenic diabetes insipidus.

7.3.5 therapeutic dosages in cardiovascular 
applications

The major use of thiazide and thiazide‐type diuretics in 
 cardiovascular medicine is for treating hypertension. These 
drugs can be used alone but more frequently are used in 
combination with other antihypertensive drugs for effective 
control of blood pressure. Fixed‐dose combination products 
of thiazide and thiazide‐type diuretics with angiotensin‐
converting enzyme inhibitors, angiotensin receptor blockers, 
β‐blockers, or the renin inhibitor aliskiren are available. 
Table 7.2 lists the dosages of commonly used thiazide and 
thiazide‐type diuretics in treating hypertension.

table 7.2 therapeutic dosages of thiazide and thiazide‐
type diuretics in treating hypertension

Thiazide and thiazide‐type  
diuretic drug

Oral once daily dose 
range (mg)

Chlorthalidone 6.25–25
Hydrochlorothiazide 12.5–25
Indapamide 1.25–2.5
Metolazone 2.5–10
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7.3.6 adverse effects and drug interactions

7.3.6.1 Adverse Effects In general, thiazide and thiazide‐
type diuretics are well tolerated. However, use of these 
drugs, especially upon prolonged use, may cause several 
adverse effects, which are classified into two categories:  
(i) hypokalemia and other electrolyte disturbance and 
(ii) metabolic abnormalities.

Hypokalemia and Other Electrolyte Disturbance As 
with loop diuretics (see Section 7.4), the most significant 
adverse effects associated with thiazide and thiazide‐type 
diuretics are abnormalities of fluid and electrolyte balance, 
including hypokalemia, hyponatremia, hypomagnesemia, 
and hypercalcemia. The hypokalemic effect, however, 
makes these drugs useful in combination with K+‐sparing 
diuretics to avoid disruption of the K+ balance (see 
Section 7.5).

Metabolic Abnormalities Thiazide and thiazide‐type 
diuretics may cause three metabolic abnormalities as 
described below:

1. Hyperlipidemias: Thiazide and thiazide‐type diuretics 
may cause a small (5–10%) increase in the levels of 
plasma total cholesterol, LDL cholesterol, and triglyc
erides. These changes may return toward baseline 
after prolonged use. There is currently no evidence 
showing that such lipid effects result in a negation of 
the beneficial effects of these drugs on blood pressure 
and cardiovascular events. The mechanisms behind 
thiazide and thiazide‐type diuretic‐induced dyslipid
emias remain unclear. Two possible mechanisms have 
been proposed [17, 18]. One is related to the decreased 
insulin sensitivity due to hypokalemia induced by 
these drugs. The decreased insulin sensitivity pro
motes hepatic production of cholesterol. The other 
mechanism is related to the compensatory activation 
of the renin–angiotensin–aldosterone axis and the 
sympathetic nervous system due to the drug‐induced 
loss of blood volume and sodium. The compensatory 
increase of the overall adrenergic tone may mediate 
the lipid effects of the diuretics by increasing adipo
cyte lipolysis, leading to increased levels of free fatty 
acids and the subsequent elevated synthesis of hepatic 
very‐low‐density lipoprotein (VLDL). Increased 
VLDL levels then result in increases in LDL choles
terol as well as triglycerides in plasma.

2. Hyperglycemia: Use of thiazide and thiazide‐type 
diuretics is associated with an increased risk of 
diabetes mellitus [19]. This hyperglycemic effect is 
likely due to hypokalemia, resulting in decreased 
insulin release from the pancreatic β‐cells. In this 
regard, release of insulin is dependent partially on K+ 
levels. Although these diuretic drugs adversely affect 

glucose homeostasis, clinical findings suggest that 
 thiazide and thiazide‐type diuretic (e.g., chlorthalidone)‐
related incident diabetes has less adverse long‐term 
cardiovascular disease impact than incident diabetes 
that develops while on other antihypertensive medica
tions (e.g., the calcium channel blocker amlodipine, 
the angiotensin‐converting enzyme inhibitor lisino
pril) [20]. Therefore, concerns regarding potential 
adverse diabetic effects associated with thiazide and 
thiazide‐type diuretic therapy should not discourage 
its use. In this context, a recent pooled analysis of 
five statin studies shows that incident diabetes mellitus 
is more common in persons treated with intensive‐
dose therapy versus moderate‐dose therapy [21]. 
Nonetheless, the benefits of reduced cholesterol by 
statin therapy are deemed to outweigh any possible 
deleterious effects of incident diabetes mellitus on 
 cardiovascular disease outcomes (see Chapter  4). 
Similarly, thiazide and thiazide‐type diuretics, espe
cially chlorthalidone have been shown to be highly 
effective for preventing cardiovascular outcomes 
through decades of rigorously controlled clinical 
trials.

3. Hyperuricemia: Thiazide and thiazide‐type diuretics 
increase plasma uric acid levels by inhibiting the 
renal tubular secretion of uric acid. Use of these drugs 
may be associated with an increased risk of gout 
attacks [22–24], and this association is mediated by 
increases in plasma uric acid levels [25]. Hence, an 
important question arises: should thiazide or thiazide‐
type diuretics be used in hypertensive patients with 
gout? For patients with gout and untreated hyperten
sion, it would be prudent to avoid thiazide and thia
zide‐type diuretics. However, frequently, clinicians 
are faced with patients with gout who are already tak
ing thiazide and thiazide‐type diuretics. For patients 
taking a stable dose of a thiazide diuretic, intermittent 
use, as compared with consistent daily use, confers an 
increased risk of gout attacks [26]. Given the cardio
vascular risk associated with hypertension and the 
high prevalence of inadequate blood pressure control, 
alteration of a regimen that is appropriately controlling 
a patient’s hypertension is not recommended. Since 
poorly controlled gout is most commonly related to 
underdosing of urate‐lowering therapy and poor 
adherence, it is recommended to optimize urate‐ 
lowering therapy before making changes that might 
adversely affect blood pressure control. For patients 
who are refractory to appropriate maximal urate‐ 
lowering therapy, switching to an alternate antihyper
tensive agent (e.g., the uricosuric losartan; see 
Chapter 9) with close monitoring of blood pressure 
control would be appropriate. Decision analysis and 
cost‐effectiveness studies are warranted to guide 
optimal management [23].
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7.3.6.2 Drug Interactions Thiazide and thiazide‐type 
diuretics may add to or potentiate the action of other antihy
pertensive drugs. These drugs may also decrease the renal 
clearance of lithium (an antipsychotic drug), thereby 
increasing the risk of lithium toxicity. Because prostaglan
dins are involved in the antihypertensive activity of thiazide 
and thiazide‐type diuretics (Section  7.3.3.4), nonsteroidal 
anti‐inflammatory drugs may reduce the antihypertensive 
efficacy of these diuretic drugs in monotherapy [27]. 
However, the antihypertensive effect of the combination of 
hydrochlorothiazide and the angiotensin‐converting enzyme 
inhibitor fosinopril was shown not to be affected by nonste
roidal anti‐inflammatory drugs [28].

7.3.6.3 Contraindications and Pregnancy Category 

 • Thiazide and thiazide‐type diuretics are contraindi
cated in patients with anuria.

 • Hypersensitivity to these agents or other sulfonamide‐
derived drugs is also a contraindication.

 • Pregnancy category: B.

7.3.7 summary of thiazide and thiazide‐type 
diuretics

Thiazide and thiazide‐type diuretics inhibit Na+/Cl− cotrans
porter at the early portion of the distal tubule, resulting in 
increased excretion of Na+ and Cl− in urine. These drugs, 
especially hydrochlorothiazide and chlorthalidone are among 
the commonly used drugs for treating hypertension. The anti
hypertensive activity appears to result from the decreased 
blood volume at the early phase of treatment, and later from 
vasodilation through unknown mechanisms. Thiazide and thi
azide‐type diuretics are generally well tolerated though long‐
term use of these drugs may cause metabolic disturbances.

7.4 lOOP diuretics

There are currently four loop diuretics approved by the US 
FDA for clinical use. Furosemide is the most commonly pre
scribed loop diuretic drug:

1. Bumetanide (Bumex)

2. ethacrynic acid (edecrin)

3. Furosemide (Lasix)

4. Torsemide (Demadex)

7.4.1 general introduction to drug class

Loop diuretics are the most efficacious diuretic agents cur
rently available. They are so called because they act on the 
thick ascending limb of the loop of Henle (see Section 7.4.3). 

It should be noted that loop diuretics such as furosemide 
may also inhibit the reabsorption of Na+ and Cl− in both the 
proximal and distal tubules. In contrast to thiazide and thia
zide‐type diuretics, loop diuretics exhibit dose‐dependent 
diuresis throughout their clinical dosage range. As such, 
these drugs are also known as high‐ceiling diuretics.

7.4.2 chemistry and Pharmacokinetics

Loop diuretics are a chemically diverse group of drugs 
(Fig.  7.5). Bumetanide and furosemide contain a sulfon
amide moiety. ethacrynic acid is a phenoxyacetic acid 
derivative and electrophilic. Likely due to its electrophilic 
activity, ethacrynic acid is a potent activator of Nrf2 [29], a 
transcription factor involved in regulation of cytoprotective 
genes. Torsemide is a sulfonylurea.

All four loop diuretics are available in oral and parenteral 
formulations. They are rapidly absorbed and eliminated by 
the kidney via proximal tubular secretion (major route) and 
glomerular filtration (minor route due to the high binding of 
the drugs to plasma proteins). Drugs secreted by the proximal 
tubular cells into the lumen travel to the thick ascending limb 
of the loop of Henle to act on the drug target there 
(Section  7.4.3). Table  7.3 lists the major pharmacokinetic 
properties of the loop diuretics.

7.4.3 molecular mechanisms and Pharmacological 
effects

The pharmacological effects of loop diuretics are outlined 
below:

 • Diuresis due to increased excretion of Na+ and Cl−

 • Altered excretion of other ions

 • reduced peripheral vascular resistance

 • Other potential novel effects

7.4.3.1 Diuresis due to Increased Excretion of Na+ and 
Cl− Loop diuretics act from within the lumen of the thick 
ascending portion of the loop of Henle, where they inhibit the 
Na+/K+/2Cl− cotransporter. As illustrated in Figure 7.6, inhi
bition of Na+/K+/2Cl− cotransporter on the apical membrane 
of the cells of the loop of Henle results in decreased reabsorp
tion of Na+ and Cl− and thereby the increased excretion of 
these solutes in urine. As depicted in the figure, inhibition of 
Na+/K+/2Cl− cotransporter also leads to disruption of the 
positive transepithelial potential, thereby causing increased 
urinary excretion of Ca2+ and Mg2+ (see Section 7.4.3.2).

7.4.3.2 Altered Excretion of Other Ions Loop diuretics 
also affect the excretion of other ions, including (i) increased 
excretion of K+ and (ii) increased excretion of both Ca2+ 
and Mg2+.
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table 7.3 major pharmacokinetic properties of loop diuretics

Loop diuretic Oral bioavailability (%) Half‐life (h) Duration of action after oral administration (h)

Bumetanide 60 1 4–6
ethacrynic acid 80 1 6–8
Furosemide 100 1–2 6–8
Torsemide 80 3–4 6–8
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Figure 7.6 Molecular mechanisms of action of loop diuretics. Loop diuretics inhibit Na+/K+/2Cl− cotransporter on the apical membrane 
of the cells of the loop of Henle, thereby resulting in decreased reabsorption of Na+ and Cl− and the consequent increased excretion of these 
solutes in urine. As illustrated, the positive transepithelial potential serves as the driving force for the reabsorption of Ca2+ and Mg2+. Hence, 
reduction of the positive transepithelial potential by loop diuretics causes marked increases in Ca2+ and Mg2+ secretion, predisposing to 
 hypocalcemia and hypomagnesemia.



136 DIUreTICS

Increased Excretion of K+ The mechanism involved in the 
loop diuretic‐induced increased excretion of K+ is similar to 
that discussed for thiazide and thiazide‐type diuretics (see 
section “Increased excretion of K+”). In brief, the delivery of 
Na+‐rich fluid to the collecting duct causes increased 
secretion of K+ and H+, predisposing to hypokalemia and 
alkalosis. In addition, activation of the renin–angiotensin–
aldosterone axis due to fluid reduction caused by the 
diuretics may also contribute to the increased loss of K+ in 
the urine (aldosterone augments Na+ accumulation and K+ 
excretion).

Increased Excretion of Both Ca2+ and Mg2+ As illustrated in 
Figure 7.6, the positive transepithelial potential serves as the 
driving force for the reabsorption of Ca2+ and Mg2+. Hence, 
reduction of the positive transepithelial potential by loop 
diuretics causes marked increases in Ca2+ and Mg2+ excretion, 
predisposing to hypocalcemia and hypomagnesemia.

7.4.3.3 Reduced Peripheral Vascular Resistance Studies 
in both animal models and human subjects suggest that loop 
diuretics, including furosemide and torsemide, may cause 
direct venodilation via a prostaglandin and nitric oxide‐
dependent mechanism [30, 31]. However, the clinical signif
icance of this venodilatory effect remains unclear.

7.4.3.4 Other Potential Novel Effects Animal studies 
demonstrate that loop diuretics, including bumetanide and 
furosemide, may modulate GABAergic signaling through their 
antagonism of cation–chloride cotransporters in the central 
nervous system, leading to potential antiepileptic and anxio
lytic activities [32, 33]. Bumetanide is also shown to have 
 neuroprotective effects in traumatic brain injury likely via its 
modulation of GABAergic signaling [34]. The clinical impli
cations of these novel effects warrant further investigation.

7.4.4 clinical uses

The major clinical indications for loop diuretics are 
pulmonary edema and peripheral edema associated with 
congestive heart failure. They are also widely used for treat
ing other edematous conditions, including liver cirrhosis 
and nephritic syndrome. Other uses of loop diuretics 
include hypercalcemia and hyperkalemia due to their 
enhancement of both Ca2+ and K+ excretion from the kidney 
(Section 7.4.3.2). Compared with thiazide and thiazide‐type 
diuretics, loop diuretics are less useful in treating hyperten
sion due to two primary reasons: (i) limited efficacy and 
short half‐life and (ii) availability of many other more 
 effective and better‐tolerated antihypertensive agents. This 
section primarily considers the use of loop diuretics in the 
management of heart failure. Additional discussion of the 
role of loop diuretics in heart failure management is provided 
in Unit VI.

7.4.4.1 Acute Decompensated Heart Failure Intravenous 
loop diuretics are an essential component of therapy for 
patients with acute decompensated heart failure because of 
their efficacy in reducing cardiac preload, thereby improving 
pulmonary congestion. Among the loop diuretics, furose
mide has been the most widely used and studied in this 
clinical setting. It is believed that in addition to sodium and 
fluid reduction due to diuresis, the direct venodilatory 
activity may also contribute to the preload reduction (see 
Unit VI).

Although intravenous diuretics are an essential compo
nent of current treatment and are administered to approxi
mately 90% of patients who are hospitalized with heart 
failure, prospective data to guide the use of these drugs are 
sparse and current guidelines are based primarily on expert 
opinions [35] (also see Chapter  22). As a result, clinical 
practice varies widely with regard to both the mode of 
administration (i.e., bolus vs. continuous infusion) and the 
dosage. In this context, a recent prospective, double‐blind, 
randomized controlled trial demonstrated that among 
patients with acute decompensated heart failure, there were 
no significant differences in patients’ global assessment of 
symptoms or in the change in renal function when furose
mide diuretic therapy was administered by bolus as com
pared with continuous infusion or at a high dose as compared 
with a low dose [36]. These findings may change current 
practice. Since a high‐dose regimen may relieve dyspnea 
more quickly without adverse effects on renal function, such 
a regimen is preferable to a low‐dose regimen. Administration 
of boluses may be more convenient than continuous infusion 
and equally effective [37, 38].

7.4.4.2 Clinically Stable Patients with Congestive Heart 
Failure Diuretic treatment is recommended in all patients 
with congestive heart failure and clinical evidence of 
volume overload, including those with preserved left ven
tricular ejection fraction [39]. Treatment may begin with 
either a thiazide or loop diuretic. In more severe volume 
overload or if response to a thiazide is inadequate, treatment 
with a loop diuretic should be implemented. excessive 
diuresis, which may lead to orthostatic changes in blood 
pressure and worsening of renal function, should be 
avoided. In this context, use of high doses of oral loop 
diuretics in clinically stable patients with heart failure is 
associated with increased mortality. Notably, a recent study 
suggested that the risk associated with high‐dose loop 
diuretic use is strongly dependent on blood urea nitrogen 
(BUN) concentrations with reduced survival in patients 
with an elevated BUN level and improved survival 
in  patients with a normal BUN level. These data suggest 
a  role  for neurohormonal activation in loop diuretic‐ 
associated mortality as blood BUN is a surrogate marker 
for activation of the sympathetic nervous system and renin–
angiotensin–aldosterone axis [40].
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7.4.4.3 Loop Diuretic Resistance Both acute and long‐
term use of loop diuretics may lead to drug resistance via 
multiple mechanisms involving interactions between the 
pathophysiology of sodium retention in the heart failure and 
the renal response to the diuretics [41]. Strategies to improve 
patients’ responsiveness to these agents include fluid and 
salt restriction, switching from oral to intravenous loop 
diuretics, increasing diuretic dosage, continuous infusion, 
and combination therapy with thiazide and thiazide‐type 
diuretics [42].

7.4.5 therapeutic dosages in heart Failure treatment

Table  7.4 lists the dosage for loop diuretics in treating 
congestive heart failure. Loop diuretics should be initiated in 
low doses and then carefully titrated upward to relieve signs 
and symptoms of fluid overload in patients with congestive 
heart failure. Intravenous loop diuretics are necessary for 
acute decompensated heart failure to relieve congestion 
acutely. Once congestion has been relived, treatment with 
diuretics should be continued to prevent the recurrence of 
sodium and water retention.

7.4.6 adverse effects and drug interactions

7.4.6.1 Adverse Effects Loop diuretics are generally 
well tolerated, and the adverse effects are mainly due to dis
ruption of fluid and electrolyte balance. These drugs may 
also cause metabolic abnormalities. Use of loop diuretics, 
especially ethacrynic acid is associated with ototoxicity.

Abnormalities of Fluid and Electrolyte Balance Loop 
diuretics cause increased excretion of K+, Ca2+, and Mg2+, 
which may lead to hypokalemia, hypocalcemia, and 
hypomagnesemia, particularly in patients with dietary 
deficiency of these electrolytes. Overzealous use of loop 
diuretics can cause severe fluid and sodium depletion and 
the development of hypotension.

Metabolic Abnormalities Similar to thiazide and thiazide‐
type diuretics, loop diuretics can also cause hyperuricemia, 
predisposing to acute gouty attacks. Increased levels of 
blood glucose, total cholesterol, and LDL cholesterol also 

occur in patients treated with loop diuretics. The mechanisms 
underlying these metabolic abnormalities are similar to 
those described for thiazide and thiazide‐type diuretics (see 
Section 7.3).

Ototoxicity Use of loop diuretics may cause ototoxicity 
especially in patients with concurrent use of other potential 
ototoxic drugs, such as aminoglycoside antimicrobials. The 
ototoxicity may include tinnitus, vertigo, a sense of fullness 
in the ears, impairment of hearing, and deafness. ethacrynic 
acid causes more severe ototoxicity than do other loop 
diuretics, and as such, it is less frequently used. ethacrynic 
acid is used when patients are hypersensitive to other loop 
diuretics.

The loop diuretics are direct inhibitors of the Na+/K+/2Cl− 
cotransport system, which also exists in the marginal and 
dark cells of the stria vascularis, which are responsible for 
endolymph secretion. The ototoxicity of these agents may be 
indirect, due to changes in ionic composition and fluid 
volume within the endolymph [43, 44].

Allergic Reactions and Other Rare Adverse Effects As 
loop diuretics with the exception of ethacrynic acid are 
sulfonamides, allergic reactions, such as skin rashes, may 
occur. Allergic reactions are less common with ethacrynic 
acid. Other rare adverse effects may include hematotoxicity 
and bone marrow suppression.

7.4.6.2 Drug Interactions Similar to what was discussed 
for thiazide and thiazide‐type diuretics, the diuretic effects 
of loop diuretics can be reduced by concurrent treatment 
with nonsteroidal anti‐inflammatory drugs and probenecid. 
Loop diuretics may also increase the blood levels of lithium, 
predisposing to lithium toxicity via a similar mechanism 
described in Section 7.3.6.2. Notably, the ototoxicity of loop 
diuretics can be potentiated by other ototoxic drugs, 
including aminoglycoside antimicrobials, cisplatin, and 
carboplatin.

7.4.6.3 Contraindications and Pregnancy Category 

 • Severe sodium and water depletion.

 • Anuria.

 • Hypersensitivity to the drugs or sulfonamides or 
sulfonylureas.

 • Pregnancy category: B (ethacrynic acid and torsemide) 
and C (bumetanide and furosemide).

7.4.7 summary of loop diuretics

Loop diuretics are the most efficacious diuretic agents cur
rently available. These drugs inhibit Na+/K+/2Cl− cotrans
porter on the apical membrane of the cells of the loop of 

table 7.4 dosages of loop diuretics in treating congestive 
heart failure

Loop diuretic Initial dose
Maximal dose 
(mg/day)

Bumetanide 0.5–1 mg, once or twice daily 10
ethacrynic acid 50–100 mg, once daily 200
Furosemide 20–80 mg, once daily 400
Torsemide 10–20 mg, once daily 200
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Henle, resulting in decreased reabsorption of Na+ and Cl− 
and thereby the increased excretion of these solutes in urine. 
Loop diuretics are primarily used to treat edematous 
 conditions, such as pulmonary edema and peripheral edema, 
associated with congestive heart failure. They are not useful 
for treating hypertension. Loop diuretics are generally well 
tolerated and the adverse effects are mainly due to disruption 
of fluid and electrolyte balance. Use of loop diuretics, 
 especially ethacrynic acid may also cause ototoxicity.

7.5 POtassium‐sParing diuretics

Listed below are the US FDA‐approved potassium‐sparing 
diuretics. Amiloride and triamterene are sodium channel 
blockers, whereas eplerenone and spironolactone are aldo
sterone receptor antagonists:

 • Amiloride (Midamor)

 • Triamterene (Dyrenium)

 • eplerenone (Inspra)

 • Spironolactone (Aldactone)

7.5.1 general introduction to drug class

Potassium‐sparing diuretics act on the principal cells of late 
distal tubule and the collecting duct to decrease Na+ reabsorp
tion and K+ excretion. The ability to decrease K+ excretion 
 differentiates potassium‐sparing diuretics from thiazide and 
loop diuretics, which cause increased K+ excretion (see Sections 
7.3 and 7.4). Based on the mechanisms involved, potassium‐
sparing diuretics are classified into two subgroups: (i) direct 
Na+ channel blockers (amiloride and triamterene) and (ii) aldo
sterone receptor antagonists (eplerenone and spironolactone).

7.5.2 chemistry and Pharmacokinetics

The chemical structures of the four potassium‐sparing 
diuretics are given in Figure 7.7. The major pharmacokinetic 
properties of these drugs are summarized in Table 7.5.
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Figure 7.7 Structures of potassium‐sparing diuretics. The structure of aldosterone is included to show the structural similarity between 
this hormone and its receptor antagonists eplerenone and spironolactone.
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7.5.3 molecular mechanisms and Pharmacological 
effects

The pharmacological effects of potassium‐sparing diuretics 
include the following three aspects:

1. Increased excretion of Na+ and decreased excretion of K+

2. Altered excretion of other ions

3. Inhibition of aldosterone‐mediated deleterious effects

7.5.3.1 Increased Excretion of Na+ and Cl− and Decreased 
Excretion of K+ Drugs in this class act via one of two 
mechanisms: amiloride and triamterene block the activity of 
the Na+ channels in the apical membranes of the principal 
cells, whereas eplerenone and spironolactone decrease the 
biosynthesis of new Na+ channels in these cells via blocking 

the aldosterone receptors (also known as mineralocorticoid 
receptors). Since Na+ reabsorption in the principal cells is 
coupled with K+ excretion, inhibition of the Na+ reabsorption 
by these diuretic drugs causes decreased K+ secretion 
(Fig. 7.8). The detailed mechanism underlying the decreased 
K+ excretion is as follows: decreased Na+ entry through the 
apical membrane Na+ channels results in decreased lumen 
negative transepithelial potential, thereby decreasing the 
driving force for K+ secretion as well as the secretion of other 
cations, including H+, Ca2+, and Mg2+ (see Section 7.5.3.2).

Since the late distal tubule and collecting duct have a 
limited capacity to reabsorb Na+ and other solutes, potassium‐
sparing diuretics only mildly increase Na+ and Cl− excretion 
rate (about 2–3% of filtered load). As such, they are relatively 
weak diuretics.

table 7.5 major pharmacokinetic properties of potassium‐sparing diuretics

Potassium‐sparing  
diuretic

Oral bioavailability  
(%)

elimination half‐life  
(h)

Duration of action  
(h) route of elimination

Amiloride 20 8 24 renal excretion of intact drug
Triamterene 50 4 8 renal excretion of sulfate conjugate of 

hydroxytriamterene
eplerenone 70 5 Insufficient data Urinary and biliary excretion of CyP3A4 

metabolites
Spironolactone 65 1.5 60 Urinary and biliary excretion of sulfur‐

containing metabolites

2K+

3Na+

K+

Na+

Basolateral
membrane

AR

Eplerenone
Spironolactone

Amiloride
Triamterene Na+/K+ ATPase
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K+ channel
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Figure 7.8 Molecular mechanisms of action of potassium‐sparing diuretics. Amiloride and triamterene block the activity of the Na+ 
 channels in the apical membranes of the principal cells, whereas eplerenone and spironolactone decrease the biosynthesis of new Na+ chan
nels in these cells via blocking the aldosterone receptors (Ar). As illustrated, aldosterone–Ar complex binds to the hormone response 
element (Hre) of the gene encoding the Na+ channel protein, thereby leading to enhanced expression of the Na+ channels. eplerenone and 
spironolactone competitively block the binding of aldosterone to Ar, thereby inhibiting the transcription of the Na+ channel‐encoding gene. 
Since Na+ reabsorption in the principal cells is coupled with K+ secretion, inhibition of the Na+ reabsorption by these diuretic drugs causes 
decreased K+ excretion. For color details, please see color plate section.
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7.5.3.2 Altered Excretion of Other Ions As described 
earlier, decreased lumen negative transepithelial potential by 
potassium‐sparing diuretics also leads to the decreased 
excretion of H+, Ca2+, and Mg2+. The decreased H+ excretion 
may lead to metabolic acidosis.

7.5.3.3 Inhibition of Aldosterone‐Mediated Deleterious 
Effects In addition to the weak diuresis, the potassium‐
sparing diuretics eplerenone and spironolactone exert bene
ficial activities via their inhibition of the deleterious effects 
of aldosterone. This mechanism is largely responsible for the 
clinical efficacy of these two drugs in the management of 
heart failure as well as resistant hypertension (see Chapters 
12, 21, and 22) and renal diseases. In this context, dysregu
lated aldosterone elicits diverse deleterious effects in the 
 cardiovascular and renal systems (Table 7.6), contributing to 
the pathophysiology of heart failure, hypertension, and other 
disorders [45].

7.5.4 clinical uses

7.5.4.1 Clinical Uses of Amiloride and Triamterene Due 
to their weak natriuresis, amiloride and triamterene are 
rarely used as monotherapy for treating edematous condi
tions and hypertension. Instead, they are primarily used as 
adjunctive treatment with thiazide diuretics or other kali
uretic diuretic agents in congestive heart failure or hyperten
sion to (i) help restore normal plasma potassium levels in 
patients who develop hypokalemia on the kaliuretic diuretic 
and (ii) prevent development of hypokalemia in patients who 

would be exposed to particular risk if hypokalemia were to 
develop, for example, patients treated with digitalis or patients 
with significant cardiac arrhythmias.

Fixed‐dose combination with a thiazide diuretic is avail
able for amiloride and triamterene:

 • Hydrochlorothiazide/amiloride (Moduretic)

 • Hydrochlorothiazide/triamterene (Dyazide)

7.5.4.2 Clinical Uses of Eplerenone and Spironolactone  
The major clinical uses of eplerenone and spironolactone 
include treatment of (i) hypertension and heart failure, and 
(ii) hyperaldosteronism. Spironolactone is also used for the 
treatment of other edematous conditions, including liver cir
rhosis accompanied by edema and/or ascites, and nephrotic 
syndrome, as well as for the treatment of patients with hypo
kalemia when other measures are considered inappropriate 
or inadequate. It is worth mentioning that spironolactone is a 
much older drug with more available clinical research data 
than eplerenone, and as such, it has more FDA‐approved 
indications than eplerenone.

Hypertension and Heart Failure Like amiloride and 
triamterene, eplerenone and spironolactone are often used 
in combination with other drugs, such as thiazide or loop 
diuretics, to treat hypertension and ameliorate edema 
associated with heart failure. Such a combination use results 
in increased natriuresis without significant disturbance of K+ 
homeostasis. eplerenone and spironolactone are also useful 
drugs for treating resistant hypertension because dysregulated 
aldosterone is involved in the development of resistant 
hypertension (see Chapter 12).

Clinical trials demonstrate that addition of eplerenone or 
spironolactone to standard therapy results in attenuation of 
disease progress and improvement of survival in congestive 
heart failure patients with either severe, moderate, or mild 
symptoms [35, 45, 46]. In addition, a recent study suggested 
that in patients with systolic heart failure and mild symp
toms, eplerenone also reduced the incidence of new‐onset 
atrial fibrillation [47]. However, a recent trial reported that in 
patients with heart failure and a preserved ejection fraction, 
treatment with spironolactone did not significantly reduce 
the incidence of the primary composite outcome of death 
from cardiovascular causes, aborted cardiac arrest, or hospi
talization for the management of heart failure [48]. This sug
gests that the survival benefit of aldosterone antagonists may 
depend on a reduced ventricular ejection fraction in heart 
failure patients.

The survival benefits of aldosterone antagonists in 
patients with heart failure and reduced ventricular ejection 
fraction are independent of their diuretic activity and most 
likely stem from the inhibition of the deleterious effects of 

table 7.6 deleterious effects resulting from dysregulated 
aldosterone

Organ/system Deleterious effects of dysregulated aldosterone

Heart •	Coronary atherosclerosis
•	Decreased natriuretic peptide synthesis
•	 Interstitial fibrosis
•	Myocyte hypertrophy
•	Oxidative and inflammatory stress
•	reduced norepinephrine uptake

Vasculature •	Atherosclerosis
•	endothelial cell hypertrophy
•	Oxidative and inflammatory stress
•	 Platelet aggregation
•	reduced nitric oxide bioavailability
•	Vascular smooth muscle cell hypertrophy
•	Vasomotor dysfunction

Kidney •	Glomerulosclerosis
•	Oxidative and inflammatory stress
•	 Podocyte apoptosis and proteinuria
•	 Potassium and magnesium wasting
•	 Sodium and water retention
•	Tubulointerstitial fibrosis
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dysregulated aldosterone in the cardiovascular and renal 
 systems (see Table 7.6) [49, 50].

Hyperaldosteronism Spironolactone is used for (i) establishing 
the diagnosis of primary hyperaldosteronism by therapeutic 
trial, (ii) short‐term preoperative treatment of patients with 
primary hyperaldosteronism, (iii) long‐term maintenance 
therapy for patients with discrete aldosterone‐producing 
adrenal adenomas who are judged to have high operative risks 
or who decline surgery, and (iv) long‐term maintenance therapy 
for patients with bilateral micro‐ or macronodular adrenal 
hyperplasia (idiopathic hyperaldosteronism).

7.5.5 therapeutic dosages

The therapeutic dosage regimens of potassium‐sparing 
diuretics are given in Table 7.7.

7.5.6 adverse effects and drug interactions

7.5.6.1 Adverse Effects

Hyperkalemia The most characteri stic and also principal 
adverse effect of potassium‐sparing diuretics is hyperkalemia, 
especially in patients who also ingest potassium supplements 
or take other drugs that increase plasma K+ levels (e.g., 
angiotensin‐converting enzyme inhibitors, angiotensin 
receptor blockers) or in patients with renal disorders that 
predispose them to hyperkalemia. Hyperkalemia may 
predispose the individuals to life‐threatening conditions, 
such as cardiac arrhythmias. As such, plasma K+ levels need 
to be measured before initiation of the drug therapy and 
monitored during the therapy.

Endocrine Abnormalities Owing to its ability to modulate 
other steroid receptors, such as androgen receptors, 
spironolactone may cause endocrine abnormalities, including 
gynecomastia, erectile dysfunction, and menstrual irregularities. 

eplerenone is a new aldosterone antagonist that produces less 
endocrine adverse effects than does spironolactone.

Other Adverse Effects Other adverse effects associated 
with potassium‐sparing diuretics may include gut 
disturbance, allergic reactions, headache, and weakness.

7.5.6.2 Drug Interactions 

Interactions with Drugs That also Increase Plasma K+ 
Levels The most significant drug interaction is the concomitant 
use of other drugs that increase plasma K+ levels, including 
angiotensin‐converting enzyme inhibitors and angiotensin 
receptor blockers. The risk of hyperkalemia is also increased 
with coadministration of nonsteroidal anti‐inflammatory drugs. 
Such combinations increase the risk of life‐threatening 
hyperkalemia. Potassium‐sparing diuretics also decrease 
lithium excretion, thereby predisposing to lithium toxicity.

Interactions with Drugs That Modulate CYP3A4 Activity  
Because eplerenone is primarily metabolized by CyP3A4 
(Table 7.5), strong inhibitors of CyP3A4 (e.g., ketoconazole, 
itraconazole, nefazodone, troleandomycin, clarithromycin, 
ritonavir, and nelfinavir) may significantly reduce the 
metabolism of eplerenone and markedly increase its plasma 
concentrations. Such drugs should not be taken with eplerenone. 
eplerenone dosage needs to be reduced when patients also take 
the drugs that are moderate inhibitors of CyP3A4 (e.g., 
verapamil, erythromycin, saquinavir, fluconazole).

7.5.6.3 Contraindications and Pregnancy Category 

 • Patients with hyperkalemia or impaired renal function 
(anuria, acute or chronic renal insufficiency).

 • For eplerenone, concomitant treatment with strong 
CyP3A4 inhibitors.

 • Pregnancy category: B (eplerenone) and C (amiloride, 
triamterene, spironolactone).

7.5.6.4 Summary of Potassium‐Sparing Diuretics  
Potassium‐sparing diuretics act on the principal cells of late 
distal tubule and the collecting duct to decrease Na+ reab
sorption and K+ excretion. Because the late distal tubule and 
collecting duct have a limited capacity to reabsorb Na+ and 
other solutes, potassium‐sparing diuretics only mildly 
increase Na+ and Cl− excretion rate (about 2–3% of filtered 
load). As such, they are relatively weak diuretics. Potassium‐
sparing diuretics are mainly used in combination with 
other drugs for the treatment of hypertension and 
congestive heart failure. Aldosterone receptor antagonists 
attenuate disease progression and prolong the survival of 
patients with congestive heart failure, and such benefits are 
independent of their diuretic activity and most likely stem 

table 7.7 major therapeutic dosage regimens of 
potassium‐ sparing diuretics

Potassium‐sparing  
diuretic Dosage regimen

Amiloride •	 5 mg, once daily, added to other drugs; 
may be increased to 10 mg/day

Triamterene •	 50–100 mg, twice daily, added to other 
drugs

eplerenone •	 For heart failure, 25 mg, once daily, 
titrated to the recommended dose of 
50 mg, once daily

•	 For hypertension, 50 mg, once daily; may 
be increased to 50 mg, twice daily

Spironolactone •	 For severe heart failure, 25–50 mg, once 
daily

•	 For hypertension, 50–100 mg, once daily
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from antagonizing aldosterone’s deleterious effects on the 
cardiovascular and renal systems. The most characteristic 
and also major adverse effect of potassium‐sparing 
diuretics is hyperkalemia, especially in individuals at risk of 
 developing hyperkalemia. Spironolactone may also cause 
endocrine abnormalities.

7.6 Other diuretics

As introduced earlier, diuretics represent a large category 
of drugs that are used in the management of cardiovas
cular diseases as well as other disorders. With regard to 

cardiovascular disease management, thiazide and  thiazide‐
type diuretics, loop diuretics, and potassium‐sparing 
diuretics are among the commonly used diuretics, and as 
such, the molecular pharmacology and cardiovascular 
indications of these drugs are the focus of this chapter. 
The remaining three classes of diuretics, namely, carbonic 
anhydrase inhibitors, osmotic diuretics, and antidi
uretic hormone antagonists are used primarily for the 
management of noncardiovascular conditions, such as 
mountain sickness, glaucoma, cerebral edema, acute renal 
failure, and hyponatremia. Table  7.8 summarizes the 
major mechanisms of action and clinical indications of 
these drugs.

table 7.8 Other diuretic agents

Diuretic class Mechanisms of action Clinical uses Adverse effects

carbonic anhydrase 
inhibitors

•	Acetazolamide (Diamox)
•	Dichlorphenamide 

(Daranide)
•	Dorzolamide (Trusopt)
•	Methazolamide 

(Neptazane)

Inhibition of carbonic anhydrase 
activity of proximal tubular cells 
results in decreased Na+ and 
HCO

3
− reabsorption

Mountain sickness: these drugs 
cause metabolic acidosis by 
promoting HCO

3
− excretion, 

thereby counteracting the 
alkalosis in mountain sickness

Paresthesias, gut disturbances, and 
metabolic disturbances

The drugs are very weak diuretics 
because the increased tubular 
sodium ions are reabsorbed at other 
parts of the tubular system

Glaucoma: carbonic anhydrase is 
involved in the formation of 
aqueous humor

Inhibition of this enzyme by the 
drugs leads to decreased 
aqueous humor secretion and 
intraocular pressure

Osmotic diuretics
•	Mannitol (Osmitrol)
•	Glycerol
•	 Isosorbide
•	Urea

These drugs increase osmotic pressure 
in plasma, which attracts water 
from interstitial fluid, resulting in 
increased renal blood flow and 
washout of medullary tonicity. The 
drugs also increase the osmotic 
pressure on the tubular fluid, 
thereby retarding water 
reabsorption

Cerebral edema excessive plasma volume 
expansionAcute glaucoma

Acute renal failure

antidiuretic hormone 
antagonists

•	Conivaptan (Vaprisol)
•	Tolvaptan (Samsca)

Conivaptan is a nonselective 
antagonist of antidiuretic hormone 
V1A and V2 receptors, whereas 
tolvaptan is a selective V2 receptor 
antagonist. V2 receptors are 
coupled with insertion of aquaporin 
channels in the apical membrane of 
the renal collecting duct, leading to 
reabsorption of water. By activating 
these receptors, antidiuretic 
hormone helps maintain plasma 
osmolality in the normal range. 
Antagonism of V2 receptors by 
conivaptan or tolvaptan causes free 
water excretion or aquaresis, and 
the drugs are thus called aquaretics

euvolemic and hypervolemic 
hyponatremia

Conivaptan: infusion site reactions 
(including phlebitis), pyrexia, 
hypokalemia, headache, and 
orthostatic hypotension

Tolvaptan: thirst, dry mouth, 
asthenia, constipation, 
pollakiuria or polyuria, and 
hyperglycemia
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7.7 summary OF chaPter Key POints

 • Diuretics refer to drugs that cause increased production 
of urine. These drugs are classified into six classes 
including thiazide and thiazide‐type diuretics, loop 
diuretics, potassium‐sparing diuretics, carbonic anhy
drase inhibitors, osmotic diuretics, and antidiuretic hor
mone antagonists. The first three classes are commonly 
used in treating cardiovascular diseases, including 
hypertension and heart failure, and the remaining three 
classes are primarily for noncardiovascular diseases.

 • Thiazide and thiazide‐type diuretics inhibit Na+/Cl− 
cotransporter at the early portion of the distal tubule, 
resulting in increased excretion of Na+ and Cl− in urine. 
These drugs, especially hydrochlorothiazide and 
chlorthalidone, are among the commonly used drugs 
for treating hypertension. They are also used to treat 
mild edema associated with heart failure.

 • Loop diuretics, with furosemide being the most com
monly prescribed member, are the most efficacious 
diuretic agents. They inhibit Na+/K+/2Cl− cotransporter 
on the apical membrane of the cells of the loop of 
Henle, resulting in decreased reabsorption of Na+ 
and Cl−. Loop diuretics are primarily used to treat 
edematous conditions, such as pulmonary edema  
and peripheral edema associated with congestive heart 
failure. These drugs are not useful for treating 
hypertension.

 • Potassium‐sparing diuretics, including direct sodium 
channel blockers and aldosterone receptor antagonists, 
act on the principal cells of late distal tubule and the 
collecting duct to decrease Na+ reabsorption and K+ 
excretion via either directly inhibiting the sodium chan
nels or inhibiting the expression of the channels. As 
weak diuretics, they are mainly used in combination 
with potassium‐wasting diuretics for the treatment of 
hypertension and congestive heart failure and for the 
prevention of potassium disturbance. Aldosterone 
receptor antagonists improve the survival of heart 
failure patients via antagonizing the deleterious effects 
of aldosterone, rather than through diuresis.

 • Other diuretics, including carbonic anhydrase inhibi
tors, osmotic diuretics, and antidiuretic hormone antag
onists, are used primarily for treating noncardiovascular 
conditions, such as mountain sickness, glaucoma, 
cerebral edema, acute renal failure, and hyponatremia.

7.8 selF‐assessment QuestiOns

7.8.1. A 48‐year‐old man presents with a blood pressure of 
146/95 mmHg. He is treated with a diuretic at a dose 
of 25 mg once daily. While his blood pressure is under 

control, he later develops hypokalemia. Which of the 
following diuretics has been most likely prescribed to 
the patient?
A. Acetazolamide
B. Amiloride
C. Conivaptan
D. eplerenone
e. Hydrochlorothiazide

7.8.2. A 50‐year‐old male presents with a blood pressure of 
145/90 mmHg. History reveals that a family member 
recently develops a non‐ST‐elevation acute coronary 
syndrome at the age of 55 years. A decision is made 
to put the patient on a diuretic therapy. Which of the 
following is most appropriate for this patient in order 
to effectively reduce the risk of cardiovascular events 
and mortality?
A. Amiloride
B. Chlorthalidone
C. Hydrochlorothiazide
D. Methazolamide
e. Torsemide

7.8.3. A 65‐year‐old male is brought to the emergency 
department due to shortness of breath. He is diag
nosed with pulmonary edema due to acute decompen
sated heart failure. He is started on a diuretic to 
improve his congestion. While his symptoms improve 
quickly upon the diuretic therapy, he develops hypo
kalemia and hypocalcemia. If the diuretic therapy is 
the cause of the patient’s electrolyte disturbance, 
which of the following is most likely prescribed to the 
patient?
A. Chlorthalidone
B. Conivaptan
C. Furosemide
D. Mannitol
e. Triamterene

7.8.4. A 35‐year‐old female is diagnosed with stage 1 
hypertension and hypokalemia due to Liddle syn
drome, an extremely rare disorder caused by a genetic 
defect leading to excessive expression of the apical 
sodium channels in the principal cells of the renal col
lecting duct. Which of the following is the most 
appropriate treatment for the patient’s condition?
A. Dorzolamide
B. eplerenone
C. ethacrynic acid
D. Hydrochlorothiazide
e. Triamterene

7.8.5. A 29‐year‐old male is brought to the emergency 
department following an apparent traumatic brain 
injury in an automobile accident. Computerized 
tomographic image reveals an increased intracranial 
pressure. A decision is made to start the patient imme
diately on a diuretic to reduce the elevated intracranial 
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pressure. Which of the following is most appropriate 
to administer?
A. Conivaptan
B. Furosemide
C. Indapamide
D. Mannitol
e. Methazolamide

 7.8.6. A 58‐year‐old female complains of paresthesia, 
drowsiness, and occasional nausea associated with 
one of the drugs she is taking. She is found to have 
hyperchloremic metabolic acidosis. Which of the 
following drugs she is most likely taking?
A. Acetazolamide for glaucoma
B. Clopidogrel for post‐myocardial infarction
C. Hydrochlorothiazide for hypertension
D. Mannitol for cerebral edema
e. Torsemide for heart failure

 7.8.7. A 68‐year‐old female with a history of heart disease 
is brought into the emergency room because of 
severe difficulty in breathing. examination reveals 
that she has pulmonary edema. Which of the follow
ing drugs should be given to improve her pulmonary 
congestion?
A. Amiloride
B. Chlorthalidone
C. Furosemide
D. Hydrochlorothiazide
e. Spironolactone

 7.8.8. A 60‐year‐old male has been placed on a diuretic to 
control his high blood pressure. However, after a few 
weeks, he develops an acute gouty attack. If the 
gouty attack is precipitated by the diuretic therapy, 
which of the following drugs has he most likely been 
taking?
A. Dorzolamide
B. eplerenone
C. Hydrochlorothiazide
D. Torsemide
e. Triamterene

 7.8.9. A 55‐year‐old male has a history of frequent epi
sodes of renal colic with calcium‐containing renal 
stones. A careful workup indicates that he has a 
defect in proximal tubular calcium reabsorption, 
which results in high concentrations of calcium salts 
in the tubular fluid. Which of the following is the 
most useful diuretic agent in treating his condition?
A. Acetazolamide
B. Chlorthalidone
C. Furosemide
D. Spironolactone
e. Triamterene

7.8.10. A 71‐year‐old female is admitted to the emergency 
department because of a “fainting spell” at home. 
She does not appear to have suffered trauma from 

her fall, but her blood pressure is 120/60 mmHg 
when she lies down and 80/40 mmHg when she sits 
up. Neurologic examination and eCG are within 
normal limits when she is lying down. Medical his
tory reveals that she has recently started taking 
“water pill” for a heart condition. Which of the fol
lowing drugs is the most likely cause of her fainting 
spell?
A. Acetazolamide
B. Chlorthalidone
C. eplerenone
D. Furosemide
e. Hydrochlorothiazide
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8.1 Overview

The sympathetic nervous system was brought to public 
awareness in the early decades of the twentieth century by 
W.B. Cannon, through his research on, and popularization 
of, the concept of the “fight‐or‐flight” responses to stress. 
In the past three decades, the sympathetic nervous system 
has moved toward the center stage in cardiovascular medi
cine, with demonstration of the importance of excessive 
activation of the sympathetic nervous system in various 
forms of cardiovascular diseases [1]. These include hyper
tension, coronary heart disease, heart failure, and cardiac 
arrhythmias.

Drugs that reduce sympathetic stimulation are known as 
sympatholytic agents or simply sympatholytics. The most 
important group of sympatholytic drugs consists of the 
adrenergic receptor antagonists, which further include α‐
blockers and β‐blockers. Other groups of sympatholytics 
include ganglionic blocking agents and sympathetic neu
ronal blocking agents. In addition, there are centrally 
 acting sympatholytic agents that are useful for treating 
particular forms of cardiovascular disorders. This chapter 
first introduces the sympathetic nervous system and drug 
targeting and then discusses the molecular pharmacology 
of α‐blockers, β‐blockers, and centrally acting sympatho
lytics with a focus on their mechanisms of action. The 
 evidence‐based applications of these drugs in the 
management of various cardiovascular diseases are covered 
in other chapters.

8.2 Sympathetic NervOuS SyStem 
aNd drug targetiNg

8.2.1 Basic divisions of the Nervous System

The human nervous system is the most intricate structure 
known to exist. About one third of the genes encoded in the 
human genome are expressed in the nervous system. It is 
responsible for perceiving, processing, and transmitting 
information throughout the body and generating responses 
to the information. The nervous system has two anatomical 
parts: the central nervous system and the peripheral ner
vous system. The central nervous system consists of the 
brain and spinal cord and is the integrating and command 
center of the nervous system. The peripheral nervous 
system, the part of the nervous system outside the central 
nervous system, consists mainly of the nerves that extend 
from and to the brain (i.e., cranial nerves) and spinal cord 
(i.e., spinal nerves).

The peripheral nervous system includes four subdivisions: 
(i) somatic sensory, (ii) visceral sensory, (iii) somatic motor, 
and (iv) visceral motor. The visceral motor system is also 
known as the autonomic nervous system, which controls the 
activities of the visceral organs/systems, including the heart 
and vessels, and the gastrointestinal system. Because we 
 generally have no voluntary control over such activities as the 
beating of the heart and the movement of food through the 
digestive tract, the autonomic nervous system is also called 
the involuntary nervous system.

SympathOlyticS

8
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The autonomic nervous system includes two major divi
sions: (i) the parasympathetic nervous system and (ii) the 
sympathetic nervous system. These two systems function in 
parallel to maintain the physiological homeostasis by regu
lating bodily functions. Stimulation of the sympathetic ner
vous system expends energy and leads to the so‐called 
“flight‐or‐fight” responses, characterized by (i) increased 
heart rate, blood pressure, and respiration; (ii) increased 
blood flow to skeletal muscles; and (iii) dilation of the pupil. 
In contrast, stimulation of the parasympathetic nervous 
system conserves energy and results in the so‐called “rest‐
and‐digest” responses characterized by (i) decreased heart 
rate, blood pressure, and respiration; (ii) increased secretions 
and digestion; and (iii) constriction of the pupil (Fig. 8.1).

The enteric nervous system is sometimes called the third 
division of the autonomic nervous system. It consists of a 
network of autonomic nerves that are located in the gut wall 
and regulate gastrointestinal motility and secretion. Although 
the enteric nervous system is influenced by both 
parasympathetic and sympathetic nervous systems, it can 
function independently via a local control mechanism.

8.2.2 Sympathetic Nervous System and 
cardiovascular diseases

As noted earlier, the sympathetic nervous system controls 
diverse physiological processes, including heart rate, 
cardiac contractility, and blood pressure, as well as metabo
lisms of lipids and carbohydrates. These physiological 

processes are mediated via signaling through adrenergic 
receptors (Fig. 8.2). Indeed, the sympathetic nervous system 
via adrenergic signaling has a dominant role in cardiovas
cular control due to its ability to increase cardiac rate and 
contractility, cause constriction of arteries and veins, induce 
release of adrenal catecholamines, and activate the renin–
angiotensin–aldosterone system (RAAS). Overactivity of 
the sympathetic nervous system, which is primarily mani
fested as augmented adrenergic signaling and abnormal 
activation of the RAAS, plays a fundamental role in the 
development of various forms of cardiovascular diseases. 
This is also evidenced by the demonstrated efficacy of the 
sympatholytic drugs in treating various types of cardiovas
cular disorders.

8.2.3 drug class and drug targeting

Figure 8.3 illustrates the sympathetic flow from the central 
nervous system to the ganglia and finally to the effector 
cells/tissues. Sympatholytic drugs target the various steps of 
the sympathetic flow to reduce the sympathetic activity. 
Based on the sites and mechanisms involved, sympatholytic 
drugs are conventionally classified into four groups:

1. Centrally acting sympatholytic drugs: These drugs 
inhibit central sympathetic discharge via activation of 
α

2
‐adrenergic receptors in the brainstem, resulting in 

decreased sympathetic flow to peripheral tissues and 
the subsequent reduction in heart rate, cardiac output, 

Dilation of 
pupil

Decrease of 
salivation

Increase of heart 
rate and contractility

Relaxation of 
airways

Decrease of 
digestion

Increased secretion 
of epinephrine and 
norepinephrine

Decrease of gut 
motility and secretions

Relaxation of urinary 
bladder; contraction 
of sphincter

Increased secretion
of sweat glands

Constriction of
blood vessels

Figure 8.1 The sympathetic nervous system. As illustrated, activation of the sympathetic nervous system causes increased heart rate and 
contractility and constriction of blood vessels.
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β1

β2

β3

Vascular smooth muscle contraction
Prostate and urinary tract smooth muscle contraction
Increased liver glycogenolysis and gluconeogenesis
Increased cardiac contractility and excitability

Decreased insulin secretion from pancreatic β-cells 
Inhibition of neuronal norepinephrine release
Increased platelet aggregation

Increased heart rate and contractility
Increased AV node conduction velocity
Increased renin release from juxtaglomerular cells

Relaxation of smooth muscle
Increased liver glycogenolysis and gluconeogenesis
Increased skeletal muscle glycogenolysis

Lipolysis
Endothelial nitric oxide-dependent vasodilation

Figure 8.2 The physiological processes mediated by adrenergic receptor signaling. As depicted, activation of adrenergic receptors by 
epinephrine (epi) and norepinephrine (Ne) not only directly impacts the cardiovascular system but also affects other organs/systems and 
diverse metabolic pathways.
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Figure 8.3 The sympathetic flow and drug targeting. As illustrated, there are four categories of drugs that inhibit the sympathetic activity: 
centrally acting sympatholytics inhibit central sympathetic discharge by activating α

2
‐adrenergic receptors in the brainstem, thereby leading 

to decreased sympathetic flow to the peripheral tissues and organs; ganglionic blocking agents block the neurotransmission in the ganglia; 
neuronal blocking agents block the synthesis, storage, or release of norepinephrine from the sympathetic postganglionic nerve terminal; and 
adrenergic receptor antagonists block α‐ and β‐adrenergic receptors or both located primarily on the membranes of the effector cells. Ach and 
Ne denote acetylcholine and norepinephrine, respectively.
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and total peripheral resistance. α
2
‐Adrenergic recep

tors are found on both presynaptic neurons and 
 postsynaptic cells. Activation of these receptors on 
presynaptic neurons results in feedback inhibition of 
sympathetic transmission.

2. ganglionic blocking drugs: These drugs block the 
transmission of nerve impulses between preganglionic 
and postganglionic neurons in the sympathetic ganglia 
as well as parasympathetic ganglia. Due to the adverse 
effects and the availability of better drugs, ganglionic 
blocking agents are no longer used for the management 
of cardiovascular diseases.

3. Sympathetic neuronal blocking drugs: These drugs 
block the synthesis, storage, or release of norepineph
rine. Sympathetic neuronal blocking agents are rarely 
used for treating cardiovascular diseases due to similar 
reasons described for ganglionic blocking drugs.

4. Adrenergic receptor antagonists: These drugs can 
block α‐adrenergic receptors, β‐adrenergic receptors, 
or both. hence, adrenergic receptor antagonists 
include (i) α‐adrenergic receptor antagonists, also 
called α‐blockers; (ii) β‐adrenergic receptor antago
nists, commonly known as β‐blockers; and (iii) α‐ and 
β‐adrenergic receptor antagonists, also called α‐ and 
β‐blockers. This subclass is commonly included in the 
β‐blocker class.

8.3 α‐adreNergic receptOr aNtagONiStS

α‐Adrenerγic receptors are g‐protein‐coupled receptors. 
There are two types of α‐adrenergic reχeptors (α

1
 and α

2
), 

and each has three subtypes (α
1A

, α
1B

, α
1D

, α
2A

, α
2B

, α
2C

). 
There is no α

1C
 receptor. At one time, there was a subtype 

known as C, βut it was found to be identical to one of the 
previously discovered subtypes. To avoid confusion, naming 
was continued with the letter D.

Alpha
1
 is a gq‐coupled receptor. α

1
‐Adrenergic receptors 

are expressed in vascular smooth muscle and genitourinary 
smooth muscle (prostate, urethra), and activation of the 
receptors causes smooth muscle contraction. α

1
‐Adrenergic 

receptors are also present in the heart and may play an 
important role in cardiac function. In this context, recent 
studies demonstrated that cardiac α

1
‐adrenergic receptors 

mediate important protective and adaptive functions in the 
heart, although they are only a minor fraction of total cardiac 
adrenergic receptors [2]. Cardiac α

1
‐adrenergic receptors 

activate pleiotropic downstream signaling to prevent patho
logical remodeling in heart failure. mechanisms defined in 
animal and cell models include activation of adaptive hyper
trophy, prevention of cardiac myocyte death, augmentation 
of contractility, and induction of ischemic preconditioning. 
Surprisingly, at the molecular level, cardiac α

1
‐adrenergic 

receptors localize to and signal at the nucleus in cardiac 
myocytes and, unlike most g‐protein‐coupled receptors, 
activate “inside‐out” signaling to cause cardioprotection. 
human clinical studies also showed that α

1
‐blockade wors

ened heart failure in hypertension and did not improve out
comes in heart failure, implying a cardioprotective role for 
human cardiac α

1
‐adrenergic receptors [2].

In contrast to α
1
, α

2
 is a gi‐coupled receptor. As noted 

earlier, α
2
‐adrenergic receptors work mainly as autorecep

tors to mediate feedback inhibition of sympathetic transmis
sion. α

2
‐Adrenergic receptors are also located on nonneuronal 

cells, including pancreatic β‐cells, and platelets. Activation 
of these receptors in the β‐cells inhibits insulin release. 
These receptors on platelets mediate platelet aggregation.

α‐Blockers can be distinguished on the basis of their 
selectivity for the types or subtypes of the α‐adrenergic 
receptors and by their reversible or irreversible blockage of 
these receptors:

1. Nonselective α‐blockers: blocking both α
1
‐ and α

2
‐

adrenergic receptors

 • phenoxybenzamine (Dibenzyline): an irreversible 
inhibitor

 • phentolamine (Regitine): a competitive inhibitor

2. Selective α
1
‐blockers: selectively blocking α

1
‐adren

ergic receptors

 • Alfuzosin (uroxatral)

 • Doxazosin (Cardura)

 • prazosin (minipress)

 • Silodosin (Rapaflo)

 • Tamsulosin (Flomax)

 • Terazosin (hytrin)

Due to the availability of better drugs, α‐blockers are less 
commonly used in the management of cardiovascular 
 diseases. however, they can be useful for particular 
 cardiovascular conditions, such as the management of 
pheochromocytoma‐ associated hypertensive episodes by 
phenoxybenzamine or phentolamine. Although α

1
‐selective 

inhibitors may be used to treat essential hypertension, the 
chief clinical application of these drugs is to treat benign 
prostatic hyperplasia via their ability to relax the sphincter of 
the bladder neck and the smooth muscle of the prostate, 
thereby improving the lower urinary tract symptoms.

8.4 β‐adreNergic receptOr aNtagONiStS

In contrast to α‐blockers, β‐blockers are widely used in the 
management of various forms of cardiovascular diseases, 
including hypertension, ischemic heart disease, heart failure, 
and cardiac arrhythmias. In addition, β‐blockers are also 
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useful in other clinical conditions, including endocrinolog
ical and neurological disorders, glaucoma, and others. As 
such, this chapter focuses on discussing the pharmacolog
ical basis of the use of β‐blockers in treating cardiovascular 
diseases.

8.4.1 general introduction to drug class

β‐Adrenergic receptors belong to the g‐protein‐coupled 
receptor family and include three types: β

1
, β

2
, and β

3
. All three 

types of the beta‐adrenergic receptors are linked to g
s
 proteins 

although β
2
 also couples to g

i
. Activation of β‐adrenergic 

receptors by catecholamines leads to various physiological 
responses (Fig. 8.2). Notably, β

3
‐adrenergic receptors are pre

dominantly expressed in adipose tissue, and stimulation of the 
receptor signaling results in increased lipolysis. Substantial 
evidence also demonstrates the presence and physiological 
function of β

3
‐adrenergic receptors in the cardiovascular 

system. In animal models, activation of β
3
‐adrenergic receptor 

signaling attenuated pressure overload hypertrophy and heart 
failure as well as myocardial ischemia–reperfusion injury via 
a nitric oxide‐dependent mechanism [3, 4].

Although β‐adrenergic receptors play an important role in 
diverse physiological processes, dysregulation of these 
receptor‐mediated signaling, frequently manifested as over
stimulation, is a central pathophysiological mechanism 
underlying various cardiovascular disorders. This notion has 
led to the development of drugs that inhibit these receptors 
when they become overstimulated. The release of the first 
clinically useful β‐blocker (propranolol) in the early 1960s 
owing to the efforts of J.W. Black (a Nobel laureate; also see 
Chapter 1) revolutionized the treatment of angina  pectoris. 
Over the following four decades, numerous members of the 
β‐blockers have been developed and approved for clinical 
use. These “old dogs” have learned many new tricks over the 
past decades, from protecting the heart after a heart attack to 
controlling heart failure. Today, millions of Americans take 
a β‐blocker.

To date, there are 16 uS Food and Drug Administration 
(FDA)‐approved β‐blockers. Based on their selectivity for 
the β‐adrenergic receptors as well as α‐adrenergic receptors 
and other novel activities, β‐blockers are classified into the 
following three groups (Table 8.1):

 • Nonselective β‐blockers: These drugs are also known 
as first‐generation β‐blockers, and they block both   
β

1
‐ and β

2
‐adrenergic receptors.

 • Selective β
1
‐blockers: These drugs are also known 

as  cardioselective β‐blockers and second‐generation  
β‐blockers, and they selectively block β

1
‐adrenergic 

receptors.

 • Third‐generation β‐blockers: These drugs are also 
known as β‐blockers with additional actions.

8.4.1.1 General Pharmacological Properties of Nonselective 
β‐Blockers Summarized below are the general pharmacolog
ical properties of the seven nonselective β‐blockers:

 • All drugs in this group block both β
1
‐ and β

2
‐adrenergic 

receptors.

 • pindolol also has a partial agonist activity (also 
known as intrinsic sympathomimetic activity, ISA). 
This means that, apart from blocking β

1
‐ and β

2
‐

adrenergic receptors, it produces some stimulation. 
pindolol therefore only slightly influences normal 
sympathetic drive at rest but effectively reduces the 
effects of elevated sympathetic activity. In humans, 
ISA is manifested by a smaller reduction in the rest
ing heart rate (4–8 beats/min) than is seen with drugs 
lacking ISA. There is also a smaller reduction in 
resting cardiac output than is seen with drugs lacking 
ISA. Carteolol, a topical use drug for glaucoma, also 
exhibits ISA.

 • Blockage of cardiac β
1
‐adrenergic receptors decreases 

myocardial contractility and heart rate, thereby result
ing in decreased cardiac output and blood pressure.

 • Blockage of β
1
‐adrenergic receptors on kidney juxtaglo

merular cells decreases renin release, thereby resulting 
in inhibition of the RAAS.

 • Blockage of β
2
‐adrenergic receptors causes bronchocon

striction. This is why these drugs are contraindicated in 
patients with asthma or chronic obstructive pulmonary 
diseases (COpD).

 • Blockage of β
2
‐adrenergic receptors decreases epineph

rine‐stimulated liver glycogenolysis. This slows the 
recovery of blood glucose after a hypoglycemic  episode 
caused by insulin injection in patients with diabetes.  

taBle 8.1 classification of β‐blockers

group of β‐blockers member

Nonselective β‐blockers 
(block both β

1
‐ and 

β
2
‐adrenergic receptors)

Carteolol (Ocupress)
Nadolol (Corgard)
penbutolol (levatol)
pindolol (visken)
propranolol (Inderal)
Sotalol (Betapace, Timolide)
Timolol (Blocadren)

Selective β
1
‐blockers 

(selectively block 
β

1
‐adrenergic receptors)

Acebutolol (Sectral)
Atenolol (Tenormin)
Betaxolol (Kerlone)
Bisoprolol (Zebeta)
esmolol (Brevibloc)
metoprolol (lopressor, Toprol)

Third‐generation β‐blockers 
(block β‐adrenergic 
receptors and possess 
other novel activities)

Carvedilol (Coreg)
labetalol (Normodyne, 

Trandate)
Nebivolol (Bystolic)
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Because of this, these drugs should be used with cau
tion in diabetic patients who use insulin.

8.4.1.2 General Pharmacological Properties of Selective 
β

1
‐Blockers The general pharmacological properties of the 

six selective β
1
‐blockers are listed below:

 • β
1
‐Adrenergic receptors are primarily located in the 

heart, and as such, selective β
1
‐blockers are also called 

cardioselective β‐blockers. however, it should be noted 
that none of the clinically available β‐blockers are 
absolutely specific for β

1
‐adrenergic receptors. The 

selectivity is dose related and it tends to diminish as 
drug dose increases. In this regard, at low therapeutic 
doses, selective β

1
‐blockers do not generally cause 

bronchoconstriction. however, as doses increase, they 
may also block β

2
‐receptors, and as such, they should 

be used with caution in patients with asthma or COpD.

 • As noted earlier, blockage of cardiac β
1
‐adrenergic 

receptors decreases myocardial contractility and heart 
rate, thereby resulting in decreased cardiac output and 
blood pressure. Blockage of β

1
‐adrenergic receptors on 

kidney juxtaglomerular cells decreases renin release, 
thereby resulting in inhibition of the RAAS.

8.4.1.3 General Pharmacological Properties of Third‐
Generation β‐Blockers Outlined below are the general phar
macological properties of the 3 third‐generation β‐blockers:

 • Carvedilol and labetalol block β
1
‐ and β

2
‐adrenergic 

receptors as well as α
1
‐receptors, and as such, they are 

also known as nonselective β‐ and selective α
1
‐blockers. 

Blockage of α
1
‐adrenergic receptors causes vasodila

tion, thereby lowering blood pressure. Decreased blood 
pressure potentially results in reflex tachycardia. 
Importantly, blockage of cardiac β

1
‐adrenergic recep

tors by these drugs suppresses reflex tachycardia 
caused by α

1
 blockage.

 • Carvedilol may also have antioxidant activities and 
increase nitric oxide bioavailability.

 • Nebivolol is a β
1
‐selective blocker, and it has additional 

actions, such as increasing nitric oxide bioavailability 
and activating cardiac β

3
‐adrenergic receptors [5, 6]. As 

noted earlier, activation of β
3
‐adrenergic receptors in 

the cardiovascular system may be a protective mecha
nism against heart failure and myocardial ischemia–
reperfusion injury.

Although blockage of β‐adrenergic receptor signaling 
appears to be largely responsible for the overall pharmaco
logical effects and the clinical efficacy of the β‐blockers, 
other actions, such as increasing nitric oxide bioavailability 
and antioxidant activities, as noted earlier, may also 

contribute to the clinical efficacy of some of the β‐blockers. 
Due to the large volume of available information on the 
 various members of the β‐blockers, this chapter is intended to 
focus on discussing those β‐blockers that have been 
 documented to be especially useful for treating cardiovas
cular diseases or exert novel beneficial effects on the 
 cardiovascular system. These β‐blockers (in alphabetic order) 
include atenolol, bisoprolol, carvedilol, labetalol, metoprolol, 
nebivolol, and propranolol.

8.4.2 chemistry and pharmacokinetics

β‐Blockers are structurally similar to β‐adrenergic receptor 
agonists. The structures of some β‐blockers commonly used 
in cardiovascular medicine are given in Figure 8.4, and some 
of their pharmacokinetic properties are provided in Table 8.2.

8.4.3 molecular mechanisms and pharmacological 
effects

Blockage of the β‐adrenergic receptors is largely responsible 
for the pharmacological as well as adverse effects of the  
β‐blockers. As stated earlier, some β‐blockers also exert 
 beneficial effects independent of the receptor blockage, such 
as increasing nitric oxide bioavailability and antioxidant 
activities. As β‐adrenergic receptors are widely distrib
uted  and the receptor‐mediated signaling regulates diverse 
physiological processes, the pharmacological effects of  
β‐blockers are extended beyond the cardiovascular system. 
This section examines the major pharmacological effects of 
β‐blockers commonly used in cardiovascular medicine and 
the underlying molecular mechanisms of action.

8.4.3.1 Pharmacological Effects on Cardiovascular and 
Renal Systems The major pharmacological and therapeutic 
effects of β‐blockers are directed at the cardiovascular and 
renal systems, which occur via three major pathways 
including effects on myocardial contractility and heart rate, 
the RAAS, and vascular smooth muscle. Some of the effects 
are also described in Section 8.4.1.

Effects on Myocardial Contractility and Heart Rate β
1
‐

Adrenergic receptors are predominantly present in the heart 
and renal juxtaglomerular cells. In the heart, β

1
‐adrenergic 

receptors are located in the cardiac conducting system and 
contracting myocytes. Activation of β

1
‐adrenergic receptors 

by norepinephrine released from sympathetic adrenergic 
nerves, or norepinephrine and epinephrine that circulate in the 
blood, results in increased heart rate, contractility, conduction 
velocity, and relaxation rate. They are also known as positive 
chronotropy, inotropy, dromotropy, and lusitropy, respectively. 
The increased heart rate results from β

1
‐adrenergic receptor‐

mediated increase in the rate of phase 4 depolarization of 



sinoatrial node pacemaker cells. The positive inotropic effect 
is mediated by increased calcium entry into the cells and the 
subsequent enhanced release of calcium from the sarcoplasmic 
reticulum in the cardiomyocytes.

Blockage of the β
1
‐adrenergic receptors of the heart 

causes decreased heart rate and contractility, thereby 
reducing cardiac output. This is the basis for using  
β‐blockers to treat hypertension. As described in Chapter 6, 
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Figure 8.4 Structures of β‐blockers commonly used to treat cardiovascular diseases. epinephrine and norepinephrine are included to 
show the structural similarities between the catecholamines and antagonists of β‐adrenergic receptors.

taBle 8.2 pharmacokinetic properties of β‐blockers commonly used in treating cardiovascular diseases

β‐Blocker lipid solubility Oral bioavailability (%) elimination half‐life (h) metabolism and elimination

Atenolol low 50 6–7 No metabolism; eliminated in 
unchanged form in the urine

Bisoprolol low 80 9–12 Cyp3A4; eliminated in unchanged form 
(50% of dose) and metabolites in the 
urine

Carvedilol moderate 25–35 7–10 Cyp2D6 and Cyp2C9 (major); Cyp3A4 
(minor); eliminated in the bile/feces

esmolol (iv) low 9 min esterases; eliminated in the urine
labetalol low 25 6–8 glucuronidation; eliminated in the urine
metoprolol moderate 50 3–7 Cyp2D6; eliminated in the urine
Nebivolol low unknown 12–19 glucuronidation; Cyp2D6; eliminated 

in the urine and feces
propranolol high 25 3–6 Cyp2D6; glucuronidation; eliminated 

in the urine
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blood pressure is the product of cardiac output and 
peripheral resistance.

Because myocardial contractility determines myocardial 
oxygen consumption, decreased cardiac contractility caused 
by β‐blockers results in reduction of myocardial oxygen 
demand. This serves as a major basis for using β‐blockers in 
the management of angina pectoris (see unit Iv).

Effects on RAAS The RAAS plays an important role in 
regulating blood volume and systemic vascular resistance, 
which together influence cardiac output and blood pressure. 
As the name implies, there are three important components 
in this system: renin, angiotensin, and aldosterone. Renin, 
which is primarily released by the kidney, stimulates the 
formation of angiotensin in blood and tissues, which in turn 
stimulates the release of aldosterone from the adrenal cortex. 
hence, factors that affect renin release will influence the 
activity of the RAAS.

Renin is a proteolytic enzyme that is released into the 
circulation primarily by the renal juxtaglomerular cells asso
ciated with the afferent arteriole entering the renal glomer
ulus (see Chapter 9). Release of renin is stimulated by three 
mechanisms, including (i) sympathetic nervous activation 
(acting via β

1
‐adrenergic receptors), (ii) renal artery hypo

tension (caused by systemic hypotension or renal artery 
 stenosis), and (iii) decreased NaCl delivery to the distal 
tubules of the kidney. Blockage of β

1
‐adrenergic receptors of 

kidney juxtaglomerular cells therefore causes decreased 
renin release and the subsequent attenuation of the renin–
angiotensin–aldosterone axis. Reduced RAAS activity by 
β‐blockers contributes to not only decreased fluid retention 
but also reduction of peripheral resistance. In addition, 
because of the crosstalk between the sympathetic nervous 
system and the RAAS (see Chapter 6), inhibition of RAAS 
also results in attenuation of sympathetic activity.

Effects on Vascular Smooth Muscle vascular smooth 
muscle has β

2
‐adrenergic receptors that have a high binding 

affinity for circulating epinephrine and a relatively lower 
affinity for norepinephrine released by sympathetic 
adrenergic nerves. vascular smooth muscle β

2
‐adrenergic 

receptors, like β
1
‐adrenergic receptors in the heart, are 

coupled to a gs protein, which stimulates the formation of 
cAmp. Although increased cAmp enhances cardiac myocyte 
contraction, in vascular smooth muscle, an increase in cAmp 
leads to smooth muscle relaxation. This is because cAmp 
inhibits myosin light chain kinase that is responsible for 
phosphorylating smooth muscle myosin. hence, activation 
of β

2
‐adrenergic receptors in vascular smooth muscle results 

in less contractile force (i.e., promoting relaxation).
For nonselective β‐blockers, blockage of β

2
‐adrenergic 

receptors on vascular smooth muscle cells may increase the 
peripheral resistance. In addition, the initial decrease in 
blood pressure resulting from the blockage of β

1
‐adrenergic 

receptors by the nonselective β‐blockers may lead to 
increased sympathetic activity and stimulation of vascular 
smooth muscle α

1
‐adrenergic receptors. The aforementioned 

effects, if not counteracted, would result in increased 
peripheral resistance. however, with long‐term use of non
selective β‐blockers, the peripheral resistance in hyperten
sive patients is reduced rather than increased. This net effect 
is likely due to the combined effects of decreased cardiac 
output (section “effects on myocardial Contractility and 
heart Rate”) and inhibited RAAS (section “effects on 
RAAS”) overriding the vasoconstrictive effect of β

2
‐adren

ergic receptor blockage.
For the third‐generation β‐blockers that are also selective 

α
1
‐blockers (i.e., carvedilol and labetalol), the blockage of 

vascular α
1
‐adrenergic receptors can lead to a greater fall in 

peripheral resistance. This may be also true for nebivolol, a 
third‐generation β‐blocker with additional vasodilating effect.

In summary, the major pharmacological effects of  
β‐blockers on the cardiovascular system in patients with cardio
vascular diseases include (i) decreased blood pressure, (ii) 
decreased cardiac output and oxygen demand, and (iii) attenu
ation of the deleterious effects of the dysregulated RAAS 
(Fig. 8.5). here, it is imperative to mention that the effects of 
β‐blockers in patients with cardiovascular diseases and in 
healthy individuals are different. In patients with cardiovas
cular diseases, such as hypertension and ischemic heart disease, 
β‐blockers have more pronounced inhibitory effects because of 
the elevated sympathetic activity and high tonic stimulation of 
the β‐adrenergic receptors under the disease conditions. In con
trast, in healthy individuals at rest, the tonic stimulation of the 
β‐adrenergic receptors is low, and as such, the inhibitory effects 
of β‐blockers are correspondingly moderate.

8.4.3.2 Effects on Other Organs and Systems 

Metabolic and Endocrine Effects β‐Adrenergic receptor 
signaling participates in lipid metabolism and glucose 
homeostasis. As shown in Figure 8.2, β‐adrenergic receptors 
mediate activation of hormone‐sensitive lipase in adipocytes, 
leading to the increased release of free fatty acids into 
circulation to serve as an important source of energy for 
exercising muscle. Nonselective β‐blockers may attenuate 
the sympathetic stimulation of lipolysis, potentially 
contributing to the unfavorable lipid profiles, including 
increased levels of plasma triglycerides and lDl cholesterol 
and decreased levels of hDl cholesterol. In contrast, the 
third‐generation β‐blockers, carvedilol and nebivolol, may 
improve lipid profiles in patients with dyslipidemias. The 
exact mechanisms underlying the lipid‐modifying effects of 
β‐blockers remain to be further elucidated.

Activation of β
2
‐adrenergic receptor signaling leads to 

increased muscle and liver glycogenolysis and increased release 
of glucagon, contributing to glucose recovery from hypogly
cemia. use of nonselective β‐blockers may impair the recovery 



from hypoglycemia in diabetic patients, particularly those who 
are dependent on insulin therapy. Selective β

1
‐blockers may be 

less prone to inhibit the recovery from hypoglycemia.
The third‐generation β‐blockers have been demonstrated 

to improve glycemic control and insulin resistance in patients 
with diabetes and metabolic syndrome. The underlying 
mechanisms are not clear and may be associated with the 
combination of decreased activation of the RAAS, increased 
nitric oxide bioavailability, and antioxidant activities.

Effects on the Respiratory Tract Similar to what was seen 
with vascular smooth muscle, activation of β

2
‐adrenergic 

receptors in bronchial smooth muscle causes bronchodilation. 
Consequently, blockage of the β

2
‐adrenergic receptors on 

bronchial smooth muscle cells by nonselective β‐blockers 
may lead to bronchoconstriction. As such, nonselective  
β‐blockers should be avoided in patients with asthma or 
COpD. Although the selective β

1
‐blockers are less prone to 

cause bronchoconstriction, bronchoconstriction may become 
significant as doses increase in patients with asthma. In 

contrast, many patients with COpD may tolerate the use of 
selective β

1
‐blockers. The use of the selective β

1
‐blockers in 

COpD patients with concurrent ischemic heart disease, 
especially acute coronary syndromes, is recommended as 
the  use of the β

1
‐blockers reduces the mortality from the 

concomitant ischemic heart disease (see unit v).

Effects on the Eye β‐Adrenergic receptor signaling mediates 
the production of the aqueous humor. Blockage of β‐adrenergic 
receptors by β‐blockers results in the decreased formation of 
the aqueous humor and the consequent decrease of intraocular 
pressure in patients with glaucoma. This is the pharmacological 
basis for using β‐blockers to treat glaucoma.

8.4.4 clinical uses

Because β‐adrenergic receptors are widely distributed and 
the receptor signaling plays an important role in diverse 
physiological and pathophysiological processes, β‐blockers 
are useful for treating a wide variety of diseases. This section 
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Decreased heart rate
Decreased contractility
Decreased conduction

Cardiovascular bene�cial effects
• Decreased blood pressure
• Decreased myocardial oxygen demand
• Decreased water and salt retention
• Decreased oxidative and in�ammatory stress
• Attenuated cardiovascular remodeling

generation

β -Blockers
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Figure 8.5 pharmacological effects of β‐blockers on the cardiovascular system. The beneficial cardiovascular outcomes of β‐blockers are 
primarily attributed to (i) decreased heart rate, contractility, and conduction; (ii) vasodilation; and (iii) inhibition of the renin–angiotensin–
aldosterone system (RAAS). Notably, the third‐generation β‐blockers also possess other novel activities, especially augmentation of nitric 
oxide (NO) bioavailability. These effects collectively contribute to decreased blood pressure, reduced myocardial oxygen demand, attenuated 
water and salt retention, inhibition of oxidative and inflammatory stress, and retardation of cardiovascular pathogenic remodeling. here, the 
term remodeling refers to alterations in the structure and morphology of the cardiovascular tissues in response to hemodynamic load and/or 
tissue injury in association with neurohormonal activation, especially activation of the RAAS. Cardiovascular remodeling can be physiological 
(adaptive) or pathological (maladaptive) in nature. Cardiovascular pathological remodeling is an important mechanism of cardiovascular 
degeneration under disease conditions, including hypertension, myocardial infarction, and heart failure.
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focuses on discussing the cardiovascular applications of  
β‐blockers. The use of β‐blockers in other disease conditions, 
especially the emerging role of these drugs in cancer 
treatment, is also introduced.

8.4.4.1 Cardiovascular Diseases β‐Blockers are widely 
used in the treatment of hypertension, ischemic heart  disease, 
congestive heart failure, and cardiac arrhythmias. They also 
show beneficial effects in other cardiovascular disorders 
including hypertrophic obstructive cardiomyopathy and 
aortic aneurysm. In addition, β‐blockers are useful in 
selected at‐risk patients in the prevention of adverse cardio
vascular outcomes from noncardiac surgery, which is known 
as perioperative β‐blocker therapy.

Treatment of Hypertension Over the past four decades,  
β‐blockers have been widely used for the treatment of 
uncomplicated hypertension as well as for hypertensive 
patients with concomitant cardiac disorders. They have been 
recommended as first‐line drugs for treating hypertension in 
both national and international guidelines. however, several 
recent meta‐analyses of the previous studies produced 
controversies regarding whether β‐blockers should be used 
as first‐line drugs in uncomplicated hypertension. The 
controversies resulted from some meta‐analyses suggesting 
that in patients with uncomplicated hypertension, β‐blockers 
exerted a relatively weak effect in reducing the risk of stroke 
as compared with other antihypertensive agents [7, 8].

much of the unfavorable data revealed in the recent meta‐
analyses were gleaned from studies involving nonvasodilat
ing, traditional β‐blockers, primarily the selective β

1
‐blocker 

atenolol. Findings with traditional β‐blockers may not be 
extrapolated to other groups of β‐blockers, particularly the 
third‐generation β‐blockers with vasodilatory activities, 
including carvedilol and nebivolol [9]. hence, the use of  
β‐blockers, especially the third‐generation β‐blockers as   
first‐line drugs for uncomplicated hypertension, might still 
be an appropriate option though their definitive efficacy 
in  treating uncomplicated hypertension for preventing 
stroke   and cardiovascular events and mortality remains 
to  be  determined through vigorous clinical studies. 
Nevertheless, β‐blockers with vasodilating effects, including 
carvedilol and nebivolol, but not the traditional β‐blocker 
atenolol, should be considered whenever β‐blockers are 
indicated in hypertensive patients. Table 8.3 lists the dosage 
range of common β‐blockers in treating hypertension.

Treatment of Ischemic Heart Disease β‐Blockers are 
widely used for the management of ischemic heart diseases, 
including stable angina and unstable angina and non‐ST 
elevation myocardial infarction. The usual dosage range for 
commonly used β‐blockers in treating stable angina is listed 
in Table  8.4. The dosage information for treating acute 
coronary syndromes is provided in unit v.

Treatment of Heart Failure β‐Blockers have been becoming 
a major therapy of congestive heart failure with reduced 
ejection fraction due to their documented ability to prolong 
survival and reduce mortality. The mechanisms underlying 
the beneficial effects include (i) inhibition of the sympathetic 
stimulation of myocardium and cardiac remodeling, 
(ii)  suppression of the RAAS activation by decreasing the 
release of renin from renal juxtaglomerular cells, and 
(iii)  attenuation of oxidative stress and inflammation in 
myocardium. Clinical data also suggest potential beneficial 
effects of β‐blockers, especially the third‐generation  
β‐blockers on survival and mortality in congestive heart 
failure patients with concomitant chronic kidney disease or 
COpD [10–12]. In contrast to the treatment of heart failure 
with reduced left ventricular ejection fraction, the use of  
β‐blockers in heart failure with preserved left ventricular 
ejection fraction is controversial [13, 14].

Three β‐blockers have been approved by the uS FDA for 
treating congestive heart failure due to the documented 
 efficacy in large clinical trials. They are bisoprolol, 
carvedilol, and metoprolol succinate. The dosage range of 
these β‐blockers in treating heart failure is listed in Table 8.5.

taBle 8.3 usual dosage range of common β‐blockers for 
treating hypertension

β‐Blockers usual dosage (mg/day) for hypertension

Atenolol 25–100
Bisoprolol 5–20
Carvedilol 10–80
labetalol 200–800
metoprolol 25–400
Nebivolol 5–10
propranolol 40–180

taBle 8.4 usual dosage range for common β‐blockers 
in treating stable angina pectoris

β‐Blockers usual dosage for stable angina

Atenolol 50–200 mg/day
Bisoprolol 10 mg/day
labetalol 200–600 mg twice daily
metoprolol succinate 100–400 mg/day
Nebivolol 5–40 mg/day
propranolol 80–120 mg twice daily

taBle 8.5 dosages of β‐blockers in treating congestive 
heart failure

β‐Blockers
Initial once daily 
dose (mg)

maximal once 
daily dose (mg)

Bisoprolol 1.25 10
Carvedilol 10 80
metoprolol 12.5–25 200
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Treatment of Cardiac Arrhythmias β‐Blockers are one of 
the four classes of antiarrhythmic agents (see unit vII). 
The antiarrhythmic effects of β‐blockers are related to 
their ability to inhibit sympathetic stimulation of the 
cardiac conduction system. Sympathetic stimulation of the 
cardiac conduction system increases heart rate, conduction 
velocity, and aberrant pacemaker activity (ectopic beats). 
These sympathetic influences are mediated  primarily 
through cardiac β

1
‐adrenergic receptor signaling. Therefore, 

β‐blockers can attenuate these sympathetic  effects and 
thereby reduce sinus rate, decrease conduction  velocity, 
and inhibit aberrant pacemaker activity. β‐Blockers also 
affect nonpacemaker action potentials by increasing 
action  potential duration and the effective refractory 
period, thereby reducing reentry. Reentry is a key 
pathophysiological event leading to cardiac arrhythmias 
(see Chapter 23).

8.4.4.2 Other Diseases and Conditions Although car
diovascular diseases are the main indications for  
β‐blockers, these drugs also find their use in many other 
diseases and conditions, including glaucoma, hyperthy
roidism, neurological disorders (e.g., migraine headache, 
tremors, performance anxiety), portal vein high pressure, 
as well as breast cancer. β‐Adrenergic receptor signaling 
has been demonstrated to promote cell tumorigenesis, and 
treatment with β‐blockers suppresses tumorigenesis and 
metastasis in laboratory models. multiple recent population 
studies also suggest a role for β‐blockers in reducing 
metastases, tumor recurrence, and specific mortality in 
breast cancer [15–17].

8.4.5 dosage Forms and Strengths

listed below are the dosage forms and strengths of some 
commonly used β‐blockers:

 • Atenolol (Tenormin): Oral, 25, 50, and 100 mg tablets

 • Bisoprolol (Zebeta): Oral, 5 and 10 mg tablets

 • Carvedilol (Coreg): Oral, 3.125, 6.25, 12.5, and 25 mg 
tablets

 • esmolol (Brevibloc): Intravenous, 10 ml (10 mg/ml) vials

 • labetalol (Normodyne, Trandate): Oral, 100, 200, and 
300 mg tablets; 5 mg/ml in 20 and 40 ml vials

 • metoprolol (lopressor, Toprol): Oral, 50 and 100 mg 
tablets (metoprolol tartrate); 25, 50, 100, and 200 mg 
extended‐release tablets (metoprolol succinate)

 • Nebivolol (Bystolic): Oral, 2.5, 5, 10, and 20 mg 
tablets

 • propranolol (Inderal): Oral, 10, 20, 40, 60, and 80 mg 
tablets; 60, 80, 120, and 160 mg capsules  (extended 
release); intravenous, 1 mg/ml in 1 ml vials

8.4.6 adverse effects and drug interactions

8.4.6.1 Adverse Effects The most common adverse 
effects of β‐blockers are related to the predictable 
 pharmacological consequences of blockage of the β‐adren
ergic  receptors. Significant adverse effects independent of 
β‐adrenergic receptor blockage are rare. Common adverse 
effects of β‐blockers include tiredness, dizziness, shortness 
of breath, and hypotension. The conventional wisdom that 
β‐blocker therapy is associated with substantial risks of 
depressive symptoms, fatigue, and sexual dysfunction is not 
supported by data from clinical trials [18].

Blockage of β
1
‐adrenergic receptor signaling may aggra

vate the condition in patients with heart failure. As such,  
β‐blocker therapy should be initiated at lower doses and 
gradually increased over time with close observation of the 
patient’s conditions. As mentioned earlier, blockage of  
β

2
‐adrenergic receptors in bronchial smooth muscle causes 

bronchoconstriction, and as such, nonselective β‐blockers 
should be generally avoided in patients with asthma or 
COpD.

8.4.6.2 Drug Interactions Drug interactions associated 
with β‐blockers may occur both pharmacokinetically and 
pharmacodynamically.  For example, inhibition of Cyp 
enzymes, especially Cyp2D6 by cimetidine, results in 
decreased metabolism of β‐blockers that are normally 
metabolized by the Cyp pathway (Table 8.2). Combination 
of β‐blockers with calcium channel blockers may lead to 
marked bradycardia and syncope. The antihypertensive 
effects of β‐blockers may also be opposed by concomitant 
use of nonsteroidal anti‐inflammatory drugs. The hypogly
cemic action of insulin and oral antidiabetic drugs may be 
enhanced by concomitant treatment with β‐blockers, 
 especially the nonselective β‐blockers.

8.4.6.3 Contraindications and Pregnancy Category  
Asthma  or related bronchospastic conditions for nonselec
tive β‐blockers

 • Severe bradycardia and second‐ or third‐degree 
atrioventricular (Av) block.

 • patients in cardiogenic shock or decompensated heart 
failure requiring the use of inotropic therapy.

 • hypersensitivity to the drug.

 • pregnancy category: C (bisoprolol, carvedilol, labet
alol, metoprolol, nebivolol, propranolol) and D 
(atenolol).

8.5 ceNtrally actiNg SympathOlyticS

Centrally acting sympatholytic drugs reduce blood 
pressure mainly by stimulating central α

2
‐adrenergic 

receptors in the brainstem, thereby reducing sympathetic 
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nerve activity and neuronal release of norepinephrine. The 
reduced sympathetic outflow to the heart results in 
decreased cardiac output by decreasing heart rate and con
tractility. Reduced sympathetic output to the vasculature 
decreases sympathetic vascular tone, which causes vasodi
lation and reduced peripheral resistance. Together, these 
effects lead to decreased blood pressure (Fig.  8.6). 
Currently, four centrally acting sympatholytic drugs are 
approved by the uS FDA:

1. Clonidine (Catapres)

2. guanabenz (Wytensin)

3. guanfacine (Tenex)

4. methyldopa

These drugs are infrequently used for hypertension because 
of adverse effects including drowsiness, fatigue, and dry 
mouth. Rebound hypertension is also another major concern 
particularly in patients who are nonadherent to the drug 
 regimen. Centrally acting sympatholytics are primarily used 
for the treatment of hypertension when other drugs are 
 ineffective or for treatment of hypertensive emergencies (see 
Chapter 12).

8.6 Summary OF chapter Key pOiNtS

 • Overactivity of the sympathetic nervous system, which 
is primarily manifested as augmented adrenergic sig
naling and abnormal activation of the RAAS, is a 
fundamental pathophysiological process underlying 
various forms of cardiovascular diseases. Drugs that 
reduce sympathetic stimulation are known as sympatho
lytic agents or, simply, sympatholytics.

 • Based on the sites and mechanisms involved, sympa
tholytic drugs are conventionally classified into four 
groups, including centrally acting sympatholytic drugs, 
ganglionic blocking drugs, sympathetic neuronal 
blocking drugs, and adrenergic receptor antagonists.

 • Adrenergic receptor antagonists, including α‐ and β‐
blockers, are commonly used drugs, whereas gangli
onic blocking drugs and sympathetic neuronal 
blocking drugs are now rarely used due to significant 
adverse effects.

 • β‐Blockers are further classified into nonselective β‐
blockers, selective β

1
‐blockers, and third‐generation 

β‐blockers. β‐Blockers have become a mainstay of 
therapy for various forms of cardiovascular diseases, 
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Figure  8.6 molecular mechanisms by which centrally acting sympatholytics reduce blood pressure. Centrally acting sympatholytic 
agents reduce the sympathetic flow to both heart and blood vessels and cause a reduction in both cardiac output and peripheral resistance, 
thereby leading to decreased blood pressure. Centrally acting sympatholytic drugs, especially upon prolonged treatment, also attenuate the 
activation of the renin–angiotensin–aldosterone system (RAAS) by decreasing the release of renin from renal juxtaglomerular cells. This may 
also contribute to the decreased blood pressure.
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including hypertension, ischemic heart disease, heart 
failure, and arrhythmias. The beneficial effects of β‐
blockers result from their ability to decrease cardiac 
output, myocardial oxygen demand, and the activity 
of the RAAS. The third‐generation β‐blockers also 
possess other novel effects, including increased 
vascular nitric oxide bioavailability, vasodilation, and 
antioxidant activities.

 • Centrally acting sympatholytic drugs are primarily used 
for the treatment of hypertension when other drugs are 
ineffective or for treatment of hypertensive emer
gencies. These drugs activate central α

2
‐adrenergic 

receptors in the brainstem. This reduces sympathetic 
outflow to the heart and vasculature, resulting in 
decreased cardiac output and reduced peripheral 
resistance.

8.7 SelF‐aSSeSSmeNt QueStiONS

8.7.1 A 25‐year‐old female presents with a blood pressure 
of 145/95 mmhg. She is prescribed a drug that reduces 
both cardiac output and peripheral resistance. Which 
of the following is most likely prescribed?
A. Alfuzosin
B. Carvedilol
C. phenoxybenzamine
D. Silodosin
e. Tamsulosin

8.7.2 A 35‐year‐old female presents with episodic severely 
elevated blood pressure, up to the level of 170/110  
mmhg. urinalysis revolves remarkably elevated levels 
of epinephrine and norepinephrine metabolites. Com
puted tomography image shows a “mass” on the right 
adrenal gland. She is scheduled for a surgery to remove 
the “mass.” however, her blood pressure needs to be 
controlled pharmacologically before the scheduled sur
gery. Which of the following drugs would be the most 
appropriate prescription for her condition?
A. Alfuzosin
B. Carvedilol
C. Chlorthalidone
D. phenoxybenzamine
e. propranolol

8.7.3 A 25‐year‐old type 1 diabetic patient presents with a 
blood pressure of 145/95 mmhg. he depends on reg
ular insulin injections to control his blood sugar. A 
decision is made to put him on a beta‐blocker to 
reduce his blood pressure. Which of the following 
drugs would be most suitable?
A. Atenolol
B. labetalol
C. Nebivolol

D. pindolol
e. propranolol

8.7.4 A 58‐year‐old male presents to the doctor’s office 
complaining of dizziness and insomnia. history 
reveals chronic obstructive pulmonary disease 
(COpD) of 10 years of duration. he smoked ciga
rettes, 1–2 packs/day, for 20 years until he was diag
nosed with COpD a decade ago. his blood pressure is 
150/95 mmhg and heart rate 89 beats/min. lab tests 
reveal elevated total blood cholesterol and lDl cho
lesterol.  he is prescribed atorvastatin to control his 
blood cholesterol and a beta‐blocker to treat his hyper
tension. Which of the following drugs is the most 
appropriate β‐blocker to prescribe?
A. Carvedilol
B. metoprolol
C. Nadolol
D. pindolol
e. propranolol

8.7.5 A 55‐year‐old patient with congestive heart failure 
and a reduced ejection fraction is put on a beta‐blocker 
therapy to retard pathogenic cardiac remodeling and 
improve survival. Which of the following drugs is the 
most appropriate β‐blocker to prescribe?
A. Atenolol
B. Carteolol
C. Carvedilol
D. pindolol
e. propranolol
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9.1 Overview

The renin–angiotensin–aldosterone system (RAAS) plays a 
fundamental role in the control of blood pressure, fluid 
volume, and sodium balance. However, dysregulation, espe-
cially overstimulation of this system, contributes to the path-
ophysiology of various forms of cardiovascular disorders, 
including atherosclerosis, hypertension, left ventricular 
hypertrophy, myocardial infarction, and heart failure. As a 
result, the dysregulated RAAS represents a logical 
therapeutic target in the management of cardiovascular dis-
eases. Currently, four classes of drugs are available that 
target the RAAS axis, including (i) direct renin inhibitors, 
(ii) angiotensin‐converting enzyme (ACE) inhibitors, 
(iii) angiotensin receptor blockers (ARBs), and (iv) aldoste-
rone receptor antagonists. This chapter examines each of the 
first 3 classes of the RAAS‐inhibiting drugs, focusing on 
discussing the pharmacological basis of their use in the 
management of various cardiovascular diseases. The aldo-
sterone receptor antagonists are covered in Chapter 7 under 
potassium‐sparing diuretics.

9.2 The raas and drug TargeTing

9.2.1 history for discovery of raas and development 
of the raas inhibitors

Renin, the rate‐limiting enzyme of the RAAS, has been 
discovered for more than a century [1, 2]. In 1898, R. 
Tigerstedt and P. Bergman first demonstrated that an 
extract from the renal cortex of rabbits (later named renin) 

increased blood pressure when it was injected intrave-
nously to recipient rabbits. However, the findings of 
R.  Tigerstedt and P. Bergman could not be reproduced 
in  other studies, and the discovery of renin was once 
 disputed and ignored.

It took another four decades for scientists to realize in the 
1940s that renin functioned as an enzyme on a protein sub-
strate to produce a peptide that mediated the vasopressor 
effect of renin. The protein substrate was later named angio-
tensinogen, and the vasoconstricting peptide known as 
angiotensin. Further work by L.T. Skeggs and coworkers in 
1957 demonstrated that angiotensin existed in two distinct 
forms—angiotensin I and angiotensin II—and angiotensin I 
was cleaved by ACE to generate the biologically active 
angiotensin II.

The last molecule of the RAAS axis, aldosterone, was 
isolated by S.A. Simpson and J.F. Tilt in 1953. The relation-
ship between angiotensin II and aldosterone was hypothe-
sized by F. Gross in 1958 and subsequently confirmed by 
J.O. Davis in 1959 [1, 2].

As understanding of the pathophysiological role of the 
RAAS in cardiovascular diseases has unfolded during the 
past century, so has the interest in developing drugs that 
could interdict specific components of the RAAS to treat 
cardiovascular diseases as well as other diseases that 
involve a mechanism of dysregulated RAAS. The first 
RAAS‐blocking drugs to become commercially available 
were the aldosterone antagonists in the 1970s, followed 
by the ACE inhibitors in the 1980s, the angiotensin II 
receptor blockers in the 1990s, and the direct renin inhib-
itor aliskiren in 2007 [3].

inhibiTOrs Of The renin–angiOTensin–
aldOsTerOne sysTem

9
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9.2.2 The raas

The RAAS is an ever‐evolving endocrine system with con-
siderable checks and balances on the production and catabo-
lism of angiotensin peptides most likely due to the manifold 
effects of angiotensins [4–6]. To understand the RAAS in 
drug therapy, a brief review of the components of the RAAS 
and an introduction to both the classical and contemporary 
views of the system are imperative.

9.2.2.1 The Classical View of the RAAS In brief, 
the classical view of the RAAS focuses on the processing 
of the single obligate precursor angiotensinogen to 
angiotensin I by renin, a protease released from renal 
 juxtaglomerular cells (Chapter 8). Human angiotensino-
gen is a 453‐amino‐acid‐long protein that is produced by 
different types of cells, including hepatocytes, renal cells, 
adipocytes, and brain cells, with the liver being the pri-
mary source of circulating angiotensinogen. The first 12 
amino acids of angiotensinogen are the most important 
with regard to the formation of angiotensins. Renin 
cleaves the first 10 amino acids from the n‐terminus of 
the protein to form the 10‐amino‐acid peptide angiotensin I. 
Angiotensin I is inactive and is then rapidly hydrolyzed 
by ACE to form an active peptide of eight amino acids, 
known as angiotensin II. Interaction of angiotensin II 
with its receptors, primarily the type 1 receptors (known 
as AT

1
 receptors), leads to the production of aldosterone 

and diverse physiological and pathophysiological 
responses. It should be noted that angiotensin II also 
inhibits renin release, thus providing a negative feedback 
to the system. Hence, when referring to the RAAS, one 
should examine not only the process from renin through 
angiotensin to aldosterone but also its associated negative 
feedback loop (Fig. 9.1). As discussed later, this feedback 
loop also affects the pharmacological effects of the RAAS 
inhibitors.

9.2.2.2 The Contemporary View of the RAAS In 
 contrast to the aforementioned classical view, the 
 contemporary view of the RAAS is increasingly complex, 
involving a balance between multiple processing 
 pathways  for angiotensin generation and degradation 
(Fig. 9.2). The contemporary view focuses on a homologue 
of ACE, known as ACE2, which cleaves angiotensin II to 
generate angiotensin‐(1–7), a peptide fragment that 
functions through its putative receptor, mAS, to 
 antagonize the adverse cardiovascular actions of 
angiotensin II. The contemporary view also includes the 
regulation of renin activity by (pro)renin receptors (recep-
tors that bind to both prorenin and renin) and the concept 
of intracellular and tissue‐based RAAS. In addition, 
angiotensin II can also be produced by non‐ACE 
pathways.

9.2.3 drug Class and drug Targeting

The currently available four classes of RAAS‐inhibiting 
drugs target the classical pathway of the RAAS, that is, 
(i) inhibition of renin, (ii) inhibition of ACE, (iii) antagonism 
of AT

1
 receptors, and (iv) antagonism of aldosterone recep-

tors (Fig. 9.3). Due to the emerging critical role of the ACE2/
angiotensin‐(1–7)/mAS receptor axis in protecting against 
cardiovascular pathophysiology, new drugs may be devel-
oped to target this axis to treat cardiovascular diseases [7].

9.3 direCT renin inhibiTOrs

Currently, aliskiren is the only US Food and Drug 
Administration (FDA)‐approved direct renin inhibitor:

 • Aliskiren (Tekturna)

9.3.1 general introduction to drug Class

The most logical drug target in the RAAS has long been 
 considered to be renin, which is at the top of the enzymatic 
cascade (Fig. 9.3). However, renin has also proved to be a 

Angiotensinogen

Angiotensin I

Aldosterone

ACE

Renin

AT1

Angiotensin II

figure 9.1 The classical view of the RAAS. As illustrated, the 
precursor peptide angiotensinogen is cleaved by renin to form the 
decapeptide angiotensin I. The dipeptidase angiotensin‐converting 
enzyme (ACE) cleaves angiotensin I to form the octapeptide 
angiotensin II, the central active component of this system. 
Angiotensin II activates the AT

1
 receptors in the adrenal gland, 

resulting in the release of aldosterone to the circulation. Of note is 
the feedback inhibition of renin release by angiotensin II. This 
feedback inhibition is mediated by activation of AT

1
 receptors on 

the juxtaglomerular cells by angiotensin II. AT
1
 denotes angiotensin 

II receptor type 1.
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highly challenging enzyme to target. While blockade of the 
RAAS has become a cornerstone of cardiovascular therapy 
with ACE inhibition and angiotensin receptor blockade, 
renin inhibition has lagged. Its late appearance on the 
therapeutic horizon relates largely to the biochemical fea-
tures of the enzyme and its early inhibitors. The development 
of renin inhibitors was hampered by high cost of manufac-
turing, coupled with low potency and poor bioavailability of 
early molecules. With the advent of alternative approaches 
to manufacturing, notably molecular modeling via X‐ray 
crystallography and reconstruction of the active site of renin, 
potent nonpeptidic oral renin inhibitors are being produced 
and show promising results in both preclinical and clinical 
studies [3, 8–10]. Aliskiren is the first in this drug class 

approved by the US FDA in 2007 for clinical use in the 
treatment of hypertension.

9.3.2 Chemistry and Pharmacokinetics

Aliskiren is a nonpeptidic renin inhibitor (structure shown in 
Fig. 9.4). It is poorly absorbed with a bioavailability of ~2.5%. 
Absorption of aliskiren is significantly reduced by high‐fat 
meal. About 25% of the absorbed dose appears in the urine as 
parent drug. Hepatic cytochrome P450 (CyP) 3A4 appears to 
be the major enzyme responsible for aliskiren metabolism. P‐
Glycoprotein may mediate the efflux of the drug and be 
responsible for the decreased absorption as well as drug 
 elimination. The elimination half‐life of aliskiren is 20–45 h.

AT1 activation

Angiotensin IV (3–8)

Angiotensin (1–9)

Angiotensin (1–7)
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P/R-RRenin
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Prerenin P/R-R
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Aminopeptidases
Endopeptidases
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Aminopeptidases
Endopeptidases

Cathepsin D
Tonin
tPA
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Cathepsin G
CAGE
Chymase
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Aldosterone
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Angiotensin II (1–8)

ACE2

ACE2

Angiotensin III (2–8)MAS
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figure 9.2 The contemporary view of the RAAS. The contemporary view emphasizes multiple aspects of the RAAS not recognized in 
the classical view. For example, the catalytic activity of renin increases when bound to the (pro)renin receptors (P/R‐R), and the otherwise 
inactive prorenin becomes catalytically active when bound to P/R‐R. Angiotensin II can be catabolized by angiotensin‐converting enzyme 2 
(ACE2) to form angiotensin‐(1–7), another active peptide of this system, which typically opposes the actions of angiotensin II. Angiotensin‐
(1–7) can also be derived from angiotensin I with angiotensin‐(1–9) as the intermediate. Angiotensin II is cleaved into smaller fragments, such 
as angiotensin‐(2–8) (also called angiotensin III) and angiotensin‐(3–8) (also called angiotensin IV) by aminopeptidases. most effects of 
angiotensin II are mediated by the angiotensin receptor type 1 (AT

1
 receptor); however, angiotensin II can also bind to the angiotensin receptor 

type 2 (AT
2
 receptor), whose activation generally exhibits opposing effects on the responses caused by the activation of AT

1
 receptors and may 

result in cardiovascular protection. Angiotensin‐(1–7) acts via its putative mAS receptor to elicit responses that may also counteract those 
caused by activation of AT

1
 receptors by angiotensin II. mAS is a proto‐oncogene encoding a G‐protein‐coupled receptor, which has been 

recently identified as a putative receptor for angiotensin‐(1–7). The ACE2/angiotensin‐(1–7)/mAS receptor axis may represent new possibil-
ities for developing novel therapeutic strategies for the treatment of cardiovascular diseases. As shown in the scheme, in addition to angiotensin 
II, angiotensin III also activates AT

1
 receptors. Angiotensin IV activates AT

4
 receptors; however, the physiological significance of this receptor 

activation remains unclear. Likewise, the nomenclature and existence of the AT
3
 receptor and its relationship to mAS receptor remain contro-

versial. For color details, please see color plate section.
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Aliskiren
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figure 9.4 Structure of aliskiren. Aliskiren is a nonpeptidic renin inhibitor and is chemically described as (2S,4S,5S,7S)‐N‐(2‐carbamoyl‐2‐
methylpropyl)‐5‐amino‐4‐hydroxy‐2,7‐diisopropyl‐8‐[4‐methoxy‐3‐(3‐methoxypropoxy)phenyl]‐octanamide.

9.3.3 molecular mechanisms and Pharmacological 
effects

Renin inhibitors are unique in their effects on the RAAS. 
Both ACE inhibition and angiotensin receptor blockade lead 

to a compensatory rise in plasma renin activity and thus to an 
increase in the angiotensin peptides, both angiotensin I and 
angiotensin II in the case of ARBs and angiotensin I with 
ACE inhibitors. Renin inhibitors, operating at the first and 

Angiotensinogen

Angiotensin I

Aldosterone
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Renin

Angiotensin II

AR
Water and salt retention
Other cardiovascular effects

Vasoconstriction
Inflammation
Oxidative stress
Other effects

Direct renin inhibitors
(aliskiren)

ACE inhibitors

ARBs (AT1 blockers)

Aldosterone receptor
antagonists

AT1

AT1

figure 9.3 Targeting sites of the RAAS inhibitors. Shown in the scheme are the four groups of drugs that target the RAAS. AR denotes 
aldosterone receptor.
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rate‐limiting step of the cascade, render the entire pathway 
quiescent. Because renin is specific for the substrate angio-
tensinogen, renin inhibitors do not cause stimulation of bra-
dykinin or prostaglandins, as seen with ACE inhibitors (see 
Section 9.4). In addition, renin inhibitors reduce angiotensin 
II formed by non‐ACE pathways.

Renin inhibitors may also confer benefit by inhibiting 
activation of the proenzyme prorenin, long thought to be 
inactive. Recent work shows that prorenin may also con-
tribute to cardiovascular and renal pathophysiology 
independent of angiotensin production. As such, renin inhib-
itors may possess an expanded potential for therapy com-
pared with ACE inhibitors or ARBs.

All agents that inhibit the RAAS, including renin inhibi-
tors, suppress the negative feedback loop, leading to a 
compensatory rise in plasma renin concentration. When this 
rise occurs during treatment with ACE inhibitors and ARBs, 
the result is increased levels of plasma renin activity. During 
treatment with aliskiren, however, the effect of increased 
renin levels is blocked so that plasma renin activity, 
angiotensin I, and angiotensin II are all reduced, no matter 
whether aliskiren is used as monotherapy or in combination 
with other antihypertensive agents.

9.3.4 Clinical uses

9.3.4.1 Hypertension Aliskiren is approved by the US 
FDA for the treatment of hypertension. It may be used alone 
or in combination with other antihypertensive agents, such 
as a diuretic, a calcium channel blocker, or an ARB. 
Combination therapy is additive in lowering blood pressure. 
Fixed‐dose combination formulations for aliskiren with the 
thiazide diuretic hydrochlorothiazide and the calcium 
channel blocker amlodipine are available:

 • Aliskiren/hydrochlorothiazide (Tekturna)

 • Aliskiren/amlodipine (Tekamlo)

The mechanisms underlying the blood pressure‐lowering 
effect of aliskiren are primarily related to the inhibition of 
renin and the subsequent decreased formation of angiotensin II 
and aldosterone. Recent studies also suggest that aliskiren may 
increase the nitric oxide bioavailability and improve endothe-
lial function likely via its inhibition of vascular nADPH oxi-
dase [11, 12]. Inhibition of vascular nADPH oxidase results in 
decreased formation of superoxide. Because superoxide reacts 
with nitric oxide to form peroxynitrite, decreased superoxide 
formation will increase nitric oxide bioavailability.

9.3.4.2 Therapeutic Role in End‐Organ Damage The 
Aliskiren in Left Ventricular Hypertrophy (ALLAy) trial 
suggested that aliskiren was as effective as the ARB losartan 
in attenuating left ventricular mass regression, a measure of 

myocardial end‐organ damage, in hypertensive patients with 
left ventricular hypertrophy [13]. The beneficial effects of 
aliskiren appeared to be independent of its blood pressure‐
lowering action. Consistently, the Aliskiren Observation of 
Heart Failure Treatment (ALOFT) trial reported that addition 
of aliskiren to an ACE inhibitor (or ARB) and beta‐blocker 
had favorable neurohumoral effects in heart failure and 
appeared to be well tolerated [14, 15].

Short‐term trials suggest that aliskiren may also provide 
renal protection. In this regard, the Aliskiren in the Evaluation 
of Proteinuria in Diabetes (AVOID) trial found that aliski-
ren, when added to recommended treatment with losartan 
(100 mg daily) and optimal antihypertensive therapy, may 
have renoprotective effects that are independent of its blood 
pressure‐lowering effect in patients with hypertension, type 
2 diabetes, and nephropathy [16, 17]. However, the long‐
term, randomized, placebo‐controlled morbidity/mortality 
trial Aliskiren Trial in Type 2 Diabetes Using Cardio‐Renal 
Disease Endpoints (ALTITUDE), which included 8600 
patients with type 2 diabetes, proteinuria, and a high cardio-
vascular risk already treated with ACE inhibitors or ARBs, 
was terminated in December 2011 because of futility and an 
increased incidence of serious adverse events in the aliskiren 
300 mg arm. The serious adverse effects included renal 
dysfunction, hyperkalemia, hypotension, and possibly an 
increased risk of nonfatal stroke [10, 18, 19]. In response to 
these findings, it has been recommended that dual aliskiren 
and ACE inhibitor/ARB therapy not be used in patients with 
both hypertension (the current indication for aliskiren) and 
diabetes or moderate‐to‐severe renal dysfunction (estimated 
glomerular filtration rate <60 ml/min/1.73 m2).

Recently, a randomized controlled trial (ASTROnAUT) 
involving 1615 heart failure patients reported that among 
patients hospitalized for heart failure with reduced left 
ventricular ejection fraction, initiation of aliskiren in addition 
to standard therapy did not reduce cardiovascular death or 
heart failure rehospitalization at 6 months or 12 months after 
discharge [20]. Hence, the results of the ASTROnAUT 
study do not support the routine administration of aliskiren, 
in addition to standard therapy, to patients hospitalized for 
worsening chronic heart failure.

9.3.4.3 Therapeutic Role in Prehypertension and 
Coronary Artery Disease The Aliskiren Quantitative 
Atherosclerosis Regression Intravascular Ultrasound Study 
(AQUARIUS) is a double‐blind, randomized, multicenter 
trial comparing aliskiren with placebo in 613 participants 
with coronary artery disease, systolic blood pressure between 
125 and 139 mmHg (prehypertension range), and two addi-
tional cardiovascular risk factors. The results showed that 
among participants with prehypertension and coronary artery 
disease, the use of aliskiren compared with placebo did 
not  result in improvement or slowing of progression of 
 coronary atherosclerosis. The finding does not support the 
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use of aliskiren for regression or prevention of progression of 
coronary atherosclerosis [21]. Therefore, until additional 
evidence is available, the role of renin inhibition in the 
aforementioned setting is considered being much limited. 
Because aliskiren does reduce blood pressure, perhaps this 
drug could be reserved for use in patients with coronary dis-
ease and prehypertension/hypertension who cannot tolerate 
ACE inhibitors and ARBs [22] (see Sections 9.4 and 9.5 
for ACE inhibitors and ARBs, respectively).

9.3.5 Therapeutic dosages

The dosage form and strength of aliskiren are listed below:

 • Aliskiren (Tekturna): Oral, 150 and 300 mg tablets

The usual recommended starting dose of aliskiren is 150 mg 
once daily. In patients whose blood pressure is not adequately 
controlled, the daily dose may be increased to 300 mg.

9.3.6 adverse effects and drug interactions

9.3.6.1 Adverse Effects

Common Adverse Effects Aliskiren is generally well 
tolerated. The most common adverse effects are mild 
diarrhea and other gastrointestinal disturbances.

Rare, Serious Adverse Effects Angioedema and renal 
dysfunction are potential rare adverse events associated with 
aliskiren therapy. Patients with signs and symptoms of 
angioedema should stop aliskiren and seek urgent medical 
assistance. Aliskiren should not be used by patients with a 
risk of renal impairment.

9.3.6.2 Drug Interactions The use of nonsteroidal anti‐
inflammatory drugs may lead to increased risk of renal 
impairment and loss of antihypertensive effect of aliskiren. 
Combination treatment with aliskiren and other blockers of 
the RAAS increases the risk of hyperkalemia [23], which 
warrants careful monitoring of the plasma potassium levels. 
As P‐glycoprotein and CyP3A4 are involved in the disposi-
tion of aliskiren, cotreatment with the p‐glycoprotein/
CyP3A4 inhibitor, cyclosporine or itraconazole, may lead to 
increased plasma levels of aliskiren, and as such, concomi-
tant use of these drugs should be avoided.

9.3.6.3 Contraindications and Pregnancy Category

 • Aliskiren is contraindicated in patients with diabetes 
who are receiving ARBs or ACEIs because of the 
increased risk of renal impairment, hyperkalemia, and 
hypotension.

 • Avoid use of aliskiren with ARBs or ACEI in patients 
with moderate renal impairment (glomerular filtration 
rate <60 ml/min/1.73 m2).

 • Pregnancy category: C (first trimester) and D (second 
and third trimesters). When pregnancy is detected, 
aliskiren should be discontinued as soon as possible. 
Drugs that act directly on the RAAS can cause injury 
and death to the developing fetus.

9.3.7 summary of aliskiren

 • Aliskiren is the first member of the renin inhibitors 
approved by the US FDA for clinical use. Renin inhib-
itors, operating at the first and rate‐limiting step of the 
RAAS cascade, render the entire pathway quiescent.

 • Aliskiren is approved by the US FDA for the treatment 
of hypertension. It may be used alone or in combination 
with other antihypertensive agents, such as a diuretic, a 
calcium channel blocker, or an ARB.

 • The mechanisms underlying the blood pressure‐low-
ering effect of aliskiren are primarily related to the inhi-
bition of renin and the subsequent decreased formation 
of angiotensin II and aldosterone. Aliskiren may also 
reduce blood pressure through other potential mecha-
nisms, such as increased nitric oxide bioavailability.

 • Although early studies suggested a beneficial role for 
aliskiren in heart failure, the results of the recent 
ASTROnAUT study do not support the routine 
administration of aliskiren, in addition to standard 
therapy, to patients hospitalized for worsening chronic 
heart failure. Similarly, the ALTITUDE trial showed no 
benefit of dual aliskiren and ACE inhibitor/ARB 
therapy in patients with both hypertension (the current 
indication for aliskiren) and diabetes or moderate‐to‐
severe renal dysfunction, and instead, the dual therapy 
was associated with serious adverse effects. Aliskiren 
was also found to be ineffective in improvement or 
slowing of progression of coronary atherosclerosis in 
patients with prehypertension and coronary artery dis-
ease. Aliskiren is well tolerated and the most common 
adverse effect is diarrhea. Due to its potential fetal 
 toxicity, aliskiren should be discontinued as soon as 
possible when pregnancy is detected.

9.4 aCe inhibiTOrs

Listed below are the 11 US FDA‐approved ACE inhibitors:

 • Benazepril (Lotensin)

 • Captopril (Capoten) (prototype)

 • Enalapril (Vasotec)

 • Enalaprilat (Vasotec injection)

 • Fosinopril (monopril)

 • Lisinopril (Prinivil/Zestril)

 • moexipril (Univasc)

 • Perindopril (Aceon)
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 • Quinapril (Accupril)

 • Ramipril (Altace)

 • Trandolapril (mavik)

9.4.1 general introduction to drug Class

Drugs that block ACE and the formation of angiotensin II 
have become mainstays of cardiovascular pharmacothera-
peutics. Peptide relatives of modern ACE inhibitors were 
first identified serendipitously in extracts from Bothrops 
venom. Further pharmacological development culminated in 
the synthesis in the 1970s of the first oral agent, captopril. 
Other ACE inhibitors with improved pharmacological prop-
erties have since been developed, and most ACE inhibitors, 
alone and in combination with diuretic or amlodipine, are 
now available generically. In addition to hypertension, ACE 
inhibitors are indicated for the treatment of patients at high 
risk for coronary artery disease, after myocardial infarction, 
with heart failure or dilated cardiomyopathy, or with chronic 
kidney disease or diabetes.

9.4.2 Chemistry and Pharmacokinetics

The 11 ACE inhibitors (structures shown in Fig.  9.5) have 
essentially identical mechanisms of action and pharmacolog-
ical effects, but they differ in their chemical and pharmacoki-
netic properties. Captopril is the only ACE inhibitor 
that contains a sulfhydryl (-SH) group, fosinopril is the only 

phosphorus‐containing ACE inhibitor, and the rest are dicar-
boxyl‐containing compounds. Except for captopril (with a 
duration of action of 6–12 h), most ACE inhibitors have a 
duration of action of ~24 h, enabling the once daily dosing 
regimens. ACE inhibitors are cleared predominantly by the 
kidneys, and as such, the drug clearance can be significantly 
reduced in patients with renal impairment. The major pharma-
cokinetic properties of the 11 ACE inhibitors are given in 
Table 9.1.

9.4.3 molecular mechanisms and Pharmacological 
effects

Although evidence suggests multiple biological activities of 
ACE [24], the primary function of ACE in the RAAS is to 
catalyze the conversion of angiotensin I to angiotensin II. 
ACE is also known as kininase II and responsible for breaking 
down bradykinin, a vasodilating molecule, to inactive metab-
olites. The mechanisms of action of ACE inhibitors in cardio-
vascular medicine are illustrated in Figure 9.6. As depicted in 
the figure, inhibition of ACE causes decreased formation of 
angiotensin II and reduced catabolism of bradykinin, leading 
to four pharmacological responses as outlined below:

1. Reduced output of sympathetic nervous system due to 
decreased levels of angiotensin II

2. Reduced vasoconstriction and vascular remodeling 
due to decreased levels of angiotensin II

Table 9.1 major pharmacokinetic properties of aCe inhibitors

ACE inhibitor Oral bioavailability (%) Elimination half‐life (h) metabolism and elimination

Benazepril 37 10–11 Hydrolyzed to form active benazeprilat; glucuronidation; 
mainly excreted in the urine

Captopril 75 <2 40–50% of dose excreted in unchanged form in the urine; the 
rest is converted to disulfide dimer

Enalapril 60 11 Hydrolyzed to form more potent enalaprilat; no further 
metabolism; renal excretion of enalapril and enalaprilat

Enalaprilat (iv) 11 mainly excreted in the urine in unchanged form
Fosinopril 36 12 Hydrolyzed to active fosinoprilat; glucuronidation; excreted in 

the urine and bile
Lisinopril 25 12 Excreted in the urine in unchanged form; no metabolism
moexipril 13 2–9 Hydrolyzed to active moexiprilat; no further metabolism; 

excreted in the urine as moexipril and moexiprilat
Perindopril 75 1 Hydrolyzed to active perindoprilat; extensive metabolism 

involving hydrolysis, glucuronidation, and cyclization via 
dehydration

Quinaprila 60 2 Hydrolyzed to form active quinaprilat; no further metabolism; 
excreted in the urine

Ramiprilb 50–60 9–18 Hydrolyzed to active ramiprilat; glucuronidation; formation of 
diketopiperazine ester and acid

Trandolapril 10 6 Hydrolyzed to active trandolaprilat; renal and biliary 
elimination

a Quinapril has a prolonged terminal elimination phase with a half‐life of 25 h.
b Ramipril has a prolonged terminal elimination phase with a half‐life of >50 h.
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3. Decreased production of aldosterone and the 
subsequent reduction in sodium and water retention as 
well as attenuation of aldosterone‐mediated cardio-
vascular remodeling

4. Increased levels of bradykinin due to its decreased 
catabolism

The above diverse actions serve as the pharmacological 
basis for the wide applications of ACE inhibitors in treating 
cardiovascular diseases as well as other disorders involving 
dysregulated RAAS, such as renal diseases. It should be 
noted that the pharmacological effects and clinical efficacy 
of ACE inhibitors are weaker in people of African heritage 
than in people of other ethical groups. This is likely due to 
the decreased basal activity of RAAS in people of African 
heritage.

9.4.4 Clinical uses

9.4.4.1 Cardiovascular Diseases The cardiovascular 
applications of ACE inhibitors include treatment of the fol-
lowing diseases and conditions:

 • Hypertension

 • Heart failure

 • Acute coronary syndromes

 • High coronary artery disease risk

Hypertension ACE inhibitors are indicated for the treatment 
of hypertension. It may be used alone as an initial therapy or 
concomitantly with other classes of antihypertensive drugs 
(see Chapter  12 for hypertension management). Via the 
various pathways illustrated in Figure  9.7, ACE inhibitors 
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lower systemic vascular resistance and mean, diastolic, and 
systolic blood pressures in various hypertensive states except 
high blood pressure due to primary aldosteronism. 
Hypertension primarily due to aldosteronism responds well 
to aldosterone receptor antagonists.

Acute Coronary Syndromes ACE inhibitors are indicated 
for the treatment of hemodynamically stable patients within 
24 h of acute myocardial infarction, to improve survival (see 
Unit V for acute coronary syndromes). Patients should 
receive, as appropriate, the standard recommended 
treatments such as thrombolytics, aspirin, and beta‐blockers. 
new studies also suggested that a combination of cardiac 
medications including aspirin, a beta‐blocker, a statin, and 
an ACE inhibitor (or an ARB) at the time of discharge for 
acute coronary syndromes was strongly associated with 
decreased long‐term mortality in men and women [25].

Heart Failure When discussing pharmacotherapy of heart 
failure, it is important to distinguish the heart failure with 
reduced ejection fraction (also known as systolic heart 

failure) from that with preserved ejection fraction 
(historically known as diastolic heart failure). Each accounts 
for ~50% of all heart failure cases [26]:

 • Heart failure with reduced left ventricular ejection 
fraction: ACE inhibitors are indicated in the 
management of systolic heart failure and should be 
given to all heart failure patients with impaired left ven-
tricular systolic function unless contraindicated. In this 
clinical setting, use of ACE inhibitors has been exten-
sively documented to prolong survival and reduce 
mortality. The chief pharmacological basis for this 
benefit lies in the ability of these drugs to decrease 
cardiac afterload, improve water and salt retention, and 
attenuate cardiac remodeling.

 • Heart failure with preserved left ventricular ejection 
fraction: The long‐term benefits of ACE inhibitors in 
heart failure with reduced left ventricular ejection 
fraction have been well established. However, based on 
clinical trials on perindopril and enalapril, there is cur-
rently no evidence for their benefits in the management 
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figure 9.6 molecular mechanisms of action of angiotensin‐converting enzyme (ACE) inhibitors in cardiovascular medicine. ACE inhib-
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170 InHIBITORS OF THE REnIn–AnGIOTEnSIn–ALDOSTEROnE SySTEm

of heart failure with preserved left ventricular 
dysfunction [27, 28]. Similarly, available clinical trials 
do not suggest an efficacy for ARBs in the management 
of heart failure with preserved left ventricular ejection 
fraction [29, 30]. nevertheless, studies are underway to 
further determine the clinical effectiveness of ACE 
inhibitors as well as other inhibitors of the RAAS in the 
management of heart failure patients with preserved 
left ventricular ejection fraction [31].

High Coronary Artery Disease Risk Use of ACE inhibitors 
in patients at high risk of coronary artery disease has been 
associated with a decrease in the risk of myocardial 
infarction, stroke, and death. ACE inhibitors are efficacious 
in preventing cardiovascular events and death in individuals 
at high risk of coronary artery disease even when their blood 
pressure is in the normal range [32]. In general, ACE 
inhibitors and ARBs are equally effective, and combination 
of an ACE inhibitor and an ARB doesn’t increase benefits, 
but causes more adverse events [33].

Atrial Fibrillation The efficacy of ACE inhibitors as well 
as ARBs in the management of atrial fibrillation remains 
controversial. While some meta‐analyses suggested an 
efficacy for ACE inhibitors and ARBs for the primary and 
secondary prevention of atrial fibrillation [34, 35], others 
suggested an insignificant role for these drugs in the 
secondary prevention of atrial fibrillation [36].

9.4.4.2 Noncardiovascular Disorders A meta‐analysis of 
12 randomized trials suggested that ACE inhibitors may be 
associated with a reduction in the risk of newly diagnosed type 
2 diabetes mellitus [37]. However, none of these trials were 
designed with reduction in the incidence of type 2 diabetes 
mellitus as the primary endpoint, and glucose tolerance was 
not assessed routinely. In this context, the Diabetes Reduction 
Assessment with Ramipril and Rosiglitazone medication 
(DREAm) trial, a randomized trial designed with type 2 
diabetes mellitus as a primary outcome, reported that among 
persons with impaired fasting glucose levels or impaired 
glucose tolerance, the use of ramipril for 3 years does not sig-
nificantly reduce the incidence of diabetes or death but does 
significantly increase regression to normoglycemia [38].

Given the primary findings of the DREAm trial, ramipril 
cannot be recommended for the prevention of type 2 diabetes 
mellitus. For patients who take ACE inhibitors for another 
indication (such as hypertension, congestive heart failure, or 
high‐risk cardiovascular events), improvement in glycemia 
may turn out to be yet another benefit. For now, ongoing 
attention to diet and exercise remains the best hope for 
reducing the rising rate of diabetes [39]. The mechanism by 
which ACE inhibitors improve glucose metabolism is most 
likely due to their ability to decrease the formation of 

angiotensin II as angiotensin II plays an important role in the 
development of insulin resistance and glucose intolerance.

Despite the controversies on the prevention of diabetes by 
ACE inhibitors, substantial evidence suggests that these 
drugs retard the progression of diabetic nephropathy. Two 
mechanisms underlying ACE inhibitor‐mediated renal pro-
tection have been proposed:

 • Pressure mechanism: Increased glomerular capillary 
pressure is an important factor leading to glomerular 
injury. ACE inhibitors reduce glomerular capillary 
pressure by decreasing the arterial blood pressure and 
by dilating the renal efferent arterioles.

 • Inflammation and remodeling mechanism: Angiotensin 
II causes inflammation, oxidative stress, mesangial cell 
proliferation, and renal tissue remodeling, all of which 
contribute to the development of diabetic nephropathy. 
ACE inhibitors attenuate the aforementioned delete-
rious processes by decreasing the formation of 
angiotensin II.

In addition to the beneficial effects in diabetic nephrop-
athy, ACE inhibitors may also impact the cardiovascular 
events and mortality in patients with diabetes. In this regard, 
a recent meta‐analysis of 23 randomized trials involving 
32,827 diabetic patients comparing ACE inhibitors with 
placebo or active drugs (amlodipine, atenolol, or a diuretic) 
reported that ACE inhibitors reduced all‐cause mortality, 
cardiovascular mortality, and major cardiovascular events in 
patients with diabetes [40]. However, meta‐analysis of 13 
randomized trials involving 23,867 diabetic patients com-
paring ARBs with no therapy did not show a beneficial effect 
on the aforementioned endpoints [40].

9.4.5 Therapeutic dosages

The dosage forms and strengths of the 11 ACE inhibitors are 
listed below:

 • Benazepril (Lotensin): Oral, 5, 10, 20, and 40 mg 
tablets

 • Captopril (Capoten): Oral, 12.5, 25, 50, and 100 mg 
tablets

 • Enalapril (Vasotec): Oral, 2.5, 5, 10, and 20 mg tablets

 • Enalaprilat (Vasotec injection): IV injection, 1.25 mg/
ml in vials containing 1 and 2 ml

 • Fosinopril (monopril): Oral, 10, 20, and 40 mg tablets

 • Lisinopril (Prinivil/Zestril): Oral, 2.5, 5, 10, 20, 30, and 
40 mg tablets

 • moexipril (Univasc): Oral, 7.5 and 15 mg tablets

 • Perindopril (Aceon): Oral, 2, 4, and 8 mg tablets

 • Quinapril (Accupril): Oral, 5, 10, 20, and 40 mg tablets
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 • Ramipril (Altace): Oral, 1.25, 2.5, 5, and 10 mg 
capsules

 • Trandolapril (mavik): Oral, 1, 2, and 4 mg tablets

As noted earlier, all the 11 ACE inhibitors are approved 
for treating hypertension. Some are also indicated for other 
cardiovascular conditions largely based on favorable results 
from clinical trials. The US FDA‐approved indications and 
the corresponding dosage regimens of the 11 ACE inhibitors 
are summarized in Table 9.2.

9.4.6 adverse effects and drug interactions

9.4.6.1 Adverse Effects ACE inhibitors as a class of 
drugs are generally well tolerated. Adverse effects are con-
sidered to be class specific rather than drug specific, so an 
intolerable adverse event with one ACE inhibitor generally 
precludes the use of any other ACE inhibitors. Adverse 
effects are usually mild and include dry cough, hyperkale-
mia, decreased blood pressure, headache, weakness, and 
change of taste. Rare but serious adverse effects include 
angioedema and impaired renal function:

 • Dry cough: Persistent nonproductive cough has been 
reported with all ACE inhibitors in ~5–20% patients, 
almost always resolving after discontinuation of therapy. 
The mechanism may be related to the inhibition of the 
degradation of endogenous bradykinin and its 
subsequent accumulation in the lung. Bradykinin 
induces the formation of prostaglandins and nitric oxide, 

which dilate blood vessels and promote cough. ACE 
inhibitor‐induced cough should be considered in the 
differential diagnosis of cough. If the patient cannot tol-
erate the dry cough, an ARB should be considered. In 
this regard, ARBs rarely cause dry cough. This can be 
explained by the fact that ARBs do not affect the catab-
olism of bradykinin. The bradykinin accumulation 
mechanism of ACE inhibitor‐induced dry cough is 
further supported by recent studies showing that genetic 
polymorphisms in bradykinin B2 receptors are associ-
ated with ACE inhibitor‐induced dry cough [41, 42].

 • Hyperkalemia: Significant hyperkalemia rarely occurs in 
patients with normal renal function. However, ACE 
inhibitors may cause hyperkalemia in patients with renal 
insufficiency or in patients who concomitantly take 
drugs that cause potassium retention (e.g., potassium‐
sparing diuretics) or potassium supplements.

 • Hypotension: Excessive hypotension is rare in patients 
with uncomplicated hypertension treated with ACE 
inhibitors alone. Hypotension may occur after initiation 
of ACE inhibitor treatment in patients on other antihy-
pertensive drugs (e.g., diuretic agents) or in patients 
with congestive heart failure.

 • Angioedema: Angioedema is a potentially life‐threat-
ening but rare adverse event in patients treated with 
ACE inhibitors. It is manifested by swelling of the face, 
extremities, eyes, lips, and tongue and difficulty in 
swallowing or breathing. If angioedema of the face, 
extremities, lips, tongue, glottis, and/or larynx occurs, 
treatment with ACE inhibitors should be discontinued 
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and appropriate therapy instituted immediately. 
Angioedema occurs in 0.1–0.5% of patients taking 
these drugs and appears to be more common in patients 
of African heritage (a meta‐analysis showed that 
African Americans were twice more likely to develop 
angioedema on ACE inhibitors compared to 
Caucasians). African Americans have been shown to 
exhibit an increased sensitivity to bradykinin compared 
to Caucasian subjects. Thus, the increased risk of 
angioedema should be taken into account in this 
population and proactively discussed with the patient. 
Antihypertensive efficacy of ACE inhibitors is 
decreased in African American patients compared to 
other ethnic groups, but the risk of angioedema is 
increased. This brings up the question as to whether 
ACE inhibitors should still be considered first‐line 
therapy for hypertension in black patients. When 

 pondering this issue, we should remember that ACE 
inhibitor‐based treatment was shown to be superior to 
β‐blocker or calcium channel blocker treatment in pre-
venting progression of kidney disease in African 
American patients [43].

As compared with the incidence for ACE inhibitors, 
the risk for developing angioedema is considerably 
lower with ARBs or direct renin inhibitors. A recent 
meta‐analysis of randomized trials reported that inci-
dence of angioedema with ARBs and direct renin inhib-
itors was less than a half of that with ACE inhibitors 
and not significantly different from placebo [44].
 Although the exact mechanism of angioedema remains 
unknown, accumulation of bradykinin is believed to be a 
potential culprit in the development of angioedema. 
Increased accumulation of bradykinin results in the 
regional vasodilation and increased vascular permeability 

Table 9.2 dosage regimens of aCe inhibitors

ACE inhibitor Indication Dosage

Benazepril Hypertension Initial dose, 10 mg once daily; dose range, 20–40 mg once daily; maximum 
daily dose, 80 mg

Captopril Hypertension Initial dose, 25 mg b.i.d. or t.i.d.; daily dose, 50 mg b.i.d. or t.i.d.; maximum 
total daily dose, 450 mg

Heart failure Initial dose, 25 mg t.i.d.; daily dose, 50–100 mg t.i.d.
myocardial infarction Initial dose, 6.25 mg single dose, then 12.5 mg t.i.d.; target maintenance dose, 

50 mg t.i.d.
Diabetic nephropathy 25 mg t.i.d.

Enalapril Hypertension Initial dose, 5 mg once daily; dose range, 10–40 mg once daily
Heart failure Initial dose, 2.5 mg; dose range, 2.5–20 mg b.i.d.
Asymptomatic left 

ventricular dysfunction
Initial dose, 2.5 mg b.i.d.; target daily dose, 20 mg in divided doses

Enalaprilat Hypertension Given when oral therapy is not practical; IV injection only; 1.25 mg every 6 h
Fosinopril Hypertension Initial dose, 10 mg once daily; dose range, 20–40 mg once daily

Heart failure Initial dose, 10 mg once daily; dose range, 20–40 mg once daily
Lisinopril Hypertension Initial dose, 10 mg once daily; dose range, 20–40 mg once daily

Heart failure Initial dose, 5 mg once daily; dose range, 5–20 mg once daily
myocardial infraction First dose 5 mg followed by 5 mg after 24 h, 10 mg after 48 h, and then 10 mg 

once daily
moexipril Hypertension Initial dose, 7.5 mg once daily; dose range, 7.5–30 mg once daily
Perindopril Hypertension Initial dose, 4 mg once daily; dose range, 4–8 mg once daily; maximum daily 

dose, 16 mg
Stable CAD Initial dose, 4 mg once daily for 2 weeks; then maintenance dose, 8 mg once 

daily
Quinapril Hypertension Initial dose, 10–20 mg once daily; dose range, 20–80 mg once daily

Heart failure Initial dose, 5 mg b.i.d.; maintenance dose, 20–40 mg/day given in two equally 
divided doses

Ramipril Hypertension Initial dose, 2.5–20 mg once daily; maintenance dose, 2.5–20 mg/day given as 
single or two divided doses

Heart failure Initial dose, 2.5 mg twice daily; maintenance dose, 5 mg twice daily
Risk reduction For reduction of risk of myocardial infarction, stroke, or death from 

cardiovascular causes, initial dose, 2.5 mg once daily for 2–4 weeks; 
maintenance dose, 10 mg once daily

Trandolapril Hypertension Initial dose, 1 mg once daily in nonblacks and 2 mg once daily in blacks; dose 
range, 2–4 mg once daily
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that are characteristics of angioedema. In this context, 
patients with heart failure were found to have signifi-
cantly higher rates of angioedema with ACE inhibitors 
and ARBs. This may be related to the observation that 
heart failure per se increases bradykinin levels.

 Data regarding the safety of ARBs in patients with a 
history of angioedema associated with ACE inhibitors 
are relatively sparse. In a recent meta‐analysis of trials, 
incidence of cross‐reactivity of angioedema in patients 
who received an ARB after developing ACE inhibitor‐
associated angioedema was 2.5% with a conservative 
estimate of <10% [45]. Angioedema related to ARBs is 
reported to be less severe and occur earlier compared to 
angioedema that develops during ACE inhibitor therapy. 
ARBs may be an alternative for patients who develop 
angioedema while using an ACE inhibitor but should be 
reserved for patients with high therapeutic need for 
angiotensin inhibition. Treatment should be started with 
observation, patients should be educated on the signs of 
angioedema, and proper emergency management should 
be emphasized to patients and care providers. There are 
no data regarding the safety of direct renin inhibitors in 
patients who have developed ACE inhibitor‐associated 
angioedema. Further studies should be conducted with 
larger numbers of patients to evaluate the absolute risk 
of angioedema with ARBs or direct renin inhibitors after 
ACE inhibitor‐associated angioedema.

 • Impaired renal function: As a consequence of inhibit-
ing the RAAS, changes in renal function may be antic-
ipated in susceptible individuals on ACE inhibitors. 
Angiotensin II preferentially constricts the renal 
efferent arterioles to help maintain adequate glomerular 
filtration rate when renal perfusion pressure is low. 
Consequently, decreased formation of angiotensin II by 
ACE inhibitors may be associated with oliguria and/or 
progressive azotemia and rarely with acute renal failure 
and/or death in patients whose renal function may 
depend on the activity of the RAAS. These may include 
patients with severe congestive heart failure, bilateral 
renal arterial stenosis, stenosis of the artery to a single 
remaining kidney, or volume depletion due to diarrhea 
or the use of diuretics.

9.4.6.2 Drug Interactions As stated earlier, ACE inhibi-
tors may pharmacodynamically interact with other antihy-
pertensive agents (e.g., diuretic agents) to cause hypotension 
and interact with potassium‐sparing diuretics to induce 
hyperkalemia. In some patients with comprised renal 
function who are being treated with nonsteroidal  anti‐
inflammatory drugs, the coadministration of ACE inhibitors 
may result in further deterioration of renal function. 
In  addition, the concomitant use of a nonsteroidal anti‐
inflammatory drug may also reduce the pharmacological 

effects of ACE inhibitors. This is because prostaglandins 
partially mediate the vasodilating effects of ACE inhibitors.

ACE inhibitors may increase plasma lithium level, pre-
cipitating lithium intoxication. Lithium toxicity is usually 
reversible upon discontinuation of lithium and the ACE 
inhibitor. It is recommended that serum lithium levels be 
monitored frequently if the ACE inhibitor is administered 
concomitantly with lithium.

9.4.6.3 Contraindications 

 • Hypersensitive to the drug.

 • A history of angioedema related to previous treatment 
with an ACE inhibitor.

 • Patients with hereditary or idiopathic angioedema.

 • Pregnancy category: D. When they are used in pregnancy 
during the second and third trimesters, ACE inhibitors 
can cause injury and even death to the developing fetus. 
When pregnancy is detected, ACE inhibitors should be 
discontinued as soon as possible. Due to the wide use 
of ACE inhibitors, the potential impact of these drugs 
on fetus is further discussed next.

As noted earlier, it is believed that ACE inhibitors can 
cause fetal and neonatal morbidity and death when adminis-
tered to pregnant women. Consequently, when pregnancy is 
detected, ACE inhibitors should be discontinued as soon as 
possible. However, a recent large retrospective cohort study 
including 465,754 mother–infant pairs demonstrated that 
maternal use of ACE inhibitors in the first trimester has a 
risk profile similar to the use of other antihypertensives 
regarding malformations in live born offspring. The apparent 
increased risk of malformations associated with use of ACE 
inhibitors (and other antihypertensives) in the first trimester 
is likely due to the underlying hypertension rather than the 
medications [46, 47]. A recent meta‐analysis also suggested 
that first trimester exposure to ACE inhibitors and ARBs was 
not associated with an elevated risk of major malformations 
compared with other antihypertensives [48].

Although studies suggest that inadvertent exposure to 
ACE inhibitors (or ARBs) in the first trimester of pregnancy 
may not present significant risk for malformations in live 
births, use of these drugs during the first trimester may be 
associated with an increased risk of miscarriage [49]. These 
new findings are important in counseling women who used 
ACE inhibitors before realizing that they have conceived and 
also likely to encourage the medical and scientific commu-
nities to refocus on the potential fetal risks of uncontrolled 
hypertension. nevertheless, given the evidence for teratoge-
nicity beyond the first trimester and the availability of other 
safer effective antihypertensive agents in pregnancy, it is 
imperative that women on ACE inhibitors receive prompt 
attention in the early part of pregnancy so that their 
 antihypertensive medication can be appropriately adjusted.
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9.4.7 summary of aCe inhibitors

 • Currently, there are 11 US FDA‐approved ACE inhibi-
tors. Inhibition of ACE causes decreased formation of 
angiotensin II and reduced catabolism of bradykinin. As 
such, ACE inhibitors are more frequently associated with 
dry cough as compared with other RAAS inhibitors.

 • ACE inhibitors are widely used in treating hyperten-
sion, heart failure, and acute coronary syndromes. ACE 
inhibitors reduce mortality and prolong survival in the 
aforementioned settings. Use of ACE inhibitors in 
patients at high risk of coronary artery disease is asso-
ciated with decreased risk of myocardial infarction, 
stroke, and death.

 • ACE inhibitors are generally well tolerated. Adverse 
effects are usually mild and include dry cough and 
hyperkalemia. Rare but serious adverse effects include 
angioedema and impaired renal function.

9.5 arbs

9.5.1 general introduction to drug Class

Listed below are the eight US FDA‐approved ARBs with 
azilsartan being the newest member, which was approved in 
2011:

1. Azilsartan (Edarbi)

2. Candesartan (Atacand)

3. Eprosartan (Teveten)

4. Irbesartan (Avapro)

5. Losartan (Cozaar) (prototype)

6. Olmesartan (Benicar)

7. Telmisartan (micardis)

8. Valsartan (Diovan)

ARBs are also known as angiotensin receptor antago-
nists, AT

1
 receptor antagonists, or sartans. These drugs selec-

tively block the activation of angiotensin II type 1 receptors 
(AT

1
 receptors) by angiotensin II. Hence, these drugs may be 

more precisely called angiotensin II type 1 receptor blockers.
Attempts to develop drugs that block angiotensin II recep-

tors for clinical use dated back to the early 1970s. First 
receptor antagonists for angiotensin II were angiotensin‐like 
peptides with limitations of short duration, lack of oral bio-
availability, and partial agonistic activity. However, the break-
through came in 1982 with the publication of patents from the 
Takeda Chemical Industries, Ltd., Japan of a  nonpeptide 
imidazole‐5‐acetic acid derivative that antagonized 
angiotensin II vasoconstriction. The original Takeda com-
pounds S‐8307 and S‐8308 had very weak antihypertensive 
effects but were selective for the angiotensin II receptors.

Based on the work done at Takeda Chemical Industries, 
Ltd., scientists at DuPont started synthesizing variants of 
S‐8307 without much success. They then moved to computer 
modeling of the angiotensin II structure and overlapping 
drugs. A series of changes were made to increase potency 
and to create an orally active compound, and in 1989, the 
hard work of the scientists at DuPont eventually resulted in 
the synthesis of losartan, or DuP‐753, which had improved 
oral absorption and increased potency to 1000 times that of 
S‐8307 [50]. DuPont and merck signed an agreement to col-
laborate on the development and marketing of losartan, 
starting in January 1990, and the drug was approved for 
clinical use by the US FDA in 1995. Since then, seven addi-
tional AT

1
 receptor blockers have been approved. As noted 

earlier, azilsartan is the newest member of ARBs, which was 
approved by the US FDA in 2011. Losartan is currently the 
only ARB available generically. Similar to ACE inhibitors, 
ARBs are a widely used class of drugs in cardiovascular 
medicine, with established efficacy in the treatment of hyper-
tension, heart failure, and ischemic heart disease.

9.5.2 Chemistry and Pharmacokinetics

The structures of the eight ARBs are shown in Figure 9.8. 
All of these drugs are highly protein bound (>85%), but they 
vary widely in their volume of distribution from 10 l for can-
desartan to 500 l for telmisartan. most of the drugs are dosed 
once daily, although based on their short plasma elimination 
half‐lives, losartan and eprosartan may need to be adminis-
tered twice daily to maintain 24 h of efficacy in some 
patients. Bioavailability also varies widely from 23% for 
valsartan to 60–80% for irbesartan. These drugs that are 
eliminated primarily via the renal route, such as eprosartan 
and candesartan, will have higher plasma concentrations in 
patients with impaired renal function, and lower doses may 
be needed to achieve the same pharmacodynamic effect as in 
patients with normal or modestly impaired renal function 
[51]. The major pharmacokinetic properties of the eight 
ARBs are summarized in Table 9.3.

9.5.3 molecular mechanisms and Pharmacological 
effects

9.5.3.1 Selective Inhibition of AT
1
 Receptors and 

Angiotensin II‐Induced Deleterious Effects All ARBs 
bind to the AT

1
 receptors with high affinity and are over 

10,000 times more selective for the AT
1
 receptors than for 

the AT
2
 receptors. As illustrated in Figure 9.9, angiotensin II 

is formed from angiotensin I in a reaction catalyzed by ACE 
(also known as kininase II). Angiotensin II is the principal 
pressor agent of the RAAS, with effects that include (i) vaso-
constriction, (ii) stimulation of synthesis and release of aldo-
sterone, (iii) renal reabsorption of sodium, and (iv) cardiac 
and vascular oxidative stress, inflammation, and remodeling, 
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among many other potential deleterious effects on the car-
diovascular system as well as other organs. ARBs block the 
aforementioned deleterious effects of angiotensin II by 
selectively blocking the binding of angiotensin II to the AT

1
 

receptors in cardiovascular and many other tissues. The 
pharmacological action of ARBs is therefore independent of 
the pathways for angiotensin II synthesis. In other words, 

regardless of the sources of angiotensin II formation, ARBs 
block the angiotensin II‐mediated activation of the AT

1
 

receptors.

9.5.3.2 No Effects on Bradykinin and Reduced Incidence 
of Adverse Effects Because ARBs do not inhibit ACE 
(kininase II), they do not cause accumulation of bradykinin. 
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figure  9.8 Structures of angiotensin receptor blockers (ARBs). All ARBs contain a common imidazole‐based structural core. The 
 prototype losartan is chemically described as 2‐butyl‐4‐chloro‐1‐[p‐(o‐1H‐tetrazol‐5‐ylphenyl)benzyl]imidazole‐5‐methanol.

Table 9.3 major pharmacokinetic properties of arbs

ARB Oral bioavailability (%) Elimination half‐life (h) metabolism and elimination

Azilsartan 60 11 CyP2C9; eliminated in the bile/feces and urine
Candesartan 15  9 Eliminated in unchanged form in the urine and bile/feces
Eprosartan 13 20 Eliminated in unchanged form in the urine and bile/feces
Irbesartan 60–80 11–15 CyP2C9; glucuronidation; eliminated in the bile/feces and urine
Losartan 33  2 CyP2C9; CyP3A4; eliminated in the bile/feces and urine
Olmesartan 26 13 Eliminated in unchanged form in the urine and bile/feces
Telmisartan 50 24 Eliminated in unchanged form in the bile/feces
Valsartan 25  6 Eliminated in unchanged form in the bile/feces
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This may explain why use of ARBs is much less frequently 
associated with dry cough and angioedema as compared 
with ACE inhibitors (see Section 9.4).

9.5.3.3 Activation of AT
2
 Receptors, Potentially Leading 

to Additional Cardiovascular Protection Blockade of the 
angiotensin II receptors by ARBs inhibits the negative 
regulatory feedback of angiotensin II on renin secretion. 
However, the resulting increased plasma renin activity and 
circulating levels of angiotensin II do not overcome the 
effect of ARBs on blood pressure because the AT

1
 receptor‐

mediated vasoconstriction is blocked by the ARBs. Instead, 
the increased plasma levels of angiotensin II following AT

1
 

receptor blockade with ARBs may stimulate the AT
2
 recep-

tors, potentially leading to additional cardiovascular protec-
tion. In this context, evidence suggests a cardiovascular 
protective function of AT

2
 receptor signaling.

9.5.3.4 Other Novel Effects Telmisartan, but not the 
other ARBs, reduces triglyceride levels and improves insulin 
sensitivity possibly via its activation of peroxisome prolif-
erator‐activated receptor‐gamma (PPARγ) [52, 53]. In this 
context, PPARγ‐mediated signaling plays an important role 
in regulating carbohydrate and lipid metabolism. Activation 
of PPARγ may also be involved in the telmisartan‐induced 
elevation of adiponectin and decrease in C‐reactive protein 

levels [54, 55]. Both telmisartan and losartan have antiplate-
let aggregation activity [51, 56]. However, the exact role of 
the aforementioned pleiotropic effects in ARB‐mediated 
cardiovascular benefits remains to be established.

9.5.4 Clinical uses

The clinical uses of ARBs include the treatment of the 
 following diseases:

 • Hypertension

 • Heart failure

 • Stroke

 • Diabetic nephropathy

9.5.4.1 Hypertension All ARBs are approved for the 
treatment of hypertension, either alone or in combination with 
other antihypertensive agents. Specific ARBs, as detailed 
next, are also approved for the management of heart failure, 
stroke, or diabetic nephropathy based on favorable evidence 
from clinical trials. It is  important to note that because all 
ARBs share the same mechanisms of action with difference 
only in pharmacokinetic properties, the benefits of ARBs in 
cardiovascular diseases as well as other disease conditions 
are most likely to be class rather than drug specific.

γ

Angiotensin II

Angiotensinogen

Renin

ACE

ARBs

Cardiovascular
deleterious effects

Cardiovascular
protective effects

Angiotensin I
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figure 9.9 molecular mechanisms of action of angiotensin receptor blockers (ARBs). As illustrated, AT
1
 receptors mediate the cardio-

vascular deleterious effects of angiotensin II. Of note is the relatively lower abundance of AT
2
 receptors, and as such, activation of AT

1
 recep-

tors predominates. ARBs block AT
1
 receptors, thereby inhibiting angiotensin II‐mediated adverse effects. Since activation of AT

1
 receptors in 

juxtaglomerular apparatus (JGA) inhibits renin release, blocking AT
1
 receptors by ARBs in JGA thus increases renin release, which in turn 

results in increased angiotensin II. This allows the activation of AT
2
 receptors, thereby leading to cardiovascular protective effects.



Fixed‐dose single‐pill combinations of specific ARBs 
with other antihypertensive drugs have become widely avail-
able in recent years. In the United States, 7 of the 8 commer-
cially available ARBs are available as single‐pill fixed‐dose 
combinations with the thiazide diuretic hydrochlorothiazide. 
A combination of the newest ARB, azilsartan, with the thia-
zide‐like diuretic, chlorthalidone, was approved by the FDA 
in 2011. Fixed‐dose combinations of ARBs and the calcium 
channel blocker amlodipine are also available. Recently, a 
fixed‐dose combination of valsartan with the direct renin 
inhibitor aliskiren has been approved for the treatment of 
hypertension not adequately controlled by other medications, 
patients not likely to respond to a single antihypertensive 
medication, and patients taking one or the other medications 
with inadequate blood pressure control. moreover, two of the 
ARBs, valsartan and olmesartan, are now available as part of 
3‐drug combinations that also include amlodipine and hydro-
chlorothiazide. It is noteworthy that combinations that con-
tain all three drugs are more effective than a combination that 
includes any two of the three drugs.

The fixed‐dose 2‐drug combinations of an ARB and a 
 thiazide or thiazide‐type diuretic drug are listed below:

 • Azilsartan/chlorthalidone

 • Candesartan/hydrochlorothiazide

 • Eprosartan/hydrochlorothiazide

 • Irbesartan/hydrochlorothiazide

 • Losartan/hydrochlorothiazide

 • Olmesartan/hydrochlorothiazide

 • Telmisartan/hydrochlorothiazide

 • Valsartan/hydrochlorothiazide

The fixed‐dose 2‐drug combinations of an ARB and the 
calcium channel blocker amlodipine are listed below:

 • Azilsartan/amlodipine

 • Olmesartan/amlodipine

 • Valsartan/amlodipine

The fixed‐dose 2‐drug combination of an ARB and a 
direct renin inhibitor is listed below:

 • Azilsartan/aliskiren

Listed below are fixed‐dose 3‐drug combinations:

 • Olmesartan/amlodipine/hydrochlorothiazide

 • Telmisartan/aliskiren/hydrochlorothiazide

9.5.4.2 Heart Failure and Ischemic Heart Diseases  
Similar to what found with ACE inhibitors, clinical trials 
have demonstrated an efficacy for multiple ARBs in the 
management of heart failure as well as ischemic heart 

 disease. Valsartan has been approved by the US FDA for 
treatment of congestive heart failure (nyHA classes II–IV; 
see Unit VI for classification of heart failure) and for 
reduction of cardiovascular mortality in clinically stable 
patients with left ventricular failure or left ventricular 
dysfunction following myocardial infarction. In addition, the 
HEAAL trial also firmly established the superiority of full 
(150 mg daily) over partial (50 mg daily) AT

1
 receptor 

blockade with losartan in decreasing mortality and hospital-
izations in heart failure [57].

9.5.4.3 Stroke Losartan is approved by the US FDA for 
reducing the risk of stroke in patients with hypertension and 
left ventricular hypertrophy, but there is evidence that this 
benefit does not apply to patients of African heritage. A 
recent meta‐analysis of randomized trials among nearly 
30,000 participants with a history of symptomatic cerebro-
vascular disease found that use of ARBs or ACE inhibitors 
was associated with a 9% relative risk reduction in overall 
vascular risk and a 7% relative risk reduction in recurrent 
stroke risk [58]. Although the overall vascular protective 
effects of ARBs as well as ACE inhibitors among patients 
with known stroke or transient ischemic attack seem defini-
tive, it is relatively modest when compared with other proven 
vascular risk‐reducing strategies, such as calcium channel 
blockers [59].

9.5.4.4 Diabetes and Diabetic Nephropathy Irbesartan 
and losartan are approved by the US FDA for the treatment 
of diabetic nephropathy with elevated serum creatinine and 
proteinuria (>300 mg/day) in patients with type 2 diabetes 
and hypertension. In this population, both irbesartan and 
losartan reduce the rate of progression of nephropathy as 
measured by the occurrence of doubling of serum creatinine 
or end‐stage renal disease (need for dialysis or renal trans-
plantation). A recent trial reported that when added to a life-
style intervention, valsartan at a daily dose of 160 mg reduced 
the risk of diabetes mellitus but did not affect the cardiovas-
cular outcomes in patients with glucose intolerance [60]. 
Recent meta‐analyses of randomized controlled trials found 
that the use of ARBs or ACE inhibitors reduced the incidence 
of new‐onset diabetes mellitus compared with placebo, beta‐
blockers, and calcium channel blockers and consequently 
recommended that ARBs or ACE inhibitors should be 
preferred in patients with clinical conditions that may 
increase the risk of new‐onset diabetes mellitus [61, 62].

9.5.4.5 Combination Therapy of an ARB with an ACE 
Inhibitor

Heart Failure The quest for more complete blockade of 
the RAAS led to the studies combining maximum doses 
of  an ACE inhibitor and an ARB [50]. The Valsartan 
Heart  Failure Trial (Val‐HeFT) and CHARm‐Added trials 
represent the only two prospectively designed, adequately 
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sized, and appropriately powered heart failure trials that 
tested the efficacy of combination of an ARB and an ACE 
inhibitor [63, 64]. Both showed a statistically significant 
reduction in mortality–morbidity composite outcomes 
despite increases in risk of renal dysfunction, hyperkalemia, 
and hypotension. These results led to strict guidelines for 
combined use of an ACE inhibitor and an ARB in chronic 
systolic heart failure from multiple regulatory authorities, 
including the American College of Cardiology Foundation/
American Heart Association (ACCF/AHA) [65]. For 
instance, the 2009 focused update of ACCF/AHA Guidelines 
for the Diagnosis and management of Heart Failure in Adults 
states that addition of AT

1
 receptor blockade to an ACE 

inhibitor may be considered in patients with reduced left 
ventricular ejection fraction already treated with conventional 
therapy [65] (also see Unit VI). The additive efficacy of 
combined therapy of an ACE inhibitor and an ARB in patients 
with advanced heart failure suggests that the repetitive 
cardiac decompensation occurring in patients treated with 
either an ACE inhibitor or an ARB may be attributable to the 
incomplete blockade of the RAAS by either an ACE inhibitor 
or an ARB alone.

Ischemic Heart Disease With regard to reducing mortality 
and prolonging survival, ARBs are as effective as ACE 
inhibitors in patients who are at high risk for cardiovascular 
events after myocardial infarction complicated by heart 
failure, left ventricular dysfunction, or both. However, the 
current evidence does not justify the use of an ACE 
inhibitor/ARB combination in this setting as combination 
therapy increases the rate of adverse events without 
improving survival [66]. Similarly, in patients who have 
vascular disease (coronary artery disease or cerebrovascular 
disease) or high‐risk diabetes mellitus without heart failure, 
ACE inhibitors and ARBs are equivalent with regard to 
reducing mortality and morbidity from cardiovascular 
causes, and the ACE inhibitor/ARB combination therapy is 
associated with more adverse events without an increase in 
benefit [67].

Renal Protection The ACE inhibitor/ARB combination 
therapy may lead to greater reduction in proteinuria in 
renal disease (mostly associated with diabetes mellitus) 
than either drug alone [68]. However, meta‐analysis 
of  small‐scale trials involving diabetic individuals 
demonstrated that while combination therapy was more 
effective in reducing proteinuria, there were a decrease in 
estimated glomerular filtration rate and a trend toward 
increased creatinine in the combination group [69]. The 
use of proteinuria as a surrogate maker for kidney 
outcomes may thus have limitations in assessing the 
efficacy of combined therapy in diabetic nephropathy. In 
this context, the Veterans Affairs nephropathy in Diabetes 
(VA nEPHROn‐D) study, a large‐scale randomized trial 

involving 1448 patients with diabetic nephropathy, was 
stopped early owing to safety concerns. The trial showed 
that combination therapy of losartan and lisinopril 
significantly increased the risk of hyperkalemia and acute 
kidney injury and failed to provide benefit with respect to 
mortality or cardiovascular events [70]. Hence, based on 
the results of the VA nEPHROn‐D study, dual RAAS 
blockade with an ARB and an ACE inhibitor for the 
treatment of patients with diabetic nephropathy cannot 
currently be recommended [71].

9.5.5 Therapeutic dosages

The dosage forms and strengths of the eight ARBs are listed 
below:

 • Azilsartan (Edarbi): Oral, 40 and 80 mg tablets

 • Candesartan (Atacand): Oral, 4, 8, 16, and 32 mg 
tablets

 • Eprosartan (Teveten): Oral, 400 and 600 mg tablets

 • Irbesartan (Avapro): Oral, 75, 150, and 300 mg tablets

 • Losartan (Cozaar): Oral, 25, 50, and 100 mg tablets

 • Olmesartan (Benicar): Oral, 5, 20, and 40 mg tablets

 • Telmisartan (micardis): Oral, 20, 40, and 80 mg tablets

 • Valsartan (Diovan): Oral, 40, 80, 160, and 320 mg 
tablets

All ARBs are approved for the treatment of hyperten-
sion, either alone or in combination with other antihyper-
tensive agents. Some ARBs are also approved for use in the 
treatment of heart failure, stroke, or diabetic nephropathy. 
The FDA‐approved indications and the corresponding 
dosage regimens of the eight ARBs are summarized in 
Table 9.4.

9.5.6 adverse effects and drug interactions

Due to the inhibitory effects on the RAAS, ARBs and ACEIs 
share similar adverse effects, described in Section  9.4.5, 
except that the incidence of dry cough and angioedema is 
much lower with ARBs than with ACE inhibitors. The drug 
interactions, contraindications, and pregnancy categories for 
ARBs are also similar to those for ACE inhibitors 
(Section 9.4.5).

9.5.7 summary of arbs

 • Currently, there are eight US FDA‐approved ARBs, 
with losartan and azilsartan as the prototype and the 
newest member, respectively.

 • ARBs selectively block the activation of angiotensin II 
type 1 receptors (AT

1
 receptors) by angiotensin II and 

the resulting deleterious effects of angiotensin II.
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 • Because ARBs do not inhibit ACE (kininase II), they do 
not cause accumulation of bradykinin, and as such, use 
of these drugs is less frequently associated with dry 
cough as compared with ACE inhibitors.

 • Blockade of AT
1
 receptors by ARBs inhibits the nega-

tive regulatory feedback of angiotensin II on renin 
secretion, and the increased plasma levels of angiotensin 
II may augment the activation of AT

2
 receptors, poten-

tially leading to additional cardiovascular protection.

 • All ARBs are approved for the treatment of hyperten-
sion, either alone or in combination with other antihy-
pertensive agents. Some are also approved for treating 
heart failure, ischemic heart disease, stroke, and 
 diabetic nephropathy.

 • While either ACE inhibitors or ARBs as monotherapy 
or in combination with other drugs are effective in 
treating cardiovascular diseases, the combination 
therapy of an ACE inhibitor and an ARB is generally 
not recommended due to increased adverse effects.

9.6 COmParaTive PharmaCOlOgy Of 
direCT renin inhibiTOrs, aCe inhibiTOrs, 
and arbs

As discussed previously, therapies aimed at modifying the 
RAAS have been used extensively for the treatment of 
hypertension, heart failure, myocardial infarction, diabetes, 
and renal disease. Three classes of drugs that interact with 
this system are used to inhibit the effects of angiotensin II: 
(i) ACE inhibitors, (ii) ARBs, and (iii) the direct renin inhib-
itors. ACE inhibitors block the conversion of angiotensin I 
into angiotensin II; ARBs selectively inhibit angiotensin II 
from activating the AT

1
 receptors; and direct renin inhibitors 

block the conversion of angiotensinogen into angiotensin I. 
This section discusses the comparative pharmacology and 
therapeutics of these three classes of RAAS inhibitors to 
guide clinical decision making regarding the use of these 
drugs in the management of cardiovascular diseases.

9.6.1 Clinical equivalence

ACE inhibitors and ARBs are frequently considered by cli-
nicians as being equivalent. While both drug classes reduce 
the downstream effects of angiotensin II, it is not clear that 
these medications are in fact clinically equivalent. ACE 
inhibitors, for example, do not entirely block production of 
angiotensin II because of the presence of unaffected 
converting enzymes. Also, ACE inhibitors have well‐known 
side effects not shared by ARBs, including cough (estimated 
incidence 5–20%) and angioedema (estimated incidence 
0.1–0.2%, with a lesser reported risk with ARBs). Additional 
considerations arise with the newer direct renin inhibitors 

Table 9.4 dosage regimens of arbs

ARB Indication Dosage

Azilsartan Hypertension 80 mg once daily
Candesartan Hypertension Initial dose, 16 mg once 

daily; dose range, 
8–32 mg once daily

Heart failure Initial dose, 4 mg once 
daily; maintenance dose, 
32 mg once daily

Eprosartan Hypertension Initial dose, 600 mg once 
daily; dose range, 
400–800 mg once daily 
or in two divided doses

Irbesartan Hypertension Initial dose, 150 mg once 
daily; dose range, 
150–300 mg once daily

Diabetic nephropathy maintenance dose, 300 mg 
once daily

Losartan Hypertension Initial dose, 50 mg once 
daily; dose range, 
25–100 mg once daily or 
in two divided doses

Stroke risk reduction For reducing stroke in 
patients with 
hypertension and left 
ventricular 
hypertrophy, initial 
dose, 50 mg once daily; 
maintenance dose, 
100 mg once daily

Diabetic nephropathy Initial dose, 50 mg once 
daily; maintenance dose, 
100 mg once daily

Olmesartan Hypertension Initial dose, 20 mg once 
daily; dose range, 
20–40 mg once daily

Telmisartan Hypertension Initial dose, 40 mg once 
daily; dose range, 
40–80 mg once daily

Cardiovascular risk 
reduction

80 mg once daily

Valsartan Hypertension Initial dose, 80 or 160 mg 
once daily; dose range, 
80–320 mg once daily

Heart failure Initial dose, 40 mg twice 
daily; maintenance dose, 
160 mg twice daily

myocardial infarction To reduce cardiovascular 
mortality in clinically 
stable patients with 
left ventricular 
dysfunction following 
myocardial infarction, 
initial dose, 20 mg 
twice daily; 
maintenance dose, 
160 mg twice daily
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because their side effect profiles and efficacy may differ 
 significantly from ACE inhibitors or ARBs.

9.6.2 Comparative effectiveness review

Given the public health importance and widespread use of 
these agents in treatment of hypertension as well as many 
other cardiovascular conditions, it is important to understand 
their comparative effects on clinical outcomes. In this regard, 
the no. 34 Comparative Effectiveness Review of the Agency 
for Healthcare Research and Quality (AHRQ) of the US 
Department of Health and Human Services provides an 
updated clinical evidence for ACE inhibitors, ARBs, and 
direct renin inhibitors in the management of hypertension as 
well as other comorbidities [72].

Consistent with the findings from AHRQ’s 2007 report, 
the 2011 update indicated no overall differences in blood 
pressure control, mortality rates, and major cardiovascular 
events in patients treated with ACE inhibitors versus ARBs 
[72]. With a low strength of evidence, two studies reported a 
small but significantly greater blood pressure reduction for 
patients treated with the direct renin inhibitor aliskiren 
versus the ACE inhibitor ramipril. Studies evaluating aliski-
ren versus ACE inhibitors and ARBs on mortality and mor-
bidity outcomes were relatively short, and few deaths or 
cardiovascular events occurred, resulting in insufficient 
 evidence to discern differences. A meta‐analysis of 23 
randomized controlled trials comparing ACE inhibitors and 
ARBs found no significant difference in the proportion of 
patients who achieved successful blood pressure control on a 
single antihypertensive agent. Compared with ARBs and 
aliskiren, ACE inhibitors were consistently associated with 
higher rates of cough. Withdrawals due to adverse events 
were modestly more frequent for patients receiving ACE 
inhibitors than those receiving ARBs or aliskiren; this is 
consistent with the differential rates of cough. There was no 
evidence of differential effects of ACE inhibitors, ARBs, or 
direct renin inhibitors on the outcomes of lipids, renal out-
comes, carbohydrate metabolism or diabetes, or left ventric-
ular mass; however, there was not a high strength of evidence 
for any of these outcomes. Regarding the question of whether 
ACE inhibitors, ARBs, or direct renin inhibitors are associ-
ated with better outcomes in specific patient subgroups, the 
evidence was insufficient to reach firm conclusions. The 
2011 AHRQ Review concludes that evidence does not 
support a meaningful difference between ACE inhibitors and 
ARBs for any outcomes except medication side effects [72].

9.6.3 future research needs

In a 2012 report from AHRQ [73], seven areas have been 
identified as the highest priority for future research for the 
comparative effectiveness of ACEIs, ARBs, or direct renin 
inhibitors in patients with hypertension. The 2012 AHRQ 

report also provides recommendations on research design 
for each of the seven research questions:

1. What is the comparative effectiveness of these medi-
cations on cardiovascular and cerebrovascular events 
measured over several years? Recommended study 
design: if able to combine with chronic conditions 
other than hypertension, then a systematic review with 
broader inclusion criteria could provide additional 
information not included in the comparative effective-
ness review, which was restricted to patients with 
hypertension. If not, then large long‐term clinical trial 
or observational study would be preferable.

2. What is the impact of comorbidities (such as ischemic 
heart disease, congestive heart failure, diabetes, 
peripheral arterial disease, or chronic kidney disease) 
on ACE inhibitor/ARB/direct renin inhibitor effective-
ness or harms in patients with hypertension? 
Recommended study design: if patient‐level data are 
available from relevant trials, then a patient‐level 
meta‐analysis may be the most efficient approach.

3. What is the impact of demographic differences (such 
as age, race, or sex) on the effectiveness or harms of 
ACE inhibitor/ARB/direct renin inhibitor in patients 
with hypertension? Recommended study design: if 
patient‐level data are available from relevant trials, 
then a patient‐level meta‐analysis is most appropriate.

4. Do the results differ in practical clinical trials or other 
external validity‐oriented studies that compare these 
medications in practice settings that better represent 
real‐world practice? Recommended study design: 
either a large clinical trial with broader inclusion cri-
teria to maximize generalizability or an observational 
study of patients in typical community practice.

5. What is the impact of ACE inhibitor/ARB/direct renin 
inhibitor on incidence of new cardiovascular or meta-
bolic diagnoses such as diabetes, atrial fibrillation, or 
congestive heart failure with or without preserved left 
ventricular function? Recommended study design: if 
patients can be combined across clinical conditions 
(i.e., not exclusively hypertension), then a systematic 
review of existing studies is most appropriate.

6. What is the impact of ACE inhibitor/ARB/direct renin 
inhibitor on patient health status including quality of 
life and functional capacity? Recommended study 
design: randomized controlled trials with the inclusion 
of validated quality of life measures as an outcome.

7. Are there important differences in medication adher-
ence and persistence with drug therapy across the 
 different classes of drug? Recommended study 
design:  new observational studies with a focus on 
the  longitudinal measurement of adherence and 
persistence.
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9.7 summary Of ChaPTer Key POinTs

 • Uncontrolled activation of the RAAS is a chief mecha-
nism of diverse cardiovascular diseases (e.g., hyperten-
sion, heart failure, ischemic heart disease) and 
noncardiovascular diseases, such as diabetic nephrop-
athy. As such, inhibition of the RAAS activity becomes 
a cornerstone for treating the aforementioned common 
disorders.

 • Currently, four classes of drugs are available that target 
the RAAS axis, including direct renin inhibitors, ACE 
inhibitors, ARBs, and aldosterone receptor antagonists. 
The aldosterone receptor antagonists are covered in 
Chapter 7 under potassium‐sparing diuretics.

 • Aliskiren is the first and also the only direct renin 
 inhibitor approved by the US FDA in 2007 for treating 
hypertension. Aliskiren, operating at the first and rate‐
limiting step of the RAAS cascade, renders the entire 
RAAS quiescent. Because renin is specific for the 
 substrate angiotensinogen, aliskiren does not cause 
stimulation of bradykinin or prostaglandins, as seen 
with ACE inhibitors. In addition, renin inhibitors 
reduce the formation of angiotensin II by non‐ACE 
pathways.

 • Except for its demonstrated efficacy in treating hyper-
tension, the role of aliskiren in other cardiovascular dis-
eases is not well established. The drug is generally well 
tolerated, and the most common adverse effects are 
mild diarrhea and other gut disturbances. Drugs that act 
directly on the RAAS, including aliskiren, can cause 
injury and death to the developing fetus and as such 
should be avoided during pregnancy.

 • Drugs that block ACE and the formation of angiotensin 
II have become mainstays of cardiovascular pharmaco-
therapeutics. Currently, there are 11 US FDA‐approved 
ACE inhibitors. Inhibition of ACE causes decreased 
formation of angiotensin II and decreased catabolism 
of bradykinin. As such, ACE inhibitors are more fre-
quently associated with dry cough as compared with 
other RAAS inhibitors.

 • ACE inhibitors are widely used in treating hyperten-
sion, heart failure, and acute coronary syndromes. 
These drugs reduce mortality and prolong survival in 
the aforementioned settings. Use of ACE inhibitors in 
patients at high risk of coronary artery disease has been 
associated with a decrease in the risk of myocardial 
infarction, stroke, and death.

 • ACE inhibitors as a class of drugs are generally well 
tolerated. Adverse effects are usually mild and include 
dry cough and hyperkalemia. Rare but serious adverse 
effects include angioedema and impaired renal function.

 • ARBs selectively block the activation of AT
1
 receptors 

by angiotensin II, allowing the activation of AT
2
 

 receptors, which may lead to additional cardiovascular 
protection. Because ARBs do not inhibit ACE (kininase 
II), they do not cause accumulation of bradykinin. As 
such, use of ARBs is much less frequently associated 
with dry cough compared with ACE inhibitors.

 • All ARBs are approved for treating hypertension, and 
some are also approved for the treatment of other dis-
eases, including heart failure, stroke, or diabetic 
nephropathy based on favorable evidence from clinical 
trials.

 • ARBs and ACEIs share similar adverse effects except 
that the incidence of dry cough and angioedema is 
much lower with ARBs than with ACE inhibitors.

 • Although either ACE inhibitors or ARBs as mono-
therapy or in combination with other drugs are effec-
tive in treating cardiovascular diseases, the combination 
therapy of an ACE inhibitor and an ARB is generally 
not recommended due to increased adverse effects.

9.8 self‐assessmenT QuesTiOns

9.8.1 A 36‐year‐old female with stage 1 hypertension is 
planning to become pregnant. In treating her hyper-
tension, which of the following drugs should be 
avoided?
A. Chlorthalidone
B. Hydralazine
C. Hydrochlorothiazide
D. Irbesartan
E. methyldopa

9.8.2 A 46‐year‐old male presents with a blood pressure of 
150/95 mmHg. He is prescribed lisinopril. Although 
his blood pressure is under control, he complains of 
persistent dry cough. Which of the following drugs 
acts by a similar but not identical mechanism and is 
much less likely to cause dry cough in this patient?
A. Captopril
B. Carvedilol
C. Clonidine
D. Hydralazine
E. Losartan

9.8.3 Following treatment with an antihypertensive agent, 
blood chemistry of a diabetic patient with high blood 
pressure reveals an increased renin activity and ele-
vated levels of circulating angiotensin II. Which of 
the following drugs is most likely prescribed for treat-
ing his hypertension?
A. Aliskiren
B. Carvedilol
C. Enalaprilat
D. Lisinopril
E. Valsartan
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9.8.4 A 38‐year‐old female presents with a blood pressure 
of 145/95 mmHg. She denies previous medical prob-
lems, but her brother died of myocardial infarction at 
the age of 51 years and one parent died of diabetic 
complications. Results of laboratory tests are normal 
except for a fasting glucose level of 102 mg/dl. Which 
of the following drugs will be most likely prescribed 
to control her blood pressure and at the same time 
also reduce the risk of developing diabetes?
A. Aliskiren
B. Atorvastatin
C. Hydrochlorothiazide
D. Irbesartan
E. Propranolol

9.8.5 A hypertensive patient is being treated with oral lisin-
opril 20 mg once daily. Which of the following is 
characteristic of the drug therapy in this patient?
A. Decreased plasma level of angiotensin I
B. Decreased plasma level of angiotensin II
C. Decreased plasma level of angiotensinogen
D. Decreased plasma level of prerenin
E. Decreased plasma level of renin
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10.1 Overview

Calcium channel blockers (CCBs), also known as calcium 
channel antagonists or calcium antagonists, were introduced 
into clinical medicine in the 1960s and are now among the 
most frequently prescribed drugs for the treatment of cardio-
vascular diseases. Although currently available CCBs for 
treating cardiovascular diseases are chemically diverse, they 
share the common property of blocking the transmembrane 
flow of calcium ions through voltage‐gated L‐type channels 
in humans. When inward calcium ion flux is inhibited, 
vascular smooth muscle cells relax, resulting in vasodilation 
and a lowering of blood pressure. In cardiac muscle, when 
calcium ion influx is inhibited, contractility is reduced, and 
the sinus pacemaker and atrioventricular conduction velocity 
is slowed. These drugs have proved effective in patients 
with hypertension and angina pectoris. Some are also effec-
tive in treating cardiac arrhythmias and may be beneficial 
in patients with left ventricular diastolic dysfunction. In 
addition, CCBs may also be useful in the treatment of 
Raynaud’s phenomenon, migraine, preterm labor, esopha-
geal spasm, and bipolar depressive disorders. In addition to 
the L‐type CCBs, recently, an N‐type calcium channel‐
selective blocker, known as ziconotide, has been approved 
by the US Food and Drug Administration (FDA) for the 
management of severe chronic pain refractory to conven-
tional therapy. This chapter discusses the molecular pharma-
cology of the clinically available L‐type CCBs with a focus 
on the pharmacological basis of their use in the treatment of 
cardiovascular diseases.

10.2 CalCium Channels and drug 
TargeTing

10.2.1 Calcium Channels

A calcium channel is an ion channel that displays selective 
permeability to calcium ions. There are a wide variety of 
calcium channels, which, based on their dependence on 
voltage or ligand, are classified into voltage‐gated calcium 
channels and ligand‐gated calcium channels. Several subtypes 
of voltage‐gated calcium channels have been identified based 
on the recorded calcium currents, which include L‐, N‐, P/Q‐, 
R‐, and T‐type calcium channels [1]. These subtypes differ in 
their electrochemical and biophysical properties and in their 
tissue distribution patterns. For instance, the L‐type channels 
are located in tissues including skeletal muscle, cardiac tissue 
(myocardium and pacemaker cells in sinus and atrioventricular 
nodes), vascular smooth muscle, endocrine glands, and ner-
vous tissue. L‐type channels are the main calcium currents 
recorded in muscle and endocrine cells, where they initiate 
contraction and secretion. On the other hand, N‐type channels 
are expressed primarily in nerve terminals and dendrites and 
are involved in initiating neurotransmitter release and medi-
ating calcium entry into cell bodies and dendrites [1, 2]. 
Hence, N‐type CCBs are used for pain management.

10.2.2 drug Class and drug Targeting

As noted earlier, the clinically available CCBs are exclu-
sively L‐type channel selective except for a recently approved 
N‐channel‐selective blocker, ziconotide [3]. Ziconotide 
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(Prialt) is a synthetic equivalent of a naturally occurring 
conopeptide found in the piscivorous marine snail, Conus 
magus. Ziconotide is a 25‐amino‐acid polybasic peptide 
containing three disulfide bridges with a molecular weight 
of 2639 daltons. Intrathecal infusion of ziconotide is indi-
cated for the management of severe chronic pain in adult 
patients for whom intrathecal therapy is warranted, and 
who are intolerant of or refractory to other treatments, such 
as systemic analgesics, adjunctive therapies, or intrathecal 
morphine.

Ziconotide binds to N‐type calcium channels located on 
the primary nociceptive (A‐δ and C) afferent nerves in the 
superficial layers (Rexed laminae I and II) of the dorsal horn 
in the spinal cord. Although the mechanism of action of 
ziconotide has not been established in humans, results in 
experimental animals suggest that its binding blocks N‐type 
calcium channels, which leads to a blockade of excitatory 
neurotransmitter release from the primary afferent nerve 
 terminals and antinociception. Because ziconotide has no 
approved use in treating cardiovascular diseases, it is not 
further discussed in this chapter.

10.3 l‐TYPe CCbs

Listed below are the 10 L‐type CCBs approved by the US 
FDA. They are classified into dihydropyridine CCBs and 
nondihydropyridine CCBs:

Dihydropyridine CCBs
 • Amlodipine (Amvaz/Norvasc)

 • Clevidipine (Cleviprex)

 • Felodipine (Plendil)

 • Isradipine (DynaCirc)

 • Nicardipine (Cardene)

 • Nifedipine (Adalat/Procardia)

 • Nimodipine (Nimotop)

 • Nisoldipine (Sular)

Nondihydropyridine CCBs
 • Verapamil (Calan/Isoptin)

 • Diltiazem (Cardizem)

10.3.1 general introduction to drug Class

As mentioned earlier, based on chemical structures, CCBs 
are classified into two groups: (1) dihydropyridine CCBs 
with eight members and (2) nondihydropyridine CCBs con-
sisting of two members. Drugs in these two groups bind to 
separate sites on the L‐type calcium channels. The most 
important difference between the two groups is that nondi-
hydropyridine CCBs can slow down the heart rate, while 

dihydropyridine CCBs do not. Because nondihydropyridine 
CCBs slow down the heart rate, they can be useful for certain 
types of cardiac arrhythmias.

The dihydropyridine CCBs are potent vasodilators that 
have little or no negative effect on cardiac contractility or 
conduction. Nifedipine, the first‐generation CCB, is a short‐
acting drug, and the rest are second‐generation longer‐ acting 
CCBs. Clevidipine is a recently approved CCB indicated for 
intravenous use only. Amlodipine is the most commonly 
prescribed CCB, accounting for approximately 70% of all 
CCB market, followed by diltiazem (~11%) and verapamil 
(~8%) [4].

10.3.2 Chemistry and Pharmacokinetics

The chemical structures of the eight dihydropyridine 
CCBs and the two nondihydropyridine CCBs are shown in 
Figure 10.1. Verapamil and diltiazem belong to the 
chemical classes of phenylalkylamines and benzothiaze-
pines, respectively. Although CCBs differ in pharmacoki-
netic properties, many are metabolized by cytochrome 
P450 (CYP) 3A4 (Table 10.1). Hence, drugs that affect 
CYP3A4 activity (e.g., inducers or inhibitors) can cause 
significant drug–drug interactions with CCBs. Notably, 
amlodipine has the longest elimination half‐life (about 
30–50 h) among all CCBs.

10.3.3 molecular mechanisms and Pharmacological 
effects

10.3.3.1 Effect on Vascular Smooth Muscle, Myocardium, 
and Cardiac Conduction System Calcium influx into the 
myocyte initiates a series of events essential for contractility 
(Fig. 10.2). Calcium entry into the myocyte first triggers 
intracellular calcium release; the released calcium then binds 
the regulatory protein troponin, resulting in a calcium– 
troponin complex that allows actin and myosin to interact 
and contract. The sequence of events is the same in vascular 
smooth muscle cells, except that a calcium–calmodulin 
complex instead of calcium–troponin complex permits the 
interaction between actin and myosin of smooth muscle.

CCBs work by blocking the initial calcium influx into 
myocytes and vascular smooth muscle cells, preventing the 
cascade of events detailed earlier, and thereby causing vaso-
dilation and a negative inotropic effect. In addition, some 
CCBs also decrease the conduction velocity of both sinus 
and atrioventricular nodes, causing negative chronotropic 
effects. In this context, the phase zero of action potential in 
pacemaker cells is caused by calcium influx through L‐type 
calcium channels in these cells. Inhibition of the calcium ion 
influx reduces phase zero of the action potential, leading to 
decreased conduction velocity. It is worth mentioning that 
conduction velocity is determined by the phase zero of 
action potential.
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Dihydropyridine CCBs have a greater selectivity for 
vascular smooth muscle than for the myocardium, making 
them more potent vasodilators than the nondihydropyridine 
CCBs verapamil and diltiazem. The greater degree of 
arterial vasodilation caused by dihydropyridine CCBs is 
accompanied by a sufficient baroreflex‐mediated increase in 

sympathetic tone to overcome the negative inotropic and 
chronotropic effects. This may explain why the dihydropyri-
dine CCBs have minimal net effect on the heart and are not 
useful in treating cardiac arrhythmias. On the other hand, the 
nondihydropyridine CCBs verapamil and diltiazem exert 
significant negative chronotropic effects (diltiazem is more 
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Figure 10.1 Structures of calcium channel blockers (CCBs). Among the 10 CCBs, verapamil and diltiazem belong to the chemical 
classes of phenylalkylamines and benzothiazepines, respectively, and the rest are dihydropyridines.

Table 10.1 major pharmacokinetic properties of CCbs

CCB
Oral bioavailability  
(%) elimination half‐life metabolism and excretion

Amlodipine 64–90 30–50 h CYP3A4; renal excretion
Clevidipine Initial phase, 1 min; terminal phase, 15 min Hydrolysis by esterases; renal and biliary excretion
Felodipine 20 11–16 h CYP3A4; renal (major) and biliary excretion
Isradipine 15–24 early phase, 1.5–2 h; terminal phase, 8 h CYP3A4; renal (main) and biliary excretion
Nicardipine 30 2–4 h CYP3A4; renal and biliary excretion
Nifedipine 50 2 h CYP3A4; renal (main) and biliary excretion
Nimodipine 13 early phase, 0.5–2 h; terminal phase, 8–9 h CYP3A4; renal excretion
Nisoldipine 5 14 h CYP3A4; renal (major) and biliary excretion
Diltiazem 40 3.0–4.5 h CYP3A4; biliary excretion
Verapamil 20–35 4.5–12 h CYP3A4; renal (main) and biliary excretion
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effective than verapamil), making them useful for treating 
cardiac arrhythmias. Both drugs also cause negative inotropic 
effects, with verapamil being more effective than diltiazem.

10.3.3.2 Novel Effects Nimodipine and other dihydro-
pyridine CCBs can increase fibrinolytic activity, which may 
partly contribute to the efficacy in preventing ischemic 
events in patients with hypertension and subarachnoid hem-
orrhage [5]. Recently, a large population‐based case–control 
study reported that long‐term use of CCBs was associated 
with a greater than twofold increase in the risk of breast 

cancer in postmenopausal women [6]. However, the causal 
relationship and the underlying biological mechanisms 
remain to be established.

10.3.4 Clinical uses

10.3.4.1 Cardiovascular Diseases CCBs are among the 
most commonly used drugs for treating hypertension and 
angina pectoris. The nondihydropyridine CCBs are also 
useful for treating certain types of cardiac arrhythmias as 
well as diastolic heart failure (see Unit VI).

SR
CaM

Ca2+ -induced 

Ca2+  release

Ca2
+-induced 

Ca2+  release

CaM

MLCK

MLC MLC-P

A–M cross-bridges

Contraction

Ca2+

Ca2+

Ph
as

e 
0

Ca2+

Ca2+

Ca2+

Ca2+

Ca2+-troponin C

Ca2+

Ca2+SR Ca2+

+

+

TPM conformational change

A–M interaction

Contraction

Smooth muscle cell Contracting cardiomyocyte

Nodal pacemaker cell
Action potential

SA excitability

AV conduction
Phase 0 upstroke

CCB

CCB

CCB

Figure 10.2 molecular mechanisms of action of calcium channel blockers (CCBs). In vascular smooth muscle cells, influx of extracel-
lular calcium ions through L‐type voltage‐dependent calcium channels (VDCC) causes further release of calcium ions from sarcoplasmic 
reticulum (SR), a phenomenon known as calcium‐induced calcium release. The increased cytosolic calcium ions bind to calmodulin (Cam) 
to form a calcium–Cam complex. The calcium–Cam complex then activates myosin light chain kinase (mLCk), which in turn causes phos-
phorylation of myosin light chain (mLC). The phosphorylated myosin light chain (mLC‐P) interacts with actin to form actin–myosin (A–m) 
crossbridges, thereby leading to smooth muscle cell contraction. Hence, blockage of L‐type VDCC in vascular smooth muscle cells by CCBs 
results in smooth muscle relaxation and the subsequent vasodilation. In contracting cardiomyocytes, influx of extracellular calcium ions 
through L‐type VDCC causes further release of calcium ions from the SR. The increased cytosolic calcium ions bind to troponin‐C, which in 
turn causes conformational change of tropomyosin (TPm). This conformational change allows myosin to form an active complex with actin, 
leading to myocardial contraction. Therefore, blockage of the L‐type VDCC in cardiomyocytes by CCBs causes decreased myocardial con-
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Hypertension With the exception of nimodipine (which 
was originally developed for treating hypertension but is 
approved for subarachnoid hemorrhage) and the short‐acting 
nifedipine (i.e., the immediate‐release formulation), all CCBs 
are approved by the US FDA for lowering blood pressure 
either alone or in combination with other antihypertensive 
agents. Among the CCBs for treating hypertension, amlodipine 
is the one most commonly used. For dihydropyridine  
CCBs, blood pressure‐lowering effects result from arterial 
vasodilation and the consequent reduction in peripheral 
resistance (blood pressure = cardiac output × peripheral 
resistance). For nondihydropyridine CCBs, in addition to 
arterial vasodilation, the negative inotropic effects also 
contribute to blood pressure lowering.

As noted earlier, CCBs can be used either alone or in 
combination with other antihypertensive agents in treating 
hypertension. The fixed‐dose combinations of CCBs with 
other antihypertensive drugs are listed below. In addition, a 
fixed‐dose combination of amlodipine and atorvastatin is 
also available.

Two drug combinations include the following:

 • CCB + diuretic

 • CCB + angiotensin‐converting enzyme (ACe) inhibitor

 • CCB + angiotensin receptor blocker (ARB)

 • CCB + direct renin inhibitor (aliskiren)

Today, triple combinations are available as antihyperten-
sive therapy and are frequently used in many countries. 
Triple combinations at any dose seem to decrease blood 
pressure more effectively than dual combinations of the 
same molecules without any remarkable risk elevation for 
adverse events [7]. Three drug combinations include the 
following:

 • CCB + diuretic + ACe inhibitor

 • CCB + diuretic + ARB

Stable Angina CCBs are indicated for the symptomatic 
treatment of chronic stable angina alone or in combination 
with other antianginal drugs (see Chapter 14). The antianginal 
effects of CCBs result from either dilation of the coronary 
artery and the subsequent increase of oxygen supply or 
decreased oxygen demand (secondary to a decrease in 
arterial blood pressure, myocardial contractility, or heart 
rate), or both. Owing to their coronary dilating effects, CCBs 
are also useful for treating variant angina (also known as 
Prinzmetal angina, which is caused by transient localized 
coronary artery spasm).

All CCBs are effective in treating chronic stable angina. 
CCBs approved by the US FDA for treating chronic stable 
angina include amlodipine, nifedipine, and diltiazem. 
Amlodipine and nifedipine are also approved by the FDA for 

treating variant angina. In patients with recently documented 
coronary artery disease by angiography and without heart 
failure, amlodipine is also indicated to reduce the risk of 
hospitalization due to angina and to reduce the risk of a coro-
nary revascularization procedure.

Acute Coronary Syndromes Available evidence suggests 
that CCBs have a limited role in the management of patients 
with acute coronary syndromes (ACS), which include 
unstable angina, non‐ST‐segment elevation myocardial 
infarction (STemI), and STemI (see Unit V). No CCB has 
been shown to reduce mortality, and in certain patients with 
ACS, the short‐acting CCBs, such as nifedipine, may even 
be harmful (see the following text).

Because coronary vasospasm occurs in some patients 
with unstable angina, CCBs may be useful in alleviating the 
symptoms. However, evidence for clinical outcomes of using 
CCBs in this setting is lacking. Regarding the use of CCBs 
in acute myocardial infarction (mI), the excess early 
mortality with short‐acting nifedipine in some patients with 
acute mI has led to the recommendation that this drug should 
be avoided. The increase in risk is thought to be mediated at 
least in part by repeated episodes of hypotension and reflex 
sympathetic activation, changes that are not generally seen 
with long‐acting CCBs.

Use of diltiazem and verapamil in acute mI patients 
with heart failure, left ventricular systolic dysfunction, or 
significant atrioventricular block has been associated with 
worse outcomes. It has been suggested that verapamil or 
 diltiazem may be used, in addition to other beneficial inter-
ventions, in patients with mI who have ongoing or recurring 
ischemia and who do not have left ventricular dysfunction, 
heart failure, or atrioventricular block when β‐blockers are 
absolutely contraindicated (e.g., active bronchospasm or 
allergy). Verapamil or diltiazem may also be used in patients 
with STemI for the short‐term control of rapid ventricular 
response in atrial fibrillation or atrial flutter, in the absence 
of left ventricular dysfunction or heart failure, when β‐
blockers are absolutely contraindicated or ineffective.

With regard to the impact of CCBs on clinical outcomes 
in patients with coronary artery disease, a meta‐analysis of 
randomized trials involving 47,694 patients with coronary 
artery disease demonstrated that long‐acting CCBs (either 
dihydropyridines or nondihydropyridines) were not associ-
ated with any excess cardiovascular events and were associ-
ated with a reduction in the risk of stroke, angina pectoris, 
and heart failure compared with the comparison group. The 
authors suggested that long‐acting CCBs should therefore be 
considered in the armamentarium of treatment for patients 
with coronary artery disease [8]. However, given the lack of 
data in each trial, this meta‐analysis did not adjust analyses 
for degree of blood pressure control, dose of medications 
used, add‐on therapy used, and no compliance with assigned 
therapy. In addition, the authors were unable to adjust the 
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analysis for other comorbidities. The definitions of coronary 
artery disease and the diagnostic criteria used in the studies 
were also heterogeneous.

Heart Failure Available evidence points to the lack of 
benefit of CCBs in patients with systolic heart failure. These 
agents do not improve exercise tolerance, quality of life, or 
survival. The negative inotropic effects of CCBs, especially 
verapamil, may worsen the symptoms in patients with severe 
left ventricular dysfunction. Based upon these observations, 
the use of CCBs in patients with systolic heart failure was 
not recommended in the current guidelines (see Chapter 22). 
Nevertheless, amlodipine and felodipine appear to be safe 
and well tolerated in patients with systolic heart failure and 
can be used for the treatment of hypertension or angina in 
such patients. Although CCBs can be used in the 
aforementioned setting, ACe inhibitors and β‐blockers are 
preferred due to their ability to reduce mortality and improve 
survival of the patients.

CCBs may be useful in treating diastolic heart failure. 
evidence from small clinical trials suggested that verapamil, 
compared to placebo, significantly reduced the signs and 
symptoms of diastolic heart failure and increased left ven-
tricular diastolic filling rate and treadmill exercise time. In 
patients with hypertrophic cardiomyopathy, verapamil also 
improved left ventricular diastolic function and may prolong 
long‐term survival.

Cardiac Arrhythmias Diltiazem and verapamil are useful 
antiarrhythmic agents in the management of certain 
arrhythmias, especially supraventricular tachyarrhythmias 
(see Unit VII). These drugs preferentially affect slow‐response 
myocardial tissues (i.e., sinoatrial and atrioventricular nodes, 
which depend on calcium currents to generate slowly 
propagating action potentials), in contrast to fast‐response 
myocardial tissues (i.e., the atria, specialized intranodal 
conducting system, the ventricles, and accessory pathways), 
which rely on sodium channels. As discussed in Unit VII, in 
addition to adenosine, diltiazem and verapamil are also 
treatments of choice for the termination of supraventricular 
tachycardia. Diltiazem and verapamil can be used both 
acutely (via the intravenous route) and chronically (via the 
oral route) to slow the ventricular response in atrial fibrillation 
and atrial flutter.

10.3.4.2 Noncardiovascular Diseases In addition to the 
cardiovascular indications, CCBs may be beneficial in other 
disease conditions though the evidence supporting their effi-
cacy is relatively weak. These include symptom relief of 
Raynaud’s disease due to their peripheral vasodilating effect, 
prevention of migraine headache due to improvement of 
vasoconstriction, prevention of preterm labor likely due to 
relaxation of the myometrium, and treatment of Peyronie’s 
disease possibly by altering penile fibroblasts at several 

levels, including cell proliferation, extracellular matrix protein 
synthesis and secretion, as well as collagen degradation.

10.3.5 Therapeutic dosages

Listed below are the dosage forms and strengths of the 10 
US FDA‐approved CCBs:

 1. Amlodipine (Amvaz/Norvasc): Oral, 2.5, 5, and 
10 mg tablets

 2. Clevidipine (Cleviprex): Intravenous, 50 and 100 ml 
vials containing 0.5 mg/ml

 3. Felodipine (Plendil): Oral, 2.5, 5, and 10 mg 
extended‐release tablets

 4. Isradipine (DynaCirc): Oral, 2.5 and 5 mg capsules

 5. Nicardipine (Cardene): Oral, 20 and 30 mg capsules; 
intravenous, 10 ml ampules containing 2.5 mg/ml

 6. Nifedipine (Adalat/Procardia): Oral, 10 mg capsules; 
oral, 30, 60, and 90 mg extended‐release tablets

 7. Nimodipine (Nimotop): Oral, 30 mg capsules; oral, 
solution 60 mg/20 ml

 8. Nisoldipine (Sular): Oral, 8.5, 17, 25.5, and 34 mg 
extended‐release tablets

 9. Diltiazem (Cardizem): Oral, 30, 60, 90, and 120 mg 
tablets; 120, 180, 240, 300, 360, and 420 mg extended‐
release tablets; 120, 180, 240, 300, and 360 mg cap-
sules; 120, 180, 240, 300, and 360 mg extended‐release 
capsules; intravenous, 0.5% (5 mg/ml) in 5, 10, and 
25 ml vials

10. Verapamil (Calan/Isoptin): Oral, 80 and 120 mg 
 tablets; 120, 180, and 240 mg extended‐release 
 tablets; 100, 200, and 300 mg extended‐release 
 capsules; 240 and 360 mg delayed‐release capsules; 
intravenous, 2.5 mg/ml in single use containers 
 containing 2 and 4 ml

The dosage regimens of CCBs in treating hypertension 
and other cardiovascular diseases are given in Table 10.2.

10.3.6 adverse effects and drug interactions

10.3.6.1 Adverse Effects CCBs are generally well toler-
ated. The adverse effects seen with CCBs vary with the drug 
that is used. The potent vasodilators can, in 10–20% of 
patients, lead to one or more of the following: headache, diz-
ziness or lightheadedness, flushing, and peripheral edema. 
The major adverse effect with verapamil is constipation, 
occurring in over 25% patients. This is due to its potent 
relaxation of intestinal smooth muscle, thereby inhibiting 
peristalsis. Use of short‐acting nifedipine may increase the 
risk for acute mI in hypertensive patients and increase the 
mortality in patients with acute mI.
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10.3.6.2 Drug Interactions CCBs may exhibit many 
significant drug interactions. Verapamil and diltiazem 
increase digoxin levels. Verapamil, diltiazem, and nicardip-
ine increase plasma levels of and decrease the dosing 
requirement for cyclosporine. Verapamil and diltiazem are 
metabolized by CYP3A4; therefore, inducers (e.g., rifampin) 
and inhibitors (e.g., erythromycin, cimetidine) are likely to 
result in decreased and increased plasma levels of these two 
CCBs, respectively. Because of their shared negative effects 
on heart rate and myocardial contractility, β‐blockers and 
verapamil are not used simultaneously.

10.3.6.3 Contraindications and Pregnancy Category 

 • All CCBs are contraindicated in patients who are 
allergic to any component of a given preparation.

 • Verapamil and diltiazem are contraindicated in patients 
with hypotension, sick sinus syndrome (unless a 
permanent pacemaker is in place), or second‐ or third‐
degree atrioventricular block. In addition, verapamil is 
contraindicated in patients with severe left ventricular 
dysfunction, whereas diltiazem is contraindicated in 
patients with acute mI and pulmonary congestion on 
X‐ray. Verapamil is also contraindicated in patients 
with atrial flutter or atrial fibrillation and an accessory 
bypass tract (e.g., Wolff–Parkinson–White or Lown–
Ganong–Levine syndromes).

 • Pregnancy category: C.

10.4 summarY OF ChaPTer keY POinTs

 • Clinically used CCBs, when not specified, include both 
L‐type and N‐type CCBs. L‐type CCBs, which are 
covered in this chapter, are among the most frequently 
prescribed drugs for treating cardiovascular diseases, 
including hypertension and coronary artery disease.

 • Currently, there are 10 US FDA‐approved L‐type CCBs. 
They are further classified, based on chemical struc-
tures, into dihydropyridines (with eight CCBs belonging 
to this class) and nondihydropyridines, which consist of 
two members (i.e., diltiazem and verapamil).

 • Calcium ion influx through the L‐type voltage‐
dependent channels in vascular smooth muscle cells 
and contracting cardiomyocytes is a critical initial 
event that leads to contraction of these muscular cells, 
resulting in vasoconstriction and increased myocardial 
contraction, respectively. Blockage of the calcium 
channels by CCBs thus causes vasodilation and 
decreased myocardial contractility. Calcium influx in 
nodal pacemaker cells causes the zero‐phase upstroke 
of the action potential, which determines the excitability 
of the SA node and the conduction velocity of the AV 

node. Hence, blockage of the calcium channels in these 
nodal tissues suppresses SA nodal excitability and AV 
nodal conduction.

 • Dihydropyridine CCBs have a greater selectivity for 
vascular smooth muscle than for the myocardium, making 
them more potent vasodilators than the nondihydropyri-
dine CCBs verapamil and diltiazem. The greater degree of 
arterial vasodilation caused by dihydropyridine CCBs is 
accompanied by a sufficient baroreflex‐mediated increase 
in sympathetic tone to overcome the negative inotropic 
and chronotropic effects. This may account for the 
minimal net effects of dihydropyridines on the heart. In 
contrast, diltiazem and verapamil can significantly 
decrease myocardial contractility and cardiac conduction.

 • With the exception of nimodipine and the short‐acting 
nifedipine (i.e., the immediate‐release formulation), all 
CCBs are approved by the US FDA for treating hyperten-
sion either alone or in combination with other antihyper-
tensive agents. Some CCBs are also approved for treating 
coronary artery disease (chronic stable angina and vaso-
spasm angina). Diltiazem and verapamil are used for 
treating certain forms of cardiac arrhythmias as well.

 • CCBs are generally well tolerated. The major adverse 
effects typically result from vasodilation and may include 
headache, dizziness, and peripheral edema. many CCBs 
are metabolized by CYP enzymes, especially CYP3A4, 
and as such may cause significant drug interactions.

10.5 selF‐assessmenT QuesTiOns

10.5.1. A 60‐year‐old male with obstructive pulmonary dis-
ease requires therapy to prevent vasospasm angina 
attacks. Which of the following drugs would be most 
appropriate for this patient?
A. Aliskiren
B. Amlodipine
C. Losartan
D. Nimodipine
e. Propranolol

10.5.2. A 55‐year‐old male presents to the physician’s 
office, complaining of constipation since taking a 
“new” cardiovascular pill. History reveals that the 
patient is recently diagnosed with hypertension and 
stable angina. He has been on a cardiovascular drug 
for 3 weeks, which he was told can control both his 
hypertension and angina. Which of the following is 
most likely the cardiovascular drug?
A. Amlodipine
B. Diltiazem
C. Isradipine
D. Nimodipine
e. Verapamil
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10.5.3. A 60‐year‐old female is diagnosed with subarachnoid 
hemorrhage from ruptured intracranial berry aneu-
rysms. Which of the following may be prescribed to 
improve the neurological outcome by reducing the inci-
dence and severity of ischemic deficits in the patient?
A. Amlodipine
B. Clevidipine
C. Nicardipine
D. Nimodipine
e. Nisoldipine

10.5.4. A 25‐year‐old hospitalized patient develops paroxysmal 
supraventricular tachycardia (PSVT). A calcium channel 
blocker is given at 0.25 mg/kg body weight as a bolus 
administered over 2 min. Immediately after the injection, 
the patient’s PSVT is converted to sinus rhythm. Which 
of the following is most likely prescribed?
A. Amlodipine
B. Clevidipine
C. Diltiazem
D. Nifedipine
e. Nisoldipine

10.5.5. In a recent issue of JAmA Internal medicine, a 
report by Li and associates from a large population‐
based case–control study suggested that long‐term 
use of a class of cardiovascular drugs may be associ-
ated with a greater than twofold increase in the risk 
of breast cancer in postmenopausal women. Which 
of the following classes of cardiovascular drugs 
upon long‐term use may be most likely associated 
with an increased risk of breast cancer?
A. Angiotensin receptor blockers
B. Angiotensin‐converting enzyme inhibitors

C. Beta‐blockers
D. Calcium channel blockers
e. Thiazide diuretics
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11.1 Overview

As described in Chapter  10, calcium channel blockers 
(CCBs) cause vascular smooth muscle relaxation, leading 
to  decreased vascular tone and thereby vasodilation. 
The  dynamics of vascular tone, determined by the degree 
of  vascular smooth muscle contraction, is an essential 
physiological process controlling organ and tissue perfusion. 
Various pathways including both systemic (neurohormonal) 
factors and local mechanisms are involved in the physiological 
regulation of vascular tone. Dysregulated vascular tone (usu
ally manifested as increased vascular constriction) under 
pathophysiological conditions contributes to the development 
of cardiovascular disease conditions, including hypertension, 
ischemic heart disease, and heart failure. Hence, drugs that 
cause vasodilation (also known as vasodilators), including 
CCBs covered in the preceding chapter, are commonly used 
in the management of the aforementioned cardiovascular 
conditions.

Vasodilators can be broadly defined as any agents capable 
of causing vasodilation either through systemic or local 
mechanisms or both. Vasodilators used in treating cardiovas
cular diseases are typically classified into the following nine 
categories:

1. Sympatholytics, including α‐blockers, β‐blockers, and 
centrally acting drugs (see Chapter 8)

2. Inhibitors of the renin–angiotensin–aldosterone system 
(RAAS), including direct renin inhibitors, angiotensin‐
converting enzyme (ACE) inhibitors, and angiotensin 
receptor blockers (see Chapter 9)

3. CCBs (see Chapter 10)

4. Organic nitrates and sodium nitroprusside (nitric 
oxide‐releasing vasodilators)

5. Endothelin (ET) receptor antagonists

6. Phosphodiesterase 5 inhibitors

7. Soluble guanylate cyclase (sGC) stimulators

8. K+
ATP

 channel openers

9. Others (hydralazine, fenoldopam)

Chapters 8–10 have discussed the sympatholytics, inhibi
tors of RAAS, and CCBs, respectively. As you recall, though 
acting via different mechanisms, these classes of drugs are all 
able to cause vasodilation in addition to their other pharmaco
logical effects. This chapter examines the molecular pharma
cology of the remaining six classes of vasodilators, focusing on 
discussing the mechanistic basis of their use in the management 
of hypertension and other cardiovascular diseases.

11.2 Drug Class anD Drug TargeTing

To understand how nitrates and other vasodilators act to treat 
cardiovascular diseases, it is imperative to first review the 
molecular regulation of vascular tone.

11.2.1 Molecular regulation of vascular Tone

Vascular tone refers to the degree of constriction experi
enced by a blood vessel relative to its maximally dilated 
state. All arterial and venous vessels under basal conditions 

niTraTes anD OTher vasODilaTOrs
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exhibit some degree of smooth muscle contraction that 
determines the diameter and hence the tone of the vessels. 
Vascular tone is dictated by many different vasoconstricting 
and vasodilating factors acting on the blood vessels. These 
factors are divided into two categories: (1) systemic factors 
that originate from outside of the organ or tissue, in which 
the blood vessel is located, and (2) localized factors that 
originate from the vessel itself or the surrounding tissue. The 
primary function of the systemic factors is to regulate arterial 
blood pressure by altering systemic vascular resistance, 
whereas local factors are important for local blood flow 
 regulation within an organ or tissue. Vascular tone at any 
given time is determined by the balance of vasoconstricting 
and vasodilating mechanisms. Disruption of this balance 
may lead to sustained vasoconstriction, contributing to 
hypertension, ischemic heart disease, and heart failure.

11.2.1.1 Systemic Factors in Regulating Vascular Tone The 
major systemic factors that regulate vascular tone include the 
following:

 • Sympathetic flow: Activation of α
1
‐adrenergic recep

tors on vascular smooth muscle cells leads to vasocon
striction, whereas activation of β

2
‐adrenergic receptors 

on these cells causes vasodilation. Epinephrine and 
norepinephrine preferably cause α

1
‐adrenergic receptor 

activation in vascular smooth muscle. Hence, 
sympathetic activation causes vasoconstriction.

 • Circulating angiotensin II: Angiotensin II causes vaso
constriction. Activation of AT

1
 receptors on smooth 

muscle cells by angiotensin II induces contraction via 
intracellular calcium ions and JAK2‐dependent 
pathway [1, 2].

 • Atrial natriuretic peptide: Atrial natriuretic peptide 
(AnP) is a hormone that is released from myocardial 
cells in the atria, and in some cases, the ventricles in 
response to volume expansion and possibly increased 
wall stress. AnP can directly cause vasodilation and it 
also increases water and sodium excretion. AnP acti
vates its receptor, namely, natriuretic peptide recep
tor‐A (nPR‐A). nPR‐A is a guanylyl cyclase, which 
catalyzes the synthesis of cyclic guanosine mono
phosphate (cGMP) from guanosine triphosphate 
(GTP). In vascular smooth muscle cells, the intracel
lular effects of nPR‐A activation are mediated 
through protein kinase G (also known as cGMP‐
dependent kinase), which phosphorylates downstream 
targets, such as phospholamban. Phospholamban is 
an  important regulator of intracellular Ca2+ con
centrations by mediating Ca2+ sequestration in the 
endoplasmic or sarcoplasmic reticulum and downreg
ulation of the l‐type Ca2+ channels located in the cell 
membrane [3].

11.2.1.2 Localized Mechanisms in Regulating Vascular 
Tone Multiple localized mechanisms are involved in the 
regulation of vascular tone. These include (i) myogenic 
mechanism, (ii) formation of endothelial factors, and 
(iii) presence of local vasoactive substances.

Myogenic Mechanism Myogenic mechanisms are intrinsic to 
the smooth muscle of blood vessels, particularly in small arteries 
and arterioles. When the pressure within a vessel is suddenly 
increased, the vessel responds by constricting. This occurs 
because mechanical stretching of the smooth muscle cells 
causes membrane depolarization and the consequent activation 
of voltage‐dependent calcium channels. Influx of extracellular 
calcium ions provokes smooth muscle cell contraction and 
hence vasoconstriction. On the other hand, diminishing pressure 
within the vessel causes smooth muscle relaxation and 
vasodilation. notably, evidence suggests that the AT

1
 receptor 

may act as a mechanosensor in smooth muscle cells and is 
responsible, at least partly, for myogenic vasoconstriction [4].

Endothelial Factors Endothelium plays a critical role in 
regulating vascular tone. In this regard, nitric oxide and 
ET  are among the most important endothelium‐derived 
factors  that impact smooth muscle contractility. As 
such,  nitric oxide and ET serve as important targets for 
some vasodi lating drugs, namely, nitrates and ET receptor 
antagonists, respectively. nitric oxide causes vasodilation 
through activating guanylyl cyclase (the detailed signaling 
mechanism is discussed in the following section on nitrate 
drugs), whereas ET induces vasoconstriction via activation 
of ET receptors on smooth muscle cells. Activation of the 
ET receptors on smooth muscle cells causes release of 
calcium ions from intracellular stores, leading to smooth 
muscle cell contraction and vasoconstriction (also see ET 
Receptor Antagonists section for more detail).

Local Vasoactive Substances local vasoactive substances 
refer to molecules generated locally in vasculature or 
adjacent tissues that cause vasodilation or constriction. These 
include prostaglandins (PGs), leukotrienes, thromboxanes, 
bradykinin, and histamine.

Smooth muscle cells produce both PGE
2
 and PGF

2α, with 
the former acting as a vasodilator and the latter as a vasocon
strictor. On the other hand, PGI

2
 is the major PG produced by 

endothelial cells. PGI
2
 acts as a potent vasodilator and 

 inhibitor of platelet adhesion and, as such, plays an  important 
role in protecting against thrombogenesis. In contrast, throm
boxane A

2
 produced by platelets causes vasoconstriction in 

addition to platelet aggregation and activation. leukotrienes 
are produced by leukocytes during inflammation, and like 
thromboxane A

2
, they cause vasoconstriction. Histamine 

released during inflammation causes vasodilation, increased 
vascular permeability, and tissue edema. Similar to hista
mine, bradykinin is also a vasodilator (also see Chapter 9). 
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Bradykinin induces the formation of nitric oxide and PGI
2
 

from vascular endothelium, which is responsible for its vaso
dilating activity.

In addition to the aforementioned local vasoactive sub
stances, changes in the levels of tissue metabolites and ions 
(e.g., adenosine, lactic acid, carbon dioxide, hydrogen ions, 
and potassium ions), especially during hypoxia, also play a 
role in regulating local vascular tone. For example, increased 
formation of adenosine during hypoxia may be an important 
mechanism for regulating coronary blood flow as adenosine 
is a potent vasodilator [5, 6].

11.2.2 Drug Class

Although numerous mechanisms as discussed earlier are 
involved in the regulation of vascular tone, calcium ions and 
nitric oxide appear to be the two key players. They may be 
viewed as the final common pathways leading to vasocon
striction and vasodilation, respectively. Indeed, the clinically 
available vasodilators affect these two factors either directly 
or indirectly to cause vasodilation. The detailed molecular 
pharmacology of these drug classes is discussed next.

11.3 OrganiC niTraTes anD sODiuM 
niTrOprussiDe (niTriC OxiDe‐releasing 
vasODilaTOrs)

Organic nitrates and sodium nitroprusside are nitric oxide‐
releasing drugs. listed below are the uS Food and Drug 
Administration (FDA)‐approved organic nitrates (first three 
drugs) and sodium nitroprusside. It should be noted that 
sodium nitroprusside is not an organic nitrate compound:

 • Isosorbide dinitrate (Isordil)

 • Isosorbide mononitrate (Ismo)

 • nitroglycerin

 • Sodium nitroprusside (nitropress)

11.3.1 general introduction to Drug Class

Organic nitrates are the second oldest cardiovascular drug 
class after digitalis glycosides (see Chapter 21 for digitalis) 
and have been employed continuously for one and a half cen
turies in cardiovascular therapy. Despite the advent of 
modern cardiovascular therapeutic agents (which are the 
focus of this book), nitrates remain one of the major cardio
vascular drug classes in the management of ischemic heart 
disease and congestive heart failure [7].

As listed earlier, organic nitrate drugs include nitroglyc
erin, isosorbide dinitrate, and isosorbide mononitrate. Both 
organic nitrates and sodium nitroprusside cause vasodilation 
via releasing nitric oxide, and as such, they are collectively 
called nitrovasodilators or nitric oxide‐releasing vasodilators. 
While organic nitrates are widely used drugs for treating 
ischemic heart disease as well as heart failure, sodium nitro
prusside is mainly indicated for the immediate reduction of 
blood pressure of patients in hypertensive crises. It is also 
useful for the treatment of acute congestive heart failure.

11.3.2 Chemistry and pharmacokinetics

The chemical structures of organic nitrates and sodium 
nitroprusside are given in Figure 11.1. The major pharmaco
kinetic properties of these drugs are summarized in 
Table 11.1. notably, infused sodium nitroprusside is rapidly 

Isosorbide dinitrate

Nitroglycerin

CH2ONO2

CH2ONO2

CHONO2

Isosorbide mononitrate

Sodium nitroprusside

2Na+

–2
CN

NC

ON
CN

CN

CN
Fe

ONO2

HO
H

H

O

O

O2NO

ONO2

H

O

O

H

Figure 11.1 Structure of nitrates and sodium nitroprusside. As shown, sodium nitroprusside is not a nitrate compound. Both nitrates and 
sodium nitroprusside give rise to nitric oxide (nO), and these drugs are hence called nO‐releasing vasodilators.
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distributed to a volume that is approximately coexisting with 
the extracellular space. The drug is cleared from this volume by 
readily reacting with hemoglobin, and as such, the circulatory 
half‐life of sodium nitroprusside is about 2 min. The products 
of the nitroprusside/hemoglobin reaction are cyanmethemo
globin and cyanide ions. Some cyanide is eliminated from the 
body as expired hydrogen cyanide, but most is enzymatically 
converted to thiocyanate by thiosulfate–cyanide sulfur trans
ferase (also known as rhodanese), a mitochondrial enzyme. 
The enzyme is normally present in great excess, so the reaction 
is rate limited by the availability of sulfur donors, especially 
thiosulfate, cystine, and  cysteine. Thiocyanate is also a normal 
physiological constituent of serum, with normal levels typi
cally in the range of 50–250 μM (3–15 mg/l). Clearance of thio
cyanate is done primarily by renal excretion, with an  elimination 
half‐life of about 3 days. In renal failure, the half‐life can be 
doubled or tripled, leading to cyanide poisoning.

11.3.3 Molecular Mechanisms and pharmacological 
effects

11.3.3.1 Molecular Mechanisms and Pharmacological 
Effects of Organic Nitrates

Molecular Mechanisms of Nitric Oxide Formation and Smooth 
Muscle Relaxation nitrates dilate veins, arteries, and coronary 
arteries by relaxing vascular smooth muscle. They produce these 
effects by entering vascular smooth muscle cells where they are 
metabolized to 1,2‐glyceryl dinitrate and nitrite, via mito
chondrial  aldehyde dehydrogenase‐2 (AlDH2 or mtAlDH), 
and then nitric oxide and S‐nitrosothiols. Sulfhydryl groups on 
AlDH2 are required for activity, which can explain the known 
sulfhydryl requirement for vascular smooth muscle relaxation 
by nitrates. In vascular smooth muscle cells, nitric oxide activates 
guanylate cyclase, which increases cGMP leading to dephos
phorylation of myosin light chain and thereby smooth muscle 
relaxation. nitric oxide may also activate calcium‐dependent 
potassium channels, leading to membrane hyperpolarization 
and thereby smooth muscle cell relaxation (Fig. 11.2).

nitrates cause vasodilating effects on both peripheral 
veins and arteries but with more prominent effects on the 
veins. nitrates primarily reduce cardiac oxygen demand by 
decreasing preload (left ventricular end‐diastolic pressure). 
They may modestly reduce afterload, dilate coronary 
arteries, and improve collateral flow to ischemic regions. For 
use in rectal fissures, intra‐anal administration of nitrates 
results in decreased sphincter tone and intra‐anal pressure.

Pharmacological Effects The pharmacological actions of 
nitrates include effects on (i) systemic hemodynamics, 
(ii)  coronary hemodynamics, and (iii) platelets and 
thrombogenesis. This section examines the aforementioned 
effects and also considers the tolerance issue of nitrate drug 
therapy:

 • Effects on systemic hemodynamics: The principal phar
macological action of nitroglycerin is relaxation of 
vascular smooth muscle and consequent dilation of 
peripheral arteries and veins, especially the latter. 
Dilation of the veins promotes peripheral pooling of 
blood and decreases venous return to the heart, thereby 
reducing left ventricular end‐diastolic pressure and 
pulmonary capillary wedge pressure (preload). 
Arteriolar relaxation reduces systemic vascular resis
tance, systolic arterial pressure, and mean arterial 
pressure (afterload). As noted in the following text, 
nitrates also dilate coronary arteries. However, the 
relative importance of preload reduction, afterload 
reduction, and coronary dilation with regard to nitrate 
therapy of ischemic heart disease and heart failure 
remains to be further defined.

 • Effects on coronary hemodynamics: A nitrate‐induced 
increase in coronary blood flow has been proposed as a 
potential mechanism for relieving ischemia. Animal 
and human studies have shown that nitrates dilate both 
normal and abnormal coronary arteries; this response is 
preserved in saphenous vein grafts. The clinical impor
tance of this effect is uncertain because the coronary 

Table 11.1 Major pharmacokinetic properties of organic nitrates and sodium nitroprusside

Drug Oral bioavailability (%) Elimination half‐life Metabolism and excretion

Isosorbide dinitrate 25 1 h; 5 h for the active metabolite, 
5‐mononitrate

Hepatic denitration followed by glucuronidation; 
the metabolite 5‐mononitrate also has 
biological activities with an elimination half‐
life of 5 h; renal excretion

Isosorbide mononitrate ~100 5 h no significant first‐pass effects; hepatic 
denitration and renal excretion

nitroglycerin ~40 2–3 min Hepatic denitration to dinitrates and 
mononitrates; renal excretion

Sodium nitroprusside 2 min Reaction with hemoglobin to form 
cyanmethemoglobin and cyanide ions; renal 
excretion
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arterioles in patients with a flow‐limiting coronary ste
nosis are already dilated to maintain resting blood flow, 
making further coronary dilation during ischemia diffi
cult. There are, however, settings in which a direct 
effect on coronary hemodynamics may be beneficial. 
nitrates can reduce or reverse coronary vasospasm. 
Thus, patients with primarily vasospastic angina or a 
large vasoconstrictor component to their angina can 
benefit from the direct coronary action of nitrate 
therapy. nitrates also indirectly improve subendocar
dial blood flow as the reduction in left ventricular end‐
diastolic pressure induced by systemic venous dilation 
decreases the resistance to coronary blood flow from 
the epicardium to the endocardium. In addition, nitrates 
may lower the resistance to collateral vessel blood flow.

 • Effects on platelets and thrombogenesis: nitrates have 
significant antiplatelet and antithrombotic properties; 
however, the clinical importance of these potentially 
beneficial effects is unclear [8]. Stimulation of platelet 
guanylate cyclase by nitrates prevents fibrinogen 
binding to platelet IIb/IIIa receptors, which is essential 
for platelet aggregation (see Chapter 17). Transdermal 
nitroglycerin has been shown to inhibit platelet 
aggregation and thrombus formation in patients with 
angina pectoris. The antiplatelet activity of nitrates is 
independent of hemodynamic tolerance. In addition, 
intravenous administration of nitroglycerin causes 
further inhibition of platelets in patients with stable 
coronary artery disease on dual antiplatelet therapy fol
lowing percutaneous coronary intervention [9].

 • Nitrate tolerance: Tolerance has been a major problem 
with the use of nitrates as chronic antianginal therapy. At 
least three, not mutually exclusive, mechanisms have been 
proposed to explain the development of nitrate tolerance 
[10–12]. These include (i) impaired nitroglycerin biocon
version to 1,2‐glyceryl dinitrate with decreased formation 
of nitric oxide, (ii) reduced bioactivity of nitric oxide, and 
(iii) activation of the RAAS and sympathetic nervous 
system in response to nitrate‐induced vasodilation.

11.3.3.2 Molecular Mechanisms and Pharmacological 
Effects of Sodium Nitroprusside In contrast to organic 
nitrates that need biotransformation to release nitric oxide, 
sodium nitroprusside spontaneously releases nitric oxide at 
physiological pH. The principal pharmacological action of 
sodium nitroprusside is relaxation of vascular smooth muscle 
and consequent dilation of peripheral arteries and veins. 
Other smooth muscles (e.g., uterus, duodenum) are not 
affected. Sodium nitroprusside is more active on veins than 
on arteries, but this selectivity is much less marked than that 
of nitrates. Dilation of the veins promotes peripheral pooling 
of blood and decreases venous return to the heart, 
thereby reducing left ventricular end‐diastolic pressure and 
pulmonary capillary wedge pressure (preload). Arteriolar 
relaxation reduces systemic vascular resistance, systolic 
arterial pressure, and mean arterial pressure (afterload). 
Dilation of the coronary arteries also occurs. The hypoten
sive effect of sodium nitroprusside is seen within a minute or 
two after the start of an adequate infusion, and it dissipates 
almost as rapidly after an infusion is discontinued.
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Figure 11.2 Molecular mechanisms of action of nitric oxide (nO)‐releasing vasodilators. As illustrated, nO released from the nO‐
releasing drugs activates guanylate cyclase (GC), which in turn catalyzes the formation of cGMP from GTP. cGMP then activates myosin 
light chain phosphatase (MlCPtase), which causes dephosphorylation of the phosphorylated myosin light chain (MlC‐P). The dephosphor
ylation of MlC‐P diminishes the formation of actin–myosin (A–M) crossbridges, thereby leading to smooth muscle cell relaxation. In 
addition, nO may directly activate calcium ion‐dependent K+ channels, leading to efflux of intracellular K+ and membrane hyperpolarization, 
which may also contribute to smooth muscle cell relaxation and vasodilation.
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11.3.4 Clinical uses

11.3.4.1 Clinical Uses of Nitrates nitrates are approved 
by the uS FDA for the management of chronic stable angina. 
nitroglycerin is indicated for either the acute relief of an 
attack or prophylaxis of angina pectoris due to coronary 
artery disease. Isosorbide dinitrate and isosorbide mononi
trate are indicated only for the prevention of angina pectoris 
due to coronary artery disease. This is because the onset of 
action of isosorbide dinitrate or isosorbide mononitrate is 
not sufficiently rapid for them to be useful in aborting an 
acute anginal episode. This is also true for the extended‐
release formulations of nitroglycerin, which are only indi
cated for prophylaxis of angina pectoris. In addition to the 
approved use in angina pectoris, nitrates may also be used in 
the management of acute coronary syndromes (see unit V) 
and heart failure (see unit VI).

Stable Angina T.l. Brunton, a British physician, first used 
the organic nitrite amyl nitrite in the treatment of angina 
pectoris in 1867. As a medical student, T.l. Brunton had 
become aware of prior clinical findings of B.W. Richardson 
that inhaled amyl nitrite rapidly increased the action of the 
heart, and also the unpublished observations of A. Gamgee 
demonstrating that amyl nitrite greatly lessened “arterial 
tension” in both animals and humans. During the same period 
in which T.l. Brunton used amyl nitrite, another British 
physician, W. Murrell, began using the organic nitrate, 
nitroglycerin, for treating angina pectoris and reported the 
antianginal efficacy in 1879. With nitroglycerin therapy, 
patients would obtain relief from angina with some patients 
also reporting that their angina could be aborted by taking the 
drug at the onset of symptoms. W. Murrell also worked with 
F. Barnes and compared the effects of amyl nitrite and 
nitroglycerin, where it was observed that the actions of these 
drugs differed in the time of onset and duration. It was 
concluded in the early 1880s that nitroglycerin would be 
more clinically useful than amyl nitrite [13]. use of 
nitroglycerin, the world’s first synthesized drug, in treating 
angina pectoris is still happening today and in fact remains 
the first‐line drug therapy for chronic stable angina.

While they act as venodilators, coronary vasodilators, and 
modest arteriolar dilators, the primary anti‐ischemic effect 
of nitrates seems to be the decreased myocardial oxygen 
demand by producing systemic vasodilation more than coro
nary vasodilation. This systemic vasodilation reduces left 
ventricular systolic wall stress. In patients with exertional 
stable angina, nitrates improve exercise tolerance, time to 
onset of angina, and ST‐segment depression during exercise 
testing. In combination with β‐blockers or CCBs, nitrates 
produce greater antianginal and anti‐ischemic effects.

Acute Coronary Syndromes Sublingual, intravenous, and 
oral nitrate preparations may also be used in the management 

of acute coronary syndromes, despite the absence of a 
mortality benefit. They can be of value in reducing or 
potentially eliminating pain (either initial or recurrent) due 
to myocardial ischemia, improving symptoms of pulmonary 
congestion, lowering blood pressure in hypertensive patients, 
and aiding in the diagnosis and management of the rare 
patients who present with variant angina (also known as 
coronary vasospasm angina or Prinzmetal angina).

Heart Failure nitrates have been used in the management 
of both acute and chronic heart failure. Although frequently 
used, the clinical efficacy of nitrates in treating acute heart 
failure remains unclear due to a lack of high‐quality studies 
[14]. On the other hand, combination therapy of isosorbide 
dinitrate and hydralazine provides symptomatic and 
mortality benefit in patients of African heritage with chronic 
congestive heart failure due to systolic dysfunction [15, 16] 
(see unit VI). Furthermore, hydralazine in the combination 
therapy reduces nitrate tolerance likely due to the ability of 
hydralazine to decrease superoxide formation. Despite its 
proven benefits, combination hydralazine and nitrate therapy 
is not commonly used in heart failure likely due to efficacy 
limited to a specific ethical group (people of African 
heritage) and adverse effects associated with hydralazine. 
Since ACE inhibitors also provide afterload reduction along 
with nitrate tolerance benefits seen with hydralazine, it is 
suggested that demonstrating benefit with nitrates and ACE 
inhibitors without concurrent hydralazine use in patients 
with congestive heart failure may represent a major 
opportunity to improve nitrate therapy in this cardiac 
disorder [17].

11.3.4.2 Clinical Uses of Sodium Nitroprusside The uS 
FDA‐approved uses of sodium nitroprusside include blood 
pressure control in hypertensive crises as well as in surgery 
and treatment of acute congestive heart failure.

Blood Pressure Control Sodium nitroprusside is indicated 
for the immediate reduction of blood pressure of adult and 
pediatric patients in hypertensive crises. Concomitant 
longer‐acting antihypertensive medication should be 
administered so that the duration of treatment with sodium 
nitroprusside can be minimized. Sodium nitroprusside is 
also indicated for producing controlled hypotension in order 
to reduce bleeding during surgery.

Acute Congestive Heart Failure Sodium nitroprusside is 
indicated for the treatment of acute congestive heart failure. 
It improves patients’ symptoms and hemodynamics in this 
setting though its use does not improve patients’ survival 
[18]. Sodium nitroprusside should not be used for the 
treatment of acute congestive heart failure associated with 
reduced peripheral vascular resistance such as high‐output 
heart failure that may be seen in endotoxic sepsis.
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11.3.5 Therapeutic Dosages

listed below are the dosage forms and strengths of the uS 
FDA‐approved organic nitrates and sodium nitroprusside. 
The dosage regimens of these drugs in treating cardiovas
cular diseases are given in Table 11.2:

 • Isosorbide dinitrate (Isordil): Oral, 5 and 40 mg tablets; 
40 mg extended‐release tablets and capsules

 • Isosorbide mononitrate (Ismo): Oral, 10 mg tablets; 30 
and 60 mg extended‐release tablets

 • nitroglycerin: Oral, 0.3, 0.4, and 0.6 mg tablets; 2.5, 
6.5, and 9 mg extended‐release capsules; 2.5 and 6.5 mg 
sustained‐release capsules; transdermal, 7 cm2 (37.3 mg, 
0.2 mg/h), 14 cm2 (74.6 mg, 0.4 mg/h), and 21 cm2 
(111.9 mg, 0.6 mg/h) patches; injection, 50 mg/10 ml 
single‐dose vials (5 mg/ml)

 • Sodium nitroprusside (nitropress): Injection, 50 mg/2 ml 
single‐dose vials (25 mg/ml)

11.3.6 adverse effects and Drug interactions

11.3.6.1 Adverse Effects and Drug Interactions of Nitrates 

Adverse Effects Adverse reactions to organic nitrates are 
generally dose related, and most, if not all, of these reactions 
are the result of their action as vasodilators. Headache, which 
may be severe, is the most commonly reported side effect. 
Headache may be recurrent with each daily dose, especially 
at higher doses. Transient episodes of lightheadedness, 
occasionally related to blood pressure changes, may also 
occur. Hypotension occurs infrequently, but in some patients, 
it may be severe enough to warrant discontinuation of 
therapy. Reflex tachycardia occurs, which may be alleviated 
by simultaneous use of β‐blockers if indicated. Syncope, 

Table 11.2 Dosage regimens of organic nitrates and sodium nitroprusside

Drug Indication Dose regimen

Isosorbide dinitrate (tablets) Angina pectoris (prevention only) For prevention of angina pectoris due to coronary artery 
disease (CAD), initial dose, 5–20 mg, 2–3 times/day; 
maintenance dose, 10–40 mg, 2–3 times/day; daily dose‐free 
interval of at least 14 h (8:00 a.m., 2:00 p.m., 6:00 p.m.) to 
minimize tolerance

Isosorbide dinitrate (extended‐
release tablets or capsules)

Angina pectoris (prevention only) For prevention of angina pectoris due to CAD, total daily dose, 
40–160 mg; dose‐free interval >18 h

Isosorbide mononitrate 
(tablets)

Angina pectoris (prevention only) For prevention of angina pectoris due to CAD, 20 mg twice 
daily with doses 7 h apart

Isosorbide mononitrate 
(extended‐release tablets)

Angina pectoris (prevention only) For prevention of angina pectoris due to CAD, initial dose, 30 
or 60 mg once daily; after 7 days, dose may be increased to 
120 mg once daily

nitroglycerin (tablets) Angina pectoris (prevention and 
treatment)

For prevention of angina pectoris due to CAD, one tablet 
should be dissolved under the tongue or in the buccal pouch 
5–10 min prior to engaging activities that might precipitate 
an acute anginal attack; for treatment, one tablet should be 
dissolved under the tongue or in the buccal pouch at the first 
sign of an acute angina attack

nitroglycerin (extended‐
release capsules)

Angina pectoris (prevention only) For prevention of angina pectoris due to CAD, initial dose, 
2.5–6.5 mg, 3–4 times/day with subsequent upward dose 
adjustment guided by symptoms and adverse effects

nitroglycerin (transdermal 
patches)

Angina pectoris (prevention only) For prevention of angina pectoris due to CAD, initial dose, 
0.2–0.4 mg/h; usual dose range, 0.4–0.8 mg/h with daily 
patch‐off period of 10–12 h

nitroglycerin (injection) Perioperative hypertension; 
congestive heart failure; angina 
pectoris refractory to sublingual 
nitroglycerin and β‐blockers; 
induction of intraoperative 
hypertension

Initial intravenous infusion rate, 5 µg (mcg)/min; initial titration 
should be in 5 µg (mcg)/min increments with increases every 
3–5 min until some response is noted

Sodium nitroprusside 
(injection)

Hypertension crisis; producing 
controlled hypotension to 
reduce bleeding during surgery; 
acute congestive heart failure

Initial dose, 0.3 µg (mcg)/kg/min with upward titration every 
few minutes until the desired effect is obtained; maximum 
infusion rate, 10 µg (mcg)/kg/min
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crescendo angina, and rebound hypertension have been 
reported but are uncommon. Extremely rarely, ordinary 
doses of organic nitrates may cause methemoglobinemia.

Drug Interactions The vasodilating effects of nitroglycerin 
may be additive with those of other vasodilators. Alcohol, in 
particular, has been found to exhibit this type of additive effects. 
Marked symptomatic orthostatic hypotension has been reported 
when CCBs and organic nitrates were used in combination. 
Dose adjustments of either class of agents may be necessary. 
nitrates and PDE5 inhibitors synergize to cause severe 
hypotension, and the concomitant use should thus be avoided.

Contraindications and Pregnancy Category 

 • Allergic reactions to organic nitrates are extremely 
rare, but they do occur. nitrates are contraindicated in 
patients who are allergic to them.

 • Sublingual nitroglycerin therapy is contraindicated in 
patients with early myocardial infarction, severe 
anemia, and increased intracranial pressure.

 • nitrates and PDE5 inhibitors (e.g., sildenafil for erectile 
dysfunction) synergize to cause severe hypotension, and 
as such, combination should be avoided.

 • Pregnancy category: C.

11.3.6.2 Adverse Effects and Drug Interactions of 
Sodium Nitroprusside

Adverse Effects The major adverse effects of sodium 
nitroprusside administration are excessive hypotension and 
excessive accumulation of cyanide. Other less common 
effects may include methemoglobinemia, tachycardia, 
flushing, and increased intracranial pressure. Small transient 
excesses in the infusion rate of sodium nitroprusside can 
result in dramatic decreases in blood pressure. In patients not 
properly monitored, the excessive blood pressure reduction 
can lead to irreversible ischemic injuries or death. Infused 
sodium nitroprusside reacts with hemoglobin to produce 
cyanmethemoglobin with the release of cyanide ion, whose 
accumulation may lead to cyanide toxicity and death. The 
usual dose rate is 0.5–10 µg (mcg)/kg body weight/min, but 
infusion at the maximum dose rate should never last >10 min.

Drug Interactions The blood pressure‐lowering effect of 
sodium nitroprusside is augmented by drugs that decrease 
blood pressure, including inhaled anesthetics.

Contraindications and Pregnancy Category 

 • Sodium nitroprusside should not be used in the 
treatment of compensatory hypertension, where the 
 primary hemodynamic lesion is aortic coarctation or 
arteriovenous shunting.

 • Sodium nitroprusside should not be used to produce 
hypotension during surgery in patients with known 
inadequate cerebral circulation or in moribund patients 
(ASA class 5E) coming to emergency surgery.

 • Patients with congenital (leber’s) optic atrophy or with 
tobacco amblyopia have unusually high cyanide/thio
cyanate ratios. These rare conditions are probably asso
ciated with defective or absent rhodanese, and sodium 
nitroprusside should be avoided in these patients.

 • Sodium nitroprusside should not be used for the treatment 
of acute congestive heart failure associated with reduced 
peripheral vascular resistance such as high‐output heart 
failure that may be seen in endotoxic sepsis.

 • Pregnancy category: C.

11.4 eT reCepTOr anTagOnisTs

listed below are the three uS FDA‐approved ET receptor 
antagonists, with bosentan and macitentan as nonselective 
ET receptor type A (ET

A
) and type B (ET

B
) antagonists and 

ambrisentan as a selective ET
A
 antagonist. Macitentan is the 

newest member of the drug class, which was approved by 
the uS FDA in 2013:

1. Ambrisentan (letairis): ET
A
‐selective antagonist

2. Bosentan (Tracleer): ET
A
/ET

B
 antagonist

3. Macitentan (Opsumit): ET
A
/ET

B
 antagonist

11.4.1 general introduction to eT and Drug Class

As discussed earlier, ET is an important factor involved in the 
regulation of vascular tone as well as other vascular processes. 
Three ET, ET‐1, ET‐2, and ET‐3, are expressed in humans. 
They are all 21‐amino‐acid‐long peptides. ET‐1 is the main 
ET secreted by endothelial cells. It is also the ET that has been 
shown to play an important role in cardiovascular physiology 
and pathophysiology. ET‐2 is produced mainly by the kidney 
and the intestine, whereas ET‐3 is primarily localized in the 
brain, the intestine, and the kidney tubule cells.

ET‐1 acts in an autocrine/paracrine manner to activate   
G‐protein‐coupled receptors ET type A (ET

A
) and type B 

(ET
B
) to produce its physiological effects on vessels. 

Vascular smooth muscle cells express both ET
A
 and ET

B
 

receptors, whereas endothelial cells express only ET
B
 recep

tors. Binding of ET to ET
A
 and ET

B
 receptors on smooth 

muscle causes vasoconstriction, as well as inflammatory 
responses in the vascular wall. The vasoconstriction results 
from inositol triphosphate‐induced release of calcium ions 
from the sarcoplasmic reticulum. Both vasoconstriction and 
vascular inflammation are involved in the detrimental actions 
of ET‐1 on blood vessels in hypertension and other vascular 
disorders [19, 20]. Evidence suggests that binding of ET to 
ET

B
 receptors on endothelial cells may lead to vasodilation 
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via a nitric oxide‐dependent mechanism. ET
B
 receptors are 

also involved in the clearance of circulating ET‐1 that has a 
half‐life of approximately 1 min.

Ambrisentan has a high selectivity for the ET
A
 receptor 

compared to the ET
B
 receptor, whereas bosentan and maci

tentan block both receptors. The clinical significance of high 
selectivity for the ET

A
 receptor is not known. All three drugs 

are approved by the uS FDA for the treatment of pulmonary 
hypertension.

11.4.2 Chemistry and pharmacokinetics

The structures of ambrisentan, bosentan, and macitentan are 
shown in Figure 11.3. Ambrisentan is a propionic acid 
derivative, whereas bosentan belongs to a class of highly 
substituted pyrimidine derivatives. The newly approved 
macitentan is a bosentan derivative. Table 11.3 summarizes 
the major pharmacokinetic properties of the three drugs.

11.4.3 Molecular Mechanisms and pharmacological 
effects

As noted earlier, ET‐1 is a potent autocrine and paracrine 
peptide. Two receptor subtypes, ET

A
 and ET

B
, mediate its 

effects in the vascular smooth muscle and endothelium. The 
primary consequences of ET

A
 and ET

B
 activation in smooth 

muscle cells are vasoconstriction, cell proliferation, and 
vascular inflammation, while the predominant actions of 
ET

B
 activation in endothelial cells are vasodilation, antipro

liferation, and ET‐1 clearance. In patients with pulmonary 
hypertension, plasma ET‐1 levels are elevated as much as 
10‐fold and correlate with increased mean right atrial 
pressure and disease severity. notably, both protein and 
mRnA expression are increased as much as ninefold in 
the lung tissue of patients with pulmonary hypertension, pri
marily in the endothelium of pulmonary arteries. These find
ings suggest that ET‐1 plays a critical role in the pathogenesis 
and progression of pulmonary hypertension, and indeed, ET 
receptor antagonists via blocking ET‐1‐ mediated receptor 
activation are effective therapy for pulmonary hypertension.

Ambrisentan is a high‐affinity ET
A
 receptor antagonist 

with a high selectivity for the ET
A
 versus ET

B
 receptor 

(>4000‐fold). Bosentan is a specific and competitive antago
nist at ET

A
 and ET

B
 receptors, with a slightly higher affinity 

for ET
A
 than for ET

B
 receptors. Macitentan displays high 

affinity and sustained occupancy of the ET
A
 and ET

B
 recep

tors in human pulmonary arterial smooth muscle 
cells. Although ET

B
 activation in endothelial cells appears to 

be vascular protective, the clinical impact of selective 
ET

A
  inhibition or dual receptor (ET

A
/ET

B
) blockage is cur

rently unknown. The three ET receptor antagonists are  similar 
with regard to reducing pulmonary artery pressure, improving 
exercise ability, and slowing clinical worsening (Fig. 11.4).
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Figure 11.3 Structures of endothelin receptor antagonists. The 
recently approved macitentan is a derivative of bosentan.

Table 11.3 Major pharmacokinetic properties of endothelin receptor antagonists

Drug Oral bioavailability (%) Elimination half‐life (h) Metabolism and excretion

Ambrisentan unknown 9 Hepatic CYP3A4 and CYP2C19; 
glucuronidation; biliary excretion

Bosentan 50 5 Hepatic CYP2C9 and CYP3A4; also inducer 
of CYP2C9 and CYP3A4; biliary excretion

Macitentan unknown 16 Hepatic CYP3A4; CYP2C19 (minor); 
urinary and biliary excretion
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11.4.4 Clinical uses

All three ET receptor antagonists are approved for 
 treating pulmonary arterial hypertension (WHO group 1) to 
improve exercise ability and delay clinical worsening (also 
see Chapter 12). The newly approved macitentan also reduces 
mortality due to pulmonary arterial hypertension [21].

11.4.5 Therapeutic Dosages

The dosage forms and strengths of the three ET receptor 
antagonists are listed below, and the dosage regimens of 
these drugs in treating pulmonary hypertension are 
 summarized in Table 11.4:

1. Ambrisentan (letairis): Oral, 5 and 10 mg tablets

2. Bosentan (Tracleer): Oral, 62.5 and 125 mg tablets

3. Macitentan (Opsumit): Oral, 10 mg tablets

11.4.6 adverse effects and Drug interactions

11.4.6.1 Adverse Effects The most common adverse 
effects of ET receptor antagonists are upper respiratory infec
tions, peripheral edema, and anemia. use of bosentan and 
macitentan is also associated with liver toxicity. Peripheral 
edema is the most common adverse effect that requires 
attention. Mild cases can be managed with diuretics, but more 
severe cases warrant discontinuation of the medication. ET 
receptor antagonists are also potent teratogens, requiring 
meticulous contraception if used by women who have child
bearing potential, and are contraindicated during pregnancy.

11.4.6.2 Drug Interactions

Ambrisentan Drug interactions for ambrisentan at 
therapeutic doses are less dramatic than bosentan and 
macitentan. This is because ambrisentan does not 
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Figure 11.4 Molecular mechanisms of action of endothelin receptor antagonists. Endothelin (ET‐1) is produced by endothelial cells, and 
the released ET‐1 activates endothelin receptors type A and type B (ET

A
 and ET

B
) on smooth muscle cells, leading to the subsequent formation 

of inositol 1,4,5‐triphosphate (IP
3
) through phospholipase C‐catalyzed hydrolysis of phosphatidylinositol 4,5‐bisphosphate (PIP

2
). IP

3
 then 

causes calcium ion release from sarcoplasmic reticulum (SR), thereby causing smooth muscle cell constriction. Abnormal activation of ET
A
 

and ET
B
 on smooth muscle cells may also cause cell proliferation and vascular inflammation, which together with vasoconstriction contribute 

to the pathogenesis of hypertension (notably pulmonary arterial hypertension) and other cardiovascular disorders. On the other hand, activation 
of ET

B
 receptors by ET‐1 on endothelial cells results in increased production of nitric oxide (nO), and the released nO activates guanylate 

cyclase (GC), leading to increased formation of cGMP, and the subsequent smooth muscle relaxation (or counteraction of smooth muscle cell 
constriction). However, the significance of this vasodilating effect of activation of ET

B
 receptors on endothelial cells in cardiovascular phys

iology and pathophysiology remains to be elucidated.
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significantly affect drug metabolism enzymes at therapeutic 
doses. The only clinically significant drug interaction is that 
cotreatment with ambrisentan and cyclosporine results in an 
approximately twofold increase in ambrisentan exposure, 
and as such, the dose of ambrisentan should be reduced 
when coadministered with cyclosporine.

Bosentan Bosentan may cause significant drug interactions 
due to its ability to alter CYP enzymes. Bosentan is metabolized 
by CYP2C9 and CYP3A4. Inhibition of these enzymes may 
increase the plasma concentrations of bosentan. Concomitant 
administration of both a CYP2C9 inhibitor (such as fluconazole 
or amiodarone) and a strong CYP3A4 inhibitor (e.g., 
ketoconazole, itraconazole) or a moderate CYP3A4 inhibitor 
(e.g., amprenavir, erythromycin, fluconazole, diltiazem) with 
bosentan will likely lead to  large increases in plasma 
concentrations of bosentan. Coadministration of such 
combinations of a CYP2C9 inhibitor plus a strong or moderate 
CYP3A4 inhibitor with bosentan is not recommended. 
Bosentan is also an inducer of CYP3A4 and CYP2C9. 
Consequently, plasma concentrations of drugs metabolized by 
these two isozymes will be decreased when bosentan is 
coadministered. In this regard, combination use of bosentan 
decreases the bioavailability of simvastatin and other 
CYP3A4‐metabolized statins, resulting in decreased efficacy 
in treating dyslipidemia and atherosclerotic cardiovascular 
diseases (see Chapter 4 for statin drugs).

notably, initial concomitant administration of cyclo
sporine A may increase the plasma concentrations of bosen
tan by about 30‐fold. The mechanism of this interaction is 
most likely inhibition of transport protein‐mediated uptake 
of bosentan into hepatocytes by cyclosporine A. Steady‐state 
bosentan plasma concentrations are three‐ to fourfold higher 
than in the absence of cyclosporine A. As such, concomitant 
administration of bosentan and cyclosporine A is contrain
dicated. Coadministration of bosentan also decreases the 
plasma concentrations of cyclosporine A (a CYP3A4 sub
strate) by approximately 50%.

Macitentan Macitentan is primarily metabolized by 
CYP3A4, and as such, drugs that affect CYP3A4 may 
significantly alter metabolism of macitentan. Strong inducers 
of CYP3A4, such as rifampin, significantly reduce 
macitentan exposure. Hence, concomitant use of macitentan 

with strong CYP3A4 inducers should be avoided. On the 
other hand, concomitant use of strong CYP3A4 inhibitors 
like ketoconazole and many anti‐HIV drugs may markedly 
increase the plasma concentrations of macitentan.

11.4.6.3 Contraindications and Pregnancy Category All 
three ET receptor antagonists are contraindicated in preg
nancy (pregnancy category: x) because of their potential to 
cause fetal harm. While pregnancy is the only  contraindication 
for macitentan, as described in the following, ambrisentan 
and bosentan also have other contraindications.

Ambrisentan Ambrisentan is contraindicated in patients 
with idiopathic pulmonary fibrosis (IPF), including IPF 
patients with pulmonary hypertension (WHO group 3). A 
randomized controlled study in patients with IPF, with or 
without pulmonary hypertension (WHO group 3), comparing 
ambrisentan (n = 329) to placebo (n = 163) was terminated 
after 34 weeks for lack of efficacy and a greater risk of 
disease progression or death on ambrisentan [22].

Bosentan 

 • use with cyclosporine A: As noted earlier, coadminis
tration of cyclosporine A and bosentan results in 
 markedly increased plasma concentrations of bosentan. 
As such, concomitant use of bosentan and cyclosporine 
A is contraindicated.

 • use with glyburide: An increased risk of liver enzyme 
 elevations has been observed in patients receiving 
glyburide concomitantly with bosentan. Therefore, 
coadministration of glyburide and bosentan is 
contraindicated.

 • Hypersensitivity: Bosentan is contraindicated in patients 
who are hypersensitive to bosentan or any component of 
the product. Observed hypersensitivity reactions include 
rash and angioedema.

11.5 phOsphODiesTerase 5 inhibiTOrs

listed below are the four uS FDA‐approved phosphodies
terase 5 inhibitors, with avanafil being the newest member, 
which was approved in 2012. All four drugs are indicated for 
treating erectile dysfunction, and sildenafil and tadalafil are 

Table 11.4 Dosage regimens of endothelin receptor antagonists

Drug Indication Dosage regimen

Ambrisentan Pulmonary arterial hypertension Initial dose, 5 mg once daily; the dose may be increased to 10 mg once daily if 
5 mg once daily is tolerated

Bosentan Pulmonary arterial hypertension Initial dose, 62.5 mg twice daily for 4 weeks; the dose may then be increased 
to maintenance dose of 125 mg twice daily

Macitentan Pulmonary arterial hypertension 10 mg once daily
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also approved for the treatment of pulmonary arterial hyper
tension. Hence, this section focuses on sildenafil and tadalafil:

 • Avanafil (Stendra): For treating erectile dysfunction

 • Sildenafil (Viagra): For treating erectile dysfunction

 • Sildenafil (Revatio): For treating pulmonary arterial 
hypertension

 • Tadalafil (Cialis): For treating erectile dysfunction

 • Tadalafil (Adcirca): For treating pulmonary arterial 
hypertension

 • Vardenafil (levitra): For treating erectile dysfunction

11.5.1 general introduction to Drug Class

Cyclic nucleotide phosphodiesterases (PDEs) catalyze 
the  hydrolysis of cyclic nucleotides adenosine 3′5′‐cyclic 
 monophosphate (cAMP) and guanosine 3′5′‐cyclic monophos
phate (cGMP) to their inactive 5′ monophosphates, thereby 
 regulating the intracellular concentrations of these cyclic 
 nucleotides, their signaling pathways and, consequently, myriad 
biological responses in health and disease [23]. Mammalian 
PDEs are composed of 21 genes and are classified into 11 fam
ilies based on sequence homology, enzymatic properties, and 
sensitivity to inhibitors. These 11 families are denoted as PDE1 
to PDE11. Each family has various members.

At the molecular level, PDE families contain many splice 
variants that mostly are unique in tissue‐expression  patterns, 
gene regulation, enzymatic regulation by phosphorylation and 
regulatory proteins, subcellular localization, and  interaction 
with association proteins. Each unique variant is closely 
related to the regulation of a specific cellular  signaling. Thus, 
multiple PDEs function as a particular modulator of each car
diovascular function and regulate physiological homeostasis 
[23, 24]. Inhibitors of PDEs have been developed over the past 
decades to treat cardiovascular diseases. Among them are 
drugs that inhibit the type‐5 phosphodiesterase (PDE5). These 
drugs are thus known as PDE5 inhibitors.

The PDE5 is found primarily in the penis and lung tissues 
although they are also expressed in other tissues/organs, 
including the visceral smooth muscle, skeletal muscle, plate
lets, kidney, cerebellum, and pancreas. PDE5 inhibitors 
cause vasodilation in the penis and lung by blocking the 
breakdown of cGMP, which results in prolongation of the 
action of vasodilating mediators including nitric oxide. For 
these reasons, the two major actions of the PDE5 inhibitors 
are to prolong penile erection and decrease pulmonary 
vascular pressure. They have relatively less pronounced 
effects on the systemic vasculature.

As noted earlier, all the four PDE5 inhibitors are 
 currently approved for the treatment of erectile dysfunction. 
Sildenafil and tadalafil, under the trade name of Revatio and 
Adcirca, respectively, are also approved for treating 
pulmonary arterial hypertension.

11.5.2 Chemistry and pharmacokinetics

The chemical structures of PDE5 inhibitors are provided in 
Figure 11.5. Table 11.5 summarizes the major pharmacoki
netic properties of PDE5 inhibitors.

11.5.3 Mechanisms and pharmacological effects

As aforementioned, PDE5 inhibitors are primarily used for 
treating erectile dysfunction. Some are also approved for treat
ing pulmonary arterial hypertension. The physiologic mecha
nism of erection of the penis involves release of nitric oxide in 
the corpus cavernosum during sexual stimulation. nitric oxide 
then activates the enzyme guanylate cyclase, which results in 
increased levels of cGMP, producing smooth muscle relaxation 
in the corpus cavernosum and allowing inflow of blood. PDE5 
inhibitors have no direct relaxant effect on isolated human cor
pus cavernosum. When sexual stimulation causes local release 
of nitric oxide, inhibition of PDE5 by PDE5 inhibitors causes 
increased levels of cGMP in the corpus cavernosum, resulting 
in smooth muscle relaxation and inflow of blood to the corpus 
cavernosum. Hence, PDE5 inhibitors at recommended doses 
have no significant effect in the absence of sexual stimulation.

Pulmonary arterial hypertension is associated with 
impaired release of nitric oxide by the vascular endothelium 
and consequent reduction of cGMP concentrations in the 
pulmonary vascular smooth muscle. PDE5 is the predominant 
phosphodiesterase in the pulmonary vasculature. Inhibition of 
PDE5 by sildenafil or tadalafil increases the concentrations of 
cGMP, resulting in relaxation of pulmonary vascular smooth 
muscle cells and vasodilation of the pulmonary vascular bed 
and, to a lesser degree, vasodilation in the systemic circulation.

The 1,000–10,000‐fold selectivity of PDE5 inhibitors for 
PDE5 versus PDE3 is important because PDE3 is involved 
in control of cardiac contractility. Sildenafil is only about 
10‐fold as potent for PDE5 compared to PDE6, an enzyme 
found in the retina and involved in the phototransduction 
pathway of the retina. This relatively lower selectivity is 
thought to be the basis for abnormalities related to color 
vision observed with higher doses or plasma levels of silde
nafil. In contrast, tadalafil is 700‐fold more potent for PDE5 
than for PDE6, which may explain the decreased risk of 
color vision abnormalities as compared with sildenafil.

In addition to pulmonary vascular smooth muscle and the 
corpus cavernosum, PDE5 is also found in other tissues 
including vascular and visceral smooth muscle and in plate
lets. The inhibition of PDE5 in these tissues by PDE5 inhib
itors may be the basis for the enhanced platelet antiaggregatory 
activity of nitric oxide observed in vitro and the mild 
peripheral arterial–venous dilation in vivo.

11.5.4 Clinical uses

PDE5 inhibitors are approved by the uS FDA for the treatment 
of two clinical conditions: erectile dysfunction (all four PDE5 
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inhibitors) to improve sexual performance and pulmonary 
arterial hypertension (WHO group I) (sildenafil and tadalafil) 
to improve exercise ability and delay clinical worsening.

11.5.5 Therapeutic Dosages

The dosage forms and strengths of PDE5 inhibitors for treat
ing pulmonary arterial hypertension are listed below, and the 
typical dose regimens are given in Table 11.6:

 • Sildenafil (Revatio): Oral, 20 mg tablets; 10 mg/ml oral 
suspension (when reconstituted); injection, 10 mg/12.5 ml 
in single‐use vials

 • Tadalafil (Adcirca): Oral, 20 mg tablets

11.5.6 adverse effects and Drug interactions

11.5.6.1 Adverse Effects The most common adverse 
effects of sildenafil include epistaxis, headache,  dyspepsia, 
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Figure 11.5 Molecular mechanisms of action of PDE5 inhibitors. As depicted, endothelial cells produce nitric oxide (nO) via the action 
of endothelia nitric oxide synthase (enOS). The nO released then activates guanylate cyclase (GC) in smooth muscle cells, which in turn 
catalyzes the formation of cGMP from GTP. cGMP is metabolized to GMP by PDE5. Inhibition of PDE5 by sildenafil or tadalafil causes 
increased accumulation of cGMP, thereby resulting in smooth muscle cell (SMC) relaxation and vasodilation.

Table 11.5 Major pharmacokinetic properties of pDe5 inhibitors

Drug Oral bioavailability (%) Elimination half‐life (h) Metabolism and excretion

Sildenafil 41 4 Hepatic CYP3A (major) and CYP2C9 (minor); biliary (major) 
and urinary (minor) excretion

Tadalafil unknown 15 Hepatic CYP3A; biliary (major) and urinary (minor) excretion

Table 11.6 Dose regimens of pDe5 inhibitors in treating pulmonary arterial hypertension

Drug Indication Dosage regimen

Sildenafil (tablet and oral 
suspension)

Pulmonary arterial hypertension 5 or 20 mg 3 times/day

Sildenafil (injection) Pulmonary arterial hypertension 2.5 or 10 mg administered as an 
intravenous bolus injection twice a day

Tadalafil (tablet) Pulmonary arterial hypertension 40 mg once daily
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flushing, insomnia, erythema, dyspnea, and rhinitis. Headache 
is the most common adverse effect of tadalafil therapy. Other 
less common adverse effects for both sildenafil and tadalafil 
include hypotension, visual disturbance (especially for silde
nafil), hearing impairment, and priapism.

11.5.6.2 Drug Interactions Coadministration of PDE5 
inhibitors with nitrates causes hypotension and such a 
combination should be avoided. Since CYP3A4 is involved 
in metabolism of sildenafil and tadalafil, concomitant use 
of these PDE5 inhibitors with ritonavir and other potent 
CYP3A4 inhibitors is not recommended. Since PDE5 inhib
itors have mild systemic blood pressure‐lowering effects, 
coadministration of other blood pressure‐lowering drugs, 
including α‐blockers (e.g., doxazosin) and CCBs (e.g., 
amlodipine), may cause significant decreases in blood 
pressure due to additive blood pressure‐lowering effects.

11.5.6.3 Contraindications and Pregnancy Category 

 • Coadministration of nitrate: Administration of sildenafil 
or tadalafil with nitrates (either regularly or intermittently) 
or other nitric oxide donors is contraindicated. The PDE5 
inhibitors potentiate the hypotensive effect of nitrates. 
This potentiation is thought to result from the combined 
effects of nitrates and PDE5 inhibitors on the nitric oxide/
cGMP pathway. A suitable time interval following dosing 
of PDE5 inhibitors for the safe administration of nitrates 
or other nitric oxide donors has not been determined.

 • Hypersensitivity reactions: Tadalafil is contraindicated in 
patients with a known serious hypersensitivity to the drug. 
Hypersensitivity reactions have been reported, including 
Stevens–Johnson syndrome and exfoliative dermatitis.

 • Pregnancy category: B.

11.6 sgC sTiMulaTOrs

listed below is the first and only soluble guanylate cyclase 
stimulator approved by the uS FDA for clinical use:

 • Riociguat (Adempas)

11.6.1 general introduction to Drug Class

sGC is activated by nitric oxide and catalyzes the formation of 
cGMP from GTT. It plays an important role in a wide variety 
of physiological and pathophysiological processes, particu
larly in the cardiovascular system. As such, sGC is a potential 
therapeutic target in cardiovascular disorders such as myocar
dial infarction, stroke, and pulmonary hypertension. Multiple 
drug compounds have been developed to stimulate sGC to 
treat pulmonary hypertension. Among them, riociguat has 
recently been approved by the uS FDA and is the first in its 
drug class for treating pulmonary hypertension.

11.6.2 Chemistry and pharmacokinetics

Riociguat is methyl 4,6‐diamino‐2‐[1‐(2‐fluorobenzyl)‐1H‐
pyrazolo [3,4‐b]pyridin‐3‐yl]‐5‐pyrimidinyl(methyl)carbamate 
and its structure is shown in Figure 11.6. Riociguat is readily 
absorbed through the gut and its oral bioavailability is about 
94%. It is also a substrate of P‐glycoprotein and ATP‐binding 
cassette protein G2 (ABCG2). Riociguat is metabolized by 
CYP1A1, CYP3A, CYP2C8, and CYP2J2 and eliminated via 
urinary and biliary excretion. Its elimination half‐life is 7–12 h.

11.6.3 Molecular Mechanisms and pharmacological 
effects

When nitric oxide binds to sGC, the enzyme is activated and 
catalyzes synthesis of the signaling molecule cGMP. 
Intracellular cGMP plays an important role in regulating 
processes that influence vascular tone, proliferation, fibrosis, 
and inflammation. Pulmonary hypertension is associated 
with endothelial dysfunction, impaired synthesis of nitric 
oxide, and insufficient stimulation of the nitric oxide–sGC–
cGMP pathway. Riociguat stimulates the nitric oxide–sGC–
cGMP pathway and leads to increased generation of 
intracellular cGMP with subsequent smooth muscle relaxa
tion and vasodilation. Riociguat has a dual mode of action 
(Fig. 11.6). It  sensitizes sGC to endogenous nitric oxide by 
stabilizing the nitric oxide–sGC binding. Riociguat also 
directly stimulates sGC via a different binding site, indepen
dently of nitric oxide. Riociguat treatment results in 
decreases in systemic vascular resistance, systolic blood 
pressure, pulmonary vascular resistance, and pulmonary 
arterial pressure.

11.6.4 Clinical uses

Riociguat is approved for treating two clinical conditions—
chronic thromboembolic pulmonary hypertension (CTEPH) 
and pulmonary arterial hypertension:

1. CTEPH: Riociguat is indicated for the treatment of 
adults with persistent/recurrent CTEPH (WHO group 
4) after surgical treatment, or inoperable CTEPH, to 
improve exercise capacity and WHO functional class.

2. Pulmonary arterial hypertension: Riociguat is indi
cated for the treatment of adults with pulmonary 
arterial hypertension (WHO group 1), to improve 
exercise capacity and WHO functional class and to 
delay clinical worsening.

11.6.5 Therapeutic Dosages

The dosage forms and strengths of riociguat are listed below:

 • Riociguat (Adempas): Oral, 0.5, 1, 1.5, 2, and 2.5 mg 
tablets
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The recommended starting dosage is 1 mg taken three times 
a day. For patients who may not tolerate the hypotensive 
effect of riociguat, a starting dose of 0.5 mg taken three 
times a day may be considered. If systolic blood pressure 
remains >95 mmHg and the patient has no signs or symp
toms of hypotension, the dose can be uptitrated by 0.5 mg 
taken three times a day. Dose increases should be no sooner 
than 2 weeks apart. The dose can be increased to the highest 
tolerated dosage, up to a maximum of 2.5 mg taken three 
times a day. If, at any time, the patient has symptoms of 
hypotension, decrease the dosage by 0.5 mg taken three 
times a day.

11.6.6 adverse effects and Drug interactions

11.6.6.1 Adverse Effects Adverse effects of riociguat 
may include headache, dyspepsia/gastritis, dizziness, nausea, 
diarrhea, hypotension, vomiting, anemia, gastroesophageal 
reflux, and constipation. Riociguat may also cause bleeding, 
pulmonary edema in patients with  pulmonary veno‐occlu
sive disease, and fetal harm.

11.6.6.2 Drug Interactions Due to the involvement of 
multiple pathways in the deposition of riociguat, drug 
interactions can be significant. For example, cigarette 

smoking (inducer of CYP1A1) augments metabolism of 
riociguat, and the plasma concentrations of the drug in 
smokers are reduced by 50–60% compared to nonsmokers. 
Concomitant use of riociguat with strong CYP inhibitors 
and P‐glycoprotein/ABCG2 inhibitors such as azole 
 antimycotics (e.g., ketoconazole, itraconazole) or HIV 
protease inhibitors (such as ritonavir) increases riociguat 
exposure and may result in hypotension. Strong inducers 
of CYP3A (e.g., rifampin, phenytoin, carbamazepine, phe
nobarbital, or St. John’s Wort) may significantly reduce 
riociguat exposure. Finally, antacids such as aluminum 
hydroxide and magnesium hydroxide decrease riociguat 
absorption and should not be taken within 1 h of taking 
riociguat.

11.6.6.3 Contraindications and Pregnancy Category 

 • nitrates and nitric oxide donors: Coadministration of 
riociguat with nitrates or nitric oxide donors in any 
form is contraindicated because of additive blood 
pressure‐lowering effects.

 • Phosphodiesterase inhibiting agents: Concomitant 
administration of riociguat with specific PDE5 inhibi
tors (such as  sildenafil, tadalafil, or vardenafil) or non
specific PDE inhibitors (such as dipyridamole or 
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theophylline) is  contraindicated due to additive blood 
pressure‐lowering effects.

 • Pregnancy: Riociguat may cause fetal harm when 
administered to a pregnant woman. It is thus contrain
dicated in pregnancy (pregnancy category: x).

11.7 K+
aTp

 Channel Openers

While several K+
ATP

 channel openers are available for research 
use or clinical use in other nations, minoxidil listed below is 
currently the only uS FDA‐approved K+

ATP
 channel opener 

for treating hypertension:

 • Minoxidil (loniten)

11.7.1 general introduction to Drug Class

K+
ATP

 channel openers are drugs that activate ATP‐sensitive 
potassium ion channels in vascular smooth muscle. Opening 
of these channels hyperpolarizes the smooth muscle, which 
closes voltage‐gated calcium channels and decreases 
 intracellular calcium concentrations (see Chapter  10 for 

discussion of voltage‐dependent calcium channels). With 
less calcium available to combine with calmodulin, there is 
less activation of myosin light chain kinase and phosphory
lation of myosin light chains (see Fig. 10.2 of Chapter 10). 
This results in smooth muscle cell relaxation and vasodila
tion. Because small arteries and arterioles normally have a 
high degree of smooth muscle tone, K+

ATP
 channel openers 

are particular effective in dilating these resistance vessels, 
decreasing systemic vascular resistance, and lowering 
arterial pressure.

K+
ATP

 channel openers include cromakalim, minoxidil, 
nicorandil, and pinacidil. As noted earlier, minoxidil is the 
only K+

ATP
 channel opener approved by the uS FDA for treat

ing hypertension. It should be noted that the recently uS 
FDA‐approved ezogabine is an activator of the voltage‐gated 
K(V)7 potassium channels primarily expressed in neurons 
and is indicated as an adjunctive treatment of partial‐onset sei
zures in adult patients [25]. Hence, when not specified, 
potassium channel openers may include K+

ATP
 channel openers 

(e.g., minoxidil) and voltage‐gated potassium channel openers 
(e.g., ezogabine). Since K+

ATP
 channel openers are used in car

diovascular medicine, this section focuses on discussing the 
molecular pharmacology and clinical use of minoxidil.
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Figure 11.7 Structures of minoxidil, hydralazine, and fenoldopam. The chemical names for minoxidil, hydralazine, and fenoldopam are 
2,4‐pyrimidinediamine 6‐(1‐piperidinyl)‐3‐oxide, 1‐hydrazinophthalazine, and 6‐chloro‐2,3,4,5‐tetrahydro‐1‐(4‐hydroxyphenyl)‐[1H]‐3‐
benzazepine‐7,8‐diol, respectively.
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11.7.2 Chemistry and pharmacokinetics

The chemical name for minoxidil is 2,4‐pyrimidinediamine 
6‐(1‐piperidinyl)‐3‐oxide (structure shown in Fig. 11.7). 
Minoxidil is readily absorbed from the gut. Approximately 
90% of the administered drug is metabolized, predominantly 
by conjugation with glucuronic acid at the N‐oxide position 
in the pyrimidine ring, and excreted principally in the urine. 
The elimination half‐life is approximately 4 h.

11.7.3 Molecular Mechanisms and pharmacological 
effects

Minoxidil directly opens K+
ATP

 channels on vascular 
smooth muscle cells, thereby causing vasodilation and 
reducing elevated systolic and diastolic blood pressure by 
decreasing peripheral vascular resistance. Because it 
causes peripheral vasodilation, minoxidil elicits a number 
of predictable reactions. Reduction of peripheral arteri
olar resistance and the associated fall in blood pressure 
trigger sympathetic, vagal inhibitory, and renal homeo
static mechanisms, including an increase in renin secre
tion, that lead to increased cardiac rate and output and salt 
and water retention. These adverse effects can usually be 
minimized by concomitant administration of a diuretic 
and a β‐blocker or other sympathetic nervous system 
suppressant.

11.7.4 Clinical uses

Because of the potential for serious adverse effects, minox
idil is indicated only in the treatment of hypertension that is 
symptomatic or associated with target organ damage and is 
not manageable with maximum therapeutic doses of a 
diuretic plus two other antihypertensive drugs. At the present 
time, use in milder degrees of hypertension is not recom
mended because the benefit–risk relationship in such patients 
has not been defined. Because of its ability to cause hypertri
chosis (excessive hair growth), minoxidil is also used to treat 
baldness.

11.7.5 Therapeutic Dosages

The dosage forms and strengths of minoxidil are listed below:

 • Minoxidil (loniten): Oral, 2.5 and 10 mg tablets

For treating hypertension, the recommended initial dos
age of minoxidil is 5 mg given as a single daily dose. Daily 
dosage can be increased to 10 and 20 and then to 40 mg in 
single or divided doses if required for optimum blood 
pressure control. The effective dosage range is usually 
10–40 mg/day. The maximum recommended dosage is 
100 mg/day.

11.7.6 adverse effects and Drug interactions

11.7.6.1 Adverse Effects Minoxidil may cause 
significant adverse effects, including fluid and salt retention, 
cardiovascular abnormalities (e.g., pericarditis, pericardial 
effusion, and tamponade), and hypertrichosis.

11.7.6.2 Drug Interactions Although minoxidil itself 
does not cause orthostatic hypotension, its administration to 
patients already receiving guanethidine can result in pro
found orthostatic effects. If at all possible, guanethidine 
should be discontinued well before minoxidil is begun.

11.7.6.3 Contraindications and Pregnancy Category 

 • Minoxidil is contraindicated in pheochromocytoma, 
because it may stimulate secretion of catecholamines 
from the tumor through its antihypertensive action.

 • Minoxidil is contraindicated in those patients with a 
history of hypersensitivity to any of the components 
of  the preparation. Reactions may include rashes, 
and  rarely bullous eruptions, and Stevens–Johnson 
syndrome.

 • Pregnancy category: C.

11.8 OTher vasODilaTOrs

 • Hydralazine (Apresoline)

 • Fenoldopam (Corlopam)

In addition to the aforementioned different classes of vasodi
lators, several other drugs also possess vasodilating activity 
and are useful for treating hypertension and other disorders 
in certain patients. These drugs, as listed earlier, include 
hydralazine and fenoldopam (structure shown in Fig. 11.7). 
This section briefly introduces their pharmacological basis 
of use in cardiovascular medicine.

11.8.1 hydralazine

Hydralazine is an old drug used for treating hypertension. It 
is not commonly used today due to its adverse effects, 
limited efficacy, and in particular the availability of other 
more effective antihypertensive agents. It is mainly used 
(i) in combination with nitrates for treating heart failure, and 
(ii) in the treatment of severe hypertension, including 
preeclampsia.

11.8.1.1 Pharmacokinetics Hydralazine is rapidly 
absorbed after oral administration, and peak plasma levels 
are reached at 1–2 h. Hydralazine is subject to polymorphic 
acetylation; slow acetylators generally have higher plasma 
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levels of hydralazine and require lower doses to maintain 
control of blood pressure. Hydralazine undergoes extensive 
hepatic metabolism; it is excreted mainly in the form of 
metabolites in the urine. The elimination half‐life is 3–7 h.

11.8.1.2 Molecular Mechanisms and Pharmacological 
Effects Although the precise mechanism of action of 
hydralazine is not fully understood, the major effects are on 
the cardiovascular system. Hydralazine apparently lowers 
blood pressure by exerting a peripheral vasodilating effect 
through a direct relaxation of vascular smooth muscle. 
Proposed mechanisms include potassium channel activation 
and membrane hyperpolarization of smooth muscle cells 
and inhibition of inositol 1,4,5‐triphosphate‐induced 
calcium release from sarcoplasmic reticulum. Hydralazine, 
by altering cellular calcium metabolism, interferes with the 
calcium movements within the vascular smooth muscle 
that are responsible for initiating or maintaining the 
contractile state.

The peripheral vasodilating effects of hydralazine result 
in (i) decreased arterial blood pressure (diastolic more than 
systolic); (ii) decreased peripheral vascular resistance; and 
(iii) an increased heart rate, stroke volume, and cardiac 
output. The preferential dilation of arterioles, as compared 
to veins, minimizes postural hypotension and promotes the 
increase in cardiac output.

11.8.1.3 Clinical Uses Hydralazine is approved for  treating 
hypertension, acute severe hypertension, and  preeclampsia/
eclampsia. It is combined with a nitrate for treating congestive 
heart failure in patients of African  heritage. In this ethical 
group, hydralazine/nitrate combination reduces mortality of 
congestive heart failure.

11.8.1.4 Therapeutic Dosages The dosage forms and 
strengths of hydralazine are listed below, and the dose regi
mens are given in Table 11.7:

 • Hydralazine: Oral, 10, 25, 50, and 100 mg tablets; 
injection, 20 mg/ml, 1 ml fill, in single‐use vials

11.8.1.5 Adverse Effects and Drug Interactions
Adverse Effects Adverse effects are mainly related to 
vasodilation. Common adverse effects include headache, 
anorexia, nausea, vomiting, diarrhea, palpitations, 
tachycardia, and angina pectoris. Others may include lupus 
and mild disturbances of the gut and central nervous system.

Drug Interactions Monoamine oxidase inhibitors should 
be used with caution in patients receiving hydralazine. When 
other potent parenteral antihypertensive drugs, such as 
diazoxide, are used in combination with hydralazine, patients 
should be continuously observed for several hours for any 

excessive fall in blood pressure. Profound hypotensive 
episodes may occur when diazoxide injection and hydralazine 
are used concomitantly.

Contraindications and Pregnancy Category 

 • Hypersensitivity to hydralazine.

 • Coronary artery disease: Myocardial stimulation 
 produced by hydralazine can cause anginal attacks and 
ECG changes of myocardial ischemia. The drug has 
been implicated in the production of myocardial 
infarction.

 • Mitral valvular rheumatic heart disease: The “hyperdy
namic” circulation (e.g., tachycardia) caused by 
 hydralazine may accentuate specific cardiovascular 
inadequacies. In this regard, hydralazine may increase 
pulmonary artery pressure in patients with mitral val
vular disease.

 • Pregnancy category: C.

11.8.2 Fenoldopam

Fenoldopam is a rapid‐acting vasodilator and given via intra
venous injection. Fenoldopam has vasodilating effects in 
coronary, renal, mesenteric, and peripheral arteries and is 
indicated for the management of severe hypertension.

11.8.2.1 Pharmacokinetics Following intravenous admini
stration, the elimination half‐life is about 5 min. Elimination 
is largely by conjugation, without participation of CYP 
enzymes. The principal routes of conjugation are  methylation, 
glucuronidation, and sulfation.

Table 11.7 Dose regimens of hydralazine

Indication Dose regimen

Hypertension Oral administration: initial dose, 10 mg 
4 times/day; usual dose range, 
25–100 mg/day in two divided doses

Severe acute 
hypertension

Intramuscular or intravenous injection: 
initial dose, 10–20 mg/dose every 4–6 h 
as needed; the dose may be increased to 
40 mg/dose; change to oral therapy as 
soon as possible

Preeclampsia/
eclampsia

Intramuscular or intravenous injection: 
5 mg/dose and then 5–10 mg every 
20–30 min as needed

Congestive heart 
failure

Oral administration: initial dose, 
10–25 mg 3–4 times/day; dosage must 
be adjusted based on individual 
response; target dose, 225–300 mg/
day in divided doses; use in 
combination with isosorbide dinitrate
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11.8.2.2 Molecular Mechanisms and Pharmacological 
Effects Fenoldopam is an agonist for D1‐like dopamine 
receptors and binds with moderate affinity to α

2
‐adrenergic 

receptors. It is a selective postsynaptic dopamine agonist (acti
vating D1‐like dopamine receptors), which exerts hypotensive 
effects by decreasing peripheral vasculature resistance with 
increased renal blood flow, diuresis, and natriuresis. It is six 
times as potent as dopamine in producing renal vasodilation.

11.8.2.3 Clinical Uses Fenoldopam is indicated for the 
in‐hospital, short‐term (up to 48 h) management of severe 
hypertension when rapid, but quickly reversible, emergent 
reduction of blood pressure is clinically indicated, including 
malignant hypertension with deteriorating end‐organ 
function. Transition to oral therapy with another agent can 
begin at any time after blood pressure is stable during 
fenoldopam infusion.

11.8.2.4 Therapeutic Dosages The dosage forms and 
strengths of fenoldopam are listed below:

 • Fenoldopam (Corlopam): Intravenous injection, 10 mg/
ml, 1 ml fill, single‐use ampules; 10 mg/ml, 2 ml fill, 
single‐use ampules

Fenoldopam should be administered by continuous intrave
nous infusion. A bolus dose should not be used. The initial 
infusion rate may be between 0.03 and 0.1 µg (mcg)/kg/min 
to minimize reflex tachycardia. The initial dose should be 
titrated, no more frequently than every 15 min to achieve the 
desired therapeutic effect. The recommended increments for 
titration are 0.05–0.1 µg (mcg)/kg/min.

11.8.2.5 Adverse Effects and Drug Interactions The 
most common events associated with fenoldopam use are 
headache, cutaneous dilation (flushing), nausea, and hypo
tension, each reported in >5% of patients. Fenoldopam does 
not cause significant drug interactions. It belongs to the preg
nancy category B.

11.9 suMMary OF ChapTer Key pOinTs

 • Abnormal vasoconstriction is an important pathophysi
ological mechanism underlying hypertension, ischemic 
heart disease, and heart failure. Vasodilators are drugs 
that decrease vascular smooth muscle contractility and 
thereby cause vasodilation, and these drugs are com
monly used in the management of the aforementioned 
cardiovascular disorders.

 • Vasodilators used in cardiovascular medicine 
include  nine groups of drugs: (1) sympatholytics, (2) 
 inhibitors of the RAAS, (3) CCBs, (4) nitric  oxide‐

releasing vasodilators (nitrates and sodium  nitroprusside), 
(5) endothelin receptor antagonists, (6) PDE5 inhibitors, 
(7) soluble guanylate cyclase stimulators, (8) K+

ATP
 

channel openers, and (9) other vasodilators.

 • Although numerous mechanisms are involved in regu
lating vascular tone, calcium ions and nitric oxide 
appear to the two key players. They may be viewed as 
the final common pathways leading to vasoconstriction 
and vasodilation, respectively. The clinically available 
vasodilators affect these two factors either directly or 
indirectly to cause vasodilation.

 • nitrates, including isosorbide dinitrate, isosorbide 
mononitrate, and nitroglycerin, are primarily used for 
the management of stable angina due to CAD, whereas 
sodium nitroprusside is used to treat hypertensive 
crises. nitrates and sodium nitroprusside are also indi
cated in the management of heart failure.

 • Endothelin receptor antagonists, including ambrisen
tan, bosentan, and macitentan, cause pulmonary 
arterial smooth muscle relaxation and decrease 
pulmonary arterial pressure. They are approved for 
treating pulmonary arterial hypertension (WHO group 
1) to improve exercise ability and delay clinical 
worsening.

 • The PDE5 inhibitors, sildenafil and tadalafil, are not 
only used for treating erectile dysfunction, but also 
approved for the treatment of pulmonary arterial hyper
tension. These drugs inhibit PDE5, thereby increasing 
cGMP levels and causing smooth muscle cell relaxa
tion and vasodilation. likewise, the recently approved 
riociguat is a stimulator of soluble guanylate cyclase, 
which also leads to increased cGMP levels and the 
subsequent vasodilation. This drug is approved for 
treating chronic thromboembolic pulmonary hyperten
sion and pulmonary arterial hypertension.

 • Minoxidil is a K+
ATP

 channel opener that causes vascular 
smooth muscle membrane hyperpolarization  and 
thereby vasodilation. The drug is used to  treat 
 hypertension refractory to common antihypertensives.

 • Other vasodilators, including hydralazine and fenoldo
pam, are primarily used to treat severe hypertensive 
conditions.

11.10 selF‐assessMenT QuesTiOns

11.10.1  A 48‐year‐old male presents with angina pectoris. 
He uses one tablet (0.4 mg) of nitroglycerin sublin
gually when he experiences chest pain. Which of 
the following drugs may interact to cause serious 
hypotension if taken together?
A. Diltiazem
B. lisinopril
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C. losartan
D. Metoprolol
E. Tadalafil

11.10.2  A 35‐year‐old female is diagnosed with essential 
hypertension. She has started on an antihyperten
sive medication, and after a few weeks, she notices 
rash over her face, joint aches, and fever. A serum 
antinuclear antibody test is positive. Which of the 
following is the most likely drug that the patient 
takes for her hypertension?
A. Bosentan
B. Hydralazine
C. Irbesartan
D. Propranolol
E. Sildenafil

11.10.3  A 65‐year‐old male presents with chronic thrombo
embolic pulmonary hypertension. Following sur
gical treatment, he is prescribed a drug that 
sensitizes soluble guanylate cyclase to nitric oxide‐
mediated activation. Which of the following is most 
likely prescribed?
A. Ambrisentan
B. Isosorbide dinitrate
C. Macitentan
D. Minoxidil
E. Riociguat

11.10.4  A 45‐year‐old female is diagnosed with chronic stable 
angina. She is prescribed a vasodilator that increases 
cGMP levels in vascular smooth muscle cells for the 
prophylaxis of acute anginal attack upon exertion. 
Which of the following is most likely prescribed?
A. Amlodipine
B. Isosorbide dinitrate
C. Macitentan
D. Riociguat
E. Sildenafil

11.10.5  A 45‐year‐old female with severe hypertension 
refractory to diuretic and beta‐blocker therapy, is 
started on a drug that acts via a mechanism differ
ent from that of many other antihypertensives. After 
a period of therapy, the patient has noticed exces
sive hair growth. Which of the following drugs is 
most likely used for treating her hypertension?
A. Captopril
B. Fenoldopam
C. Hydralazine
D. Minoxidil
E. Sodium nitroprusside
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12.1 Overview

The treatment of hypertension has been one of medicine’s 
major successes of the past half century. The preceding 
chapters have discussed the molecular pharmacology of 
 various classes of drugs that are effective for treating hyper
tension as well as other forms of cardiovascular diseases. 
This lays a basis for understanding the principles of the 
management of hypertension. This chapter emphasizes 
systemic arterial hypertension. The chapter begins with an 
introduction to the current guidelines for the management of 
hypertension. Then, it focuses on discussing the JNC7 guide
line, which is widely considered as a standard of management 
of hypertension, as well as the newly released JNC8 guide
line, which has received criticism. The management of 
hypertension is discussed in two broad aspects: (i) the prin
ciples of management applied to the general patient 
population and (ii) the principles of management related to 
specific patient groups or conditions. In addition, the 
management of pulmonary arterial hypertension, a relative 
rare form of hypertension, is also covered.

12.2 intrOductiOn tO current 
Guidelines fOr the ManaGeMent 
Of systeMic hypertensiOn

Management of hypertension involves two components:  
(i) lifestyle modifications and (ii) drug therapy. Hypertension 
management continues to evolve as newer antihypertensive 

medications, clinical trial data, and evidence‐based guidelines 
become available. Indeed, guidelines from professional 
organizations have played an important role in the effective 
management of diseases, including hypertension. In this 
regard, several current guidelines on hypertension manage
ment are available from various organizations, which are 
listed below and briefly described in this section:

 • Joint National Committee on Prevention, Detection, 
Evaluation, and Treatment of High Blood Pressure 
(JNC) guidelines

 • American Heart Association (AHA) guidelines

 • Canadian Hypertension Education Program (CHEP) 
guidelines

 • British Hypertension Society (BHS) guidelines

 • British National Institute for Health and Care 
Excellence (NICE) guidelines

 • European Society of Hypertension (ESH)/European 
Society of Cardiology (ESC) guidelines

12.2.1 the Jnc Guidelines

The major guidelines on hypertension management in the 
United States are issued by the JNC, a group coordinated by 
the National Heart, Lung, and Blood Institute (NHLBI). The 
first report, known as JNC1, was published in 1976. The 
seventh report, known as JNC7, is considered the most com
prehensive guideline on hypertension management, which 
was published in 2003. The long‐awaited JNC8 guideline 

ManaGeMent Of hypertensiOn:  
principles and Guidelines

12
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was released in early 2014 [1]. Listed below is the history of 
the various versions of the JNC guidelines:

 • JNC8: published in 2014

 • JNC7: published in 2003

 • JNC6: published in 1997

 • JNC5: published in 1992

 • JNC4: published in 1988

 • JNC3: published in 1984

 • JNC2: published in 1980

 • JNC1: published in 1976

12.2.2 the Guidelines from the aha and 
collaborating Organizations

Several recent documents have been developed by the AHA 
alone or jointly with the American College of Cardiology 
foundation (ACCf) or the American Medical Association 
(AMA). These documents provide recom mendations or 
consensus statements on hypertension management under 
various conditions. These documents include the following:

 • “Dietary Approaches to Prevent and Treat Hyper
tension,” published in 2006 [2]

 • “Treatment of Hypertension in the Prevention and 
Management of Ischemic Heart Disease,” published in 
2007 (also known as the AHA 2007 guideline) [3]

 • “ACCf/AHA/AMA‐PCPI 2011 Performance Measures 
for Adults with Coronary Artery Disease and Hyper
tension” [4]

 • “ACCf/AHA 2011 Expert Consensus Document on 
Hypertension in the Elderly” [5]

 • “AHA/ACC/CDC Science Advisory: An Effective 
Approach to High Blood Pressure Control,” published 
in 2014 [6]

While the above US‐based documents are largely in line 
with the aforementioned JNC7 guideline published in 2003, 
they also provide new recommendations based on new evi
dence from clinical trials on hypertension management.

12.2.3 the american society of hypertension/
international society of hypertension  
2014 Guideline

High blood pressure (BP) affects approximately one in three 
adults in the Americas, Europe, some Asian countries, and 
Australia and one billion people worldwide. Because of 
this epidemic, the American Society of Hypertension (ASH) 
and the International Society of Hypertension (ISH) have 
recently jointly created the first‐of‐their‐kind guideline for 

the diagnosis and treatment of hypertension, entitled 
“Clinical Practice guidelines for the Management of 
Hypertension in the Community” [7]. This is the first guide
line to be usable for medical practitioners in any socioeco
nomic environment around the globe, from those countries 
with state‐of‐the‐art equipment to those that lack basic 
resources. Notably, the guideline is designed with guidance 
that is easy to implement for doctors and healthcare profes
sionals in even the most impoverished areas. The guideline 
is divided into 15 sections, as listed below:

 1. Introduction

 2. Epidemiology

 3. Special Issues with Black Patients (African Ancestry)

 4. How Is Hypertension Defined?

 5. How Is Hypertension Classified?

 6. Causes of Hypertension

 7. Making the Diagnosis of Hypertension

 8. Evaluating the Patient

 9. Physical Examination

10. Tests

11. goals of Treating Hypertension

12. Nonpharmacological Treatment of Hypertension

13. Drug Treatment for Hypertension

14. Brief Comments on Drug Classes

15. Treatment‐resistant Hypertension

12.2.4 the chep Guidelines

In an effort to improve the treatment and control of hyperten
sion in Canada, the CHEP was formed in 1999. for the last 
15 years, the CHEP annually updates evidence‐based hyper
tension management recommendations, and the 2014 CHEP 
recommendations have been published [8].

12.2.5 the Bhs Guidelines

The BHS has published guidelines for the management of 
hypertension in 1989, 1993, 1999, and 2004. The BHS 2004 
guidelines, also known as BHS IV [9], represent the most 
recent recommendations for the management of hyperten
sion in the United Kingdom.

12.2.6 the British nice Guidelines

The British NICE released its current guideline on clinical 
management of primary hypertension in adults in 2011 
(NICE clinical guideline 127). This guideline was developed 
in collaboration with the BHS and represents the most 
authoritative source of guide for hypertension management 
in the United Kingdom [10].
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12.2.7 the esh/esc Guidelines

first produced in 2003, the original version of the joint 
ESH/ESC guidelines for the management of arterial hyper
tension became one of the most highly cited medical papers 
in the world. The 2013 guideline, which replaces the 2007 
edition, gives state‐of‐the‐science recommendations that 
show how the hypertension landscape has changed and 
indicates what needs to be done to reduce mortality and 
morbidity from high BP and associated conditions [11]. A 
major development of the 2013 guideline is the decision to 
recommend a single systolic BP target of 140 mmHg for 
almost all patients. This contrasts with the 2007 version 
that recommended a 140/90 mmHg target for moderate‐ to 
low‐risk patients and 130/80 mmHg target for high‐risk 
patients. This new recommendation is based on the lack of 
enough evidence to justify the above two targets of BP 
management. This change is also reflected in the JNC8 
guideline [1].

12.2.8 summary

Although the guidelines described earlier have been 
developed by different organizations and in different 
countries, the major components of management are sim
ilar, which include lifestyle modifications and drug 
therapy. The rest of this chapter describes these two com
ponents of hypertension management with a focus on the 
US‐based guidelines, including the JNC7 report, the 
AHA 2007 guideline, the AHA/ACC/CDC 2014 Science 
Advisory, as well as the newly released controversial 
JNC8 report. relevant data from the most recent clinical 
trials on hypertension management and recommen dations 
from non‐US‐based organizations are also discussed 
with  regard to the consensus and key differences. It 
should be  stressed that effective management of hyper
tension not only depends on a thorough understanding of 
both the current guidelines and the results from the most 
recent clinical trials, but also the responsible physician’s 
judgment.

12.3 Key recOMMendatiOns Of MaJOr 
Guidelines fOr the ManaGeMent 
Of systeMic hypertensiOn

Before discussing the lifestyle modifications and drug 
therapy of hypertension management recommended by 
JNC7, AHA 2007, and JNC8 guidelines, it is necessary to 
introduce the key recommendations and algorithms of these 
three major guidelines on hypertension management in the 
United States. This sets a stage for the subsequent discussion 
of the principles of the management of hypertension.

12.3.1 Key recommendations of the Jnc7 Guideline

The key recommendations from the JNC7 report are the 
 following [12]:

 • In persons older than 50 years, systolic BP of more than 
140 mm Hg is a much more important cardiovascular 
disease risk factor than diastolic blood pressure (DBP).

 • The risk of cardiovascular diseases, beginning at 
115/75 mmHg, doubles with each increment of 
20/10 mmHg; individuals who are normotensive at 55 
years of age have a 90% lifetime risk for developing 
hypertension.

 • Individuals with a systolic BP of 120–139 mmHg or a 
DBP of 80–89 mmHg should be considered as prehy
pertensive and require health‐promoting lifestyle mod
ifications to prevent cardiovascular diseases.

 • Thiazide‐type diuretics should be used in drug treatment 
for most patients with uncomplicated hypertension, 
either alone or combined with drugs from other classes. 
Certain high‐risk conditions are compelling indications 
for the initial use of other antihypertensive drug classes 
(angiotensin‐converting enzyme inhibitors (ACEIs), 
angiotensin receptor blockers (ArBs), β‐blockers, 
calcium channel blockers (CCBs)).

 • Most patients with hypertension will require two or 
more antihypertensive medications to achieve goal BP 
(<140/90 mmHg or <130/80 mmHg for patients with 
diabetes or chronic kidney disease (CKD)).

 • If BP is more than 20/10 mmHg above goal BP, 
consideration should be given to initiating therapy with 
two agents, one of which usually should be a thiazide 
or thiazide‐type diuretic.

 • The most effective therapy prescribed by the most care
ful clinician will control hypertension only if patients 
are motivated. Motivation improves when patients have 
positive experiences with and trust in the clinician. 
Empathy builds trust and is a potent motivator. finally, 
in presenting these guidelines, the committee recog
nizes that the responsible physician’s judgment remains 
paramount.

12.3.2 Key recommendations of the  
aha 2007 Guideline

guidelines from the AHA on hypertension management 
include the aforementioned “Dietary Approaches to Prevent 
and Treat Hypertension,” published in 2006, and the AHA 
2007 guideline “Treatment of Hypertension in the Prevention 
and Management of Ischemic Heart Disease.” Since the life
style modifications are addressed separately in the “Dietary 
Approaches to Prevent and Treat Hypertension,” the AHA 
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2007 guideline mainly discusses drug therapy. The main 
 recommendations of the AHA 2007 guideline [3, 13] are 
outlined below and also summarized in Table 12.1:

 • for most adults with hypertension, the BP goal is 
<140/90 mmHg but should be <130/80 mmHg in 
patients with diabetes mellitus, CKD, known coronary 
artery disease (CAD), CAD equivalents (carotid artery 
disease, abdominal aortic aneurysm, and peripheral 
vascular disease), or 10‐year framingham risk score of 

≥10%. for those with left ventricular dysfunction, the 
recommended BP target is <120/80 mmHg.

 • for primary CAD prevention, any effective anti
hypertensive drug or combination is indicated, but 
preference is given to ACEIs, ArBs, CCBs, and thia
zide diuretics.

 • for the management of hypertension in patients with 
established CAD (stable or unstable angina, non‐ST‐
segment elevation myocardial infarction (NSTEMI), 
ST‐segment elevation myocardial infarction (STEMI)), 

taBle 12.1 summary of the main recommendations of the aha 2007 guidelinea

Area of concern BP target (mmHg) LM Specific drug indications Comments

general CAD prevention <140/90 yes Any effective antihypertensive drug 
or combination; evidence supports 
ACEIc (or ArB), CCB, or thiazide 
diuretic as first‐line therapy

If SBP ≥160 mmHg or DBP 
≥100 mmHg, then start with 2 drugs

High CAD riskb <130/80 yes ACEI or ArB or CCB or thiazide 
diuretic or combination

If SBP ≥160 mmHg or DBP 
≥100 mmHg, then start with 2 drugs

Stable angina <130/80 yes β‐blocker and ACEI or ArB If β‐blocker contraindicated or if side 
effects occur, can substitute diltiazem 
or verapamil (but not if bradycardia 
or LVD is present)

Can add dihydropyridine CCB (not 
diltiazem or verapamil) to β‐blocker

A thiazide diuretic can be added for BP 
control

UA/NSTEMI <130/80 yes β‐Blocker (if patient is 
hemodynamically stable) and ACEI 
or ArB (if anterior MI is present, 
hypertension persists, LVD or heart 
failure is present, or the patient has 
diabetes mellitus)

If β‐blocker contraindicated or if side 
effects occur, can substitute diltiazem 
or verapamil (but not if bradycardia 
or LVD is present)

Can add dihydropyridine CCB (not 
diltiazem or verapamil) to β‐blocker

A thiazide diuretic can be added for BP 
control

STEMI <130/80 yes β‐Blocker (if patient is 
hemodynamically stable) and ACEI 
or ArB (if anterior MI is present, 
hypertension persists, LVD or heart 
failure is present, or the patient has 
diabetes mellitus)

If β‐blocker contraindicated or if side 
effects occur, can substitute diltiazem 
or verapamil (but not if bradycardia 
or LVD is present)

Can add dihydropyridine CCB (not 
diltiazem or verapamil) to β‐blocker

A thiazide diuretic can be added for BP 
control

LVD <120/80 yes ACEI or ArB and β‐blocker and 
aldosterone antagonist (if severe 
heart failure is present) and thiazide 
or loop diuretic and hydralazine/
isosorbide dinitrate (patients of 
African heritage)

Contraindicated: verapamil, diltiazem, 
clonidine, moxonidine, β‐blocker

a Modified from ref. [3].
b High CAD risk includes diabetes mellitus, CKD, known CAD or CAD equivalent (carotid artery disease, peripheral arterial disease, abdominal aortic aneurysm), 
or 10‐year framingham risk score ≥10%.
c ACEI, angiotensin‐converting enzyme inhibitor; ArB, angiotensin receptor blocker; BP, blood pressure; CAD, coronary artery disease; CCB, calcium channel 
blocker; DBP, diastolic blood pressure; LM, lifestyle modifications; LVD, left ventricular dysfunction; MI, myocardial infarction; NSTEMI, non‐ST‐segment 
elevation myocardial infarction; SBP, systolic blood pressure; STEMI, ST‐segment elevation myocardial infarction; UA, unstable angina.



KEy rECoMMENDATIoNS of MAJor gUIDELINES for THE MANAgEMENT of SySTEMIC HyPErTENSIoN 219

β‐blockers and ACEIs (or ArBs) are the basis of 
treatment. If further BP lowering is needed, a thiazide 
diuretic and/or a dihydropyridine CCB (not verapamil 
or diltiazem) can be added. If a β‐blocker is contraindi
cated or not tolerated, diltiazem or verapamil can be 
substituted.

 • If there is left ventricular dysfunction, recommended 
therapy consists of an ACEI or ArB, a β‐blocker, and 
either a thiazide or loop diuretic. In patients with more 
severe heart failure, an aldosterone antagonist and 
hydralazine/isosorbide dinitrate (in patients of African 
heritage) should be considered.

12.3.3 Key points of the 2014 aha/acc/cdc  
science advisory

This advisory is intended to provide updated high‐quality 
evidence‐based data to complement and support current 
clinical guidelines on hypertension management, providing 
clinicians and health systems tools to improve the treatment 
and control of hypertension. The key points of the advisory 
include the following:

 • The BP goal for an individual is set by utilizing a 
combination of factors including scientific evidence, 
clinical judgment, and patient tolerance.

 • for most people, the BP goal is <140/90 mmHg; how
ever, lower targets may be appropriate for some popula
tions such as people of African heritage, the elderly, or 
patients with left ventricular hypertrophy, systolic or 
diastolic left ventricular dysfunction, diabetes mellitus, 
or CKD.

 • Lifestyle modifications should be initiated in all 
patients with hypertension, and they should be assessed 
for target organ damage and existing cardiovascular 
diseases.

 • Self‐monitoring is encouraged for most patients 
throughout their care, and requesting and reviewing 
readings from home and community settings can help 
the provider assist the patient in achieving and main
taining good control.

 • for patients with hypertension on combination with 
certain clinical conditions, specific medications should 
be considered first‐line treatments (Table 12.2).

12.3.4 Key recommendations of the Jnc8 report

The recently released JNC8 report focuses on three main 
questions: (i) when to begin treatment, (ii) how low to aim 
for BP control, and (iii) which antihypertensive medications 
to use. It does not cover many topics that were included in 
the JNC7 report. Indeed, the JNC7 report is considered the 

most comprehensive guideline on hypertension management. 
Compared with the JNC7 report, the JNC8 guideline is more 
evidence based and focused and outlines a management 
strategy that is simpler and, in some instances, less aggres
sive [1, 14]. The key points of the JNC8 guideline are out
lined below, and its nine recommendations are given in 
Table 12.3:

 • In patients aged 60 or older, the JNC8 guideline 
 recommends starting antihypertensive treatment if 
the BP is ≥150/90 mmHg or higher, with a goal of 
<150/90 mmHg.

 • for everyone else, including people with diabetes or 
CKD, the threshold is 140/90 mm Hg, and the goal is 
<140/90 mmHg.

 • The recommended classes of drugs for initial therapy in 
nonblack patients without CKD are thiazide‐type 
diuretics, CCBs, ACEIs, and ArBs, although the last 
two classes (i.e., ACEIs and ArBs) should not be used 
in combination. The JNC8 report does not recommend 
β‐blockers for the initial treatment because of increased 
risk of stroke.

 • for black patients, the initial classes of drugs are 
diuretics and CCBs; patients with CKD should receive 
an ACEI or ArB.

As noted earlier, the JNC8 guideline is much more focused 
than the JNC7 report and does not include recommenda
tions on lifestyle modifications in the guideline. regardless 
of this omission, the JNC8 report recognizes that the poten
tial  benefits of a healthy diet, weight control, and regular 
exercise cannot be overemphasized, and it supports the 
2013 AHA/ACC guideline on lifestyle management to 
reduce cardiovascular risk [15]. Section 12.4 describes the 
major recommendations of the JNC7 and the 2013 AHA/
ACC on lifestyle modifications with regard to hypertension 
management.

taBle 12.2 suggested medications for the treatment of 
hypertension in the presence of certain medical conditions [6]

Condition first‐line drugs

Coronary artery disease/
postmyocardial 
infarction

β‐Blocker, ACEI

Systolic heart failure ACEI or ArB, β‐blocker, aldosterone 
antagonist, thiazide

Diastolic heart failure ACEI or ArB, β‐blocker, thiazide
Diabetes mellitus ACEI or ArB, thiazide, β‐blocker, 

CCB
Kidney disease ACEI or ArB
Stroke or transient 

ischemic attack
Thiazide, ACEI
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taBle 12.3 the nine recommendations of the Jnc8 report [1]

recommendation Strength of recommendationa

1 In the general population aged ≥60 years, initiate pharmacological 
treatment to lower blood pressure (BP) at systolic blood pressure 
(SBP) of ≥150 mmHg or diastolic blood pressure (DBP) of ≥90 mmHg 
and treat to a goal SBP of <150 mmHg and goal DBP of <90 mmHg

grade A (strong)

In the general population aged ≥60 years, if pharmacological treatment 
for high BP results in lower achieved SBP (e.g., <140 mmHg) and 
treatment is well tolerated and without adverse effects on health or 
quality of life, treatment does not need to be adjusted

grade E (expert opinion)

2 In the general population aged <60 years, initiate pharmacological 
treatment to lower BP at DBP of ≥90 mmHg and treat to a goal DBP 
of <90 mmHg

grade A (strong) for ages 30–59 years); grade 
E (expert opinion) for ages 18–29

3 In the general population aged <60 years, initiate pharmacological 
treatment to lower BP at SBP of ≥140 mmHg and treat to a goal SBP 
of <140 mmHg

grade E (expert opinion)

4 In the population aged ≥18 years with chronic kidney disease (CKD), 
initiate pharmacological treatment to lower BP at SBP of ≥140 mmHg 
or DBP of ≥90 mmHg and treat to goal SBP of <140 mmHg and goal 
DBP of <90 mmHg

grade E (expert opinion)

5 In the population aged ≥18 years with diabetes, initiate pharmacological 
treatment to lower BP at SBP of ≥140 mmHg or DBP of ≥90 mmHg 
and treat to goal SBP of <140 mmHg and goal DBP of <90 mmHg

grade E (expert opinion)

6 In the general nonblack population, including those with diabetes, initial 
antihypertensive treatment should include a thiazide‐type diuretic, 
CCB, ACEI, or ArB

grade B (moderate)

7 In the general black population, including those with diabetes, initial 
antihypertensive treatment should include a thiazide‐type diuretic or 
CCB

grade B (moderate) for general black 
population; grade C (weak) for black 
patients with diabetes mellitus

8 In the population aged ≥18 years with CKD and hypertension, initial (or 
add‐on) antihypertensive treatment should include an ACEI or ArB to 
improve kidney outcomes. This applies to all CKD patients with 
hypertension regardless of race or diabetes status

grade B (moderate)

9 The main objective of hypertension treatment is to attain and maintain 
goal BP. If goal BP is not reached within a month of treatment, 
increase the dose of the initial drug or add a second drug from one of 
the classes in recommendation 6 (thiazide‐type diuretic, CCB, ACEI, 
or ArB). The clinician should continue to assess BP and adjust the 
treatment regimen until goal BP is reached. If goal BP cannot be 
reached with 2 drugs, add and titrate a third drug from the list 
provided. Do not use an ACEI and an ArB together in the same 
patient. If goal BP cannot be reached using the drugs in 
recommendation 6 because of a contraindication or the need to use 
more than 3 drugs to reach goal BP, antihypertensive drugs from other 
classes can be used. referral to a hypertension specialist may be 
indicated for patients in whom goal BP cannot be attained using the 
above strategy or for the management of complicated patients for 
whom additional clinical consultation is needed

grade E (expert opinion)

ACEI, angiotensin‐converting enzyme inhibitor; ArB, angiotensin receptor blocker; BP, blood pressure; CCB, calcium channel blocker; DBP, diastolic blood 
pressure; SBP, systolic blood pressure.
a refer to Chapter 5 for description of the grading system of the strength of recommendation.
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12.4 lifestyle MOdificatiOns  
fOr the ManaGeMent Of systeMic 
hypertensiOn

12.4.1 General considerations

Adoption of healthy lifestyles by all persons is critical for 
the prevention of high BP and is an indispensable part of 
the management for those with hypertension. Lifestyle mod
ifications are one of the major components of the various 
guidelines for the management of hypertension. Lifestyle 
modifications are also recommended for all individuals with 
prehypertension. The overall benefits of lifestyle modifica
tions include the following:

 • reduction of BP

 • Prevention and delay of the development of hypertension

 • Enhancement of the efficacy of the antihypertensive 
medications

 • reduction of cardiovascular risk

12.4.2 recommendations

The lifestyle modifications recommended in the JNC7 
guideline [16] are summarized in Table  12.4. The dietary 
approaches to preventing and treating hypertension recom
mended by the AHA in 2006 are outlined in Table 12.5 [2]. 
The DASH eating plan is provided in Table 12.6. The newly 
released 2013 AHA/ACC guideline on lifestyle management 
to reduce cardiovascular risk (including hypertension) is 
given in Table 12.7.

Since DASH diet is an important component of lifestyle 
modifications, here, it is necessary to introduce briefly the 
DASH eating plan. Scientists supported by the NHLBI con
ducted two key studies in the late 1990s and early 2000s 
[18, 19]. Their findings showed that BP was reduced with an 
eating plan that is low in saturated fat, cholesterol, and total 
fat and that emphasizes fruits, vegetables, and fat‐free or 
low‐fat milk and milk products. This eating plan, known as 
the DASH eating plan, also includes whole grain products, 
fish, poultry, and nuts. It is reduced in lean red meat, sweets, 
added sugars, and sugar‐containing beverages compared to 

taBle 12.4 the Jnc7 lifestyle modifications to prevent and manage hypertension [16]a

Modification recommendation Approximate SBP reduction (range)b

Weight reduction Maintain normal body weight (body mass index  
18.5–24.9 kg/m2)

5–20 mmHg/10 kg

Adopt DASH eating plan Consume a diet rich in fruits, vegetables, and low‐fat dairy 
products with a reduced content of saturated and total fat

8–14 mmHg

Dietary sodium reduction reduce dietary sodium intake to no more than 100 mmol/day 
(2.4 g sodium or 6 g sodium chloride)

2–8 mmHg

Physical activity Engage in regular aerobic physical activity, such as brisk 
walking (at least 30 min/day, most days of the week)

4–9 mmHg

Moderation of alcohol 
consumption

Limit consumption to no more than 2 drinksc (e.g., 24 oz beer, 
10 oz wine, or 3 oz 80‐proof whiskey)/day in most men and 
to no more than 1 drink/day in women and lighter‐weight 
persons

2–4 mmHg

a for overall cardiovascular risk reduction, stop smoking.
b The effects of implementing these modifications are dose and time dependent and could be greater for some individuals.
c one drink is equivalent to 12 oz of beer, 5 oz of wine, or 1.5 oz of 80‐proof liquor, each representing on an average 14 g (or 18 ml) of pure ethanol.
DASH, Dietary Approaches to Stop Hypertension; SBP, systolic blood pressure.

taBle 12.5 the aha‐recommended diet‐related lifestyle modifications that effectively lower blood pressure [2]

Lifestyle modification recommendation

Weight loss for overweight or obese persons, lose weight, ideally attaining a BMI ≤25 kg/m2; for nonoverweight 
persons, maintain desirable BMI ≤25 kg/m2

reduced salt intake Lower salt (sodium chloride) intake as much as possible, ideally to ~65 mmol/day sodium (corresponding 
to 1.5 g/day of sodium or 3.8 g/day sodium chloride)

DASH‐type dietary patterns Consume a diet rich in fruits and vegetables (8–10 servings/day), rich in low‐fat dairy products 
(2–3 servings/day), and reduced in saturated fat and cholesterol

Increased potassium intake Increase potassium intake to 120 mmol/day (4.7 g/day), which is also the level provided in DASH‐type diets
Moderation of alcohol intake for those who drink alcohol, consume ≤2 alcoholic drinks/day (men) and ≤1 alcoholic drink/day (women)

BMI, body mass index; DASH, Dietary Approaches to Stop Hypertension.
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the typical American diet. It is rich in potassium, magnesium, 
and calcium, as well as protein and fiber. See Table 12.6 for 
the DASH eating plan developed by the NHLBI.

12.4.3 Mechanisms

The role of the lifestyle modifications discussed earlier in 
reduction of BP and in preventing or delaying the 
development of essential systemic hypertension has been 
extensively  documented in epidemiological studies and 
clinical trials. The three cornerstones of lifestyle modifica
tions for the treatment of hypertension, namely, weight loss/
reduced body fat, a healthful dietary pattern (DASH‐type 
diet), and reduced sodium intake, influence the pathophysi
ology of hypertension at many of its points of control, as 
listed below [20]:

 • Weight loss and reduced body fat result in decreased 
sympathetic nervous system activity and angiotensin II 
levels.

 • Weight loss, low sodium intake, and healthy diet reduce 
stiffness of larger conduit arteries.

 • Weight loss, low sodium intake, and healthy diet 
improve function of resistance vessels and decrease 
peripheral resistance.

 • Healthy diet improves renal sodium excretion.

12.5 druG therapy Of systeMic 
hypertensiOn

12.5.1 General considerations of drug therapy

As described previously, the commonly used antihyperten
sive medications include four classes of drugs, listed below:

1. Diuretics

2. Sympatholytics, especially β‐blockers

3. Inhibitors of the renin–angiotensin–aldosterone system 
(rAAS)

4. Direct vasodilators, especially CCBs

This section discusses the general principles involved in the 
use of each of the above drug classes for the treatment of 
systemic hypertension.

12.5.1.1 Diuretics for Treating Hypertension 

Mechanistic Basis Diuretics that can be used to treat 
hypertension include thiazides and related compounds 
(collectively, these are conventionally called thiazide 
diuretics), loop diuretics, and potassium‐sparing diuretics. 
Thiazides and related compounds are the most commonly 
used diuretics for long‐term therapy of hypertension.

taBle 12.7 the 2013 aha/acc recommendations on lifestyle management to reduce blood pressure [17]

Component recommendation NHLBI grade AHA/ACC Cor, LoE

Diet 1. Consume a dietary pattern that emphasizes intake of vegetables, 
fruits, and whole grains; includes low‐fat dairy products, poultry, 
fish, legumes, nontropical vegetable oils, and nuts; and limit intake 
of sweets, sugar‐sweetened beverages, and red meats:
i.  Adapt this dietary pattern to appropriate calorie requirements, 

personal and cultural food preferences, and nutrition therapy for 
other medical conditions (including diabetes mellitus)

ii.  Achieve this pattern by following plans such as the DASH dietary 
pattern, the USDA food Patternsa, or the AHA Diet

A (strong) I, A

2. Lower sodium intake
3. Detailed approach to sodium control includes that (1) the individual 

should consume no more than 2400 mg of sodium/day, (2) further 
reduction of sodium intake to 1500 mg/day is desirable since it is 
associated with even greater reduction in blood pressure, and (3) the 
individual should reduce intake by at least 1000 mg/day since that 
will lower blood pressure, even if the desired daily sodium is not yet 
achieved

B (moderate) IIa, B

4. Combine the DASH dietary pattern with lower sodium intake A (strong) I, A
Physical activity In general, advise adults to engage in aerobic physical activity to lower 

blood pressure: 3–4 sessions a week, lasting on average 40 min/
session and involving moderate to vigorous intensity physical activity

B (moderate) IIa, A

a The USDA food Patterns were developed to help individuals carry out dietary guideline recommendations. They identify daily amounts of foods, in nutrient‐
dense forms, to eat from five major food groups and their subgroups. The patterns also include an allowance for oils and limits on the maximum number of 
calories that should be consumed from solid fats and added sugars (http://www.cnpp.usda.gov/USDAfoodpatterns.htm; accessed on June 14, 2014).
Cor and LoE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

http://www.cnpp.usda.gov/USDAfoodpatterns.htm
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Diuretics lower BP by increasing urinary sodium excre
tion and reducing blood volume as well as other potential 
mechanisms (e.g., decrease of peripheral arterial resistance). 
The initial treatment with diuretics results in decreased 
plasma volume and reduced cardiac output, but these 
changes return toward normal within 6–8 weeks of treatment. 
At this point and beyond, the reduction of BP is related to a 
decline in peripheral arterial resistance.

Clinical Evidence and Recommendations Thiazide diuretics 
became available in the late 1950s and were the first effective 
oral antihypertensive agents with an acceptable adverse 
effect profile. More than a half century later, thiazide diuretics 
remain important medications for the treatment of hyper
tension. Extensive clinical studies demonstrate that these 
drugs reduce BP as monotherapy, enhance the efficacy of other 
antihypertensive medications, and reduce the hypertension‐
related morbidity and mortality (see Chapter 7).

The JNC7 guideline recommends that a thiazide diuretic 
be used for the initial therapy for most patients with stage I 
hypertension and without compelling indications. According 
to the JNC7 guideline, an ACEI, an ArB, a β‐blocker, a 
CCB, or combination may also be considered for the initial 
treatment of stage I hypertension without compelling indica
tions. for most patients with stage II hypertension, a thiazide 
diuretic is combined with another antihypertensive agent 
(an ACEI, an ArB, a β‐blocker, or a CCB) to achieve more 
effective control of high BP.

Due to evidence supporting the efficacy of other drug 
classes in treating hypertension, the AHA 2007 guideline 
recommends the use of an ACEI, an ArB, a CCB, a thiazide 
diuretic, or a two‐drug combination as first‐line therapy for 
hypertensive patients without compelling indications. It 
should be noted that for treating hypertensive patients without 
compelling indications, the use of a β‐blocker is recom
mended by the JNC7 guideline, but not by the AHA 2007 
guideline or JNC8 report. This is because new clinical evi
dence showed limited efficacy of β‐blockers in treating 
hypertensive patients without compelling indications (see 
Section 12.5.1.2 for more discussion).

New Developments Thiazide diuretics are most commonly 
prescribed for treating hypertension both as monotherapy and 
more frequently in combination with other antihypertensive 
agents. Most patients with mild‐to‐moderate hypertension 
respond to the lower doses of the various thiazide diuretics. In 
this context, hydrochlorothiazide in doses of 12.5–25 mg has 
been the overwhelming choice. It is also the thiazide diuretic 
combined with various ACEIs, ArBs, and β‐blockers, as well 
as the renin inhibitor aliskiren, with the exception of three 
other drugs—atenolol, clonidine, and captopril—that are 
combined with chlorthalidone. However, hydrochlorothiazide 
in these doses has not been shown to reduce morbidity and 
mortality. In contrast, chlorthalidone in doses of 12.5–25 mg 
has shown benefits in multiple clinical trials.

Due to the favorable clinical trial data, chlorthalidone is 
now being recommended as an appropriate thiazide‐type 
diuretic for treating hypertension [21]. Pharmacologically, 
chlorthalidone causes more potent and prolonged BP‐ 
lowering effects than hydrochlorothiazide. A recent retro
spective cohort analysis concludes that chlorthalidone 
decreases BP and reduces cardiovascular events more than 
does hydrochlorothiazide, suggesting that chlorthalidone 
may be the preferred thiazide‐type diuretic for hypertension 
in patients at high risk of cardiovascular events [22].

Combination of a thiazide diuretic and an ACEI, an ArB, 
a β‐blocker, or a CCB is recommended by the JNC7 guideline 
should more aggressive treatment of hypertension be desired. 
However, recently, the ACCoMPLISH trial reported that 
benazepril (an ACEI)/amlodipine (a CCB) combination was 
superior to the benazepril/hydrochlorothiazide combination 
in reducing cardiovascular events in patients with hyperten
sion who were at high risk for such events [23]. It is sug
gested that due to its superior effects, chlorthalidone should 
be utilized preferably in combination with other antihyper
tensive agents for treating hypertension, especially in patients 
at high risk of cardiovascular events [24].

12.5.1.2 Sympatholytics for Treating Hypertension 

Mechanistic Basis Sympatholytics lower BP by reducing 
peripheral resistance, decreasing cardiac contractility and 
rate (hence decreased cardiac output), and increasing venous 
pooling in capacitance vessels (hence decreased cardiac 
preload, leading to reduced cardiac output) (see Chapter 8). 
In addition, blockage of β

1
‐adrenergic receptors decreases 

the release of renin and the subsequent activity of the rAAS 
(see Section  12.5.1.3 for more discussion). Among the 
various types of sympatholytic agents, β‐blockers have been 
most widely used to treat hypertension.

Clinical Evidence and Recommendations β‐Blockers are 
specifically recommended for treating hypertension in 
patients with concomitant coronary heart disease (particularly 
after a myocardial infarction), congestive heart failure, or 
tachyarrhythmias (more discussion in Section 12.4.2). Indeed, 
β‐blocker administration remains a standard of care in patients 
with angina pectoris, those who have had a myocardial 
infarction, and those who have left ventricular dysfunction 
with or without heart failure symptoms, unless contraindicated.

However, in hypertensive patients who do not have symp
tomatic coronary heart disease, have not had a myocardial 
infarction, or do not have heart failure, the evidence for β‐
blocker cardioprotection is weak, especially in the elderly. 
Systemic analysis of clinical trials suggests that in patients 
with uncomplicated hypertension, compared with other 
 antihypertensive drugs, such as rAAS inhibitors, CCBs, 
and  thiazide diuretics, β‐blockers show evidence of worse 
outcomes, particularly with regard to stroke [25]. Available 
evidence does not support the use of β‐blockers, especially 



DrUg THErAPy of SySTEMIC HyPErTENSIoN 225

the traditional β‐blockers, such as atenolol, as first‐line drugs 
in the treatment of uncomplicated hypertension. Whether 
newer β‐blockers, such as carvedilol and nebivolol, which 
show vasodilatory properties and a more favorable hemody
namic and metabolic profile, will be more efficacious in 
reducing morbidity and mortality in patients with uncompli
cated hypertension remains to be determined [26].

In view of the aforementioned, the AHA 2007 guideline 
states that for uncomplicated hypertension, any effective 
antihypertensive drug or combination is indicated, but 
preference is given to ACEIs, ArBs, CCBs, and thiazide‐
type diuretics [3, 13]. Notably, β‐blockers are not among the 
preferred drugs. Similarly, for the same reason, in the 
recently released JNC8 guideline, β‐blockers are not recom
mended for the initial treatment of hypertension [1]. In con
trast, the 2013 ESH/ESC guideline continues to recommend 
β‐blockers as initial therapy for uncomplicated hypertension 
[11]. This recommendation is based on a meta‐analysis 
showing that β‐blocker‐initiated therapy is equally as effec
tive as the other major classes of antihypertensive agents in 
preventing coronary outcomes in uncomplicated hyperten
sive patients and highly effective in preventing cardiovas
cular events in patients with a recent myocardial infarction 
and those with heart failure [27].

12.5.1.3 The RAAS Inhibitors for Treating Hypertension 

Mechanistic Basis The activity of the rAAS may be 
inhibited in five ways, which can be applied clinically for 
treating hypertension (see Chapter 9):

1. Inhibition of renin release by β‐blockers

2. Inhibition of renin activity by aliskiren

3. Inhibition of ACE activity by ACEIs

4. Blockage of angiotensin receptors by ArBs

5. Blockage of aldosterone receptors by the aldosterone 
receptor blockers (also known as potassium‐sparing 
diuretics) spironolactone and eplerenone

ACEIs, ArBs, aliskiren, and aldosterone receptor blockers 
may be collectively called inhibitors of the rAAS. These 
agents lower BP via various mechanisms including blocking 
angiotensin II‐mediated peripheral vasoconstriction as well 
as aldosterone‐mediated sodium retention. Hence, treatment 
with rAAS inhibitors decreases both peripheral arterial 
resistance and plasma volume, leading to decreased BP. 
Among the four classes of rAAS inhibitors, ACEIs and 
ArBs have been among the most widely used antihyperten
sive medications. There is also growing enthusiasm over 
aliskiren, the only antihypertensive agent introduced in more 
than a decade. However, the effectiveness of this drug as 
compared with other antihypertensive agents in reducing 
morbidity and mortality in hypertensive patients needs to be 
further determined in clinical trials.

Clinical Evidence and Recommendations The efficacy of 
ACEIs and ArBs in treating hypertension as either 
monotherapy or combination with other antihypertensive 
agents has been extensively documented in clinical trials. In 
addition to their well‐established efficacy in lowering BP, 
these agents provide benefits in three large groups of 
patients—those with coronary heart disease, heart failure, or 
diabetic nephropathy (see Section  12.5.2 for more 
discussion). They are the drugs of choice for those patients. 
ACEIs are usually prescribed first and replaced with ArBs if 
patients cannot tolerate the ACEIs.

Direct renin inhibition by aliskiren reduces all major 
components of the rAAS, making it an attractive option to 
combine with other antihypertensive agents for the 
management of hypertension and its comorbidities. Clinical 
trials have shown that combination of aliskiren with drugs 
representing each of the major antihypertensive medications 
(thiazide‐type diuretics, β‐blockers, ACEIs, ArBs, and 
CCBs) reduces BP and improves biomarkers for cardiovas
cular outcomes. results of several ongoing clinical trials 
should provide additional insights into the potential efficacy 
of therapeutic combinations that include aliskiren to improve 
cardiovascular morbidity and mortality in patients with 
hypertension and related comorbidities [28].

The antihypertensive action of the aldosterone receptor 
blockers (also known as aldosterone antagonists) has long 
been recognized. As add‐on to conventional anti‐heart failure 
therapy, the aldosterone receptor blockers spironolactone 
and eplerenone lower BP and have a secondary protective 
effect in patients with severe heart failure, leading to 
improved survival. As such, aldosterone receptor blockers 
are indicated in patients with severe heart failure. recent 
studies also demonstrate that add‐on aldosterone receptor 
blocker treatment is effective for treating uncontrolled 
hypertension [29, 30] (also see Section 12.5.2.9). However, 
there has been no major study of cardiovascular outcomes in 
individuals treated with aldosterone receptor blockers for 
hypertension without left ventricular dysfunction.

12.5.1.4 Direct Vasodilators for Treating Hypertension 

Mechanistic Basis As described earlier, the antihypertensive 
agents, ACEIs and ArBs, cause vasodilation indirectly via 
blocking vasoconstricting angiotensin II. Direct vasodilators 
reduce BP by directly relaxing vascular smooth muscle, thus 
dilating resistance vessels. This results in decreased 
peripheral arterial resistance. The direct vasodilators, to 
varying degrees, also increase venous pooling in capacitance 
vessels, causing decreased cardiac preload. The direct 
vasodilators include CCBs, nitrates and nitroprusside, 
hydralazine, minoxidil, and fenoldopam, among others (see 
Chapter  11). of the direct vasodilators, CCBs have been 
most commonly used for treating hypertension. In fact, 
CCBs are among the most popular classes of agents used in 
the treatment of hypertension [31].
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Clinical Evidence and Recommendations CCBs are 
effective in hypertensive patients of all ages and races. 
Compared with other classes of antihypertensive agents, 
CCBs exhibit a similar capacity of reducing the risk of 
coronary heart disease and a better ability to protect against 
stroke, but a less effective protection against heart failure 
[32]. CCBs are particularly effective in the prevention of 
stroke in older hypertensive patients. They also appear to 
lower BP more effectively in people of African heritage than 
in people of other ethical backgrounds. In contrast, people of 
African heritage show less response to the rAAS inhibitors 
than to other classes of antihypertensive agents. This is likely 
due to the fact that people of African heritage tend to have 
lower activity of rAAS.

12.5.2 drug therapy for special situations

12.5.2.1 Hypertensive Patients with Diabetes The 
existence of hypertension in diabetes is particularly 
pernicious because of the strong linkage of the two condi
tions with all cardiovascular diseases (including stroke) and 
progression of kidney diseases. Hence, it is especially impor
tant to control BP in diabetic people. Both the JNC7 and the 
AHA 2007 guidelines, as well as the American Diabetes 
Association, recommend that BP in diabetics be controlled 
to levels of 130/80 mmHg or lower. rigorous control of BP 
is paramount for reducing the progression of diabetic 
nephropathy to end‐stage renal disease. However, such a BP 
target has not been supported by high‐quality clinical evi
dence, and as such, the JNC8 guideline does not recommend 
that 130/80 mmHg or lower be the target BP level for dia
betic patients and instead recommends that the goal be 
<140/90 mmHg as in the general population [1].

The general principles of pharmacological management 
of hypertension in diabetics are summarized below:

 • Pharmacological therapy for patients with diabetes and 
hypertension should be with a regimen that includes 
either an ACEI or an ArB. If one class is not tolerated, 
the other should be substituted. If needed to achieve BP 
targets, a thiazide diuretic should be added to those 
with an estimated glomerular filtration rate (gfr) 
≥30 ml/min/1.73 m2 and a loop diuretic for those with 
an estimated gfr <30 ml/min/1.73 m2.

 • Multidrug therapy (two or more agents at maximal 
doses) is generally required to achieve BP targets.

 • If ACEIs, ArBs, or diuretics are used, kidney func
tion and serum potassium levels should be closely 
monitored.

 • There is currently no high‐quality evidence to  
support a goal BP of ≤130/80 mm Hg in patients 
with diabetes.

12.5.2.2 Hypertensive Patients with Ischemic Heart Disease 

Patients with Chronic Stable Angina Management of hyper
tension in patients with chronic coronary heart disease and 
chronic stable angina is directed toward three general goals:

 • Prevention of death, myocardial infarction, and stroke

 • reduction in the frequency and duration of myocardial 
ischemia

 • Amelioration of symptoms

Both the JNC7 and the AHA 2007 guidelines recommend 
that a reasonable BP target for hypertensive patients with 
demonstrated coronary heart disease or with its risk equiva
lents (carotid artery disease, peripheral arterial disease, 
abdominal aortic aneurysm, diabetes mellitus, or chronic 
renal disease) be <130/80 mmHg. If ventricular dysfunction 
is present, consideration should be given to lowering the 
BP even further, to <120/80 mmHg. In addition to lifestyle 
modifications, pharmacological management of hyperten
sion in patients with coronary heart disease and chronic 
stable angina is inevitably required. According to the AHA 
2007 guideline, the general principles of pharmacological 
management of hypertension in patients with coronary heart 
disease and chronic stable angina are as follows [3]:

 • Patients with hypertension and chronic stable angina 
should be treated with a regimen that includes a β‐blocker 
in patients with a history of prior myocardial infarction, 
an ACEI or ArB if there is diabetes mellitus and/or left 
ventricular systolic dysfunction, and a thiazide‐type 
diuretic. The combination of a β‐blocker, ACEI (or 
ArB), and a thiazide‐type diuretic should also be con
sidered in the absence of a prior myocardial infarction, 
diabetes mellitus, or left ventricular systolic dysfunction.

 • If β‐blockers are contraindicated or produce intolerable 
side effects, a nondihydropyridine CCB (such as diltia
zem or verapamil) can be substituted, but not if there is 
left ventricular dysfunction.

 • If either the angina or the hypertension remains 
un controlled, a long‐acting dihydropyridine CCB can 
be added to the basic regimen of β‐blocker, ACEI, and 
thiazide‐type diuretic. The combination of a β‐blocker 
and either of the nondihydropyridine CCBs (diltiazem 
or verapamil) should be used with caution in patients 
with symptomatic coronary heart disease and hyperten
sion because of the increased risk of significant brady
arrhythmias and heart failure.

Patients with Acute Coronary Syndromes Unstable angina, 
NSTEMI, and STEMI are collectively known as acute 
coronary syndromes (see Unit V). Hypertension is highly 
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prevalent in patients with acute coronary syndromes, many 
of whom are elderly. The majority of patients respond to 
standard methods of hypertension control.

The cornerstone of the management of acute coronary 
syndromes is the modification of the balance between myo
cardial oxygen supply and demand, in addition to the initia
tion of anticoagulant and platelet inhibitor therapy. Although 
an elevated BP increases cardiac afterload and thereby the 
myocardial oxygen demand, rapid and excessive lowering of 
BP may also result in impairment of coronary blood flow 
and oxygen supply.

The JNC7 and AHA 2007 guidelines recommend the 
target BP in patients with acute coronary syndromes be 
<130/80 mmHg. However, in patients with an elevated DBP 
and acute coronary syndrome, the BP should be lowered 
slowly, and caution is advised in inducing falls of DBP 
below 60 mmHg. In older hypertensive individuals with 
wide pulse pressures, lowering systolic BP may cause very 
low DBP values (<60 mmHg). This should alert the clinician 
to assess carefully any untoward signs or symptoms, espe
cially those due to worsening myocardial ischemia.

The AHA 2007 guideline recommends the following for 
the pharmacological management of hypertension in patients 
with acute coronary syndromes:

 • In unstable angina, NSTEMI, or STEMI, the initial 
therapy of hypertension should include short‐acting  
β

1
‐selective β‐blockers without intrinsic sympathomi

metic activity, usually intravenously, in addition to 
nitrates for symptom control. oral β‐blockers can be sub
stituted at a later stage of the hospital stay. Alternatively, 
oral β‐blockers may be started promptly without prior 
use of intravenous β‐blockers. If the patient is hemody
namically unstable, the initiation of β‐blocker therapy 
should be delayed until stabilization of heart failure or 
shock has been achieved. Diuretics can be added for BP 
control and for the management of heart failure.

 • for patients with unstable angina or NSTEMI, if there 
is a contraindication to the use of a β‐blocker or if the 
patient develops intolerable side effects of a β‐blocker, 
then a nondihydropyridine CCB, such as verapamil or 
diltiazem, may be substituted, but not if there is left 
ventricular dysfunction. If the angina or the hyperten
sion is not controlled with a β‐blocker alone, then a 
longer‐acting dihydropyridine CCB may be added. A 
thiazide diuretic can also be added for BP control.

 • for patients with STEMI, CCBs do not reduce mortality 
rates in the setting of acute STEMI and can increase 
mortality if there is depressed left ventricular function 
and/or pulmonary edema. Long‐acting dihydropyridine 
CCBs can be used when β‐blockers are contraindicated 
or inadequate to control angina or as adjunct therapy 
for BP control.

 • If the patient is hemodynamically stable, an ACEI or 
ArB should be added if the patient has an anterior 
myocardial infarction, if hypertension persists, if the 
patient has evidence of left ventricular dysfunction or 
heart failure, or if the patient has diabetes mellitus.

 • Aldosterone antagonists may be useful in the 
management of STEMI with left ventricular dysfunction 
and heart failure and may have an additive BP‐lowering 
effect.

12.5.2.3 Hypertension in Patients with Heart Failure  
Most patients with heart failure have systemic arterial hyper
tension. Hypertension is not only a concomitant disorder but 
also a significant contributor to the pathogenesis of both sys
tolic and diastolic heart failure. Hence, control of high BP is 
an important component of management of patients with 
heart failure.

The target BP in patients with heart failure is 
<130/80 mmHg, but consideration should be given to low
ering the BP even further, to <120/80 mmHg. In patients 
with an elevated DBP who have coronary heart disease and 
heart failure with evidence of myocardial ischemia, the BP 
should be lowered slowly, and caution is advised in inducing 
falls of DBP below 60 mmHg if the patient has diabetes 
mellitus or is over the age of 60 years. In older hypertensive 
individuals with wide pulse pressures, lowering systolic BP 
may cause very low DBP values (<60 mmHg). This should 
alert the clinician to assess carefully any untoward signs or 
symptoms, especially those due to myocardial ischemia and 
worsening heart failure.

The principles of the pharmacological management of 
hypertension in patients with heart failure are the following:

 • In general, drugs that have been shown to improve out
comes for patients with heart failure also lower BP. 
Patients should be treated with diuretics, ACEIs (or 
ArBs), β‐blockers, and aldosterone receptor 
antagonists.

 • Thiazide diuretics should be used for BP control and to 
reverse volume overload and associated symptoms. In 
severe heart failure or in patients with severe renal 
impairment, loop diuretics should be used for volume 
control, but these are less effective than thiazide 
diuretics in lowering BP. Diuretics should be used 
together with an ACEI or ArB and a β‐blocker. 
However, there is no evidence that diuretics retard dis
ease progression of heart failure.

 • Both ACEIs and the ArBs (candesartan or valsartan) 
are beneficial in heart failure, resulting in decreased 
morbidity and mortality and improvement of heart 
failure symptoms. Either class of agents is effective in 
lowering BP.
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 • Among the β‐blockers, carvedilol, metoprolol succinate, 
and bisoprolol have been shown to improve outcomes 
in heart failure and are effective in lowering BP.

 • The aldosterone receptor antagonists spironolactone and 
eplerenone have been shown to be beneficial in heart 
failure and should be included in the regimen if there is 
severe heart failure. Spironolactone or eplerenone may 
be used together with a thiazide diuretic, particularly in 
patients with refractory hypertension.

 • Consider the addition of hydralazine/isosorbide dini
trate to the regimen of diuretic, ACEI or ArB, and β‐
blocker in patients of African heritage.

12.5.2.4 Hypertension in Patients with CKD Hyper
tension and CKD frequently coexist. High BP is a major risk 
factor of progression of CKD. The National Kidney 
foundation Kidney Disease outcomes Quality Initiative has 
issued a clinical practice guideline on hypertension and anti
hypertensive agents in CKD [33]. The recommended BP 
goal is <130/80 mmHg. This BP goal is also recommended 
by the US‐based Kidney Disease: Improving global 
outcomes (KDIgo) 2012 guideline for CKD patients with 
proteinuria [34]. The key recommendations of the pharma
cological management of the guideline are outlined below 
and also summarized in Table 12.8.

 • All patients with CKD should be considered for phar
macologic therapy to slow progression of kidney 
disease.

 • Patients with diabetic or nondiabetic kidney disease 
with spot urine total protein‐to‐creatinine ratio 
≥200 mg/g should be treated with a moderate to high 
dose of an ACEI or an ArB. These agents should also 
be used even the patients are not hypertensive. Both 
ACEIs and ArBs protect against progression of CKD.

 • for most CKD patients with hypertension, two or more 
antihypertensive agents will be necessary to achieve the 
BP goal.

 • Selection of other agents to reduce cardiovascular 
 disease risk should follow the recommendations of the 
JNC7 report.

 • Most CKD patients should receive a diuretic; a  
thiazide‐type diuretic is preferable in patients with 
gfr ≥30 ml/min/1.73 m2 and a loop diuretic in 
patients with gfr <30 ml/min/1.73 m2.

 • other antihypertensive agents such as β‐blockers or 
CCBs should be added as necessary to achieve target BP.

12.5.2.5 Hypertension in Elderly 

General Considerations Hypertension is common in the 
elderly (≥65 years of age), and those individuals are more 
likely to have organ damage or clinical cardiovascular 
diseases. Approximately 80% of all adults older than 80 years 
of age in the United States have hypertension. In framingham 
(see Chapter 1), 90% of all 65‐year‐old men and women with 
normal BP later developed hypertension. The pattern of BP 
elevation in the US population also changes with age. Before 
reaching 50 years of age, most people with hypertension have 
elevated diastolic pressure. After the age of 50 years, as 
systolic pressure continues to rise and diastolic pressure tends 
to fall, isolated systolic hypertension predominates [35].

The goal BP in the elderly is debated, but based on current 
outcome data, a goal BP of 150/80–90 mmHg is reasonable in 
at least the very elderly [36]. According to the ACCf/AHA 
2011 Expert Consensus Document on Hypertension in the 
Elderly, the target systolic BP in patients aged 55–79 is 
≤140 mmHg. But for those aged ≥80, 140–145 mmHg 
 (systolic), if tolerated, can be acceptable [5]. The recently pub
lished JNC8 guideline recommends a BP goal of <150/90 mmHg 
for hypertensive persons aged ≥60 years [1]. Hence, the BP 
goal for the elderly recommended in the JNC8 report is less 
aggressive than that recommended in the ACCf/AHA 2011 
Expert Consensus Document on Hypertension in the Elderly. 
As noted earlier, the JNC8 guideline recommends one BP goal 
of <140/90 mmHg for persons aged <60 years regardless of 
the moribund diseases, including diabetes and CKD. This 
 recommendation is based on the absence of high‐quality 
randomized controlled trials comparing the outcomes of the 
current treatment goal of <140/90 mmHg with others (e.g., 
<130/80 mmHg for persons with diabetes as recommended by 
the JNC7 and the AHA 2007 guidelines described earlier).

taBle 12.8 the key recommendations on the management of hypertension in patients with different forms of cKd [33]

Type of CKD
Blood pressure  
target (mm Hg)

Preferred agents for 
CDK with (or without) 
hypertension

other agents to reduce CVD risk and reach 
blood pressure target

Diabetic kidney disease <130/80 ACEI or ArB Diuretic preferred, then β‐blocker or CCB
Nondiabetic kidney disease with spot urine 

total protein‐to‐creatinine ratio ≥200 mg/g
<130/80 ACEI or ArB Diuretic preferred, then β‐blocker or CCB

Nondiabetic kidney disease with spot urine 
total protein‐to‐creatinine ratio <200 mg/g

<130/80 None preferred Diuretic preferred, then ACEI, ArB, 
β‐blocker, or CCB

Kidney disease in the transplant recipient <130/80 None preferred CCB, diuretic, β‐blocker, ACEI, or ArB
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Management Use of specific drug classes in older people 
is largely similar to that recommended in the general 
algorithm and for individual compelling indications [5, 37]. 
Combination therapy with two or more drugs in general is 
needed to achieve optimal BP control. Careful lowering of 
BP with a diuretic plus an ACEI to reach the goal of 
150 mmHg (systolic) can reduce cardiovascular events in 
patients 80 years of age or older [38]. overall, CCBs reduce 
BP and risk of stroke more effectively than ACEIs [32]. 
Particular care is needed for treating hypertension in the 
elderly with drugs due to alterations in drug distribution and 
disposal and changes in homeostatic cardiovascular control. 
for instance, due to decreased effectiveness of baroreceptor 
reflex in the elderly, postural hypotension should be carefully 
sought. All medications should be given in slowly increasing 
doses to prevent excessive BP lowering.

12.5.2.6 Hypertension in Children and Adolescents 

Definition and General Considerations According to the 
JNC7 guideline and the fourth report on Diagnosis, Evaluation, 
and Treatment of High Blood Pressure in Children and 
Adolescents, hypertension in children and adolescents is defined 
as elevated BP that persists on repeated measurement at the 95th 
percentile or greater for age, height, and gender (Table 12.9). for 
example, for a 12‐year‐old boy with a 50th percentile for height, 
if the BP is at or above 123/80 mmHg, he will be diagnosed with 
hypertension. Prehypertension in children is defined as average 
systolic BP or DBP levels that are greater than or equal to the 
90th percentile but less than the 95th percentile. As with adults, 
adolescents with BP levels greater than or equal to 120/80 mmHg 
should be considered prehypertensive.

Hypertension in the young is increasingly being recog
nized as an emerging critical healthcare problem, not only 
because of its increasing prevalence in recent years (partly 
due to the epidemic of childhood obesity) but also because 
of its significant impact on the health and well‐being of chil
dren and adolescents and tracking into adult life. It is widely 
accepted that pediatric hypertension carries an increased risk 
for future cardiovascular morbidity and mortality [39, 40].

Clinician should be alert to the possibility of  identifiable 
causes of hypertension in younger children. Secondary 

forms of hypertension are more common in children and in 
individuals with severe hypertension (>20 mmHg above the 
95th percentile). Chronic hypertension is becoming increas
ingly common in adolescents and is generally associated 
with obesity, sedentary lifestyle, and a positive family of 
hypertension and other cardiovascular disorders [41].

Management The JNC7 guideline recommends the 
following for the management of hypertension in children 
and adolescents [16]:

 • Lifestyle interventions should be recommended for all 
children with hypertension, with pharmacologic 
therapy instituted for higher levels of BP or if insuffi
cient response to lifestyle modifications occurs.

 • Teenage children with BP below but near the 95th per
centile should adopt healthy lifestyles similar to adults 
with prehypertension.

 • Although the recommendations for choice of drugs are 
generally similar in children and adults, dosages of 
antihypertensive medication for children should be 
smaller and adjusted very carefully.

 • ACEIs and ArBs should not be used if the patient is 
pregnant. These agents should be used with extreme 
caution in sexually active teenage girls and only when 
careful counseling and effective pregnancy precautions 
are established.

The major recommendations on the fourth report on 
Diagnosis, Evaluation, and Treatment of High Blood 
Pressure in Children and Adolescents also include both 
therapeutic lifestyle changes and pharmacological therapy, 
and the key messages are summarized below [42].

Therapeutic Lifestyle Changes Weight reduction is the 
primary therapy for obesity‐related hypertension. Prevention 
of excess or abnormal weight gain will limit future increases 
in BP.

 • regular physical activity and restriction of sedentary 
activity will improve efforts at weight management and 
may prevent an excess increase in BP over time.

taBle 12.9 the 95th percentile of Bp by selected ages, by the 50th and 75th height percentiles, and by the gender in 
children and adolescents

Age

girls’ SBP/DBP Boys’ SBP/DBP

50th percentile for height 75th percentile for height 50th percentile for height 75th percentile for height

1 104/58 105/59 102/57 104/58
6 111/73 112/73 114/74 115/75

12 123/80 124/81 123/81 125/82
17 129/84 130/85 136/87 138/88

DBP, diastolic blood pressure; SBP, systolic blood pressure.
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 • Dietary modification should be strongly encouraged  
in children and adolescents who have BP levels in the pre
hypertensive range as well as in those with hypertension.

 • family‐based intervention improves success.

Pharmacological Therapy 

 • Indications for antihypertensive drug therapy in chil
dren include secondary hypertension and insufficient 
response to lifestyle modifications.

 • recent clinical trials have expanded the number of 
drugs that have pediatric dosing information. Dosing 
recommendations for many of the newer drugs are 
provided.

 • Pharmacologic therapy, when indicated, should be ini
tiated with a single drug. Acceptable drug classes for 
use in children include ACEIs, ArBs, β‐blockers, 
CCBs, and diuretics.

 • The goal for antihypertensive treatment in children 
should be reduction of BP to <95th percentile, unless 
concurrent conditions are present. In that case, BP 
should be lowered to <90th percentile.

 • Severe, symptomatic hypertension should be treated 
with intravenous antihypertensive drugs.

12.5.2.7 Hypertension in Pregnancy

Classification Hypertensive disorders in pregnancy are a 
major cause of maternal, fetal, and neonatal morbidity and 
mortality. Hypertension in pregnancy is classified into five 
categories (Table 12.10) [16], and it is critical to differentiate 
preeclampsia, from preexisting hypertension.

Management Among the various types of hypertension in 
pregnancy, chronic hypertension and preeclampsia are of the 
most significant concern, and as such, these two are 
particularly discussed with regard to their management. This 
section primarily describes the JNC7 recommendations of 
pharmacological management of chronic hypertension and 
preeclampsia in pregnancy [16].

Chronic Hypertension The JNC7‐recommended manage
ment of chronic hypertension in pregnancy is summarized 
below:

 • Women with stage I hypertension are at low risk for 
cardiovascular complications during pregnancy and are 
candidates for lifestyle modification therapy only as 
there is no evidence that pharmacological treatment 
improves neonatal outcomes.

taBle 12.10 classification of hypertension in pregnancy

Category Description

Chronic hypertension •	 BP	≥140	mmHg	systolic	or	90	mmHg	diastolic	prior	to	pregnancy	or	before	20	weeks’	gestation
•	 Persists	>12	weeks	postpartum

Preeclampsia •	 BP	≥140	mmHg	systolic	or	90	mmHg	diastolic	with	proteinuria	(>300	mg/24	h)	after	20	weeks’	
gestation

•	 Can	progress	to	eclampsia	(seizures)
•	 More	common	in	nulliparous	women,	multiple	gestation,	women	with	hypertension	for	≥4	

years, family history of preeclampsia, hypertension in previous pregnancy, renal disease
Chronic hypertension with 

superimposed preeclampsia
•	 New‐onset	proteinuria	after	20	weeks	of	gestation	in	a	woman	with	hypertension
•	 In	a	woman	with	hypertension	and	proteinuria	prior	to	20	weeks’	gestation:

Sudden two‐ to threefold increase in proteinuria
Sudden increase in BP
Thrombocytopenia
Elevated AST or ALT

gestational hypertension •	 Hypertension	without	proteinuria	occurring	after	20	weeks’	gestation
•	 Temporary	diagnosis
•	 May	represent	preproteinuric	phase	of	preeclampsia	or	recurrence	of	chronic	hypertension	

abated in midpregnancy
•	 May	evolve	to	preeclampsia
•	 If	severe,	may	result	in	higher	rates	of	premature	delivery	and	growth	retardation	than	mild	

preeclampsia
Transient hypertension •	 Retrospective	diagnosis

•	 BP	normal	by	12	weeks	postpartum
•	 May	recur	in	subsequent	pregnancies
•	 Predictive	of	future	primary	hypertension

ALT, alanine aminotransferase; AST, aspartate aminotransferase; BP, blood pressure.
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 • The primary goal of treating chronic hypertension in 
pregnancy is to reduce maternal risk, but the choice of 
antihypertensive agent(s) is largely driven by the 
safety of the fetus. In this context, the inhibitors of the 
rAAS, including aliskiren, ACEIs, and ArBs, are 
contraindicated.

 • Methyldopa is preferred by many as first‐line therapy, 
based on reports of stable uteroplacental blood flow 
and fetal hemodynamics and the absence of long‐term 
(7.5‐year follow‐up) adverse effects on development of 
children exposed to methyldopa in utero. other 
treatment options are summarized in Table 12.11.

Preeclampsia The key principles of pharmacological 
management of preeclampsia include the following [16]:

 • Antihypertensive therapy should be prescribed only for 
maternal safety; it does not improve perinatal outcomes 
and may adversely affect uteroplacental blood flow.

 • Selection of antihypertensive agents and route of 
administration depends on anticipated timing of delivery.

 • If delivery is likely more than 48 h off, oral methyldopa 
is preferred because of its safety record. oral labetalol 
is an alternative, and other β‐blockers and calcium 
antagonists are also acceptable on the basis of limited 
data.

 • If delivery is imminent, parenteral agents are practical 
and effective, with hydralazine as a preferred agent 
(Table 12.12).

 • Antihypertensives are administered before induction of 
labor for persistent DBPs of 105–110 mmHg or higher, 
aiming for levels of 95–105 mmHg.

12.5.2.8 Hypertension in Patients of African Heritage 

General Considerations Hypertension in African 
Americans is a major clinical and public health problem 
because of the high prevalence and premature onset of 
elevated BP as well as the high burden of comorbid factors 
that lead to pharmacological treatment resistance (obesity, 
diabetes mellitus, depressed gfr, and albuminuria). BP 
control rates are lower in African Americans, especially 
men, than in other major race/ethnicity–sex groups [43].

Management Since the first International Society on 
Hypertension in Blacks consensus statement on the 
“Management of High Blood Pressure in African American” 
in 2003 [44], data from additional clinical trials have 
become available. recently, “Management of High Blood 
Pressure in Blacks: An Update of the International Society 
on Hypertension in Blacks Consensus Statement” has been 
published [43]. The key messages of this update are 
summarized below:

 • In this update, blacks with hypertension are divided 
into two risk strata: (i) primary prevention, including 
elevated BP without target organ damage, preclinical 
cardiovascular disease, or overt cardiovascular disease, 
and (ii) secondary prevention, including elevated BP 
with target organ damage, preclinical cardiovascular 
disease, and/or a history of cardiovascular disease.

taBle 12.11 pharmacological agents for the treatment of 
chronic hypertension in pregnancy

Drug Comments

Methyldopa Preferred on the basis of long‐term 
follow‐up studies supporting 
safety

β‐Blockers reports of intrauterine growth 
retardation (atenolol)

generally safe
Labetalol Increasingly preferred to 

methyldopa because of reduced 
side effects

Clonidine Limited data
Calcium channel blockers Limited data

No increase in major teratogenicity 
with exposure

Diuretics Not first‐line agents
Probably safe

taBle 12.12 drug treatment of acute severe hypertension in preeclampsia

Drug Treatment regimen

Hydralazine •	 5	mg	iv	bolus	and	then	10	mg	every	20–30	min	to	a	maximum	of	25	mg,	repeat	in	several	
hours as necessary

Labetalol (second line) •	 20	mg	iv	bolus,	then	40	mg	10	min	later,	and	80	mg	every	10	min	for	two	additional	doses	
to a maximum of 220 mg

Nifedipine (controversial) •	 10	mg	oral,	repeat	every	20	min	to	a	maximum	of	30	mg	(controversial)
•	 Caution	when	using	with	magnesium	sulfate;	can	see	precipitous	BP	drop
•	 Short‐acting	nifedipine	is	not	approved	by	the	US	FDA	for	managing	hypertension

Sodium nitroprusside (is rarely used; is 
used when others fail)

•	 0.25	µg/kg/min to a maximum of 5 µg/kg/min
•	 Fetal	cyanide	poisoning	may	occur	if	used	for	more	than	4	h

BP, blood pressure; iv, intravenous.
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 • The recommended target BP for primary prevention is 
<135/85 mmHg, and for secondary prevention, BP con
sistently <130/80 mmHg is recommended.

 • If BP is ≤10 mmHg above target levels, monotherapy 
with a diuretic or CCB is preferred.

 • When BP is >15/10 mmHg above target, a two‐drug 
therapy is recommended, with either a CCB plus a 
renin–angiotensin–aldosterone system (rAAS) blocker 
or, alternatively, in edematous and/or volume‐overload 
states, with a thiazide diuretic plus an rAAS blocker.

 • Effective management of BP may require multidrug 
therapeutic combinations of four drugs.

 • Comprehensive lifestyle modifications should be initi
ated in blacks when BP is ≥115/75 mmHg.

 • The updated International Society on Hypertension in 
Blacks consensus statement on hypertension management 
in blacks lowers the minimum target BP level for the 
lowest‐risk blacks, emphasizes effective multidrug regi
mens, and deemphasizes monotherapy.

12.5.2.9 Resistant Hypertension 

General Considerations resistant hypertension is defined 
as failure to achieve BP goal (<140/90 mmHg for the overall 
population and <130/80 mmHg for those with diabetes 
mellitus or CKD) when a patient adheres to maximum 
tolerated doses of three antihypertensive drugs including a 
diuretic [45, 46]. resistant hypertension is a common 
clinical problem faced by both primary care clinicians and 
specialists [47]. While the exact prevalence of resistant 
hypertension is unknown, clinical trials suggest that it is not 
rare, involving perhaps 20–30% of study participants. As 
older age and obesity are two of the strongest risk factors for 
uncontrolled hypertension, the incidence of resistant 
hypertension will likely increase as the population becomes 
more elderly and heavier. The causes of resistant hypertension 
are multifactorial, with the major factors listed below 
[47–49]:

 • Drug‐induced (e.g., nonsteroidal anti‐inflammatory drugs, 
cocaine and amphetamines, oral contraceptive hormones, 
cyclosporine and tacrolimus, and erythro poietin)

 • Excessive alcohol intake

 • Volume overload (from excessive sodium intake, 
volume retention due to kidney disease, or inadequate 
diuretic therapy)

 • obesity, diabetes mellitus, and older age

 • Secondary hypertension (caused by renal diseases, 
pheochromocytoma, or primary aldosteronism)

The prognosis of resistant hypertension is unknown, but car
diovascular risk is undoubtedly increased as patients often 

have a history of long‐standing, severe hypertension compli
cated by multiple other cardiovascular risk factors such as 
obesity, sleep apnea, diabetes, and CKD. The degree to 
which cardiovascular risk is reduced with treatment of resis
tant hypertension is unknown. The benefits of successful 
treatment, however, are likely substantial as suggested by 
hypertension outcome studies [50].

Management recently, the AHA has published a scientific 
statement, “resistant Hypertension: Diagnosis, Evaluation, 
and Treatment” [50], that provides recommendations for the 
management of resistant hypertension. The key messages 
from this statement are summarized below:

 • Successful treatment of resistant hypertension requires 
(i) identification and reversal of lifestyle factors 
 contributing to treatment resistance, (ii) diagnosis and 
appropriate treatment of secondary causes of hyperten
sion, and (iii) use of effective multidrug regimens.

 • The pharmacological treatment of resistant hyperten
sion remains largely empiric due to the lack of 
systematic assessments of 3 or 4 drug combinations.

 • The pharmacological treatment strategies include:
 – Maximize diuretic therapy, including possible 
addition of a mineralocorticoid receptor antagonist.

 – Combine agents with different mechanisms of action.

 – Use loop diuretics in patients with CKD and/or patients 
receiving potent vasodilators (e.g., minoxidil).

12.5.2.10 Hypertensive Emergencies and Urgencies 

Definitions Hypertensive emergencies and urgencies are 
collectively known as hypertensive crises. These two terms 
are defined as follows:

 • Hypertensive emergencies are characterized by severe 
elevations in BP (≥180/120 mmHg) complicated by 
evidence of impending or progressive target organ 
dysfunction. They require immediate BP reduction (not 
necessarily to normal) to prevent or limit target organ 
damage. Examples include hypertensive encephalop
athy, intracerebral hemorrhage, acute myocardial 
infarction, acute left ventricular failure with pulmonary 
edema, unstable angina pectoris, dissecting aortic aneu
rysm, or eclampsia.

 • Hypertensive urgencies are characterized by severe 
 elevations in BP without progressive target organ 
dysfunction. Examples include upper levels of stage II 
hypertension associated with severe headache, short
ness of breath, epistaxis, or severe anxiety. The majority 
of these patients present as noncompliant or inade
quately treated hypertensives, often with little or no 
evidence of target organ damage.
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Management of Hypertensive Emergencies The current 
guidelines, including the JNC7 report, recommend the 
following for the management of hypertensive emergencies:

 • Patients with a hypertensive emergency should be 
admitted to an intensive care unit for continuous moni
toring of BP and parenteral administration of an appro
priate agent. Table 12.13 lists the parenteral drugs for 
the treatment of hypertensive emergencies.

 • The potency and rapidity of action of sodium nitroprus
side have made it the drug of choice for life‐threatening 
hypertension emergencies. other parenteral drugs that 
are also widely used for treating hypertensive emer
gencies include the β‐blocker labetalol and the rapidly 
acting CCBs nicardipine and clevidipine. With any of 
these drugs, intravenous furosemide (a loop diuretic) is 
often needed to lower BP further and prevent retention 
of sodium and water.

 • The initial goal of therapy in hypertensive emergencies 
is to reduce mean arterial BP by no more than 25% 
(within minutes to 1 h) and then, if stable, to 160/100–
110 mmHg within the next 2–6 h.

 • Excessive falls in pressure that may precipitate renal, 
cerebral, or coronary ischemia should be avoided. for 
this reason, short‐acting nifedipine is no longer consid
ered acceptable in the initial treatment of hypertensive 
emergencies or urgencies.

 • If this level of blood pressure is well tolerated and the 
patient is clinically stable, further gradual reductions toward 
a normal BP can be implemented in the next 24–48 h.

Management of Hypertensive Urgencies Some patients 
with hypertensive urgencies may benefit from treatment with 
an oral, short‐acting agent such as captopril, labetalol, or 
clonidine followed by several hours of observation. However, 
there is no evidence to suggest that failure to aggressively 
lower BP in the emergency room is associated with any 
increased short‐term risk to the patient who presents with 
severe hypertension. Such a patient may also benefit from 
adjustment in their antihypertensive therapy, particularly the 
use of combination drugs, or reinstitution of medications if 
noncompliance is a problem. Most importantly, patients 
should not leave the emergency room without a confirmed 
follow‐up visit within one to a few days.

taBle 12.13 parenteral drugs for the treatment of hypertensive emergencies

Drug Dose onset of action Duration of action Special indications

Vasodilators
Nitroprusside 0.25–10 µg/kg/min as iv 

infusion
Immediate 1–2 min Most hypertensive emergencies; 

caution with high intracranial 
pressure or azotemia

Nicardipine 5–15 mg/h as iv infusion 5–10 min 15–30 min; may 
exceed 4 h

Most hypertensive emergencies except 
acute heart failure; caution with 
coronary ischemia

Clevidipine 1–2 mg iv, rapidly 
increasing dose to 
16 mg maximum

2–4 min 5–15 min Most hypertensive emergencies

fenoldopam 0.1–0.3 µg/kg/min as iv 
infusion

<5 min 30 min Most hypertensive emergencies; 
caution with glaucoma

Nitroglycerin 5–100 µg/min as iv 
infusion

2–5 min 5–10 min Not preferred, but may be useful for 
coronary ischemia

Enalaprilat 1.25–5 mg every 6 h iv 15–30 min 6–12 h Acute left ventricular failure; avoid in 
acute myocardial infarction

Hydralazine 10–20 mg iv 10–20 min iv 1–4 h iv Eclampsia
10–40 mg im 20–30 min im 4–6 h im

Adrenergic inhibitors
Labetalol 20–80 mg iv bolus every 

10 min; 0.5–2.0 mg/
min iv infusion

5–10 min 3–6 h Most hypertensive emergencies except 
acute heart failure

Esmolol 250–500 µg/kg/min iv 
bolus, then 50–100 µg/
kg/min by infusion; 
may repeat bolus after 
5 min or increase 
infusion to 300 µg/min

1–2 min 10–30 min Aortic dissection, perioperative

Phentolamine 5–15 mg iv bolus 1–2 min 10–30 min Catecholamine excess

iv, intravenous; im, intramuscular.
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12.6 druG therapy Of prehypertensiOn

12.6.1 General considerations

As noted in Chapter 6, prehypertension is defined as a sys
tolic BP of 120–139 mmHg or a DBP of 80–89 mmHg and 
affects nearly 30% of the adult population. The term prehy
pertension was actually coined in 1939 in the context of early 
studies that linked high BP recorded during physical exami
nation for life insurance purposes to subsequent morbidity 
and mortality. These studies demonstrated that individuals 
with BP >120/80 mmHg but <140/90 mmHg (the accepted 
value for the lower limit of the hypertensive range) had an 
increased risk of hypertension, cardiovascular  disease, and 
early death from cardiovascular causes [51].

The prehypertension classification of BP was later used by 
the JNC7 report to define a group of individuals at increased 
risk of cardiovascular events because of elevated BP. Indeed, 
increased cardiovascular disease risk begins at systolic 
BP levels as low as 115 mmHg. for each 20 mmHg increase 
in systolic BP or 10 mmHg increase in DBP above 
115/75 mmHg, there is a twofold increase in mortality asso
ciated with coronary heart disease and stroke.

The reasons for creating a classification of prehyperten
sion include the following [51]:

 • To increase the awareness of lifetime risk of hyperten
sion as prehypertension is considered a precursor of 
stage I hypertension

 • To increase the awareness of increased risk of cardio
vascular complications as prehypertension carries an 
elevated risk for cardiovascular disease incidence and 
mortality

 • To identify individuals in whom early intervention by 
lifestyle modifications could lower BP, decrease the 
rate of progression to hypertension with age, and pre
vent hypertension entirely

 • To enable insurance coverage for the treatment of 
prehypertension

12.6.2 Management

The management of prehypertension primarily involves life
style modifications. recently, pharmacological treatment 
has also been suggested for the management of 
prehypertension.

12.6.2.1 Lifestyle Modifications Lifestyle modifications 
are recommended for all individuals with prehypertension 
as  they effectively reduce the BP, slow or prevent the 
development of hypertension, and decrease cardiovascular 
disease risk. Lifestyle modifications are currently the first 
choice for the treatment of individuals with prehypertension 
who do not have comorbid conditions (e.g., diabetes mellitus, 

CKD, coronary heart disease) that would otherwise mandate 
BP reduction by use of pharmacological agents.

12.6.2.2 Drug Therapy Treatment of prehypertensive 
individuals with antihypertensive agents in addition to life
style modifications has been explored in clinical trials. The 
Trial of Preventing Hypertension (TroPHy) reported in 
2006 that over a period of 4 years, stage I hypertension devel
oped in nearly twothirds of patients with untreated prehyper
tension (the placebo group). Treatment of prehypertension 
with candesartan appeared to be well tolerated and reduced 
the risk of incident hypertension during the study period. The 
TroPHy trial hence suggested that treatment of prehyper
tension appears to be feasible [52]. Similar to the TroPHy 
study, the Prevention of Hypertension with the Angiotensin‐
Converting Enzyme Inhibitor (ACEI) ramipril in Patients 
with High‐Normal Blood Pressure (PHArAo) trial showed 
that treatment of patients with prehypertension with the 
ACEI was well tolerated and significantly reduced the risk of 
progression to manifest hypertension [53].

More recently, a meta‐analysis of 25 trials involving a 
total of 64,162 participants demonstrated that among patients 
with clinical history of cardiovascular disease but without 
hypertension, antihypertensive treatment was associated with 
decreased risk of stroke, congestive heart failure, composite 
cardiovascular disease events, and all‐cause mortality com
pared with those not receiving antihypertensive therapy [54]. 
The antihypertensive agent‐treated participants received 
either an ACEI, an ArB, a β‐blocker, a CCB, or an ACEI 
combined with a diuretic.

The clinical importance of the aforementioned meta‐anal
ysis is clear: pharmacological intervention in patients with 
cardiovascular disease and BP levels less than 140/90 mmHg 
is associated with a decreased cardiovascular morbidity and 
mortality. However, this meta‐analysis does not determine 
whether lowering BP levels is the reason for improved clinical 
outcomes. The antihypertensive agents may improve clinical 
outcomes through multiple other mechanisms, for example, 
hemodynamic effects unrelated to BP, neurohormonal effects, 
and tissue‐level effects [55]. obviously, additional clinical 
studies are needed to determine the clinical outcomes of anti
hypertensive treatment in prehypertensive individuals without 
cardiovascular disease and delineate the contribution of the 
lowering of BP to the clinical outcomes. further studies are 
also needed to determine the safety and cost‐effectiveness of 
pharmacological intervention and to determine whether 
particular antihypertensive drug classes are more effective 
than others in the prehypertensive subjects.

12.6.2.3 Controversies on Drug Therapy of Prehyper
tension Although available clinical data suggest a 
benefit of drug therapy in prehypertensive patients, the 
exact value of pharmacological management of prehy
pertension is still currently debated. Arguments against 
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the use of antihypertensive drugs for prehypertension 
include the following:

 • Lack of evidence that antihypertensive agents reduce 
target organ damage and cardiovascular morbidity and 
mortality in prehypertensive individuals who do not 
have comorbid conditions

 • Lack of evidence that antihypertensive agents are safe 
when administered over many decades, as would be 
required to treat young individuals with prehypertension

 • Lack of evidence that antihypertensive agents are cost‐
effective for the treatment of prehypertensive patients 
with no comorbid conditions

 • Existence of questions that concern appropriate choices 
and doses of the antihypertensive agents and duration 
of treatment

on the other hand, arguments in favor of the use of antihy
pertensive drugs for prehypertension are that:

 • The antihypertensive drugs are more convenient and 
more likely to be adhered to than complex lifestyle‐
modifying regimens.

 • The antihypertensive drugs are already accepted for use 
in certain high‐risk individuals with prehypertension 
(i.e., in those with BP ≥130/80 mmHg and with diabetes 
mellitus, CKD, or CAD).

In the absence of further information about these issues and 
in light of the fact that lifestyle approaches favorably 
influence global cardiovascular risk as well as BP, lifestyle 
modification is currently the mainstay of therapy for individ
uals with prehypertension who do not have comorbid 
 conditions that would mandate BP reduction by antihyper
tensive agents [51].

12.7 druG therapy Of pulMOnary 
hypertensiOn

12.7.1 classifications and General considerations

Pulmonary hypertension may be defined as an abnormal 
increase in BP in the pulmonary artery, pulmonary vein, or 
pulmonary capillaries, together known as the lung vascula
ture, leading to shortness of breath, dizziness, fainting, and 
other symptoms, all of which are exacerbated by exertion. 
Pulmonary hypertension can be a severe disease with a 
markedly decreased exercise tolerance and heart failure. 
Pulmonary hypertension is a complex, multidisciplinary dis
order and classified both clinically and functionally. 
Table  12.14 shows the updated clinical classification 
of  pulmonary hypertension [56]. The World Health 
organization (WHo) has developed a functional classification 

scheme to help determine how limited a patient with 
pulmonary hypertension is in his/her ability to do the activ
ities of daily living. In general, patients with more severe 
pulmonary hypertension tend to have a higher functional 
class (Table 12.15).

12.7.2 Management of pulmonary arterial 
hypertension

Among the various forms of pulmonary hypertension, 
pulmonary arterial hypertension (PAH) has received the most 
extensive attention regarding pharmacological treatment. 
Hence, this section focuses on discussing the pharmacolog
ical agents for treating PAH following a brief introduction to 
the disease pathophysiology.

12.7.2.1 Pathophysiology PAH is defined as a 
sustained elevation of pulmonary arterial pressure to 
more than 25 mmHg at rest or to more than 30 mmHg 
with exercise, with a mean pulmonary capillary wedge 
pressure and left ventricular end‐diastolic pressure of less 
than 15 mmHg [57]. our understanding of the pathophys
iology of PAH has undergone a paradigm shift in the past 
decade. once a condition thought to be dominated by 
increased vasoconstrictor tone and thrombosis, PAH is 
now seen as a vasculopathy in which structural changes/
vascular remodeling driven by excessive vascular cell 
growth, inflammation, as well as oxidative stress with 
recruitment and infiltration of circulating cells play a 
major role.

Perturbations of a number of molecular mechanisms have 
been described, including pathways involving growth 
factors, cytokines, metabolic signaling, elastases, and prote
ases that may underlie the pathogenesis of the disease. 
Identifying their contribution to the pathophysiology of PAH 
could offer new drug targets [58, 59]. further elucidation of 
the molecular pathophysiology of PAH would increase our 
ability to develop more effective therapeutic modalities for 
combating this disease.

12.7.2.2 Principles of Pharmacological Management  
Several classes of drugs have been used to treat PAH with 
the emphasis of ameliorating pulmonary vasoconstriction 
and thereby the improvement of patients’ systems. Although 
the mainstay of therapy has focused on the use of vasodila
tors, the management also involves other drugs, such as 
diuretics, anticoagulants, and digoxin. The pharmacological 
treatments for PAH are grouped into nonvasodilating and 
vasodilating therapies (Table 12.16).

guidelines and treatment algorithms on the management 
of PAH have become available and provide evidence‐based 
treatment algorithms for PAH [60–63]. The ACCf/AHA 
2009 Expert Consensus Document on Pulmonary 
Hypertension provides detailed recommendations on the 
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taBle 12.14 the updated clinical classification of pulmonary hypertension

1. pulmonary arterial hypertension (pah)
 1.1 Idiopathic PAH
 1.2 Heritable
 1.2.1 BMPr2
 1.2.2  ALK1, endoglin (with or without hereditary hemorrhagic telangiectasia)
 1.2.3 Unknown
 1.3 Drug and toxin induced
 1.4 PAH associated with:
 1.4.1 Connective tissue diseases
 1.4.2 HIV infection
 1.4.3 Portal hypertension
 1.4.4 Congenital heart diseases
 1.4.5 Schistosomiasis
 1.4.6 Chronic hemolytic anemia
 1.5 Persistent pulmonary hypertension of the newborn

1′. pulmonary veno‐occlusive disease (pvOd) and/or pulmonary capillary hemangiomatosis (pch)

2. pulmonary hypertension owing to left heart disease
 2.1 Systolic dysfunction
 2.2 Diastolic dysfunction
 2.3 Valvular disease

3. pulmonary hypertension owing to lung diseases and/or hypoxia
 3.1 Chronic obstructive pulmonary disease
 3.2 Interstitial lung disease
 3.3 other pulmonary diseases with mixed restrictive and obstructive pattern
 3.4 Sleep‐disordered breathing
 3.5 Alveolar hypoventilation disorders
 3.6 Chronic exposure to high altitude
 3.7 Developmental abnormalities

4. chronic thromboembolic pulmonary hypertension (cteph)

5. pulmonary hypertension with unclear multifactorial mechanisms
 5.1 Hematologic disorders: myeloproliferative disorders, splenectomy
 5.2 Systemic disorders: sarcoidosis, pulmonary Langerhans cell histiocytosis, lymphangioleiomyomatosis, neurofibromatosis, vasculitis
 5.3 Metabolic disorders: glycogen storage disease, gaucher disease, thyroid disorders
 5.4 others: tumoral obstruction, fibrosing mediastinitis, chronic renal failure on dialysis

ALK1, activin receptor‐like kinase type 1; BMPr2, bone morphogenetic protein receptor type 2; HIV, human immunodeficiency virus.

taBle 12.15 whO functional classification of pulmonary hypertension

Class I Patients with pulmonary hypertension but without resulting limitation of physical activity. ordinary physical activity 
does not cause undue dyspnea or fatigue, chest pain, or near syncope

Class II Patients with pulmonary hypertension resulting in slight limitation of physical activity. They are comfortable at rest. 
ordinary physical activity causes undue dyspnea or fatigue, chest pain, or near syncope

Class III Patients with pulmonary hypertension resulting in marked limitation of physical activity. They are comfortable at rest. 
Less than ordinary activity causes undue dyspnea or fatigue, chest pain, or near syncope

Class IV Patients with pulmonary hypertension with inability to carry out any physical activity without symptoms. These 
patients manifest signs of right heart failure. Dyspnea and/or fatigue may even be present at rest. Discomfort is 
increased by any physical activity
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management of PAH as well as other types of hyper tension. 
The major principles of the pharmacological management 
of PAH include the following:

 • oral anticoagulation is proposed for most patients; 
diuretic treatment and supplemental oxygen are indi
cated in cases of fluid retention and hypoxemia, 
respectively.

 • High doses of CCBs are indicated only in the minority 
of patients who respond to acute vasoreactivity testing.

 • Nonresponders to acute vasoreactivity testing or 
responders who remain in WHo functional class III 
should be considered as candidates for treatment with 
either an oral phosphodiesterase‐5 inhibitor or an oral 
endothelin receptor antagonist.

 • Continuous intravenous administration of epoprostenol 
remains the treatment of choice in WHo functional 
class IV patients.

 • Combination therapy is recommended for patients 
treated with PAH monotherapy who remain in WHo 
functional class III.

 • Atrial septostomy and lung transplantation are indi
cated for refractory patients or where medical treatment 
is unavailable.

12.8 suMMary Of chapter Key pOints

 • The treatment of hypertension, especially the systemic 
primary hypertension, has been one of medicine’s 
major successes of the past half century. Although var
ious guidelines have been developed by different orga
nizations and in different parts of the globe, the major 
components of hypertension management are essen
tially the same, which include lifestyle modifications 
and drug therapy.

taBle 12.16 pharmacological treatments of pulmonary arterial hypertension (pah)

Pharmacological treatment Pharmacological effects and other comments
nonvasodilating therapies
Anticoagulants •	 Suppression	of	thrombin,	a	contributor	to	disease	progression

•	 Improvement	of	survival
Diuretics •	 Relief	of	symptoms	due	to	PAH‐associated	right	ventricular	failure	and	systemic	venous	

congestion
oxygen •	 Improvement	of	hypoxemia
Digoxin •	 Improvement	of	PAH‐associated	right	ventricular	dysfunction	by	increasing	myocardial	

contractility

vasodilating drugs
Calcium channel blockers (CCBs) •	 Reduction	of	pulmonary	artery	pressure	due	to	vasodilating	activity

•	 The	most	commonly	used	CCBs	include	long‐acting	nifedipine,	diltiazem,	and	
amlodipine

•	 Due	to	its	potential	negative	inotropic	effects,	verapamil	should	be	avoided
Prostacyclins (epoprostenol, iloprost, 

treprostinil)
•	 Prostacyclin	synthesis	is	reduced	in	PAH	patients,	resulting	in	inadequate	production	of	

prostacyclin I
2
, a vasodilator with antiproliferative effects

•	 Administration	of	prostanoids	has	been	a	mainstay	of	PAH	therapy	for	more	than	a	
decade

•	 There	are	currently	three	commercially	available	prostanoids:	epoprostenol,	treprostinil,	
and iloprost

PDE5 inhibitors (sildenafil, tadalafil) •	 Inhibition	of	PDE5	produces	pulmonary	vasodilation	by	promoting	an	enhanced	and	
sustained level of cgMP, an identical effect to that of inhaled nitric oxide

•	 Both	sildenafil	and	tadalafil	have	been	approved	for	treating	PAH	in	addition	to	their	
use in treating erectile dysfunction

Endothelin (ET) receptor blockers 
(bosentan, ambrisentan, macitentan)

•	 ET‐1	is	a	vasoconstrictor	and	a	smooth	muscle	mitogen	that	may	contribute	to	the	
development of PAH

•	 Blockage	of	ET	receptors	improves	the	symptoms	of	PAH	patients,	and	three	blockers	
have been approved for treating PAH

•	 Ambrisentan	is	a	selective	blocker	of	ET
A
, and bosentan and macitentan are blockers of 

ET
A
 and ET

B
 receptors

Soluble guanylate cyclase (sgC) 
stimulator (riociguat)

•	 Riociguat	is	an	sGC	stimulator.	It	directly	stimulates	sGC	and	also	sensitizes	nitric	
oxide‐mediated activation of sgC.

•	 Riociguat	is	the	newest	vasodilating	drug	for	treating	PAH	(approved	by	the	US	FDA	
in 2013)
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 • Among the various guidelines, the US‐based JNC7 
report published 10 years ago still represents the 
most  comprehensive guideline on hypertension 
management. recently, multiple guidelines have been 
developed to incorporate new evidence, especially 
high‐quality data from randomized controlled trials to 
emphasize the importance of evidence‐based recom
mendations. Among these are the US‐based AHA 2007 
guideline, AHA/ACC/CDC 2014 Science Advisory, 
and JNC8 report. guidelines developed outside the 
United States include the 2011 NICE and 2013 ESH/
ESC guidelines, as well as the joint guideline of ASH/
ISH published in 2014.

 • Although the aforementioned recent guidelines on 
hypertensive management were developed by different 
organizations in different nations, they share many sim
ilarities regarding key recommendations on drug 
therapy and lifestyle modifications. Not surprisingly, 
some also differ with regard to blood pressure targets in 
the general population and in patients with comorbid 
disorders as well as selection of certain antihyperten
sive agents (Table 12.17) [64, 65].

 • regardless of their differences, the key consensus mes
sage from the various guidelines remains the same, that 
is, guidelines are not a substitute for clinical judgment, 
and decisions about patient care must carefully con
sider and incorporate the clinical characteristics and 
circumstances of each individual patient. Specifically, 
the selection of appropriate blood pressure targets and 
medications during hypertension therapy for patients at 
any age should be influenced by the clinical responses 
of the patients to their treatment and the healthcare 

 provider’s judgment. on the other hand, advances in 
antihypertensive therapies will continue to provide 
healthcare providers with new armamentaria to combat 
hypertension, including PAH [66–68].

12.9 self‐assessMent QuestiOns

12.9.1.  A 36‐year‐old pregnant woman develops pre
eclampsia. Which of the following drugs is most 
appropriate for treating this patient’s hypertension 
associated with preeclampsia?
A. Aliskiren
B. Hydralazine
C. Lisinopril
D. Losartan
E. Macitentan

12.9.2.  A 45‐year‐old male of African heritage with stage 
I  hypertension also develops asthma. Which of 
the following antihypertensive agents would be most 
appropriate for treating this patient’s hypertension?
A. Amlodipine
B. Captopril
C. furosemide
D. Propranolol
E. Spironolactone

12.9.3.  A 30‐year‐old African American is diagnosed with 
essential hypertension, and his blood pressure is 
150/95 mmHg. He is otherwise healthy. Which of the 
following drugs is most appropriate for initial therapy?
A. Aliskiren
B. Chlorthalidone

taBle 12.17 comparison of the Jnc7, aha 2007, and some most recent guidelines on hypertension management

guideline BP target in general population

BP targets in patients with 
comorbid conditions 
(diabetes, CKD, CAD, Hf)

β‐Blockers as first‐line therapy 
for uncomplicated 
hypertension

JNC7 (2003) <140/90 mmHg <130/80 mmHg yes
AHA 2007 <140/90 mmHg <130/80 mmHg No
AHA/ACC/CDC 2014 <140/90 mmHg <140/90 mmHg and lower 

targets may be considered
No

JNC8 (2014) <140/90 mmHg for aged <60 years; 
<150/90 mmHg for aged ≥60 years

<140/90 mmHg No

NICE 2011 <140/90 mmHg for aged <80 years; 
<150/90 mmHg for aged ≥80 years

Not addressed No

ESH/ESC 2013 <140/90 mmHg; 140–150/<90 mmHg 
in the elderly

<140/85 mmHg yes

ASH/ISH 2014 <140/90 mmHg; <150/90 for aged 
≥80 years; consider <130/80 mmHg 
for young adults if tolerated

<140/90 mmHg No

CHEP 2014 <140/90 mmHg; SBP <150 mmHg for 
aged ≥ 80 years

<130/80 mmHg for diabetes; 
<140/90 mmHg for others

yes
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C. Lisinopril
D. Losartan
E. Metoprolol

12.9.4.  A 56‐year‐old female presents to the physician’s 
office complaining of dizziness, headache, and 
tinnitus. Physical exam reviews a blood pressure 
of 155/100 mmHg upon repeated measurements. 
Lab test shows elevated fasting blood glucose 
(8.9 mM). History reveals that her two brothers 
also have both hypertension and diabetes. 
According to the JNC8 report, which of the fol
lowing is the blood pressure target for this 
patient?
A. <120/80 mmHg
B. <130/80 mmHg
C. <140/85 mmHg
D. <140/90 mmHg
E. <150/90 mmHg

12.9.5.  A 48‐year‐old female with chronic kidney disease 
is presented to the physician’s office for an annual 
checkup. Her blood pressure is 150/95 mmHg 
upon repeated measurements. Which of the fol
lowing is most suitable for treating her high blood 
pressure?
A. Aliskiren
B. Amlodipine
C. Atenolol
D. Eplerenone
E. Lisinopril

references

1 James, P.A., et al., 2014 evidence‐based guideline for the 
management of high blood pressure in adults: report from the 
panel members appointed to the Eighth Joint National 
Committee (JNC 8). JAMA, 2014. 311(5): p. 507–20.

2 Appel, L.J., et al., Dietary approaches to prevent and treat 
hypertension: a scientific statement from the American Heart 
Association. Hypertension, 2006. 47(2): p. 296–308.

3 rosendorff, C., et al., Treatment of hypertension in the preven
tion and management of ischemic heart disease: a scientific 
statement from the American Heart Association Council for 
High Blood Pressure research and the Councils on Clinical 
Cardiology and Epidemiology and Prevention. Circulation, 
2007. 115(21): p. 2761–88.

4 Drozda, J., Jr., et al., ACCf/AHA/AMA‐PCPI 2011 performance 
measures for adults with coronary artery disease and hyperten
sion a report of the American College of Cardiology foundation/
American Heart Association Task force on Performance 
Measures and the American Medical Association‐Physician 
Consortium for Performance Improvement. J Am Coll Cardiol, 
2011. 58(3): p. 316–36.

5 Aronow, W.S., et al., ACCf/AHA 2011 expert consensus docu
ment on hypertension in the elderly: a report of the American 

College of Cardiology foundation Task force on Clinical 
Expert Consensus Documents. Circulation, 2011. 123(21): 
p. 2434–506.

6 go, A.S., et al., An effective approach to high blood pressure 
control: a science advisory from the American Heart 
Association, the American College of Cardiology, and the 
Centers for Disease Control and Prevention. J Am Coll 
Cardiol, 2014. 63(12): p. 1230–8.

7 Weber, M.A., et al., Clinical practice guidelines for the 
management of hypertension in the community a statement 
by the American Society of Hypertension and the International 
Society of Hypertension. J Hypertens, 2014. 32(1): p. 3–15.

8 Dasgupta, K., et al., The 2014 Canadian Hypertension Education 
Program recommendations for blood pressure measurement, 
diagnosis, assessment of risk, prevention, and treatment of 
hypertension. Can J Cardiol, 2014. 30(5): p. 485–501.

9 Williams, B., et al., guidelines for management of hyperten
sion: report of the fourth working party of the British 
Hypertension Society, 2004‐BHS IV. J Hum Hypertens, 2004. 
18(3): p. 139–85.

10 Krause, T., et al., Management of hypertension: summary of 
NICE guidance. BMJ, 2011. 343: p. d4891.

11 Mancia, g., et al., 2013 ESH/ESC guidelines for the 
management of arterial hypertension: the Task force for the 
management of arterial hypertension of the European Society 
of Hypertension (ESH) and of the European Society of 
Cardiology (ESC). J Hypertens, 2013. 31(7): p. 1281–357.

12 Chobanian, A.V., et al., The seventh report of the Joint 
National Committee on Prevention, Detection, Evaluation, 
and Treatment of High Blood Pressure: the JNC 7 report. 
JAMA, 2003. 289(19): p. 2560–72.

13 rosendorff, C., Hypertension and coronary artery disease: a 
summary of the American Heart Association scientific state
ment. J Clin Hypertens (Greenwich), 2007. 9(10): p. 790–5.

14 Thomas, g., et al., New hypertension guidelines: one size fits 
most? Cleve Clin J Med, 2014. 81(3): p. 178–88.

15 Eckel, r.H., et al., 2013 AHA/ACC guideline on lifestyle 
management to reduce cardiovascular risk: a report of the 
American College of Cardiology/American Heart Association 
Task force on Practice guidelines. J Am Coll Cardiol, 2014. 
63(25 Pt B): p. 2960–84.

16 Chobanian, A.V., et al., Seventh report of the Joint National 
Committee on Prevention, Detection, Evaluation, and Treatment 
of High Blood Pressure. Hypertension, 2003. 42(6): p. 1206–52.

17 Eckel, r.H., et al., 2013 AHA/ACC guideline on lifestyle 
management to reduce cardiovascular risk: a report of the 
American College of Cardiology/American Heart Association 
Task force on Practice guidelines. Circulation, 2014. 129(25 
Suppl 2): p. S76–S99.

18 Appel, L.J., et al., A clinical trial of the effects of dietary pat
terns on blood pressure. DASH Collaborative research group. 
N Engl J Med, 1997. 336(16): p. 1117–24.

19 Sacks, f.M., et al., Effects on blood pressure of reduced die
tary sodium and the Dietary Approaches to Stop Hypertension 
(DASH) diet. DASH‐Sodium Collaborative research group. 
N Engl J Med, 2001. 344(1): p. 3–10.



240 MANAgEMENT of HyPErTENSIoN:  PrINCIPLES AND gUIDELINES

20 Sacks, f.M. and H. Campos, Dietary therapy in hypertension. 
N Engl J Med, 2010. 362(22): p. 2102–12.

21 Ernst, M.E. and B.C. Lund, renewed interest in chlorthali
done: evidence from the Veterans Health Administration. 
J Clin Hypertens (Greenwich), 2010. 12(12): p. 927–34.

22 Dorsch, M.P., et al., Chlorthalidone reduces cardiovascular 
events compared with hydrochlorothiazide: a retrospective 
cohort analysis. Hypertension, 2011. 57(4): p. 689–94.

23 Jamerson, K., et al., Benazepril plus amlodipine or hydrochlo
rothiazide for hypertension in high‐risk patients. N Engl 
J Med, 2008. 359(23): p. 2417–28.

24 Ernst, M.E., B.L. Carter, and J.N. Basile, All thiazide‐like diuretics 
are not chlorthalidone: putting the ACCoMPLISH study into per
spective. J Clin Hypertens (Greenwich), 2009. 11(1): p. 5–10.

25 De Caterina, A.r. and A.M. Leone, Why beta‐blockers should 
not be used as first choice in uncomplicated hypertension. Am 
J Cardiol, 2010. 105(10): p. 1433–8.

26 ram, C.V., Beta‐blockers in hypertension. Am J Cardiol, 
2010. 106(12): p. 1819–25.

27 Law, M.r., J.K. Morris, and N.J. Wald, Use of blood pressure 
lowering drugs in the prevention of cardiovascular disease: 
meta‐analysis of 147 randomised trials in the context of expec
tations from prospective epidemiological studies. BMJ, 2009. 
338: p. b1665.

28 Taylor, A.A. and J.L. Pool, Clinical role of Direct renin 
Inhibition in Hypertension. Am J Ther, 2012. 19(3): p. 204–10.

29 Sharabi, y., et al., Efficacy of add‐on aldosterone receptor 
blocker in uncontrolled hypertension. Am J Hypertens, 2006. 
19(7): p. 750–5.

30 Jansen, P.M., et al., Long‐term use of aldosterone‐receptor 
antagonists in uncontrolled hypertension: a retrospective anal
ysis. Int J Hypertens, 2011. 2011: p. 368140.

31 Smith, r.E. and M. Ashiya, Antihypertensive therapies. Nat 
Rev Drug Discov, 2007. 6(8): p. 597–8.

32 Costanzo, P., et al., Calcium channel blockers and cardiovas
cular outcomes: a meta‐analysis of 175,634 patients. 
J Hypertens, 2009. 27(6): p. 1136–51.

33 Kidney Disease outcomes Quality Initiative (K/DoQI).  
K/DoQI clinical practice guidelines on hypertension and 
antihypertensive agents in chronic kidney disease. Am J 
Kidney Dis, 2004. 43(5 Suppl 1): p. S1–290.

34 Taler, S.J., et al., KDoQI US commentary on the 2012 KDIgo 
clinical practice guideline for management of blood pressure 
in CKD. Am J Kidney Dis, 2013. 62(2): p. 201–13.

35 Chobanian, A.V., Clinical practice. Isolated systolic 
 hypertension in the elderly. N Engl J Med, 2007. 357(8): 
p. 789–96.

36 Cohen, D.L. and r.r. Townsend, Update on pathophysiology 
and treatment of hypertension in the elderly. Curr Hypertens 
Rep, 2011. 13(5): p. 330–7.

37 Arif, S.A., et al., Treatment of systolic heart failure in the 
elderly: an evidence‐based review. Ann Pharmacother, 2010. 
44(10): p. 1604–14.

38 Beckett, N.S., et al., Treatment of hypertension in patients 
80  years of age or older. N Engl J Med, 2008. 358(18): 
p. 1887–98.

39 Villar, V.A., T. Liu, and P.A. Jose, recent trends in pediatric 
hypertension research. J Med Liban, 2010. 58(3): p. 179–84.

40 franks, P.W., et al., Childhood obesity, other cardiovascular 
risk factors, and premature death. N Engl J Med, 2010. 362(6): 
p. 485–93.

41 Ingelfinger, J.r., Clinical practice. The child or adolescent 
with elevated blood pressure. N Engl J Med, 2014. 370(24): 
p. 2316–25.

42 falkner, B. and S.r. Daniels, Summary of the fourth report 
on the diagnosis, evaluation, and treatment of high blood 
pressure in children and adolescents. Hypertension, 2004. 
44(4): p. 387–8.

43 flack, J.M., S.A. Nasser, and P.D. Levy, Therapy of hyperten
sion in African Americans. Am J Cardiovasc Drugs, 2011. 
11(2): p. 83–92.

44 Douglas, J.g., et al., Management of high blood pressure in 
African Americans: consensus statement of the Hypertension 
in African Americans Working group of the International 
Society on Hypertension in Blacks. Arch Intern Med, 2003. 
163(5): p. 525–41.

45 Moser, M. and J.f. Setaro, Clinical practice. resistant or 
 difficult‐to‐control hypertension. N Engl J Med, 2006. 355(4): 
p. 385–92.

46 Sarafidis, P.A. and g.L. Bakris, resistant hypertension: an 
overview of evaluation and treatment. J Am Coll Cardiol, 
2008. 52(22): p. 1749–57.

47 Vongpatanasin, W., resistant hypertension: a review of diag
nosis and management. JAMA, 2014. 311(21): p. 2216–24.

48 Calhoun, D.A., Hyperaldosteronism as a common cause of 
resistant hypertension. Annu Rev Med, 2013. 64: p. 233–47.

49 Solini, A. and L.M. ruilope, How can resistant hypertension 
be identified and prevented? Nat Rev Cardiol, 2013. 10(5): 
p. 293–6.

50 Calhoun, D.A., et al., resistant hypertension: diagnosis, eval
uation, and treatment: a scientific statement from the American 
Heart Association Professional Education Committee of the 
Council for High Blood Pressure research. Circulation, 2008. 
117(25): p. e510–26.

51 Pimenta, E. and S. oparil, Prehypertension: epidemiology, 
consequences and treatment. Nat Rev Nephrol, 2010. 6(1): 
p. 21–30.

52 Julius, S., et al., feasibility of treating prehypertension with 
an angiotensin‐receptor blocker. N Engl J Med, 2006. 354(16): 
p. 1685–97.

53 Luders, S., et al., The PHArAo study: prevention of 
hypertension with the angiotensin‐converting enzyme 
inhibitor ramipril in patients with high‐normal blood 
pressure: a prospective, randomized, controlled prevention 
trial of the german Hypertension League. J Hypertens, 
2008. 26(7): p. 1487–96.

54 Thompson, A.M., et al., Antihypertensive treatment and 
secondary prevention of cardiovascular disease events among 
persons without hypertension: a meta‐analysis. JAMA, 2011. 
305(9): p. 913–22.

55 Ventura, H.o. and C.J. Lavie, Antihypertensive therapy for 
prehypertension: relationship with cardiovascular outcomes. 
JAMA, 2011. 305(9): p. 940–1.



rEfErENCES 241

56 Simonneau, g., et al., Updated clinical classification 
of  pulmonary hypertension. J Am Coll Cardiol, 2009. 
54(1 Suppl): p. S43–54.

57 farber, H.W. and J. Loscalzo, Pulmonary arterial hyperten
sion. N Engl J Med, 2004. 351(16): p. 1655–65.

58 Morrell, N.W., et al., Cellular and molecular basis of 
pulmonary arterial hypertension. J Am Coll Cardiol, 2009. 
54(1 Suppl): p. S20–31.

59 Schermuly, r.T., et al., Mechanisms of disease: pulmonary 
arterial hypertension. Nat Rev Cardiol, 2011. 8(8): p. 443–55.

60 Barst, r.J., et al., Updated evidence‐based treatment algorithm 
in pulmonary arterial hypertension. J Am Coll Cardiol, 2009. 
54(1 Suppl): p. S78–84.

61 McLaughlin, V.V., et al., ACCf/AHA 2009 expert consensus 
document on pulmonary hypertension: a report of the 
American College of Cardiology foundation Task force on 
Expert Consensus Documents and the American Heart 
Association: developed in collaboration with the American 
College of Chest Physicians, American Thoracic Society, Inc., 
and the Pulmonary Hypertension Association. Circulation, 
2009. 119(16): p. 2250–94.

62 galie, N., et al., Updated treatment algorithm of pulmonary 
arterial hypertension. J Am Coll Cardiol, 2013. 62(25 Suppl): 
p. D60–72.

63 McLaughlin, V.V., et al., Treatment goals of pulmonary 
 hypertension. J Am Coll Cardiol, 2013. 62(25 Suppl): 
p. D73–81.

64 Krakoff, L.r., recent guidelines for the management of 
hypertension: what is missing? Blood Press Monit, 2014. 
19(4): p. 189–91.

65 Weber, M.A., recently published hypertension guidelines of 
the JNC 8 panelists, the American Society of Hypertension/
International Society of Hypertension and other major orga
nizations: introduction to a focus issue of the Journal of 
Clinical Hypertension. J Clin Hypertens (Greenwich), 2014. 
16(4): p. 241–5.

66 Paulis, L., U.M. Steckelings, and T. Unger, Key advances 
in  antihypertensive treatment. Nat Rev Cardiol, 2012. 9(5): 
p. 276–85.

67 Burnier, M., y. Vuignier, and g. Wuerzner, State‐of‐the‐art 
treatment of hypertension: established and new drugs. Eur 
Heart J, 2014. 35(9): p. 557–62.

68 gomberg‐Maitland, M., et al., New trial designs and potential 
therapies for pulmonary artery hypertension. J Am Coll 
Cardiol, 2013. 62(25 Suppl): p. D82–91.





UNIT IV

ISCHEMIC HEART DISEASE: STABLE ISCHEMIC 
HEART DISEASE





Cardiovascular Diseases: From Molecular Pharmacology to Evidence-Based Therapeutics, First Edition. Y. Robert Li. 
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.

245

13.1 IntroductIon

Ischemic heart disease (IHD) is the single most common 
cause of death in developed nations as well as in many devel
oping countries [1, 2]. IHD is an umbrella term that encom
passes a spectrum of cardiac disorders caused by myocardial 
ischemia. The notable examples of IHD include stable IHD 
(SIHD) (with stable angina as its prototypical manifestation) 
and acute coronary syndromes (ACS), among many others. 
This chapter provides an overview of IHD and discusses the 
pathophysiology of SIHD and the mechanistically based 
drug targeting of stable angina. Chapter 14 reviews antiangi
nal drugs that have already been discussed in previous chap
ters and also considers some newly approved antianginal 
drugs that are not covered in previous chapters. The principles 
and guidelines regarding the management of SIHD/stable 
angina in clinical practice are given in Chapter 15.

13.2 classIfIcatIon, EpIdEmIology, 
and pathophysIology

13.2.1 classification

13.2.1.1 Definition of IHD and the International 
Statistical Classification of Diseases and Related Health 
Problems–10th Revision Classification As noted earlier, 
the term IHD refers to a spectrum of diseases of the heart 
caused by decreased oxygen supply to the myocardium. The 
International Statistical Classification of Diseases and 
Related Health Problems–10th Revision (ICD‐10) classifies 

IHD into the following six categories, and each category 
consists of multiple disease entities (also in Table 13.1):

1. Angina pectoris

2. Acute myocardial infarction

3. Certain current complications following acute myocar
dial infarction

4. Subsequent myocardial infarction

5. Other acute IHD

6. Chronic IHD including coronary artery disease (CAD), 
among others

13.2.1.2 Conventional Classification of IHD ICD‐10 
classification of IHD is comprehensive and authorita
tive; however, it is complicated and often times causes 
confusion. Hence, a simplified classification scheme is 
frequently used to divide IHD into two general categories 
(Fig. 13.1): (1) SIHD with stable angina as the prototypical 
manifestation and (2) ACS that include unstable angina, 
non‐ST‐elevation myocardial infarction, and ST‐elevation 
myocardial infarction (see Unit V). SIHD is also frequently 
known as stable coronary artery disease (SCAD). 
Regardless of the nomenclature, stable angina is the chief 
manifestation of SIHD or SCAD. Indeed, the main symp
tomatic clinical presentations of SIHD include (i) classical 
chronic stable angina caused by epicardial stenosis; 
(ii)  angina caused by microvascular dysfunction (also 
known as microvascular angina), (iii) angina caused by 
vasospasm (vasospastic angina), and (iv) symptomatic 
ischemic cardiomyopathy [3].

ovErvIEw of IschEmIc hEart dIsEasE, stablE 
angIna, and drug thErapy

13
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tablE 13.1 Icd‐10 classification of ischemic heart diseases (I20–I25)a

ICD‐10 code ICD‐10 subcode and disease description

I20: Angina pectoris I20.0. Unstable angina
Angina:
•	Crescendo
•	De novo effort
•	worsening effort
Intermediate coronary syndrome
Preinfarction syndrome
I20.1. Angina pectoris with documented spasm
Angina:
•	Angiospastic
•	 Prinzmetal
•	 Spasm induced
•	Variant
120.8.  Other forms of angina pectoris
Angina of effort
Stenocardia
120.9. Angina pectoris, unspecified  
Angina:
•	nOS
•	Cardiac
Anginal syndrome
Ischemic chest pain

I21: Acute myocardial infarction I21.0. Acute transmural myocardial infarction of anterior wall
Transmural infarction (acute) (of):
•	Anterior (wall) nOS
•	Anteroapical
•	Anterolateral
•	Anteroseptal
I21.1. Acute transmural myocardial infarction of inferior wall
Transmural infarction (acute) (of):
•	Diaphragmatic wall
•	 Inferior (wall) nOS
•	 Inferolateral
•	 Inferoposterior
I21.2. Acute transmural myocardial infarction of other sites
Transmural infarction (acute) (of):
•	Apical–lateral
•	basal–lateral
•	High lateral
•	lateral (wall) nOS
•	 Posterior (true)
•	 Posterobasal
•	 Posterolateral
•	 Posteroseptal
•	 Septal nOS
I21.3. Acute transmural myocardial infarction of unspecified site
Transmural myocardial infarction nOS
I21.4. Acute subendocardial myocardial infarction
nontransmural myocardial infarction nOS
I21.9. Acute myocardial infarction, unspecified
myocardial infarction (acute) nOS

I22: Subsequent myocardial infarction I22.0. Subsequent myocardial infarction of anterior wall
Subsequent infarction (acute) (of):
•	Anterior (wall) nOS
•	Anteroapical
•	Anterolateral
•	Anteroseptal
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ICD‐10 code ICD‐10 subcode and disease description

I22.1. Subsequent myocardial infarction of inferior wall
Subsequent infarction (acute) (of):
•	Diaphragmatic wall
•	 Inferior (wall) nOS
•	 Inferolateral
•	 Inferoposterior
I22.8. Subsequent myocardial infarction of other sites
Subsequent myocardial infarction (acute) (of):
•	Apical–lateral
•	basal–lateral
•	High lateral
•	lateral (wall) nOS
•	 Posterior (true)
•	 Posterobasal
•	 Posterolateral
•	 Posteroseptal
•	 Septal nOS
I22.9. Subsequent myocardial infarction of unspecified site

I23: Certain current complications following acute 
myocardial infarction

I23.0.  Hemopericardium as current complication following acute myocardial 
infarction

excl.: the listed conditions, when:
•	Concurrent with acute myocardial infarction (I21‐I22)
•	not specified as current complications following acute 

myocardial infarction (I31.‐, I51.‐)b, c

I23.1.  Atrial septal defect as current complication following acute myocardial 
infarction

I23.2.  Ventricular septal defect as current complication following acute 
myocardial infarction

I23.3.  Rupture of cardiac wall without hemopericardium as current complication 
following acute myocardial infarction

excl.: with hemopericardium (I23.0)
I23.4.  Rupture of chordae tendineae as current complication following acute 

myocardial infarction
I23.5.  Rupture of papillary muscle as current complication following acute 

myocardial infarction
I23.6.  Thrombosis of the atrium, auricular appendage, and ventricle as current 

complications following acute myocardial infarction
I23.8. Other current complications following acute myocardial infarction

I24: Other acute ischemic heart diseases
excl.: angina pectoris (I20.‐), transient myocardial 

ischemia of newborn (P29.4)d

I24.0. Coronary thrombosis not resulting in myocardial infarction 
Coronary (artery)(vein):
•	embolism
•	Occlusion
•	Thromboembolism
excl.: specified as chronic or with a stated duration of >4 weeks (>28 days) 

from onset (I25.8)
I24.1. Dressler syndrome  
Postmyocardial infarction syndrome
I24.8. Other forms of acute ischemic heart disease
Coronary:
•	 Failure
•	 Insufficiency
I24.9. Acute ischemic heart disease, unspecified
excl.: ischemic heart disease (chronic) nOS (I25.9)

I25: Chronic ischemic heart disease
excl.: cardiovascular disease nOS (I51.6)e

I25.0. Atherosclerotic cardiovascular disease, so described
I25.1. Atherosclerotic heart disease
Coronary (artery):
•	Atheroma
•	Atherosclerosis
•	Disease
•	 Sclerosis

tablE 13.1 (Continued)

(Continued)
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13.2.1.3 Definition of CAD and Coronary Heart Disease  
CAD and coronary heart disease (CHD) are two most com
monly encountered terms in cardiovascular medicine and 
frequently used synonymously by healthcare professionals. 
However, strictly speaking, there are differences between 
these two terms. CAD is generally used to refer to the path
ological process affecting the coronary arteries (usually ath
erosclerosis). On the other hand, CHD is actually a result of 

CAD. with CAD, plaque first grows in the coronary arteries 
until the blood flow to the cardiac muscle is limited. This is 
also called myocardial ischemia. It may be chronic, caused by 
narrowing of the coronary artery and limitation of the blood 
supply to part of the muscle. Or it can be acute, resulting from a 
sudden plaque rupture. Hence, CHD includes the diagnoses 
of angina pectoris, myocardial infarction, silent m yocardial 
ischemia, and CHD mortality that result from CAD.

Ischemic heart
disease (IHD)

Stable ischemic 
heart disease (SIHD)

Acute coronary
syndromes (ACS)

Unstable angina (UA)

Non-ST elevation myocardial 
infarction (NSTEMI)

ST elevation myocardial 
infarction (STEMI)

fIgurE 13.1 Conventional classification of ischemic heart disease (IHD). As illustrated, IHD is typically classified into stable IHD (with 
stable angina as the prototypical clinical manifestation) and acute coronary syndromes (ACS). ACS include unstable angina, non‐ST‐elevation 
myocardial infarction, and ST‐elevation myocardial infarction.

ICD‐10 code ICD‐10 subcode and disease description

I25.2. Old myocardial infarction
Healed myocardial infarction
Past myocardial infarction diagnosed by eCg or other special investigation, 

but currently presenting no symptoms
I25.3. Aneurysm of the heart
Aneurysm:
•	mural
•	Ventricular
I25.4. Coronary artery aneurysm
Coronary arteriovenous fistula, acquired
excl.: congenital coronary (artery) aneurysm (Q24.5)f
I25.5. Ischemic cardiomyopathy
I25.6. Silent myocardial ischemia
I25.8. Other forms of chronic ischemic heart disease
Any condition in I21‐I22 and I24.‐ specified as chronic or with a stated duration 
of >4 weeks (>28 days) from onset
I25.9.  Chronic ischemic heart disease, unspecified
Ischemic heart disease (chronic) nOS

excl., excluding; nOS, not otherwise specified.
aAdapted from http://apps.who.int/classifications/icd10/browse/2010/en.
bI31.‐: Other diseases of pericardium under Other forms of heart disease (I30–I52) of Chapter IX: Diseases of the circulatory system (I00–I99).
cI51.‐: Complications and ill‐defined descriptions of heart disease under Other forms of heart disease (I30‐I52) of Chapter IX: Diseases of the circulatory 
system (I00–I99).
dP29.4: Transient myocardial ischemia of newborn under Respiratory and cardiovascular disorders specific to the perinatal period (P20–P29) of Chapter XVI: 
Certain conditions originating in the perinatal period (P00–P96).
eI51.6: Cardiovascular disease, unspecified (cardiovascular accident nOS) under Other forms of heart disease (I30–I52) of Chapter IX: Diseases of the 
circulatory system (I00–I99).
fQ24.5: malformation of coronary vessels under Congenital malformations of the circulatory system (Q20–Q28) of Chapter XVII: Congenital malformations, 
deformations and chromosomal abnormalities (Q00–Q99).

tablE 13.1 (Continued)

http://apps.who.int/classifications/icd10/browse/2010/en
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13.2.2 Epidemiology

CHD is a major cause of death and disability in developed 
countries as well as many developing countries, such as 
China. Although CHD mortality rates have declined over 
the past four decades in the United States (and elsewhere), 
currently, CHD remains responsible for about one sixth 
of all deaths in the country. The 2014 Heart Disease and 
Stroke Statistics update of the American Heart Association 
reported that 15.4 million (or 6.4%) people (age ≥20 years) 
in the United States have CHD, including 7.6 million with 
myocardial infarction and 7.8 million with angina pectoris 
[4]. The reported prevalence increases with age for both 
women and men. For individuals aged 40 years in the United 
States, the lifetime risk of developing CHD is 49% in men 
and 32% in  women. lifetime risk for CHD varies drasti
cally as a function of risk factor profiles. with an optimal 
risk factor profile, lifetime risk for CHD is 3.6% for men 
and <1% for women; with ≥2 major risk factors, it is 37.5% 
for men and 18.3% for women [5]. The key statistical 
data of CHD in the United States are given in Table 13.2.

Population‐based epidemiological data, such as that from 
the Framingham Heart Study (see Section  1.7.1), provide 
the best assessment of the risk factors that contribute to the 
development of CHD and to the way it evolves, progresses, 
and terminates because these data are less encumbered 
by  the unavoidable selection bias of clinical trials data. In 
addition, epidemiological data provide critical information 
regarding targets for the primary and secondary prevention 
of CHD [7] (see Chapter 1).

13.2.3 pathophysiology

Atherosclerosis is the fundamental pathophysiological basis 
of IHD. It is the process that results in the buildup of plaque 
in the coronary arteries that may subsequently lead to stable 
angina and ACS. Stable angina is caused by narrowing of 
the coronary artery and limitation of the blood supply to part 
of myocardium as a result of gradual buildup of plaque that 
is stable. On the other hand, the sudden rupture of a plaque 
and the subsequent thrombosis are responsible for ACS.

tablE 13.2 Key statistical data of chd in the united statesa

CHD Statistical data

Prevalence On the basis of data from “nHAneS 2007–2010,” an estimated 15.4 million US adults (age of ≥20 years) have CHD
The overall CHD prevalence is 6.4% (7.9% for men and 5.1% for women), and the overall prevalence for myocardial 

infarction is 2.9% (4.2% for men and 1.7% for women)
Projections show that by 2030, prevalence of CHD will increase approximately 18% from 2013 estimates

Incidence The estimated annual incidence of myocardial infarction is 515,000 new attacks and 205,000 recurrent attacks
Approximately every 44 s, an American will have a myocardial infarction
Average age at first myocardial infarction is 64.9 years for men and 72.3 years for women
while some studies suggested an overall decline in the incidence of myocardial infarction over the past decades, others 

showed no significant changes. Analysis of over 40 years of physician‐validated acute myocardial infarction data in the 
nHlbI’s Framingham Heart Study found that acute myocardial infarction rates diagnosed by electrocardiographic 
criteria declined by approximately 50%, with a concomitant twofold increase in rates of acute myocardial infarction 
diagnosed by blood markers. These findings may explain the apparently steady national acute myocardial infarction rates 
in the face of improvements in primary prevention [6]

mortality CHD was an underlying cause of death in approximately one of every six deaths in the United States in 2010. In 2010, CHD 
mortality was 379,559, and among this, myocardial infarction mortality was 122,071

In 2010, 73% of CHD deaths occurred out of the hospital. According to nCHS mortality data, 278,000 CHD deaths occur 
out of the hospital or in hospital emergency departments annually

About 50% of men and >60% of women who die suddenly of CHD have no previous symptoms of this disease
People who have had a myocardial infarction have a sudden death rate 4–6 times that of the general population
within 5 years after a first myocardial infarction, at ≥45 years of age, 36% of men and 47% of women will die
CHD death rates have fallen from 1968 to the present. From 2000 to 2010, the annual death rate attributable to CHD 

declined 39.2%, and the actual number of deaths declined 26.3%
It was estimated that approximately 47% of the decrease in CHD deaths was attributable to treatments (including secondary 

preventive therapies after myocardial infarction or revascularization, initial treatments for acute myocardial infarction or 
unstable angina, treatments for heart failure, revascularization for chronic angina, and other therapies such as 
antihypertensive and lipid‐lowering primary prevention therapies) and approximately 44% was attributable to changes in 
risk factors (lower total cholesterol, lower blood pressure, lower smoking prevalence, and decreased physical inactivity)

nCHS, national Center for Health Statistics; nHAneS, national Health and nutrition examination Survey; nHlbI, national Heart, lung, and blood 
Institute.
aAdapted from Ref. [4].
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The term atherosclerosis comes from the greek words 
athero (meaning gruel or paste) and sclerosis (hardness). It 
refers to the process of fatty substances, cholesterol, cellular 
waste products, calcium, and fibrin (a clotting material in 
the blood) building up in the inner lining of an artery. The 
resulting buildup is called plaque, which, as noted earlier, is 
responsible for IHD. Plaque may partially or totally block 
the blood flow through a coronary artery. As listed below, 
two things can happen where plaque occurs:

1. There may be bleeding (hemorrhage) into the plaque.

2. A blood clot (thrombus) may form on the plaque’s 
surface.

Atherosclerosis is a complex process that begins in 
childhood. exactly how atherosclerosis begins or what causes 
it remains partially understood. It is generally believed that 
atherosclerosis starts when the endothelium of the artery 
becomes damaged. listed below are four possible causes of 
damage to the arterial wall:

1. elevated levels of cholesterol and triglycerides in 
the blood

2. High blood pressure

3. Cigarette smoking

4. Inflammatory and oxidative stress

Cigarette smoking greatly aggravates and speeds up the 
growth of atherosclerosis in the coronary arteries, the aorta, 
and the arteries of the extremities. because of the damage, 
over time, cholesterol, triglycerides, platelets, cellular debris, 
and calcium are deposited in the artery wall. These substances 
may stimulate the cells of the artery wall to produce other mol
ecules, including growth factors and proinflammatory cyto
kines. This results in more cells accumulating in the innermost 
layer of the artery wall where the atherosclerotic lesions form. 
These cells accumulate, and many of them divide. At the same 
time, fat builds up within and around these cells. They also 

form connective tissue. The innermost layer of the artery 
becomes markedly thickened by these accumulating cells and 
surrounding material. If the wall is thickened sufficiently, the 
diameter of the artery will be reduced and less blood will 
flow, thus decreasing the oxygen supply, which may result in 
ischemia. Often, a blood clot forms and blocks the artery, stop
ping the flow of blood. If the oxygen supply to the cardiac 
muscle is reduced, a myocardial infarction can occur. On the 
other hand, if the oxygen supply to the brain is cut off, an 
ischemic stroke can occur (see Unit VIII). Additionally, if the 
oxygen supply to the extremities stops, it may cause gangrene.

13.3 stablE angIna and drug targEtIng

13.3.1 definition and classification

Angina, formally known as angina pectoris, is a term used 
to  describe chest pain. Along with chest pain, individuals 
may also feel a sensation of pressure or tightness in the 
chest. The term angina is derived from a latin word, meaning 
“to choke.” The angina pain may be felt in the jaw, arm, 
neck, back, or shoulder as well. Angina, caused by a reduced 
amount of oxygen flowing to the heart, is a symptom of IHD 
and is not a medical condition itself. Angina signifies that 
the affected individual is at a greater risk of suffering from a 
heart attack or cardiac arrest.

In addition to the ICD‐10 classification described in 
Table  13.1, there are various other ways of classification. 
One conventional scheme classifies angina into three cate
gories as listed below (also see Table 13.3):

1. Stable angina

2. Unstable angina

3. Variant angina

based on the characteristics of chest pain (Table 13.4), 
angina is also classified into typical and atypical angina. 

tablE 13.3 conventional classification of angina into stable, unstable, and variant angina

Classification Characteristics

Stable angina Stable angina is chest pain that typically occurs when an individual suffering from CAD increases the oxygen demand 
on the heart. with CAD, the blood vessels that supply blood and oxygen to the heart are weakened or blocked. The 
relative lack of oxygen delivered to the heart causes the angina. Stable angina is predictable because it is generally 
provoked by exertion or emotional stress. Stable angina is relieved by rest or nitroglycerin (see Chapter 11)

Unstable angina Unstable angina occurs when the chest pain begins to last longer than 15 min, comes on without warning, and does not 
respond well to rest and medication. Unstable angina is associated with an increased risk of an impending heart 
attack. The pain may change in severity once unstable angina occurs

Variant angina Variant angina, also referred to as Prinzmetal angina or vasospasm angina, is a rare form of angina. An individual 
experiences variant angina after a spasm in one of the coronary arteries. If a coronary artery suddenly spasms, the 
vessel narrows and decreases the blood supply to the heart. Risk factors such as smoking, high blood pressure, high 
cholesterol, and cold temperatures increase the chance of developing coronary artery spasms. This type of angina 
pain occurs during rest, usually between the hours of midnight to 8 a.m. and lasts for 5–30 min. Variant angina is 
relieved by nitroglycerin
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Typical angina and atypical angina are also known as definite 
and probable angina, respectively.

13.3.2 pathophysiology and drug targeting

Section  13.2.3 describes the overall pathophysiology of 
IHD, emphasizing the fundamental causal role of atheroscle
rosis in disease development. This section discusses the 
pathophysiology of stable angina, which serves as a basis for 
understanding antianginal drug targeting.

13.3.2.1 Pathophysiology The pathophysiology of stable 
angina can be understood from two different aspects: 
(1)  myocardial oxygen imbalance and (2) histological 
characteristics of atheroma.

Myocardial Oxygen Imbalance Under physiological 
conditions, myocardial oxygen demand and supply are 
balanced. Angina is caused by disturbance of this balance, 
characterized by myocardial oxygen demand exceeding 
oxygen supply or oxygen supply failing to meet the oxygen 

demand (Fig. 13.2). Hence, an understanding of the patho
physiology of angina first requires a brief review of the 
determinants of myocardial oxygen demand and supply:

 • Myocardial oxygen demand: There are four major 
factors that determine myocardial work and therefore 
myocardial oxygen demand: (1) heart rate; (2) systolic 
arterial blood pressure, which determines the afterload 
of the heart; (3) myocardial wall tension or stress, 
which is the product of ventricular end‐diastolic volume 
(preload) and myocardial muscle mass; and (4) myo
cardial contractility. Clinical conditions associated 
with an increase in myocardial oxygen demand must 
affect one or more of these parameters. examples 
include increased sympathetic activity, as with physical 
exertion or mental stress, environmental stress (such as 
cold weather and pollution), tachycardia of any etiology, 
high blood pressure, and left ventricular hypertrophy.

 • Myocardial oxygen supply: The major determinants 
of oxygen supply are the oxygen‐carrying capacity of 
the blood, which is affected by a variety of factors, 

tablE 13.4 traditional clinical classification of chest pain into typical and atypical angina [3, 8]

Typical angina (definite) meets all three of the following characteristics:

1. Substernal chest discomfort of characteristic quality and duration
2. Provoked by exertion or emotional stress
3. Relieved by rest and/or nitrates within minutes

Atypical angina (probable) meets 2 of the three typical anginal characteristics

nonanginal chest pain meets 1 or none of the three typical anginal characteristics

O2
supply

O2
demand

Drugs to increase O2 supply

O2
supply

O2
demand

Drugs to decrease O2 demand
β-Blockers
Nondihydropyridine CCBs
Others Others

Calcium channel blockers (CCBs)
Nitrates

fIgurE 13.2 Pathophysiological basis of drug targeting in stable angina. Angina occurs when myocardial oxygen demand is not met by 
oxygen supply. Drugs that increase myocardial oxygen supply and/or decrease myocardial oxygen demand are used to treat stable angina.
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including (i) oxygen tension and the hemoglobin 
concentration; (ii) the degree of oxygen unloading from 
hemoglobin to the tissues; and (iii) the coronary artery 
blood flow, which is in turn determined by coronary 
artery diameter and tone, collateral blood flow, coro
nary perfusion pressure, blood flow within the endocar
dium (determined by the left ventricular end‐diastolic 
pressure), and heart rate (coronary artery flow primarily 
occurs during diastole). Although any clinical setting 
that reduces myocardial oxygen supply can cause 
ischemia and angina, the predominant cause is the 
epicardial coronary atherosclerosis that limits 
the coronary blood flow.

Histological Characteristics of Atheroma In patients 
with stable angina, the epicardial atherosclerotic lesions, as 
compared with those of patients with ACS, less commonly 
show an erosion or rupture of the endothelial lining; the 
lesions are typically fibrotic, poorly cellular, and with small 
necrotic cores, thick fibrous caps, and little or no overly
ing  thrombus. In contrast, culprit lesions of ACS patients 
typically show the rupture or tear of a thin fibrous cap, with 
exposure toward the lumen of large, soft, prothrombotic, 
and necrotic core material (containing macrophages, 
cholesterol clefts, debris, inflammatory cell infiltrates, 
neovascular ization, and/or intraplaque hemorrhage) that 
can trigger occlusive or subocclusive thrombosis [3, 9].

13.3.2.2 Drug Targeting Various classes of drugs have 
been used to treat stable angina based on the current under
standing of its pathophysiology (Fig. 13.2). Chapter  14 
provides a detailed discussion of the major classes of anti
anginal drugs with an emphasis on the pharmacological 
basis of their use to treat stable angina. These drugs are 
also used in the management of unstable angina as well as 
other cardiovascular disorders. briefly, drugs used to treat 
stable angina include those that (i) directly decrease 
oxygen demand (β‐blockers, calcium channel blockers), 
(ii) directly increase oxygen supply (organic nitrates, 
calcium channel blockers), and (iii) act via novel mecha
nisms (e.g., ranolazine).

13.4 summary of chaptEr KEy poInts

 • IHD is the single most important cause of death world
wide. It is an umbrella term that refers to a spectrum of 
cardiac disorders caused by myocardial ischemia, with 
notable examples including SIHD/stable angina and 
ACS. Atherosclerosis is the fundamental pathophysio
logical basis of IHD.

 • Angina occurs when myocardial oxygen demand 
exceeds oxygen supply (i.e., myocardial ischemia). 

Stable angina is the prototypical manifestation 
of  SIHD (also known as SCAD), predominantly 
caused by the narrowing of coronary arteries due to 
atherosclerosis.

 • Pharmacological therapy for stable angina involves 
the use of drugs that directly decrease myocardial 
oxygen demand, directly increase oxygen supply, or 
act via novel mechanisms. These various classes 
of  drugs in treating stable angina are considered in 
Chapter 14.

13.5 sElf‐assEssmEnt QuEstIons

13.5.1  A 56‐year‐old male presents to the physician’s 
office, complaining of chest tightness and pain 
upon exertion or emotional stress. The symptoms 
are relieved by resting or taking sublingual nitro
glycerin. The patient most likely has which of the 
following disorders?
A. Acute coronary syndrome
b. Cardiomyopathy
C. nonanginal chest pain
D. Stable ischemic heart disease
e. Unstable angina

13.5.2  A 65‐year‐old female presents to the physician’s 
office, complaining of chest pain upon exertion, 
which can be completely relived by sublingual 
nitroglycerin. which of the following is most likely 
the pathophysiological mechanism underlying the 
patient chest pain?
A. Coronary atherosclerosis
b. Diabetes mellitus
C. emphysema
D. High blood HDl cholesterol
e. Hypertension

13.5.3  Stable angina occurs as a result of disturbance of 
the balance between myocardial oxygen supply and 
oxygen demand. which of the following conditions 
would most likely aggravate a person’s angina?
A. Decreased arterial blood pressure
b. Decreased cardiac preload
C. Decreased heart rate
D. Decreased hemoglobin concentration
e. Decreased myocardial contractility

13.5.4  A 65‐year‐old man is diagnosed with stable coro
nary artery disease of 2 years of duration. which of 
the following would be the least likely presentation 
of the patient’s condition?
A. Chronic stable angina
b. Hypotension
C. microvascular angina
D. Substernal chest discomfort
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13.5.5  A 55‐year‐old male is diagnosed with stable 
ischemic heart disease. which of the following is 
most likely the prototypical manifestation of the 
patient’s condition?
A. Acute coronary syndrome
b. Apnea
C. Hypotension
D. Stable angina
e. Unstable angina
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14.1 Overview

As outlined in Chapter 13, there are four major classes of 
antianginal drugs. They are (1) nitrates, (2) β‐blockers, (3) 
calcium channel blockers (CCBs), and (4) novel antianginal 
agents. The basic pharmacology of the first three classes of 
antianginal drugs has been covered in previous chapters. 
This chapter first briefly reviews the use of the nitrates, β‐
blockers, and CCBs in the management of stable angina and 
then focuses on discussing novel antianginal drugs. The 
principles and guidelines regarding the management of 
stable angina are given in Chapter 15.

14.2 β‐BlOckers FOr TreaTing 
sTaBle angina

β‐Adrenergic receptor activation is associated with increases 
in heart rate, accelerated atrioventricular nodal conduction, 
and increased contractility, which collectively contribute to 
increased myocardial oxygen demand (see Chapter  8).  
β‐Blockers are recommended as the initial agents to relieve 
symptoms in most patients with stable angina. These drugs 
reduce myocardial oxygen consumption by decreasing heart 
rate and myocardial contractility with attenuation of cardio-
vascular remodeling by reducing left ventricular wall tension 
upon long‐term use. The reduction in myocardial oxygen 
demand is directly proportional to the decreased level of 
adrenergic tonic stimulation. Furthermore, the reduction in 
heart rate also shifts the cardiac cycle, permitting more 
 diastolic time and greater coronary perfusion, thereby 

improving myocardial oxygen supply. These effects 
 collectively contribute to a reduction in angina onset with 
improvement in the ischemic threshold during exercise and 
in symptoms [1].

With regard to angina control, β‐blockers and CCBs are 
similar (see next section on CCBs). β‐Blockers can be 
combined with dihydropyridine CCBs to provide more 
effective control of angina [2]. Combination therapy of β‐
blockers with cardiac suppressive CCBs (i.e., diltiazem and 
verapamil) should be avoided because of the risk of brady-
cardia or atrioventricular block [3].

In addition to the improvement of angina symptoms, 
long‐term β‐blocker treatment also improves survival in 
patients with left ventricular dysfunction or a history of 
myocardial infarction. When prescribed in combination with 
agents that block the renin–angiotensin–aldosterone system 
(see Chapter  9), β‐blockers are the preferred agents for 
the  treatment of angina in patients with left ventricular 
dysfunction after myocardial infarction and in patients with 
heart failure, on the basis of documented improvements in 
survival and ventricular performance [1].

In summary, there is substantial evidence for prognostic 
benefits from the use of β‐blockers in postmyocardial infarc-
tion patients or in those with heart failure. Extrapolation 
from these data suggests that β‐blockers may be the first‐line 
antianginal therapy in stable anginal patients without contra-
indications. In this context, the most widely used β‐blockers 
are those with predominant β

1
‐blockade, such as atenolol, 

bisoprolol, metoprolol, or nebivolol (in alphabetical order). 
Carvedilol, a third‐generation β‐blocker with α

1
‐blocking 

activity, is also frequently used.

Drugs FOr sTaBle angina

14
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14.3 ccBs FOr TreaTing sTaBle angina

If adverse effects or contraindications limit the use of  
β‐blockers, CCBs are recommended for relief of anginal 
symptoms. CCBs act chiefly by vasodilation and reduction 
of the peripheral vascular resistance; some also directly 
decrease cardiac conduction and contractility (see 
Chapter 10). CCBs are a heterogeneous group of drugs that 
can chemically be classified into the dihydropyridines (e.g., 
amlodipine and nifedipine) and nondihydropyridines. The 
latter group further includes the phenylalkylamines (e.g., 
verapamil) and the benzothiazepines (e.g., diltiazem).

All CCBs improve myocardial oxygen supply by 
decreasing coronary vascular resistance and augmenting 
epicardial conduit vessel and systemic arterial blood flow. 
Myocardial oxygen demand is decreased by a reduction in 
systemic vascular resistance and arterial pressure. Verapamil, 
and, to a lesser extent, diltiazem also depress cardiac con-
tractility and cardiac pacemaker rate and slow conduction. 
These depressant effects can cause sinus bradycardia or 
worsen preexisting conduction defects, leading to heart 
block.

All CCBs reduce anginal episodes, increase exercise 
duration, and reduce use of sublingual nitroglycerin in 
patients with effort‐induced angina. Because CCBs also 
reduce the frequency of Prinzmetal variant angina, they are 
the drugs of choice, along with nitrates, used alone or in 
combination, for this specific type of angina.

Because all CCBs seem to be equally efficacious in treat-
ing angina, the choice of a particular drug should be based 
on potential drug interactions and adverse events. For in-
stance, the dihydropyridine class is preferred over the nondi-
hydropyridine drugs in patients with cardiac conduction 
defects, such as sick sinus syndrome, sinus bradycardia, or 
significant atrioventricular conduction disturbances (see 
unit VII).

14.4 Organic niTraTe FOr TreaTing 
sTaBle angina

Nitrates are effective in the treatment of all forms of angina. 
They relax vascular smooth muscle in the systemic arteries 
and veins (predominant effect at lower doses) as well as 
coronary arteries in patients with stable angina (see 
Chapter 11). Dilation of arterials and decrease of systemic 
peripheral resistance result in decreased cardiac afterload. 
on the other hand, dilation of veins causes decreased pre-
load. Decrease of preload leads to reduction in myocardial 
wall tension and myocardial oxygen demand. Nitrates also 
contribute to coronary blood flow redistribution by aug-
menting collateral flow and lowering ventricular diastolic 
pressure, from areas of normal perfusion to ischemic zones. 
These effects collectively contribute to the improvement of 

the disturbance of myocardial oxygen demand and supply 
in ischemia.

sublingual nitroglycerin is the standard initial therapy for 
exertional angina. It is used for both treatment and preven-
tion of stable angina. long‐acting nitrates (e.g., isosorbide 
dinitrate, isosorbide mononitrate) are not continuously effec-
tive if regularly taken over a prolonged period without a 
nitrate‐free or nitrate‐low interval of about 8–10 h. This is 
known as nitrate tolerance. Worsening of endothelial 
dysfunction is a potential complication of long‐acting 
nitrates, and hence, the common practice of the routine use 
of long‐acting nitrates as first‐line therapy for patients with 
exertional angina needs reevaluation [3, 4]. Nevertheless, in 
patients with stable exertional angina, long‐acting nitrates 
improve exercise tolerance, increase the time to onset of 
angina, and decrease sT‐segment depression during the 
treadmill exercise test. In combination with β‐blockers or 
CCBs, nitrates produce greater antianginal and anti‐ischemic 
effects in patients with stable angina. Moreover, combination 
with β‐blockers also reduces the increased heart rate and 
myocardial contractile state due to reflex sympathetic stimu-
lation that occurs as a result of nitrate‐induced vasodilation 
and hypotension.

14.5 new anTianginal Drugs: ranOlazine

14.5.1 introduction

ranolazine (ranexa) was approved by the us Food and Drug 
Administration (FDA) for the treatment of chronic angina in 
2006. It is the first drug in a new class for treating this condition 
approved in the united states in about three decades.

14.5.2 chemistry and Pharmacokinetics

ranolazine (structure shown in Fig.  14.1) is a racemic 
 mixture, chemically described as 1‐piperazineacetamide, N‐
(2,6‐dimethylphenyl)‐4‐[2‐hydroxy‐3‐(2‐methoxyphenoxy)
propyl]‐,(±)‐. The pharmacokinetics of the (+) r‐ and (−) 
s‐enantiomers of ranolazine are similar in healthy volun-
teers. Following oral administration, ranolazine is exten-
sively metabolized in the gut and the liver primarily catalyzed 
by cytochrome P450 (CYP)3A4 and, to a lesser extent, by 
CYP2D6. The elimination half‐life of ranolazine is 7 h, and 
approximately 75% of the dose is excreted in the urine and 
25% in the feces.

14.5.3 Molecular Mechanisms and Pharmacological 
effects

ranolazine at usual therapeutic doses exerts antianginal 
effects. At high concentrations, the drug may also have an 
antiarrhythmic activity.
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14.5.3.1 Antianginal Effects and Mechanisms The 
mechanisms underlying the antianginal and anti‐ischemic 
effects of ranolazine are not clear. Although initially thought 
to act by partial inhibition of fatty acid oxidation (see 
section 14.6.1), it was later recognized that ranolazine had 
that effect only at plasma levels not achieved with the usual 
dosage.

recently, investigations of the electrophysiological 
effects of ranolazine have found that it blocks the late cardiac 

sodium current (I
Nal

). Accumulation of intracellular sodium 
induced by ischemia results in calcium overload in myocar-
dial cells, leading to mechanical dysfunction. It has been 
suggested that by blocking I

Nal
, ranolazine might prevent 

this sodium‐induced calcium overload and the subsequent 
increase in diastolic tension and thereby attenuate ischemia 
[5] (Fig. 14.2).

since the I
Nal

 channel frequently fails to inactivate in a 
number of important myocardial disease states, such as ischemia 
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and hypertrophy, excess entry of sodium ions leads to activation 
of the sodium/calcium exchanger, thereby raising intracellular 
calcium concentrations. given the normal rapid inactivation of 
the late inward sodium channels in normal myocytes, ranolazine 
does not exert a significant effect on the normal myocardium at 
usual dosages. This potentially increases its therapeutic window.

14.5.3.2 Antiarrhythmic Activity and Mechanisms As 
noted earlier, ranolazine is believed to alleviate angina through 
inhibition of late I

Na
, which is amplified during myocardial 

ischemia and heart failure. This agent is relatively specific for 
late I

Na
 and, at the therapeutic doses used to treat angina, has 

minimal effect on peak I
Na

. At high concentrations, ranolazine 
blocks the rapidly activating delayed‐rectifier potassium 
channel current (I

Kr
), an effect that results in a dose‐related 

prolongation of the QT
c
 interval (the QT interval of the elec-

trocardiogram corrected for heart rate) by approximately 6 ms 
at doses of 1000 mg twice daily. The net effect of ranolazine 
at therapeutic doses on the various cardiac ion currents is a 
reduction in the frequency of cardiac arrhythmias [6].

14.5.4 clinical uses

14.5.4.1 Stable Angina ranolazine is approved by the 
us FDA only for the treatment of chronic angina. It may be 
used with β‐blockers, nitrates, CCBs, antiplatelet therapy 
(see Chapter  17), lipid‐lowering therapy (see Chapter  4), 
angiotensin‐converting enzyme inhibitors, and angiotensin 
receptor blockers (see Chapter 9).

14.5.4.2 Other Potential Applications In the 6560 patients 
of the Metabolic Efficiency with ranolazine for less 

Ischemia in Non‐sT‐Elevation Acute Coronary syndromes: 
Thrombolysis in Myocardial Infarction 36 (MErlIN‐TIMI 
36) trial presenting with recent non‐sT‐elevation ACs (NsTE‐
ACs), ranolazine therapy showed no overall benefit [7]. In 
patients with prior chronic angina enrolled in the MErlIN 
trial, ranolazine reduced recurrent ischemia [8, 9]. In those 
studied after the coronary event, ranolazine reduced the inci-
dence of newly increased HbA1c (glycated hemoglobin) by 
32%. In the recent Type 2 Diabetes Evaluation of ranolazine 
in subjects with Chronic stable Angina (TErIsA) study, 
ranolazine reduced episodes of stable angina in 949 diabetic 
patients already receiving one or two antianginal drugs and 
led to less use of sublingual nitroglycerin, and the benefits 
appeared more prominent in patients with higher rather than 
lower HbA1c levels [10]. These results suggest that ranolazine 
can be added to other well‐established antianginal drugs, in 
particular in patients with higher HbA1c levels, who may also 
more often rely on medical management [10].

14.5.5 Therapeutic Dosages

The dosage form and strengths of ranolazine are listed 
below:

 • ranolazine (ranexa): oral, 500 and 1000 mg extended‐
release tablets

For treating stable angina, the initial dosage of ranolazine 
is 500 mg twice daily. The dosage may be increased to 
1000 mg twice daily, as needed, based on clinical symptoms. 
The maximum recommended daily dose of ranolazine is 
1000 mg twice daily.

14.5.6 adverse effects and Drug interactions

14.5.6.1 Adverse Effects The most common adverse 
reactions of ranolazine treatment are dizziness, headache, 
constipation, and nausea. Although ranolazine blocks I

Kr
 and 

prolongs the QTc interval in a dose‐related manner, clinical 
studies in an ACs population did not show an increased risk 
of proarrhythmia or sudden death associated with ranolazine 
treatment [7].

14.5.6.2 Drug Interactions ranolazine is primarily 
metabolized by CYP3A4 and is also a substrate for 
P‐ glycoprotein. Drugs that affect CYP3A4 or are substrates 
of P‐glycoprotein may interact with ranolazine to cause 
adverse effects. In this regard, ranolazine should not be used 
with strong CYP3A inhibitors, including ketoconazole, itra-
conazole, clarithromycin, nefazodone, nelfinavir, ritonavir, 
indinavir, and saquinavir. likewise, ranolazine should not be 
combined with CYP3A4 inducers, such as rifampin, rifabu-
tin, rifapentine,  phenobarbital, phenytoin, carbamazepine, 
and st. John’s wort.

Ranolazine
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3 Na+

3 Na+
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Figure 14.2 Molecular mechanism of action of ranolazine in 
treating angina. ranolazine inhibits the late cardiac sodium current 
(I

Nal
), leading to reduced accumulation of intracellular Ca2+ during 

diastole and thereby decreased wall tension.



258 Drugs For sTABlE ANgINA

The dose of ranolazine should be limited to 500 mg twice 
daily in patients on moderate CYP3A inhibitors, including 
diltiazem, verapamil, erythromycin, fluconazole, and grape-
fruit juice or grapefruit‐containing products. Concomitant 
use of ranolazine and P‐glycoprotein inhibitors, such as 
cyclosporine, may result in increases in ranolazine concen-
trations. As such, the dose of ranolazine should be titrated 
based on clinical response in patients concomitantly treated 
with P‐glycoprotein inhibitors. ranolazine also inhibits 
pathways involved in the metabolism of digoxin and simvas-
tatin, and dose reduction of the drugs may be required.

14.5.6.3 Contraindications and Pregnancy Category

 • Patients taking strong inhibitors of CYP3A4.

 • Patients taking inducers of CYP3A4.

 • Patients with liver cirrhosis.

 • Pregnancy category: C.

14.6 OTher new anD eMerging Drugs

14.6.1 inhibitors of Fatty acid Oxidation

Modulation of cardiac metabolism via partially inhibiting 
the oxidation of free fatty acids in the myocardium has 
been investigated as a novel strategy to alleviate stable 
angina. Although the heart uses both glucose and fatty 
acids to provide energy, during periods of stress, the heart 
uses more fatty acids, which is less oxygen efficient (i.e., 
as compared with glucose, utilization of fatty acids to pro-
duce the same amount of adenosine triphosphate [ATP] 
would require more oxygen). Inhibition of fatty acid 
oxidation shifts the equilibrium toward increased use of 
glucose, improving the efficient use of oxygen and thereby 
restoring the balance between myocardial oxygen demand 
and supply.

Trimetazidine and perhexiline (structures shown in 
Fig. 14.1) were developed as partial inhibitors of fatty acid 
oxidation in the myocardium, and trimetazidine has become 
extensively used for treating stable angina throughout 
Europe and Asia and in >80 countries. However, this agent 
is not a us FDA‐approved drug for use in the united states. 
As noted earlier, trimetazidine improves cellular tolerance 
to ischemia by inhibiting fatty acid metabolism and second-
arily by stimulating glucose metabolism [11]. In patients 
with chronic stable angina, this drug increases coronary 
flow reserve, delaying the onset of ischemia associated 
with exercise and reducing the number of weekly angina 
 episodes and weekly nitroglycerin consumption. The anti‐
ischemic effects are not associated with changes in heart 
rate or systolic blood pressure. In diabetic persons, trimeta-
zidine also improved HbA1c and glycemia while increasing 
forearm glucose uptake [3]. Few data exist on the effects of 

trimetazidine on cardiovascular endpoints, mortality, or 
quality of life. The most frequently reported adverse events 
of trimetazidine therapy are gastrointestinal disorders, but 
the incidence is low [12]. In contrast, perhexiline is associ-
ated with more severe adverse effects, including hepatotox-
icity and peripheral neuropathy, and as such, it is not 
commonly used.

14.6.2 k+
aTP

 channel activators

Nicorandil is a nitrate derivative of nicotinamide (structure 
shown in Fig. 14.1) for treating stable angina in many coun-
tries, but currently not available in the united states. The 
drug has a dual mechanism of action. It activates K+

ATP
 

 channels, causing membrane hyperpolarization of vascular 
smooth muscle cells and thereby vasodilation. Nicorandil 
also promotes systemic venous and coronary vasodilation 
through a nitrate moiety (i.e., release of nitric oxide). This 
dual action increases coronary blood flow, with reductions in 
afterload, preload, and oxidative injury. Nicorandil does not 
exhibit effects on cardiac contractility or conduction. The 
antianginal efficacy and safety of nicorandil are similar to 
those of oral nitrates, β‐blockers, and CCBs [12]. It can be 
used for the prevention and long‐term treatment of stable 
angina. In the Impact of Nicorandil in Angina (IoNA) study 
of 5126 patients with chronic stable angina, cardiovascular 
events were reduced by 14% in nicorandil‐treated group as 
compared with placebo group [13]. A recent study also 
reported that long‐term use of oral nicorandil may stabilize 
coronary plaque in patients with stable angina [14]. 
Nicorandil is generally well tolerated. occasional adverse 
effects include oral, intestinal, and perianal ulceration.

14.6.3 inhibitors of sinus node Pacemaker current

Ivabradine (structure shown in Fig. 14.1) is a specific inhib-
itor of the I

f
 current of pacemaker cells in the sinoatrial node. 

Treatment with ivabradine results in heart rate reduction, 
prolonging diastole and thereby improving myocardial 
oxygen balance. It has no effect on blood pressure, myocar-
dial contractility, or intracardiac conduction. Ivabradine was 
shown to be as effective as atenolol or amlodipine in patients 
with stable angina, and adding ivabradine to atenolol therapy 
gave better control of heart rate and anginal symptoms. 
Ivabradine was approved by the European Medicines Agency 
(EMA) for therapy of chronic stable angina in patients intol-
erant to or inadequately controlled by β‐blockers and whose 
heart rate exceeds 60 beats/min (in sinus rhythm). It is, 
 however, currently not available in the united states.

A randomized controlled trial (BEAuTIFul) in 10,917 
patients with stable coronary artery disease (sCAD) and 
left ventricular dysfunction reported that ivabradine added 
to standard treatment had no effect, when compared with 
placebo, on the composite endpoint of cardiovascular death, 
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admission to the hospital for acute myocardial infarction, 
and admission to the hospital for new‐onset or worsening 
heart failure [15]. A subsequent subgroup analysis in 1507 
patients with prior angina enrolled in the BEAuTIFul trial 
showed that ivabradine reduced the composite primary 
 endpoint of cardiovascular death, hospitalization with 
 myocardial infarction and heart failure, and decreased 
 hospitalization for myocardial infarction. The effect was 
predominant in patients with a heart rate of ≥70 beats/min 
[16]. Control of heart rate by ivabradine was also shown to 
improve clinical outcomes in patients with chronic heart 
failure [17–19].

The most common adverse effect of ivabradine, reported 
in approximately 15% of patients, is phosphenes, described 
as a transient enhanced brightness in a limited area of the 
visual field that typically occurs within the first 2 months of 
treatment. Most of these luminous visual‐field disturbances 
(77%) resolve without discontinuing treatment.

14.6.4 emerging antianginal Drugs and stem 
cell Therapy

14.6.4.1 Xanthine Oxidase Inhibitors Allopurinol (struc-
ture shown in Fig.  14.1) inhibits xanthine dehydrogenase/ 
oxidase, an enzyme required in the oxidation of hypoxanthine 
and xanthine, which produces uric acid as well as reactive 
oxygen species. A recent small, placebo‐controlled, 
randomized trial of 65 patients showed that high‐dose allo-
purinol (300 mg twice daily) significantly increased total 
exercise duration, time to onset of angina, and ischemic sT‐
segment depression [20]. The exact mechanism of action is 
unknown, but inhibition of xanthine dehydrogenase/ oxidase 
by allopurinol might reduce oxidative stress in ischemic 
myocardium and improve endothelium‐dependent vasodila-
tion [21]. Allopurinol is inexpensive, well tolerated, and safe 
during long‐term use. Hence, the precise place of this drug in 
the management of stable angina needs to be further investi-
gated in large‐scale clinical trials. In addition to stable 
angina, recent studies also suggested that high‐dose allopu-
rinol could regress left ventricular hypertrophy, reduce left 
ventricular end‐systolic volume, and improve endothelial 
function in patients with ischemic heart disease (IHD) and 
left ventricular hypertrophy [22]. similar benefit was also 
reported in patients with diabetes and left ventricular hyper-
trophy [23]. These findings raise the possibility that allopu-
rinol might reduce future cardiovascular events and mortality 
in these patients.

14.6.4.2 Stem Cell Therapy stem cell therapy has been 
shown to be a promising option for patients after myocardial 
infarction [24]. The effectiveness of stem cell therapy in 
patients with stable angina has been investigated in pilot 
trials. For instance, a recent study on autotransplantation of 
mesenchymal stromal cells from the bone marrow to the 

heart in 31 patients with severe sCAD and refractory angina 
demonstrated sustained clinical effects, reduced hospital 
admissions for cardiovascular disease, and excellent long‐
term safety [25]. Cost‐effective analysis also showed promise 
for stem cell therapy in refractory angina [26]. However, the 
exact value of stem cell therapy in treating IHD, including 
stable angina, remains to be established via large‐scale 
randomized trials.

14.7 suMMary OF chaPTer key POinTs

 • Angina occurs when myocardial oxygen demand 
exceeds oxygen supply, resulting in myocardial 
ischemia. stable angina is the prototypical manifesta-
tion of stable IHD (sIHD), also known as sCAD.

 • Drugs that improve myocardial oxygen balance and 
thereby relieve anginal symptoms include β‐blockers, 
CCBs, organic nitrates, and ranolazine, which are 
approved for use in the united states. Antianginal 
agents used in other countries, but not in the united 
states, include the fatty acid oxidation inhibitor trimeta-
zidine, the K+

ATP
 channel activator nicorandil, and the 

sinus node pacemaker current inhibitor ivabradine.

 • While all of the above drugs improve the symptoms 
and exercise tolerance in patients with stable angina, 
they vary with regard to efficacy in reducing cardiovas-
cular outcomes in such patients.

 • Notably, long‐term β‐blocker treatment improves 
survival in patients with left ventricular dysfunction or 
a history of myocardial infarction. As such, β‐blockers 
are considered first‐line therapy for stable angina.

 • other drugs are used when β‐blockers are contraindi-
cated or ineffective, and selection of the different drugs 
should be based on evidence‐based guidelines, 
individual patient’s condition and response to drug 
therapy, as well as the healthcare provider’s judgment. 
Chapter  15 discusses the principles and guidelines 
regarding stable angina/sIHD management.

14.8 selF‐assessMenT QuesTiOns

14.8.1 A 55‐year‐old male presents to the physician’s office 
complaining of constipation since taking a “new” 
cardiovascular pill. History reveals that the patient is 
recently diagnosed with hypertension and stable 
angina. He has been on the “new” cardiovascular 
drug for 3 weeks, which he was told can control both 
his hypertension and angina. Which of the following 
is most likely the “new” cardiovascular drug?
A. Amlodipine
B. Diltiazem
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C. Isradipine
D. Nimodipine
E. Verapamil

14.8.2 A 60‐year‐old male with chronic obstructive 
pulmonary disease requires therapy to prevent vaso-
spasm angina attacks. Which of the following drugs 
would be most appropriate for this patient?
A. Aliskiren
B. Amlodipine
C. losartan
D. Milrinone
E. Propranolol

14.8.3 A 50‐year‐old male is diagnosed with chronic stable 
angina. He uses nitroglycerin sublingually when he 
experiences chest pain. Coadministration of which of 
the following drugs may cause serious hypotension 
in this patient?
A. Captopril
B. Diltiazem
C. losartan
D. Prasugrel
E. Tadalafil

14.8.4 A 60‐year‐old male has severe chest pain when he 
walks uphill in cold weather to his store. The pain 
disappears when he rests. A decision is made to treat 
him with nitroglycerin. He develops tachycardia fol-
lowing the nitrate therapy. Which of the following 
can be given to improve his tachycardia and, at the 
same time, augment the antianginal efficacy?
A. Amlodipine
B. Hydralazine
C. Ibutilide
D. Metoprolol
E. Phentolamine

14.8.5 A 65‐year‐old male with a history of hypertension, 
diabetes, and hypercholesterolemia begins to develop 
episodes of chest pain on exertion. one week after 
his first episode, a bout of chest pain occurs while he 
is working in the yard. Five minutes after the onset of 
this pain, he takes two sublingual nitroglycerin tab-
lets. Within minutes, he feels much better. Which of 
the following best explains the drug’s effect?
A. Increase of cardiac oxygen demand
B. Increase of cardiac wall tension
C. Increase of myocardial contractility
D. Increase of smooth muscle relaxation
E. Increase of venous return

14.8.6 A 45‐year‐old male with stable ischemic heart dis-
ease is prescribed isosorbide mononitrate for prophy-
laxis of exertional angina. Which of the following 
adverse effects is the patient likely to experience?
A. Bradycardia
B. Erectile dysfunction
C. Hemolytic anemia

D. Hypertension
E. Throbbing headache

14.8.7 A 65‐year‐old female is diagnosed with stable coro-
nary artery disease. she is placed on nebivolol and 
diltiazem for the prevention of angina attack upon 
exertion. Which of the following effects is caused 
by both of these drugs?
A. Decreased cgMP levels in cardiomyocytes
B. Decreased heart rate
C. Decreased myocardial oxygen supply
D. Decreased nitric oxide bioavailability
E. Decreased sympathetic activity

14.8.8 A 58‐year‐old male with stable angina refractory to 
β‐blocker and calcium channel blocker therapy is 
put on a drug that acts most likely via blocking the 
late cardiac sodium current. Which of the following 
is most likely prescribed?
A. Isosorbide dinitrate
B. Ivabradine
C. ranolazine
D. sildenafil
E. Trimetazidine

14.8.9 A 60‐year‐old female presents to the physician’s 
office complaining of substernal chest discomfort 
and pain upon exertion or emotional stress. she is 
diagnosed with stable angina/stable coronary artery 
disease and put on a drug that activates K+

ATP
 chan-

nels of vascular smooth muscle cells. Which of the 
following is most likely prescribed?
A. Isosorbide dinitrate
B. Ivabradine
C. Nicorandil
D. ranolazine
E. Trimetazidine

14.8.10 A 65‐year‐old diabetic patient with stable angina is 
treated with an anti‐ischemic agent that partially 
suppresses fatty acid oxidation in the myocardium 
and also likely improves glycemia. Which of the 
following is most likely prescribed?
A. Ivabradine
B. Nitroglycerin
C. Perhexiline
D. ranolazine
E. Trimetazidine
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15.1 Overview

Management of stable angina involves the use of various 
classes of medications as discussed in Chapter 14 as well as 
nonpharmacological procedures, such as revascularization 
with percutaneous coronary intervention (PCI). This chapter 
discusses the principles and current guidelines regarding 
stable angina management. The chapter first introduces 
current guidelines on the management of stable angina 
from various organizations, including the American Heart 
Association (AHA) and its collaborative organizations, the 
European Society of Cardiology (ESC) and the British 
National Institute for Health and Clinical Excellence (NICE). 
The chapter then focuses on discussing the general princi
ples of management and the major recommendations from 
the US‐based guidelines with reference to the ESC and 
NICE guidelines. Since the terms stable coronary artery 
disease (SCAD) and stable ischemic heart disease (SIHD) 
have been evolved to replace stable angina, the compound 
term “stable angina/SIHD” is used in the chapter to discuss 
the principles and guidelines regarding disease management.

15.2 intrOductiOn tO current 
Guidelines On ManaGeMent Of stable 
anGina/siHd

Multiple professional organizations have developed guide
lines for the management of stable angina/SIHD. The most 
notable ones are those from the AHA and its collaborative 
organizations (US‐based guidelines), the ESC and the NICE. 

The titles and years of publication of some recent guidelines 
from these organizations are summarized in Table 15.1.

15.2.1 Guidelines from the aHa and its collaborative 
Organizations

It is important that the medical profession plays a significant 
role in critically evaluating the use of diagnostic proce
dures and therapies in the management or prevention of 
human diseases. Rigorous and expert analysis of the avail
able data documenting relative benefits and risks of those 
procedures and therapies can produce helpful guidelines 
that improve the effectiveness of care, optimize patient 
outcomes, and have a favorable impact on the overall cost 
of care by focusing resources on the most effective strat
egies. The American College of Cardiology (ACC) and 
the AHA have jointly engaged in the production of such 
guidelines in the area of cardiovascular disease since 
1980. This effort is directed by the ACC/AHA Task Force 
on Practice Guidelines, whose charge is to develop and 
revise practice guidelines for important cardiovascular 
diseases and procedures. This section briefly surveys 
the guideline development for stable angina/SIHD by the 
AHA and its collaborative organizations over the past 
decade.

15.2.1.1 The 1999 ACC/AHA/ACP–ASIM Guideline  
Recognizing the importance of the management of stable 
angina, the most common manifestation of IHD, and the 
absence of national clinical practice guidelines in this area, 
the ACC/AHA Task Force formed the Committee on 
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Management of Patients with Chronic Stable Angina to 
develop guidelines for the management of stable angina. 
Because this problem is frequently encountered in the 
practice of internal medicine, the task force invited the 
American College of Physicians–American Society of 
Internal Medicine (ACP–ASIM) to serve as a partner in this 
effort by identifying three general internists to serve on 
the committee. The document was released in 1999 and is 
known as the “1999 ACC/AHA/ACP–ASIM Guidelines for 
the Management of Patients with Chronic Stable Angina.” 
The guideline document consists of four sections: (i) diag
nosis, (ii) risk stratification, (iii) treatment, and (iv) patient 
follow‐up. The full text of the guideline is published in the 
June 1999 issue of the Journal of the American College of 
Cardiology [1]; the executive summary is published in the 
June 1, 1999, issue of Circulation [2].

15.2.1.2 The 2002 ACC/AHA Guideline Update The 
ACC/AHA Task Force on Practice Guidelines regularly 
reviews existing guidelines to determine when an update or 
a full revision is needed [3, 4]. This process gives priority 
to areas in which major changes in text, and particularly 
recommendations, are merited on the basis of new under
standing or evidence. In this regard, the committee 
updated the “1999 ACC/AHA/ACP–ASIM Guidelines for 
the Management of Patients with Chronic Stable Angina” 
and released the updated guideline in 2002. The text of the 
full updated guideline, entitled “ACC/AHA 2002 Guideline 
Update for the Management of Patients with Chronic Stable 
Angina: A Report of the American College of Cardiology/
American Heart Association Task Force on Practice 
Guidelines (Committee to Update the 1999 Guidelines for 
the Management of Patients with Chronic Stable Angina),” is 

table 15.1 some recent guidelines from the aHa and its collaborative organizations, the esc and the nice (in chronological 
order)

organization Title of guideline Journal and date of publication

AHA and its 
collaborative 
organizations

ACC/AHA/ACP–ASIM Guidelines for the Management of Patients 
with Chronic Stable Angina: A Report of the American College of 
Cardiology/American Heart Association Task Force on Practice 
Guidelines (Committee on Management of Patients with Chronic 
Stable Angina)

J Am Coll Cardiol. 1999 Jun; 33(7):2092–197

2002 ACC/AHA Guideline Update for the Management of Patients 
with Chronic Stable Angina—Summary Article: A Report of the 
American College of Cardiology/American Heart Association Task 
Force on Practice Guidelines (Committee on the Management of 
Patients with Chronic Stable Angina)

Circulation. 2003 Jan 7; 107(1):149–58
J Am Coll Cardiol. 2003 Jan 1; 41(1):159–68
Full guideline on website  

(www.americanheart.org)

2007 Chronic Angina Focused Update of the 2002 ACC/AHA 
Guidelines for the Management of Patients with Chronic Stable 
Angina: A Report of the American College of Cardiology/American 
Heart Association Task Force on Practice Guidelines Writing Group 
to Develop the Focused Update of the 2002 Guidelines for the 
Management of Patients with Chronic Stable Angina

Circulation. 2007 Dec 4; 116(23):2762–72
J Am Coll Cardiol. 2007 Dec 4; 

50(23):2264–74

2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS Guideline for the 
Diagnosis and Management of Patients with Stable Ischemic Heart 
Disease: A Report of the American College of Cardiology 
Foundation/American Heart Association Task Force on Practice 
Guidelines, and the American College of Physicians, American 
Association for Thoracic Surgery, Preventive Cardiovascular Nurses 
Association, Society for Cardiovascular Angiography and 
Interventions, and Society of Thoracic Surgeons

Circulation. 2012 Dec 18; 126(25):e354–471
J Am Coll Cardiol. 2012 Dec 18; 

60(24):e44–164

ESC Guidelines on the Management of Stable Angina Pectoris: Executive 
Summary: The Task Force on the Management of Stable Angina 
Pectoris of the European Society of Cardiology

Eur Heart J. 2006 Jun; 27(11):1341–81

2013 ESC Guidelines on the Management of Stable Coronary Artery 
Disease: The Task Force on the Management of Stable Coronary 
Artery Disease of the European Society of Cardiology

Eur Heart J. 2013 oct; 34(38):2949–3003

NICE Stable Angina (CG126, July 2011)
Management of Stable Angina: Summary of NICE Guidance

Summary published in BMJ. 2011 Aug 5; 
343:d4147.

Full guideline available at: http://guidance.nice.
org.uk/CG126 (accessed on June 23, 2014)

http://www.americanheart.org
http://guidance.nice.org.uk/CG126
http://guidance.nice.org.uk/CG126
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posted on the websites of the AHA and the ACC, and the 
summary article is published in the January 1, 2003, issue of 
the Journal of the American College of Cardiology [3] and 
the January 7/14, 2003, issue of Circulation [4]. The 2002 
updated guidelines include four important areas of changes, 
as listed below:

1. Angiotensin‐converting enzyme inhibitors (ACEIs)

2. Treatment of risk factors

3. Alternative therapies for chronic stable angina 
in  patients refractory to medical therapy who are 
not  candidates for percutaneous intervention or 
revas cularization

4. Asymptomatic patients with known or suspected CAD

15.2.1.3 The 2007 ACC/AHA Focused Update [5, 6]  
A primary challenge in the development of clinical practice 
guidelines is keeping pace with the stream of new data and 
evidence upon which recommendations are based. In an 
effort to respond more quickly to new evidence, the ACC/
AHA Task Force on Practice Guidelines has created a new 
“focused update” process to revise the existing guideline 
recommendations that are affected by the evolving data or 
opinions. Prior to the initiation of this focused approach, 
periodic updates and revisions of existing guidelines required 
up to 3 years to complete. Now, however, new evidence will 
be reviewed in an ongoing fashion to more efficiently 
respond to important science and treatment trends that could 
have a major impact on patient outcomes and quality of care. 
In this context, the focused update of the 2002 ACC/AHA 
guideline for the management of patients with chronic stable 
angina was released in 2007, which is known as the “2007 
Chronic Angina Focused Update of the 2002 ACC/AHA 
Guidelines for the Management of Patients with Chronic 
Stable Angina.” The text of this focused update is published 
in the December 4, 2007, issue of the Journal of the American 
College of Cardiology [5] and the December 4, 2007, issue 
of Circulation [6].

15.2.1.4 The 2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/ 
STS Guideline The most current US‐based guideline on 
stable angina/SIHD management is the “2012 ACCF/AHA/
ACP/AATS/PCNA/SCAI/STS Guideline for the Diagnosis 
and Management of Patients with Stable Ischemic Heart 
Disease: A Report of the American College of Cardiology 
Foundation/American Heart Association Task Force on 
Practice Guidelines, and the American College of Physicians, 
American Association for Thoracic Surgery, Preventive 
Cardiovascular Nurses Association, Society for Cardio
vascular Angiography and Interventions, and Society of 
Thoracic Surgeons.” This guideline is published simulta
neously in the December 18, 2012, issues of Circulation [7] 
and Journal of American College of Cardiology [8]. As 

 indicated by the title, this most current guideline uses the 
term “stable ischemic heart disease” instead of stable angina.

This is the first major revision in a decade of the US‐based 
guidelines for patients with SIHD. A major change in focus 
is a strong emphasis put on the involvement of the patient in 
his or her own disease management, from making lifestyle 
changes, such as smoking cessation, weight control, exercise, 
and stress reduction, to compliance with prescribed medi
cations, such as statins, antiplatelet drugs, and hypertension 
medications, and to making choices about course of therapy 
when that decision is viable (e.g., continuing with medical 
therapy or opting for a revascularization procedure, such as 
angioplasty, stent placement, or even bypass graft surgery). 
Another major change is the emphasis on guideline‐directed 
medical therapy (GDMT) that benefits most patients. GDMT 
was designated by the task force to represent optimal medical 
therapy as defined by the ACCF/AHA guideline (primarily 
class I)‐recommended evidence‐based therapies [8].

15.2.2 the esc Guidelines

In order to improve clinical practice in Europe, the Committee 
for Practice Guidelines of the ESC charges groups of European 
experts with the task of creating recommendations and guide
lines for clinical practice. These recommendations and 
guidelines clarify areas of consensus and disagreement, 
allowing distribution of the best possible guidance to 
practicing physicians. Guidelines aim to present all the 
relevant evidence on a particular clinical issue in order to 
help physicians weigh the benefits and risks of a particular 
diagnostic or therapeutic procedure. With regard to manage
ment of stable angina, the first major guideline from ESC 
was published 1997 [10]. Nearly 10 years later, in 2006, 
ESC released a revised version of the guideline [9]. The 
most current ESC guideline was released in 2013 [10]. This 
section briefly introduces the aforementioned two recent 
ESC guidelines on stable angina/SIHD management so as 
to provide the reader a source of reference regarding man
agement of stable angina/SIHD in Europe.

15.2.2.1 The 2006 ESC Guideline The full text of the 
2006 ESC guideline on the management of stable angina is 
posted on the website of the ESC (www.esc.org), and the 
executive summary is published in the June 2006 issue of 
the European Heart Journal [9]. The 2006 ESC guideline 
provided a new landmark in the mission to reduce the burden 
of cardiovascular disease in Europe. Notably, the 2006 ESC 
guideline is largely consistent with the 2002/2007 ACC/
AHA updated guideline with regard to major evidence‐
based recommendations. listed below are the areas covered 
in the 2006 ESC guideline:

1. Definition and pathophysiology

2. Epidemiology

http://www.esc.org
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3. Natural history and prognosis

4. Diagnosis and assessment

5. Risk stratification

6. Treatment

15.2.2.2 The 2013 ESC Guideline one major change 
of the 2013 ESC guideline as compared with the preceding 
2006 guideline is the adoption of the term “SCAD” to replace 
the term stable angina used in previous versions of the guide
lines. This change is also in line with that in the 2012 ACCF/
AHA/ACP/AATS/PCNA/SCAI/STS guideline described in 
Section  15.2.1.4, where the term SIHD is used to replace 
stable angina.

The concept of SCAD or SIHD has evolved over the 
past decade, and the term is now considered to refer to all 
different evolutionary phases of stable coronary heart dis
ease with stable angina as a major manifestation. The 2013 
ESC guideline defines SCAD as “coronary heart disease 
generally characterized by episodes of reversible myocardial 
demand/supply mismatch, related to ischemia or hypoxia, 
which are usually inducible by exercise, emotion or other 
stress and reproducible, but, which may also be occurring 
spontaneously. Such episodes of ischemia/hypoxia are com
monly associated with transient chest discomfort (angina 
pectoris). SCAD also includes the stabilized, often asymp
tomatic, phases that follow an ACS” [10].

The aforementioned conceptual change will draw more 
attention from both healthcare providers and patients to 
the  entire phases of the disease instead of only focusing 
on angina symptoms and will lead to identification of more 
patients who may benefit from evidence‐based interven
tion. The major components of the 2013 ESC guideline 
include diagnosis and assessment, lifestyle and pharmaco
logical management, revascularization, and special groups 
or consideration.

15.2.3 the 2011 nice Guideline

The NICE is a special health authority of the English National 
Health Service (NHS), serving both the English NHS and the 
Welsh NHS. It was set up as the National Institute for Clinical 
Excellence in 1999 and, on April 1, 2005, joined with the 
Health Development Agency to become the new NICE.

Clinical guidelines are recommendations by the NICE 
on the appropriate treatment and care of people with 
specific diseases and conditions within the NHS. They are 
based on systematic reviews of the best available evidence 
and explicit consideration of cost‐effectiveness. When 
minimal evidence is available, recommendations are based 
on the Guideline Development Group’s experience and 
opinion of what constitutes good practice. Evidence levels 
for the recommendations are given in italic in square 
brackets. Notably, the evidence levels used in the NICE 

guidelines are different from those used in the US‐based 
guidelines and the ESC guidelines.

The recently published NICE clinical guideline (2011; 
CG126) on the management of stable angina offers 
advice  on treatment of episodes of angina, antianginal 
drug treatment, secondary prevention, the role of risk 
scores and noninvasive functional investigation, myo
cardial revascularization, lifestyle adjustments, and the 
management of refractory angina. Detailed review of 
the  evidence for the guideline can be found in the full 
version (http://guidance.nice.org.uk/CG126), and the 
most important recommendations are summarized in an 
article published in the August 5, 2011 issue of the British 
Medical Journal [11].

15.3 General PrinciPles Of ManaGeMent 
Of stable anGina/siHd

The management of stable angina/SIHD focuses on two 
key aims: (i) relieving symptoms and improving health and 
function and (ii) improving the prognosis and minimizing 
the likelihood of death. Therapy directed toward preventing 
death has the highest priority. When two different therapeutic 
strategies are equally effective in alleviating symptoms of 
angina, the therapy with a definite or very likely advantage 
in preventing death should be recommended. The general 
principles of stable angina/SIHD management include (i) 
defining the treatment objectives and (ii) identifying strategies 
to attain the objectives.

15.3.1 defining treatment Objectives

The 2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS guide
line defines five specific objectives to meet the paramount 
goals of minimizing the likelihood of death while maxi
mizing health and function [8]. These five objectives are 
outlined below:

1. Reducing premature cardiovascular death

2. Preventing complications of SIHD that directly or 
indirectly impair patients’ functional well‐being, 
including nonfatal acute myocardial infarction and 
heart failure

3. Maintaining or restoring a level of activity, functional 
capacity, and quality of life that is satisfactory to the 
patient

4. Completely, or nearly completely, eliminating ischemic 
symptoms

5. Minimizing costs of healthcare, in particular by elimi
nating avoidable adverse effects of tests and treatments, 
by preventing hospital admissions, and by eliminating 
unnecessary tests and treatments

http://guidance.nice.org.uk/CG126
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15.3.2 identifying strategies to attain the treatment 
Objectives

To pursue the objectives outlined in Section  15.3.1, the 
2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS guideline 
provides five fundamental, complementary, and overlapping 
strategies [8]. They are outlined below:

1. Educating patients about the etiology, clinical mani
festations, treatment options, and prognosis of IHD to 
support active participation of patients in their treatment 
decisions

2. Identifying and treating conditions that contribute 
to, worsen, or complicate IHD

3. Effectively modifying risk factors for IHD by both 
pharmacological and nonpharmacological methods

4. Using evidence‐based pharmacological treatments 
to improve patients’ health status and survival, with 
attention to avoiding drug interactions and adverse 
effects

5. Using revascularization by percutaneous catheter‐
based techniques or coronary artery bypass grafting 
(CABG) when there is clear evidence of the potential 
to improve patients’ health status and survival

Hence, effective management of stable angina/SIHD 
requires the coordinated efforts into (i) patient education, 
(ii) GDMT to control risk factors, (iii) GDMT to prevent 
myocardial infarction and death, (iv) medical therapy to 
relieve symptoms, and (v) decision for revascularization. 
Current guidelines from the US‐ and non‐US‐based orga
nizations provide recommendations on each of the above 
five areas.

15.4 current Guideline 
recOMMendatiOns On stable 
anGina/siHd  ManaGeMent

This section discusses current guideline recommendations 
on the management of stable angina/SIHD. It primarily 
considers the recommendations from the 2012 ACCF/AHA/
ACP/AATS/PCNA/SCAI/STS guideline [8]. Pertinent rec
ommendations from the 2013 ESC and NICE 2011 guide
lines are also included when necessary. The section focuses 
on recommendations regarding evidence‐based medical 
therapy to prevent myocardial infarction and death and to 
relieve symptoms. The reader is advised to refer to the full 
guidelines [8, 10] for recommendations on patient educa
tion, lifestyle modifications, and medical therapy toward 
risk factor modifications. In addition, the reader may refer to 
two recently released guidelines on lifestyle management 
[12] and management of overweight and obesity [13] for 
updated recommendations.

15.4.1 drug therapy to relieve symptoms

As discussed in Chapter 14, several classes of drugs can be 
used to relieve anginal symptoms and improve exercise 
tolerance in patients with SIHD. These include β‐blockers, 
calcium channel blockers (CCBs), organic nitrates, and 
ranolazine, as well as several others, which are currently not 
available in the United States. Table  15.2 summarizes the 
2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS guideline 
recommendations on use of anti‐ischemic drugs for 
symptom control in patient with stable angina/SIHD. The 
corresponding 2013 ESC guideline recommendations are 
listed in Table 15.3.

table 15.2 the 2012 accf/aHa/acP/aats/Pcna/scai/sts guideline recommendations on use of anti‐ischemic drugs 
for symptom control in patient with stable angina/siHd

CoR Recommendation loE

I β‐Blockers should be prescribed as initial therapy for relief of symptoms in patients with SIHD B
CCBs or long‐acting nitrates should be prescribed for relief of symptoms when β‐blockers are contraindicated or cause 

unacceptable adverse effects in patients with SIHD
B

CCBs or long‐acting nitrates, in combination with β‐blockers, should be prescribed for relief of symptoms when initial 
treatment with β‐blockers is unsuccessful in patients with SIHD

B

Sublingual nitroglycerin or nitroglycerin spray is recommended for immediate relief of angina in patients with SIHD B
IIa Treatment with a long‐acting nondihydropyridine CCB (verapamil or diltiazem) instead of a β‐blocker as initial therapy 

for relief of symptoms is reasonable in patients with SIHD
B

Ranolazine can be useful when prescribed as a substitute for β‐blockers for relief of symptoms in patients with SIHD 
if initial treatment with β‐blockers leads to unacceptable adverse effects or is ineffective or if initial treatment with 
β‐blockers is contraindicated

B

Ranolazine in combination with β‐blockers can be useful when prescribed for relief of symptoms when initial treatment 
with β‐blockers is not successful in patients with SIHD

A

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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15.4.2 drug therapy to Prevent Myocardial  
infarction and Mortality

Efforts to prevent myocardial infarction and death in IHD 
focus primarily on reducing the incidence of acute throm
botic events and the development of ventricular dysfunction. 
These aims are achieved by lifestyle or pharmacological 
interventions, which (i) reduce plaque progression; (ii) stabi
lize plaque, by reducing inflammation and preserving endo
thelial function; and (iii) prevent thrombosis if endothelial 
dysfunction or plaque rupture occurs. In certain circum
stances, such as in patients with severe lesions in coronary 
arteries supplying a large area of jeopardized myocardium, 
revascularization offers additional opportunities to improve 
prognosis by improving existing perfusion or providing 
alternative route of perfusion.

Pharmacological therapy is not only essential for relieving 
anginal symptoms but also a central component of medical 
therapy to prevent myocardial infarction and death in patients 
with stable angina/SIHD. Drugs that improve the prognosis 
of stable angina/SIHD include statins, antiplatelet agents, 
β‐blockers, and inhibitors of the renin–angiotensin–aldosterone 
system (RAAS). This section first reviews the basic pharma
cology of these drug classes with regard to their role in prevent
ing cardiovascular events and death in patients with stable 
angina/SIHD. It then describes the current recommendations on 
using these agents to improve prognosis. The detailed discussion 
of the drug classes is provided in other chapters of the book.

15.4.2.1 Basic Pharmacology

Antiplatelet Agents Platelet activation and aggregation are 
key events of the thrombotic response to plaque disruption 
(see  Chapter  17). Antiplatelet therapy to prevent coronary 
thrombosis is indicated due to a favorable ratio between benefit 
and risk in patients with stable angina/SIHD. low‐dose aspirin 
is the drug of choice in most cases, and clopidogrel may be 
considered for some patients. The use of either drug in patients 
with stable angina/SIHD results in significant reduction (over 
30%) of the risk of adverse cardiovascular events.

Aspirin exerts an antithrombotic effect by inhibiting 
cyclooxygenase and synthesis of platelet thromboxane A

2
. 

The optimal antithrombotic dosage of aspirin appears to 
be 75–150 mg/day, as the relative risk reduction afforded by 
aspirin may decrease both below and above this dose range. 
Clopidogrel prevents adenosine diphosphate (ADP)‐medi
ated activation of platelets by selectively and irreversibly 
inhibiting the binding of ADP to its platelet receptors and 
thereby blocking ADP‐dependent activation of the glyco
protein IIb/IIIa complex. Clopidogrel is much more expen
sive than aspirin but may be considered for aspirin‐intolerant 
patients with significant risks of arterial thrombosis. After 
coronary stenting or an ACS, clopidogrel may be combined 
with aspirin during a finite period of time, but such a 
combination therapy is currently not warranted in chronic 
stable angina.

Statins Multiple clinical trials have demonstrated that 
treatment with statins in patients with documented IHD, 
including stable angina, results in significant reduction (20–
35%) of risk of both mortality rate and major coronary events 
(see Chapter 4). These clinical trials indicate that in patients 
with established IHD, including chronic stable angina, statin 
therapy should be recommended even in the absence of eleva
tion of lDl cholesterol. Statins lower cholesterol effectively, 
but mechanisms other than cholesterol synthesis inhibition, 
such as anti‐inflammatory and antithrombotic effects, may 
also contribute to the cardiovascular risk reduction. Notably, 
in the recently released guideline from the ACC/AHA on the 
treatment of blood cholesterol to reduce atherosclerotic cardio
vascular risk in adults [14], it is recommended that unless 
contraindicated, high‐intensity statin therapy should be initi
ated or continued as first‐line therapy in adults 40–75 years of 
age who have clinical atherosclerotic cardiovascular disease 
regardless of lDl‐cholesterol levels (see Chapter 5).

β‐Blockers β‐Blockers significantly reduce deaths and 
recurrent myocardial infarctions in patients who have 
suffered a myocardial infarction and are espe cially 
effective  when an ST‐elevation myocardial infarc tion 
(STEMI) is complicated by persistent or recur rent ischemia 
or tachyarrhythmias early after the onset of infarction (see 
Chapter 8). However, no large trials have assessed the effects 

table 15.3 the 2013 esc guideline recommendations on angina/ischemia relief in patients with stable angina/scad

CoR Recommendation loE

I First‐line treatment is indicated with β‐blockers and/or CCBs to control heart rate and symptoms A
Short‐acting nitrates are recommended B
According to comorbidities/tolerance, it is indicated to use second‐line therapies as first‐line treatment in selected patients C

IIa For second‐line treatment, it is recommended to add long‐acting nitrates or ivabradine or nicorandil or ranolazine, 
according to heart rate, blood pressure, and tolerance

B

In asymptomatic patients with large areas of ischemia (>10%), β‐blockers should be considered C
In patients with vasospastic angina, CCBs and nitrates should be considered and β‐blockers avoided B

IIb For second‐line treatment, trimetazidine may be considered B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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of β‐blockers on survival or coronary event rates in patients 
with stable angina/SIHD [8]. Moreover, recent studies have 
even questioned the efficacy of β‐blocker therapy in patients 
with STEMI [15, 16].

Inhibitors of the RAAS Inhibitors of the RAAS include 
ACEIs and angiotensin receptor blockers (ARBs), among 
others (see Chapter 9). Substantial evidence suggests that 
ACEIs and ARBs have cardiovascular protective effects, 
reducing the risks of future ischemic events. These drugs, 
by  inhibiting the deleterious effects of angiotensin II, may 
contribute to (i) the reductions in left ventricular and vascular 
hypertrophy, atherosclerosis progression, plaque rupture, 
and thrombosis; (ii) the favorable changes in cardiac hemo
dynamics; and (iii) the improved myocardial oxygen supply/
demand. Clinical studies have demonstrated significant reduc

tions in the incidence of acute myocardial infarction and 
unstable angina and the need for coronary revascularization 
in patients: (i) after myocardial infarction with left ventric
ular dysfunction, (ii) with atherosclerotic vascular diseases, 
or (iii) with diabetes. In addition, as discussed in Chapter 9, 
ACEIs and ARBs are also renal protective and, as such, 
indicated in patients with chronic kidney disease (CKD). 
Hence, it is appropriate to consider ACEIs or ARBs for the 
treatment of patients with stable angina/SIHD, especially 
in those with coexisting hypertension, left ventricular  
dys function, diabetes, or CKD, unless contraindicated.

15.4.2.2 Recommendations Table  15.4 summarizes the 
2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/STS guideline 
recommendations on use of various drug classes for prevent
ing myocardial infarction and death in patients with stable 

table 15.4 the 2012 accf/aHa/acP/aats/Pcna/scai/sts guideline recommendations on using drugs to prevent  
myocardial infarction and death in patients with stable angina/siHd [8]

Drug class CoR Recommendation loE

Antiplatelet  
agents

I Treatment with aspirin (75–162 mg daily) should be continued indefinitely in the absence of 
contraindications in patients with SIHD

A

Treatment with clopidogrel is reasonable when aspirin is contraindicated in patients with SIHD B
IIb Treatment with aspirin (75–162 mg daily) and clopidogrel (75 mg daily) might be reasonable in certain 

high‐risk patients with SIHD
B

III (no benefit) Dipyridamole is not recommended as antiplatelet therapy for patients with SIHD B
Statinsa I High‐intensity statin therapy should be initiated or continued as first‐line therapy in women and 

men ≤75 years of age who have clinical atherosclerotic cardiovascular disease (ASCVD), unless 
contraindicated

A

In individuals with clinical ASCVD in whom high‐intensity statin therapy would otherwise be 
used, when high‐intensity statin therapy is contraindicated or when characteristics predisposing 
to statin‐associated adverse effects are present, moderate‐intensity statin should be used as the 
second option if tolerated

A

IIa In individuals with clinical ASCVD >75 years of age, it is reasonable to evaluate the potential for 
ASCVD risk reduction benefits and for adverse effects and drug interactions and to consider patient 
preferences when initiating a moderate‐ or high‐intensity statin. It is reasonable to continue statin 
therapy in those who are tolerating it

B

β‐Blockers I β‐Blocker therapy should be started and continued for 3 years in all patients with normal left 
ventricular function after myocardial infarction or ACS

B

β‐Blocker therapy should be used in all patients with left ventricular systolic dysfunction (ejection 
fraction ≤40%) with heart failure or prior myocardial infarction, unless contraindicated. Use 
should be limited to carvedilol, metoprolol succinate, or bisoprolol, which have been shown to 
reduce risk of death

A

IIb β‐Blocker may be considered as chronic therapy for all other patients with coronary or other 
vascular disease

C

RAAS 
inhibitors

I ACEIs should be prescribed for all patients with SIHD who also have hypertension, diabetes, left 
ventricular ejection fraction ≤40%, or CKD, unless contraindicated

A

ARBs are recommended for patients with SIHD who have hypertension, diabetes, left ventricular 
systolic dysfunction, or CKD and have indications for, but are intolerant of, ACEIs

A

IIa Treatment with an ACEI is reasonable in patients with both SIHD and other vascular diseases B
It is reasonable to use ARBs in other patients who are ACEI intolerant C

aIn the ACCF/AHA/ACP/AATS/PCNA/SCAI/STS guideline, statins are not discussed in the drug therapy for preventing myocardial infarction and death. In 
the recently released guideline from the ACC/AHA on the treatment of blood cholesterol to reduce atherosclerotic cardiovascular risk in adults [17], the use of 
statins is recommended in patients with clinical arteriosclerotic cardiovascular disease (including stable angina/SIHD) regardless of blood cholesterol levels. 
Hence, statins are included in the table to reflect the most current development on statin therapy.
CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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angina/SIHD. The corresponding 2013 ESC guideline rec
ommendations are outlined in Table 15.5.

15.4.3 revascularization

The two well‐established approaches to revasculariza tion for 
treatment of chronic stable angina caused by coronary ath
erosclerosis are CABG and PCI. Currently, both methods are 
facing rapid development with the intro duction of minimally 
invasive and off‐pump surgery and drug‐eluting stents 
(DES). As in the case of pharmacological therapy, the poten
tial objectives of revascularization are twofold: (i) to improve 

survival or survival free of infarction and (ii) to diminish or 
eradicate symptoms. The decision to revascularize a patient 
and use PCI or CABG should be based on the presence of 
significant obstructive coronary artery stenosis, the amount 
of related ischemia, and the expected benefit to  prognosis 
and/or symptoms, as well as technical and environmental 
factors. Refer to the full guidelines for indications and 
decisions to perform revascularization in patients with stable 
angina/SIHD [8, 10]. Tables  15.6 an 15.7 summarize the 
current ACCF/AHA/ACP/AATS/PCNA/SCAI/STS guide
line recommendations on revascularization to improve 
survival and to alleviate symptoms, respectively.

table 15.5 the 2013 esc guideline recommendations on using drugs to prevent myocardial infarction and death in patients 
with stable angina/siHd [10]

CoR Recommendation loE

I Daily low‐dose aspirin is recommended in all stable coronary artery disease (SCADa) patients A
I Clopidogrel is indicated as an alternative in case of aspirin intolerance B
I Statins are recommended in all SCAD patients A
I It is recommended to use ACEIs (or ARBs) if other conditions (e.g., heart failure, hypertension, or diabetes) are present A

a In the ESC guideline, SCAD is used instead of SIHD. SCAD and SICH can be considered interchangeable.
CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

table 15.6 the 2012 accf/aHa/acP/aats/Pcna/scai/sts guideline recommendations on revascularization to improve 
survival in patients with stable angina/siHd

CoR Recommendation loE

left main CAD revascularization
I CABG to improve survival is recommended for patients with significant (≥50% diameter stenosis) left main coronary 

artery stenosis
B

IIa PCI to improve survival is reasonable as an alternative to CABG in selected stable patients with significant (≥50% 
diameter stenosis) unprotected left main CAD with (i) anatomic conditions associated with a low risk of PCI 
procedural complications and a high likelihood of good long‐term outcome (e.g., a low SYNTAX scorea [≤22], ostial 
or trunk left main CAD) and (ii) clinical characteristics that predict a significantly increased risk of adverse surgical 
outcomes (e.g., STS‐predicted risk of operative mortality ≥5%)b

B

PCI to improve survival is reasonable in patients with unstable angina/non‐ST‐elevation myocardial infarction (UA/NSTEMI) 
when an unprotected left main coronary artery is the culprit lesion and the patient is not a candidate for CABG

B

PCI to improve survival is reasonable in patients with acute ST‐elevation myocardial infarction (STEMI) when 
an unprotected left main coronary artery is the culprit lesion, distal coronary flow is less than thrombolysis in 
myocardial infarction (TIMIc) grade 3, and PCI can be performed more rapidly and safely than CABG

C

IIb PCI to improve survival may be reasonable as an alternative to CABG in selected stable patients with significant 
(≥50% diameter stenosis) unprotected left main CAD with (i) anatomic conditions associated with a low to intermediate 
risk of PCI procedural complications and an intermediate to high likelihood of good long‐term outcome (e.g., low‐
intermediate SYNTAX score of <33, bifurcation left main CAD) and (ii) clinical characteristics that predict an increased 
risk of adverse surgical outcomes (e.g., moderate–severe chronic obstructive pulmonary disease, disability from previous 
stroke, or previous cardiac surgery; STS‐predicted risk of operative mortality >2%)

B

III 
(harm)

PCI to improve survival should not be performed in stable patients with significant (≥50% diameter stenosis) 
unprotected left main CAD who have unfavorable anatomy for PCI and who are good candidates for CABG

B

Non‐left main CAD revascularization
I CABG to improve survival is beneficial in patients with significant (≥70% diameter) stenoses in three major coronary arteries 

(with or without involvement of the proximal lAD artery) or in the proximal lAD artery plus 1 other major coronary artery
B

CABG or PCI to improve survival is beneficial in survivors of sudden cardiac death with presumed ischemia‐mediated 
ventricular tachycardia caused by significant (≥70% diameter) stenosis in a major coronary artery. CABG, loE: B; 
PCI, loE: C

B/C

(Continued)
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CoR Recommendation loE

IIa CABG to improve survival is reasonable in patients with significant (≥70% diameter) stenoses in two major coronary 
arteries with severe or extensive myocardial ischemia (e.g., high‐risk criteria on stress testing, abnormal intracoronary 
hemodynamic evaluation, or >20% perfusion defect by myocardial perfusion stress imaging) or target vessels 
supplying a large area of viable myocardium

B

CABG to improve survival is reasonable in patients with mild–moderate left ventricular systolic dysfunction (ejection 
fraction 35–50%) and significant (≥70% diameter stenosis) multivessel CAD or proximal lAD coronary artery 
stenosis, when viable myocardium is present in the region of intended revascularization

B

CABG with a left internal mammary artery (lIMA) graft to improve survival is reasonable in patients with significant 
(≥70% diameter) stenosis in the proximal lAD artery and evidence of extensive ischemia

B

It is reasonable to choose CABG over PCI to improve survival in patients with complex 3‐vessel CAD (e.g., SYNTAX 
score >22), with or without involvement of the proximal lAD artery who are good candidates for CABG

B

CABG is probably recommended in preference to PCI to improve survival in patients with multivessel CAD 
and diabetes mellitus, particularly if a lIMA graft can be anastomosed to the lAD artery

B

IIb The usefulness of CABG to improve survival is uncertain in patients with significant (70% diameter) stenoses in two 
major coronary arteries not involving the proximal lAD artery and without extensive ischemia

C

The usefulness of PCI to improve survival is uncertain in patients with 2‐ or 3‐vessel CAD (with or without involvement 
of the proximal lAD artery) or 1‐vessel proximal lAD disease

B

CABG might be considered with the primary or sole intent of improving survival in patients with SIHD with severe 
left ventricular systolic dysfunction (ejection fraction <35%) whether or not viable myocardium is present

B

The usefulness of CABG or PCI to improve survival is uncertain in patients with previous CABG and extensive anterior 
wall ischemia on noninvasive testing

B

III 
(harm)

CABG or PCI should not be performed with the primary or sole intent to improve survival in patients with SIHD with 
1 or more coronary stenoses that are not anatomically or functionally significant (e.g., <70% diameter non‐left main 
coronary artery stenosis, fractional flow reserved >0.80, no or only mild ischemia on noninvasive testing), involve 
only the left circumflex or right coronary artery, or subtend only a small area of viable myocardium

B

aSYNTAX score is a measure of the anatomical severity of coronary artery disease and has been arbitrarily classified as low (SYNTAX score 0–22), intermediate 
(SYNTAX score 23–32), and high severity (SYNTAX score >32), to produce three approximately similar‐sized groups. SYNTAX score is an important factor 
in formulating revascularization recommendations.
bThe Society of Thoracic Surgeons (STS) risk model predicts the risk of operative mortality and morbidity of adult cardiac surgery on the basis of patient demo
graphic and clinical variables [18].
cTIMI grade flow is a grading system for coronary flow developed by the TIMI Study Group (founded by Eugene Braunwald in 1984) (http://www.timi.org). 
Grade 0, no perfusion; grade 1, penetration without perfusion; grade 2, partial perfusion; grade 3, complete perfusion.
dFractional flow reserve (FFR) refers to the measurement that involves determining the ratio between the maximum achievable blood flow in a diseased coronary 
artery and the theoretical maximum flow in a normal coronary artery. An FFR of 1.0 is widely accepted as normal. An FFR of <0.75–0.80 is generally considered 
to be associated with myocardial ischemia.
CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
lAD denotes left anterior descending.

table 15.7 the 2012 accf/aHa/acP/aats/Pcna/scai/sts guideline recommendations on revascularization to improve 
symptoms in patients with stable angina/siHd

CoR Recommendation loE

I CABG or PCI to improve symptoms is beneficial in patients with 1 or more significant (≥70% diameter) coronary 
artery stenoses amenable to revascularization and unacceptable angina despite GDMT

A

IIa CABG or PCI to improve symptoms is reasonable in patients with 1 or more significant (≥70% diameter) coronary 
artery stenoses and unacceptable angina for whom GDMT cannot be implemented because of medication 
contraindications, adverse effects, or patient preferences

C

PCI to improve symptoms is reasonable in patients with previous CABG, 1 or more significant (≥70% diameter) 
coronary artery stenoses associated with ischemia, and unacceptable angina despite GDMT

C

It is reasonable to choose CABG over PCI to improve symptoms in patients with complex 3‐vessel CAD (e.g., 
SYNTAX score >22), with or without involvement of the proximal lAD artery, who are good candidates for CABG

B

IIb CABG to improve symptoms might be reasonable for patients with previous CABG, 1 or more significant (≥70% 
diameter) coronary artery stenoses not amenable to PCI, and unacceptable angina despite GDMT

C

TMR performed as an adjunct to CABG to improve symptoms may be reasonable in patients with viable ischemic 
myocardium that is perfused by arteries that are not amenable to grafting

B

III (harm) CABG or PCI to improve symptoms should not be performed in patients who do not meet the anatomical (≥50% 
diameter left main or ≥70% non‐left main stenosis diameter) or physiological (e.g., abnormal fractional flow 
reserve) criteria for revascularization

C

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

table 15.6 (Continued)

http://www.timi.org
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15.5 ManaGeMent Of sPecial tyPes 
Of stable anGina

The main symptomatic clinical presentations of SIHD 
include (i) classical chronic stable angina caused by epicar
dial stenosis, (ii) angina caused by microvascular dysfunction 
(microvascular angina), (iii) angina caused by vasospasm 
(vasospastic angina), and (iv) symptomatic ischemic car
diomyopathy. The preceding sections have discussed the 
management of classical chronic stable angina. This section 
considers the management of microvascular angina and 
vasospastic angina. It also discusses the management of 
the classical chronic stable angina that is refractory to con
ventional therapies, which is known as refractory angina.

15.5.1 Microvascular angina

Microvascular angina may be difficult to distinguish from 
classical stable angina because both are mainly exercise related. 
Microvascular angina results from dysfunction of the small 
coronary arteries. In microvascular angina, coronary flow 
reserve (CFR) is impaired in the absence of epicardial artery 
obstruction because of nonhomogeneous metabolic vasodi
lation that may favor the “steal” phenomenon, by inappro
priate prearteriolar/arteriolar vasoconstriction, or by other 
causes for altered cross‐sectional luminal area [19, 20]. 
Conditions such as ventricular hypertrophy, myocardial 
ischemia, arterial hypertension, and diabetes can also affect 
the microcirculation and blunt CFR in the absence of epicar
dial vessel narrowing, causing microvascular angina.

All patients with microvascular angina should achieve 
optimal coronary risk factor control as for patients with the 
classical stable angina [10]. Traditional anti‐ischemic drugs 
are the first step in medical treatment of microvascular 
angina. Short‐acting nitrates can be used to treat anginal 
attacks, but often, they are only partially effective. β‐Blocker 
therapy is a rational approach because the dominant symptom 
is effort‐related angina. Indeed, β‐blockers were found to 
improve symptoms in several studies and should constitute 
the first choice of therapy, particularly in patients with evi
dence of increased adrenergic activity (e.g., high heart rate 
at rest or during low‐workload exercise). CCBs can also be 
first‐line therapy in patients with a significant variable 

threshold of effort angina. In patients with persisting 
 symptoms despite optimal anti‐ischemic drug therapy, 
other  treatments, such as ACEIs and xanthine derivatives 
(aminophylline, bamiphylline), as well as the nonpharmaco
logical approaches used in treating refractory angina 
(Section  15.5.3), may also  be considered. Table  15.8 
 summarizes the 2013 ESC guideline recommendations on 
management of patients with microvascular angina [10].

15.5.2 vasospastic angina

Vasospastic angina, in contrast to classical and microvas
cular angina, is characterized by angina at rest with pre
served effort tolerance [10]. Severe focal constriction 
(spasm) of a normal or atherosclerotic epicardial artery 
determines vasospastic angina. Spasm can also be multifocal 
or diffuse and, in the latter case, is most pronounced in the 
distal coronary arteries. It is predominantly caused by vaso
constricting stimuli acting on hyperreactive vascular smooth 
muscle cells, although endothelial dysfunction may also be 
involved. It is currently unclear whether the more common 
form of diffuse distal vasospasm has the same or different 
mechanisms. The causes of smooth muscle cell hyperreac
tivity are unknown, but several possible contributing factors 
have been suggested, including increased cellular rho‐kinase 
activity and abnormalities in K+

ATP
 channels and/or mem

brane Na+–H+ countertransport [21, 22]. other contributing 
factors may include imbalances in the autonomic nervous 
system; enhanced intracoronary concentrations of vasocon
stricting substances, such as endothelin; and hormonal 
changes, such as postoophorectomy. Coronary vasospasm, 
especially the focal occlusive variant, has been found on 
occasion to cause myocardial infarction.

All patients with vasospastic angina should achieve 
optimal coronary risk factor control, in particular through 
smoking cessation and aspirin. A drug‐related cause (e.g., 
cocaine or amphetamines) should be systemically researched 
and managed if detected. Chronic preventive treatment of 
vasospastic angina is mainly based on the use of CCBs. 
Average doses of these drugs (240–360 mg/day of verapamil 
or diltiazem, 40–60 mg/day of nifedipine) usually prevent 
spasm in about 90% of patients. long‐acting nitrates can be 
added in some patients to improve the efficacy of treatment 

table 15.8 the 2013 esc guideline recommendations on management of patients with microvascular angina

CoR Recommendation loE

I It is recommended that all patients receive secondary prevention medications, including aspirin and statins B
β‐Blockers are recommended as a first‐line treatment B
CCBs are recommended if β‐blockers do not achieve sufficient symptomatic benefit or are not tolerated B

IIb ACEIs or nicorandil may be considered in patients with refractory symptoms B
Xanthine derivatives or nonpharmacological treatments, such as neurostimulatory techniques, may be considered in patients 

with symptoms refractory to the aforementioned listed drugs
B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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and should be scheduled to cover the period of the day in 
which ischemic episodes most frequently occur, in order to 
prevent nitrate tolerance. β‐Blockers should be avoided, as 
they might favor spasm by leaving α‐adrenergic receptor‐
mediated vasoconstriction unopposed by β‐adrenergic 
receptor‐mediated vasodilation [10].

15.5.3 refractory stable angina

Drugs and revascularization procedures (i.e., CABG and 
PCI) can adequately manage the majority of patients suffering 
from IHD. However, there are patients who remain severely 
disabled by angina pectoris in spite of different forms of con
ventional treatment.

The term “refractory angina” is defined as a chronic 
condition caused by clinically established reversible myocar
dial ischemia in the presence of coronary artery disease, 
which cannot be adequately controlled by a combination of 
drug therapy, PCI, or GABC. For this patient group, a number 
of treatment options have emerged, including some new 
drugs (see Chapter 14) and nonpharmacological approaches.

Among the nonpharmacological treatments of refractory 
stable angina are (i) enhanced external counterpulsation 
(EECP); (ii) neurostimulatory techniques (transcutaneous 
electrical nerve stimulation [TENS], spinal cord stimulation 
[SCS]); (iii) angiogenesis through noninvasive techniques 
(extracorporeal cardiac shock wave therapy) or invasive 
techniques, such as transmyocardial laser revascularization 
(TMR) or percutaneous myocardial laser revascularization 
(PMR); and (iv) emerging investigational stem cell/gene 
therapy.

The efficacy of these nonconventional approaches in treat
ing refractory angina remains to be established, and some are 
controversial. In this context, the recent NICE evaluation of 
TMR and PMR concluded that current evidence on both 
TMR and PMR for refractory angina shows no efficacy and 
may pose unacceptable procedurerelated risks. Therefore, 
these procedures should not be used [23].

The stem cell therapy of refractory angina has recently 
received more attention. A double‐blind, randomized, 
phase II study of 167 patients with refractory angina 
reported that patients who received intramyocardial 
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fiGure 15.1 Schematic illustration of guideline‐based management of stable angina/stable ischemic heart disease (SIHD). As illustrated, 
effective management of stable angina/SIHD requires multiple intertwined efforts, including drug therapy, nonpharmacological approach, 
lifestyle/risk factor modifications, and patient education. These efforts are aimed to relieve the patients’ symptoms and prevent cardiovascular 
events and mortality, with the latter being the highest priority. ACEIs/ARBs, angiotensin‐converting enzyme inhibitors/angiotensin receptor 
blockers; CCBs, calcium channel blockers. For color details, please see color plate section.
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injections of autologous CD34+ cells (105 cells/kg body 
weight) experienced significant improvements in angina 
frequency and exercise tolerance [17]. Multiple other 
studies also suggested an efficacy for stem cell therapy in 
refractory angina [24–26].

15.6 suMMary Of cHaPter Key POints

 • Management of stable angina/SIHD has evolved 
remarkably over the past decade with regard to both 
drug therapy and nonpharmacological treatments.

 • Multiple professional organizations have developed 
guidelines for the management of stable angina/SIHD. 
The most notable ones are the 2012 ACCF/AHA/ACP/
AATS/PCNA/SCAI/STS guideline and the 2013 ESC 
guideline.

 • Two fundamental goals of management of stable 
angina/SIHD as described in the various guidelines 
are improving survival and alleviating symptoms. To 
attain the above dual goals, the 2012 ACCF/AHA/
ACP/AATS/PCNA/SCAI/STS guideline defines five 
specific objectives and provides five fundamental, 
complementary, and overlapping strategies.

 • The effective management of stable angina/SIHD 
requires the coordinated efforts in five areas, including 
(i) patient education, (ii) guideline‐directed medical 
therapy to control risk factors, (iii) guideline‐directed 
medical therapy to prevent myocardial infarction 
and  death, (iv) medical therapy to relieve symptoms, 
and (v) decision for revascularization.

 • Both the 2012 ACCF/AHA/ACP/AATS/PCNA/SCAI/
STS guideline and the 2013 ESC guideline provide 
detailed recommendations on each of the above five 
areas. Figure 15.1 illustrates the general scheme of current 
guideline‐based management of stable angina/SIHD.

15.7 self‐assessMent QuestiOns

15.7.1  A 54‐year‐old male is diagnosed with stable 
angina/stable ischemic heart disease. Which of the 
following should be prescribed as initial therapy for 
relief of his symptoms?
A. A β‐blocker
B. A nitrate
C. A calcium channel blocker
D. A platelet inhibitor
E. An anticoagulant

15.7.2  A 46‐year‐old male presents to the physician’s 
office complaining of substernal chest tightness 
and pain upon exertion. History reveals that he has 
hypertension of 5 years of duration, which has been 

poorly managed with a thiazide diuretic. He also 
has asthma and cannot tolerate β‐blocker therapy 
(including β

1
‐selective drugs). Which of the follow

ing should be prescribed for relief of his symptoms?
A. Amlodipine
B. Aspirin
C. Clopidogrel
D. Ranolazine
E. Sublingual nitroglycerin

15.7.3  A 45‐year‐old patient is experiencing angina due 
to emotional stress. Which of the following is rec
ommended for immediate relief of his angina?
A. Amlodipine
B. Isosorbide mononitrate
C. Metoprolol succinate
D. Nitroglycerin spray
E. Ranolazine

15.7.4  A 48‐year‐old male presents to the emergency 
room due to severe chest pain while running uphill 
in his neighborhood. He is diagnosed with typical 
stable angina. Which of the following drugs should 
the patient take indefinitely in the absence of con
traindication even if he is asymptomatic?
A. Aspirin
B. Clopidogrel
C. Ranolazine
D. Verapamil
E. Warfarin

15.7.5  A 56‐year‐old female is brought to the emergency 
department because of chest pain. She is diagnosed 
with stable angina and left ventricular dysfunction 
(lVEF 39%). History reveals that she had an acute 
myocardial infarction 14 months ago. A decision 
is made to put her on β‐blocker therapy to prevent 
recurrent myocardial infarction and death. Which 
of the following β‐blockers should be prescribed?
A. Atenolol
B. Carvedilol
C. labetalol
D. Pindolol
E. Propranolol
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16.1 IntroductIon

Unstable angina (UA), acute non‐ST‐elevation myocardial 
infarction (NSTEMI), and acute ST‐elevation myocardial 
infarction (STEMI) are the three presentations of acute coro
nary syndromes (ACS). This chapter provides an overview 
on the definitions and epidemiology of ACS and discusses 
the current understanding of the pathophysiology of ACS 
and the mechanistically based drug targeting and related 
therapeutic modalities. Chapter 17 considers the molecular 
pharmacology of drugs for treating ACS, including antico
agulants, platelet inhibitors, and thrombolytic agents. This 
lays a basis for the coverage of the general principles and 
current guidelines regarding the management of UA/
NSTEMI and STEMI in Chapters 18 and 19, respectively.

16.2 defInItIons and General 
consIderatIons

16.2.1 definitions

As mentioned earlier, the term ACS refers to a spectrum of 
clinical presentations ranging from those for STEMI to pre
sentations found in NSTEMI or in UA. In terms of pathogen
esis, ACS is almost always associated with rupture (or 
erosion) of an atherosclerotic plaque and partial or complete 
thrombosis of the inflicted coronary artery. While UA and 
NSTEMI are caused by incomplete coronary blockage, 
STEMI typically results from complete coronary occlusion. 
UA and NSTEMI are also known as non‐ST‐elevation ACS 
(NSTE‐ACS) and STEMI as ST‐elevation ACS.

UA and NSTEMI differ primarily in whether the ischemia 
is severe enough to cause sufficient myocardial damage to 
release detectable quantities of a marker of myocardial 
injury (e.g., cardiac troponins) (Fig.  16.1). The key diag
nostic criteria for UA and NSTEMI are outlined below:

 • UA is considered to be present in patients with ischemic 
symptoms suggestive of an ACS and no elevation in 
cardiac troponins, with or without electrocardiogram 
(ECG) changes, indicative of ischemia (e.g., ST‐seg
ment depression or transient elevation or new T‐wave 
inversion).

 • NSTEMI is considered to be present in patients having 
the same manifestations as those in UA but in whom an 
elevation in cardiac troponins is present.

Since an elevation in cardiac troponins may not be 
detectable for hours after presentation, UA and NSTEMI 
are frequently indistinguishable at initial evaluation. As a 
consequence, initial management is the same for these two 
syndromes. For this reason, and because the pathophysiolog
ical mechanisms of the two conditions are similar, UA and 
NSTEMI are often considered together.

16.2.2 Historical overview

The condition commonly referred to today as ACS has 
a  long  history in the annals of medicine [1]. The dreaded 
symptoms were eloquently described by the esteemed 
English physician William Heberden (1710–1801) in 1772 
as “a most disagreeable sensation in the breast, which seems 
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as if it would take their life away, if it were to increase or 
continue.” More than a century later, Sir William Osler 
(1849–1919) formalized the definition of ACS and high
lighted its profound implications for the patient in his 
famous Lumleian Lecture on “Angina pectoris” delivered 
before the royal College of physicians in London in 
1910: “There are two primary features of the disease, pain 
and sudden death—pain, paroxysmal, intense, peculiar, 
usually pectoral, and with well‐known lines of radia
tion—death in a higher percentage than any known dis
order, and usually sudden.” With the advent of diagnostic 
tools, such as the ECG and sensitive and specific labora
tory tests for myocardial damage, the term ACS has 
evolved as an umbrella diagnosis to capture the full 
spectrum of disease severity and protean clinical mani
festations of critical coronary atherosclerosis from UA 
to NSTEMI and STEMI [1].

16.2.3 Global Burden

As discussed in Chapters 1 and 13, the epidemic of 
ischemic heart disease (IHd) is truly global, with more 
than 80% of the burden of this disease carried by the devel
oping nations. IHd, and its manifestation as ACS, carries 
enormous personal, societal, and economic burdens and is 
a major determinant of morbidity and mortality among all 
races, ethnic groups, and cultures [1–3]. While prevalence 
of ACS has reached a pandemic level as a consequence of 
modernization of the developing world, the demographics 
of ACS have also evolved, with a precipitous decline in the 
incidence of STEMI and a progressive rise in the incidence 
of NSTEMI [1].

16.3 patHopHysIoloGy and druG 
tarGetInG

16.3.1 Historical overview

The causative link between arterial thrombosis and ACS 
has  a controversial history [4, 5]. The initial link between 
coronary thrombosis and acute myocardial infarction was 
recognized in the late 1800s and gained widespread 
acceptance within the medical community throughout the 
early 1900s. But after a series of pathological studies that 
cast doubt on this association, alternative mechanisms were 
sought. It was not until the use of coronary angiography in 
people with an acute myocardial infarction in the late 
1970s, in combination with the success of thrombolytic 
therapies in the 1980s, that the causative role for throm
bosis in precipitating UA and acute myocardial infarction 
was unequivocally established. Since then, there has been 
dramatic improvement in the understanding and treatment 
options for ACS, with antithrombotic therapy taking a center 
stage in the disease management.

16.3.2 molecular pathophysiology

ACS represent life‐threatening manifestations of coronary ath
erosclerosis. Atherosclerosis alone may obstruct coronary blood 
flow and cause stable angina as described in Chapter 13, but 
this is rarely fatal in the absence of scarring of the myocar
dium, which can elicit an arrhythmia presenting as sudden 
cardiac arrest [6]. ACS are nearly always precipitated by 
acute thrombosis induced by a ruptured or eroded atheroscle
rotic coronary plaque with or without concomitant vasospasm, 
causing a sudden and critical reduction in blood flow [7].
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fIGure 16.1 Characteristics of acute coronary syndromes. As illustrated, in unstable angina (UA), ischemia is not severe enough to cause 
myocardial injury (cell death), whereas in non‐ST‐elevation myocardial infarction (NSTEMI) and ST‐elevation myocardial infarction 
(STEMI), ischemia causes significant myocardial damage, leading to increased plasma levels of cardiac troponins.
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16.3.2.1 Plaque Rupture In the complex process of 
plaque disruption, inflammation has been revealed as a key 
pathophysiological element [6, 8]. plaque rupture occurs 
where the cap is thinnest and most infiltrated by foam cells 
(lipid‐laden macrophages). In eccentric plaques, the weakest 
spot is often the cap margin or shoulder region, and only 
extremely thin fibrous caps are at risk of rupturing. Thinning 
of the fibrous cap probably involves two concurrent mecha
nisms. One is the gradual loss of vascular smooth muscle 
cells (SMCs) from the fibrous cap. Indeed, ruptured caps 
contain fewer SMCs and less collagen than intact caps, 
and  SMCs are usually absent at the actual site of rupture. 
Concurrently, infiltrating macrophages in the plaque degrade 
the collagen‐rich cap matrix via releasing matrix metallopro
teinases (MMps), especially MMp‐1, MMp‐8, and MMp‐13 
[6, 8]. With plaque rupture, cap collagen and the highly 
thrombogenic lipid core, enriched in tissue factor‐expressing 
apoptotic microparticles, are exposed to the thrombogenic 
factors of the blood, leading to thrombogenesis [6, 8].

16.3.2.2 Plaque Erosion In addition to plaque rupture, 
superficial plaque erosion also causes thrombus formation, 
responsible for 20–25% of the cases of fatal myocardial 
infarctions [9, 10]. This anatomical substrate for coronary 
thrombosis occurs more frequently in women than in men 
and in persons with certain risk factors, such as hypertriglyc
eridemia. Many lesions, which cause coronary thrombosis 
because of superficial erosion, lack prominent inflammatory 
infiltrates, and such plaques typically exhibit proteoglycan 
accumulation. The mechanisms of superficial erosion are 
less clear than those involved in the rupture of the fibrous 
cap. The surface endothelium under the thrombus is usually 
absent, but no distinct morphological features of the under
lying plaque have been identified.

Eroded and thrombosed plaques causing sudden cardiac 
death are often scarcely calcified, often associated with nega
tive remodeling, and contain fewer macrophages than rup
tured plaques. Apoptosis of endothelial cells could contribute 
to their desquamation. reactive oxygen species and oxidative 
stress may play an important role in endothelial apoptosis. As 
endothelial cells undergo apoptosis, they produce the proco
agulant tissue factor, resulting in local thrombosis in coronary 
arteries. Endothelial cells also express proteinases that may 
sever their tethers to the underlying basement membrane. In 
this regard, modified low‐density lipoprotein (LdL) induces 
the expression of the enzyme MMp‐14 by human endothelial 
cells. MMp‐14 can activate MMp‐2, an enzyme that degrades 
basement‐membrane forms of nonfibrillar collagen (i.e., type 
Iv collagen). These events collectively contribute to the 
superficial erosion of the atheroma, thereby promoting 
thrombogenesis and the formation of a thrombus that severely 
restricts the blood flow of the inflicted coronary artery [6, 8].

16.3.2.3 Secondary Mechanisms In rare cases, ACS 
may have a nonatherosclerotic etiology, such as arteritis, 
trauma, dissection, thromboembolism, congenital anom
alies, cocaine abuse, or complications of cardiac 
catheterization. These are collectively known as secondary 
mechanisms of ACS. Hence, the key pathophysiological 
mechanisms, including plaque rupture and plaque erosion, 
as well as the secondary mechanisms of ACS, need to be 
understood for the correct use of the available therapeutic 
strategies.

16.3.3 drug targeting

16.3.3.1 Thrombus‐Based Targeting As described 
earlier, the ACS spectrum includes patients with STEMI 
and NSTE‐ACS, and NSTE‐ACS is further comprised of 
UA and NSTEMI. The initial difference in pathophysiology 
and early outcomes between STEMI and NSTE‐ACS leads 
to contrasting early treatment strategies. In STEMI, because 
of the complete occlusion, prompt reopening of the occluded 
artery is the therapeutic priority that limits the extent of 
myocardial injury and saves lives. In contrast, the therapeutic 
goal in NSTE‐ACS management is to prevent progression 
of the thrombus to total occlusion, plaque thromboemboli
zation, and recurrent infarction. In‐hospital mortality rates 
for STEMI remain 50% higher than those for NSTEMI 
patients. However, the high rates of recurrent ischemic events 
in NSTE‐ACS patients result in similar 1‐year mortality rates 
in the two conditions, emphasizing the need for selecting 
appropriate early management strategies and secondary pre
vention measures.

16.3.3.2 Inflammation‐Based Targeting Given the crit
ical role of inflammation in the pathophysiological aspects 
of plaque rupture and thrombogenesis, multiple studies have 
been carried out over the past years to assess the safety and 
efficacy of using anti‐inflammatory therapies other than 
statins to reduce the risk of recurrent ACS. This section 
introduces some of the recent trials on anti‐inflammatory 
therapies in ACS and discusses the potential implications 
of such emerging modalities.

Colchicine The presence of activated neutrophils in culprit 
atherosclerotic plaques of patients with unstable coronary 
artery disease raises the possibility that inhibition of 
neutrophil function with colchicine may reduce the risk 
of plaque instability and thereby improve clinical outcomes 
in patients with stable coronary disease. In this regard, in a 
recent clinical trial with a prospective, randomized, observer‐
blinded endpoint design, 532 patients with stable coronary 
disease receiving aspirin and/or clopidogrel (93%) and 
statins (95%) were randomly assigned colchicine 0.5 mg/day 
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or no colchicine and followed for a median of 3 years. The 
primary outcome was the composite incidence of ACS, out‐
of‐hospital cardiac arrest, or noncardioembolic ischemic 
stroke. The primary outcome occurred in 15 of 282 patients 
(5.3%) who received colchicine and 40 of 250 patients 
(16.0%) assigned no colchicine (hazard ratio, 0.33; 95% 
confidence interval [CI], 0.18–0.59; p < 0.001; number 
needed to treat, 11). In a prespecified secondary on‐treatment 
analysis that excluded 32 patients (11%) assigned to 
colchicine who withdrew within 30 days due to intestinal 
intolerance and a further seven patients (2%) who did not 
start treatment, the primary outcome occurred in 4.5% versus 
16.0% (hazard ratio, 0.29; 95% CI, 0.15–0.56; p < 0.001). 
The study concluded that colchicine, 0.5 mg/day administered 
in addition to statins and other standard secondary pre
vention therapies, appeared effective for the prevention 
of  cardiovascular events in patients with stable coronary 
disease [11].

The aforementioned colchicine trial was, however, 
relatively small (532 patients, with a total of 55 events), and 
the investigators did not use a double‐blind design and did 
not report levels of inflammatory biomarkers, which might 
have provided a glimpse into the possible mechanisms 
underlying the effects of colchicine [8, 12]. Nevertheless, 
the encouraging results of this study should prompt a 
larger‐scale, double‐blind trial of this inexpensive agent, 
which has a long history of clinical use and a well‐known 
and acceptable risk profile [8].

Darapladib and Varespladib Elevated lipoprotein‐
associated phospholipase A

2
 (pLA

2
) activity promotes the 

development of vulnerable atherosclerotic plaques, and 
elevated plasma levels of this enzyme are associated with 
an increased risk of coronary events. Hence, inhibition of 
pLA

2
 activity may be an effective strategy for ACS 

intervention. In this regard, darapladib has been developed 
as a selective oral inhibitor of lipoprotein‐associated pLA

2
. 

However, a recent randomized, double‐blind trial of 15,828 
patients with stable coronary heart disease reported that 
darapladib (160 mg once daily) did not significantly reduce 
the risk of the primary composite endpoint of cardiovascular 
death, myocardial infarction, or stroke [13]. Similarly, a 
double‐blind, ran domized, multicenter trial of 5145 
patients with recent ACS (vISTA‐16) showed that 
varespladib, another inhibitor of spLA

2
, did not reduce the 

risk of recurrent cardiovascular events and instead 
significantly increased the risk of myocardial infarction. 
Hence, the spLA

2
 inhibition with varespladib may be 

harmful and is not a useful strategy to  reduce adverse 
cardiovascular outcomes after ACS [14]. Although one 
cannot state with certainty whether the observed harmful 
effects in the vISTA‐16 trial were a direct consequence of 
spLA

2
 inhibition, this specific enzyme target is unlikely to 

be investigated further. Nonetheless, these findings do 

not  argue against a central role for inflammation in 
atherogenesis, but rather highlight that much still needs 
to  be learned regarding the complexity of inflammatory 
pathways in ACS and effective targeting of the pathways 
with novel agents [15].

Other Emerging Anti‐inflammatory Modalities Besides 
colchicine and pLA

2
 inhibitors, several trials are currently 

ongoing to assess the safety and efficacy of other anti‐
inflammatory therapies [12, 16]. Among these are the 
Canakinumab Anti‐inflammatory Thrombosis Outcomes 
Study (CANTOS) trial and the Cardiovascular Inflammation 
reduction Trial (CIrT). The CANTOS trial evaluates 
the  effectiveness of a human monoclonal antibody to the 
inflammatory cytokine interleukin‐1‐β in 17,200 stable 
patients post‐myocardial infarction, randomized to receive 
either the subcutaneous antibody drug or placebo, and 
followed over 4 years. On the other hand, the CIrT study 
determines the effect of low‐dose methotrexate (10–20 mg/
week) on cardiovascular events in 7000 patients with prior 
acute myocardial infarction, elevated C‐reactive protein 
levels, and diabetes. The results of such trials might lead 
to the development of effective anti‐inflammatory therapies 
for ACS.

16.4 summary of cHapter Key poInts

 • The term ACS refers to a spectrum of clinical syn
dromes, including UA, NSTEMI, and STEMI.

 • ACS are almost always associated with rupture (or 
erosion) of an atherosclerotic plaque and partial or 
complete thrombosis of the inflicted coronary artery. 
UA and NSTEMI are also known as non‐ST‐elevation 
ACS and STEMI as ST‐elevation ACS.

 • The difference between UA and myocardial infarc
tion is whether the ischemia is severe enough to cause 
sufficient myocardial damage to release detectable 
quantities of cardiac troponins. Significant myocar
dial damage occurs in NSTEMI and STEMI, but not 
in UA.

 • Since an elevation in cardiac troponins may not be 
detectable for hours after presentation, UA and NSTEMI 
are frequently indistinguishable at initial evaluation. 
As such, initial management is the same for these two 
syndromes, and they are often considered together.

 • In STEMI, because of the complete occlusion, prompt 
reopening of the occluded artery is the therapeutic 
priority that limits the extent of myocardial injury and 
saves lives. In contrast, the therapeutic goal in UA/
NSTEMI management is to prevent progression of the 
thrombus to total occlusion, plaque thromboemboli
zation, and recurrent infarction.
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 • Given the critical role of inflammation in the patho
physiology of plaque rupture and thrombogenesis, 
multiple clinical trials have been carried out or planned to 
assess the safety and efficacy of using anti‐inflammatory 
therapies other than statins to reduce the risk of recurrent 
ACS. Continued research in this area might someday 
lead to the development of novel therapeutic modalities 
specifically targeting the inflammatory component of 
ACS for more effective management. Until then, anti
thrombotic drugs remain the mainstay of pharmacological 
therapy for ACS. Chapter 17 considers the pharmaco
logical basis of antithrombotic drugs, including antico
agulants, platelet inhibitors, and thrombolytic agents, in 
treating ACS.

16.5 self‐assessment QuestIons

16.5.1  A 55‐year‐old male is brought to the emergency 
department because of severe chest pain immedi
ately after his dinner. ECG shows ST‐segment 
depression and T‐wave inversion. Blood chemistry 
reveals elevated levels of cardiac troponins and lac
tate dehydrogenase. Which of the following is most 
likely responsible for the patient’s condition?
A. Coronary artery rupture
B. Coronary arteritis
C. Coronary plaque rupture
d. Coronary plaque erosion
E. Coronary vasospasm

16.5.2  Which of the following is the second most common 
pathophysiological mechanism of acute coronary 
syndromes?
A. Coronary artery rupture
B. Coronary arteritis
C. Coronary plaque rupture
d. Coronary plaque erosion
E. Coronary vasospasm

16.5.3  Cardiac troponins are elevated most likely under 
which of the following conditions?
A. Acute decompensated heart failure
B. Microvascular angina
C. Non‐ST‐elevation myocardial infarction
d. Stable ischemic heart disease
E. Unstable angina

16.5.4  Which of the following is a key feature of plaque 
superficial erosion?
A. Lack of prominent inflammatory infiltrates
B. Lack of proteoglycan accumulation
C. Less frequently seen in females
d. responsible for <5% of the cases of fatal 

myocardial infarction
E. Less frequently observed in patients with 

hypertri glyceridemia

16.5.5  A 55‐year‐old male is brought to the emergency 
department because he feels like “an elephant 
is sitting on his chest.” ECG shows ST‐segment 
 elevation. Blood chemistry reveals marked 
 elevations of cardiac troponins and creatine 
phosphokinase (CpK) activity. Which of the fol
lowing is most likely responsible for the patient’s 
condition?
A. Complete coronary occlusion
B. Coronary artery rupture
C. Coronary congenital abnormalities
d. Coronary vasospasm
E. partial coronary occlusion
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17.1 Overview

As discussed in Chapter 16, acute coronary syndromes (ACS) 
are life‐threatening manifestations of coronary atheroscle
rosis. ACS are typically precipitated by acute thrombosis 
induced by ruptured or eroded atherosclerotic coronary 
plaques, with or without concomitant vasoconstriction, caus
ing a sudden and critical reduction in blood flow to myocar
dium. The management of ACS thus includes the use of drugs 
that either inhibit thrombogenesis or accelerate the lysis of the 
already formed thrombus. These drugs are classified, based on 
their primary targets along the hemostatic pathways, into 
 anticoagulants, platelet inhibitors, and thrombolytic agents. 
This chapter begins with a brief introduction to the physiology 
and pathophysiology of hemostasis and then discusses the 
molecular pharmacology of the above three classes of drugs 
with a focus on their clinical use in the treatment of ACS. The 
principles and current guidelines regarding ACS management 
are covered in Chapters 18 and 19.

17.2 HemOstasis

17.2.1 Definitions

The term hemostasis refers to the finely regulated dynamic 
physiological process of maintaining fluidity of the blood, 
repairing vascular injury, and limiting blood loss while avoid
ing vessel occlusion (thrombosis) and inadequate perfusion 
of vital organs. Either extreme, excessive bleeding or throm
bosis represents a breakdown of the hemostatic mechanism 
and leads to disease processes [1].

Thrombosis is defined as the formation of an unwanted 
clot (thrombus) within a blood vessel, and it is the most 
common abnormality of hemostasis. Here, it is necessary to 
distinguish two related terms: thrombus and embolus. 
Thrombus refers to a clot that adheres to a vessel wall, whereas 
embolus refers to a detached thrombus.

17.2.2 Physiology

Although the clotting process is a dynamic, highly inter
woven array of multiple steps, it can be viewed as occurring 
in four phases, which are outlined below and also illustrated 
in Figure 17.1:

1. Formation of the platelet plug: Platelets are activated 
at the site of vascular injury to form a platelet plug that 
provides the initial hemostatic response, including 
exposure of procoagulant phospholipids on the platelet 
surface and the assembly of components of the clot
ting cascade.

2. Clot formation: Generation or exposure of tissue 
factor at the wound site, its interaction with factor VII, 
and the subsequent generation of activated factor X 
are the primary physiological events of the extrinsic 
pathway in initiating clotting, while components of 
the intrinsic pathway (i.e., factors VIII, IX, XI) are 
responsible for amplification of this process 
(see Fig. 17.2).

3. Termination of clotting: The termination phase of coag
ulation involves antithrombin, tissue factor pathway 
inhibitor, and the protein C pathway. This phase is 

anticOagulants, Platelet inHibitOrs, 
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Figure 17.1 Physiology of coagulation and fibrinolysis in hemostasis. When a small blood vessel is injured, a localized vasoconstriction 
(not shown) reduces blood flow and facilitates platelet adhesion, activation, and aggregation, leading to platelet plug formation at the injured 
site. The vessel injury and platelet plug formation trigger activation of the coagulation cascades (see Fig. 17.2), which eventually lead to fibrin 
clot formation to arrest bleeding. Multiple factors in the plasma regulate the fibrin clot formation to prevent excessive clotting. The coordi
nated activation of fibrinolysis pathway ensures the removal of the clot once the injured vessel is repaired. Disruption of this hemostatic 
mechanism under pathophysiological conditions may lead to bleeding or thrombosis.
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 critical in mediating the extent of clot formation, as 
demonstrated by the thrombotic disorders present in 
individuals with abnormalities in this pathway.

4. Clot lysis: To restore vessel patency, the clot must be 
properly removed. Plasminogen binds fibrin and tissue 
plasminogen activator (tPA), leading to the formation 
of active, proteolytic plasmin, which cleaves fibrin, 
fibrinogen, and a variety of plasma proteins and clot
ting factors. The plasminogen/plasminogen‐activator 
system is also tightly regulated and, together with the 
parallel coagulation cascade, ensures the fluidity of 
the blood. Abnormal bleeding can result from dimin
ished clot generation or enhanced clot lysis, while 
excessive clot formation or reduced clot lysis can lead 
to excessive thrombosis.

17.2.3 Disorders of Hemostasis and Drug therapy

The disorders of hemostasis are typically classified into throm
boembolic disorders and bleeding disorders. Common throm
boembolic disorders include (i) ACS, (ii) deep vein thrombosis 
(DVT), (iii) pulmonary embolism (PE), and (iv) acute ischemic 
stroke. On the other hand, vitamin K deficiency, hemophilia 
and other coagulation factor deficiency disorders, and drug‐
induced bleeding are typical examples of bleeding disorders.

Management of thromboembolic disorders involves the use 
of anticoagulants, platelet inhibitors, and thrombolytic agents. 
Anticoagulants and platelet inhibitors are also collectively known 
as antithrombotic agents. Hence, drugs for treating thrombotic 
disorders, such as ACS, include antithrombotic drugs and throm
bolytic agents, with the former inhibiting atherothrombogenesis 
and the latter causing lysis of the already formed thrombus.

17.3 anticOagulants

Anticoagulants act on the different steps of the coagulation 
cascade (Fig.  17.2). They inhibit either the action of the 
coagulation factors or interfere with the biosynthesis of the 
coagulation factors. Anticoagulants are classified into four 
groups, as listed below:

1. Vitamin K antagonists

2. Heparins

3. Selective factor Xa (SFXa) inhibitors

4. Direct thrombin inhibitors (DTIs)

17.3.1 vitamin K antagonists

listed below is the only uS Food and Drug Administration 
(FDA)‐approved vitamin K antagonist for clinical use:

 • Warfarin (Coumadin)

17.3.1.1 General Introduction to Drug Class Vitamin K 
is a critical cofactor in the posttranslational modification and 
functionality of coagulation factors II, VII, IX, and X. 
Vitamin K antagonists include the commonly used warfarin 
(structure shown in Fig. 17.3) and the rarely used dicumarol. 
Initially used as a rodenticide, warfarin is now widely used 
clinically as an oral anticoagulant.

17.3.1.2 Chemistry and Pharmacokinetics Warfarin is 
chemically known as 3‐(α‐acetonylbenzyl)‐4‐hydroxycou
marin and is a racemic mixture of the R‐ and S‐enantiomers. 
Warfarin is essentially completely absorbed after oral 
administration. It is extensively metabolized by hepatic 
cytochrome P450 (CYP) enzymes, including CYP2C9 
(major), CYP2C19, CYP2C8, CYP2C18, CYP1A2, and 
CYP3A4 to form inactive metabolites that are excreted pri
marily in the urine. The elimination half‐life of warfarin is 
approximately 40 h. notably, the polymorphic CYP2C9 is 
the major enzyme in metabolizing warfarin, which explains, 
at least partially, the individual variations in responses to 
warfarin therapy.

17.3.1.3 Molecular Mechanisms and Pharmacological 
Effects Warfarin acts by inhibiting the biosynthesis/
functional maturation of vitamin K‐dependent clotting 
factors, which include factors II, VII, IX, and X, and the anti
coagulant proteins C and S. Vitamin K is an essential cofactor 
for the postribosomal synthesis of the vitamin K‐dependent 
clotting factors. Vitamin K promotes the biosynthesis of γ‐
carboxyglutamic acid residues in the proteins that are 
essential for biological activity. During the carboxylation 
reaction, vitamin K is oxidized to the inactive form, namely, 
vitamin K 2,3‐epoxide. The enzyme vitamin K epoxide 
reductase (VKOR) converts the inactive vitamin K 2,3‐
epoxide into the active, reduced form of vitamin K. The 
regeneration of reduced vitamin K is essential for the 
sustained synthesis of biologically functional factors II, VII, 
IX, and X. Warfarin is thought to interfere with clotting factor 
synthesis through inhibition of the C1 subunit of VKOR 
(VKORC1) enzyme complex, thereby reducing the regenera
tion of active form of vitamin K (Fig. 17.3).

Certain single nucleotide polymorphisms in the VKORC1 
gene (e.g., −1639G>A) have been associated with variable 
warfarin dose requirements. As noted earlier, polymorphic 
CYP2C9 also contributes to individual’s variations in war
farin pharmacokinetics. Indeed, VKORC1 and CYP2C9 gene 
variants generally explain the largest proportion of known 
variability in warfarin dosage regimen. Hence, CYP2C9 and 
VKORC1 genotype information, when available, may assist 
in selection of the initial dose of warfarin [2]. However, the 
exact value of genotype‐guided dosing of warfarin remains 
controversial [3].

An anticoagulation effect generally occurs within 24 h after 
warfarin administration. However, peak anticoagulant effect 
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may be delayed 72–96 h. The duration of action of a single 
dose of warfarin is 2–5 days. This is consistent with the half‐
lives of the affected vitamin K‐dependent clotting factors and 
anticoagulation proteins (factor II, 60 h; VII, 4–6 h; IX, 24 h; 
X, 48–72 h; protein C, 8 h; protein S, 30 h).

17.3.1.4 Clinical Uses Warfarin is indicated for (i) pro
phylaxis and treatment of venous thrombosis and its extension, 
PE; (ii) prophylaxis and treatment of thromboembolic compli
cations associated with atrial fibrillation (AF) and/or cardiac 
valve replacement; and (iii) reduction in the risk of death, 
recurrent myocardial infarction (MI), and thromboembolic 
events, such as stroke or systemic embolization, after MI.

17.3.1.5 Therapeutic Dosages listed below are the 
 dosage forms and strengths of warfarin:

 • Warfarin (Coumadin): Oral, 1, 2, 2.5, 3, 4, 5, 6, 7.5, and 
10 mg tablets; injection, 5 mg per vial

The dosage and administration of warfarin must be individ
ualized for each patient according to the patient’s international 

normalized ratio (InR) response to the drug. The dose needs to 
be adjusted based on the patient’s InR and the condition being 
treated. The recommended target InR is 2.5 (InR range 2.0–
3.0) for venous thromboembolism, AF, certain mechanical and 
bioprosthetic heart valves, and post‐MI.

17.3.1.6 Adverse Effects and Drug Interactions 

Adverse Effects The most common adverse effects of 
warfarin are fatal and nonfatal hemorrhage from any tissue 
or organ. Other uncommon serious adverse effects include 
necrosis of skin and other tissues and systemic atheroemboli 
and cholesterol microemboli as a result of enhanced release 
of atheromatous plaque emboli. Other less severe adverse 
effects may include hypersensitivity reactions, vasculitis, 
liver injury, and gut disturbances.

Drug Interactions Drugs may interact with warfarin 
through pharmacodynamic or pharmacokinetic mechanisms. 
Warfarin synergizes with other anticoagulants or platelet 
inhibitors to cause increased risk of bleeding. As noted 
earlier, CYP isozymes involved in the metabolism of 
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warfarin include CYP2C9, CYP2C19, CYP2C8, 
CYP2C18, CYP1A2, and CYP3A4. The more potent 
warfarin S‐enantiomer is primarily metabolized by 
CYP2C9, while the R‐enantiomer is mainly metabolized 
by CYP1A2 and CYP3A4. Hence, inhibitors of CYP2C9, 
CYP1A2, and/or CYP3A4 have the potential to increase 
the effect (increase InR) of warfarin by increasing the 
exposure of warfarin. On the other hand, inducers of 
CYP2C9, CYP1A2, and/or CYP3A4 have the potential to 
decrease the effect (decrease InR) of warfarin by 
decreasing the exposure of warfarin.

Contraindications and Pregnancy Category

 • Hemorrhagic tendencies or blood dyscrasias.

 • Recent or contemplated surgery of the central nervous 
system or eye, or traumatic surgery resulting in large 
open surfaces.

 • Bleeding tendencies associated with certain conditions.

 • Threatened abortion, eclampsia, and preeclampsia.

 • unsupervised patients with potential high levels of 
noncompliance.

 • Spinal puncture and other diagnostic or therapeutic 
procedures with potential for uncontrollable bleeding

 • Hypersensitivity to the drug product.

 • Major regional or lumbar block anesthesia.

 • Malignant hypertension.

 • Warfarin is contraindicated in women who are pregnant 
(category X) except in pregnant women with mechanical 
heart valves (category D), who are at high risk of throm
boembolism and for whom the benefits of warfarin may 
outweigh the risks.

17.3.2 Heparins

listed below are the uS FDA‐approved heparin products for 
clinical use:

 • unfractionated heparin (uFH)

 • low‐molecular‐weight heparins (lMWHs):
 – Dalteparin (Fragmin)

 – Enoxaparin (lovenox)

 – Tinzaparin (Innohep)

17.3.2.1 General Introduction to Drug Class Heparins, 
if not specified, include uFH (also known as standard hep
arin) and lMWHs. uFH is often prepared from bovine lung 
and porcine intestinal mucosa. lMWHs are derived from 
uFH and, as listed earlier, include dalteparin, enoxaparin, 
and tinzaparin, which are all available in the united States. 
Heparins, especially lMWHs, are widely used as anticoagu
lants in the management of thromboembolic disorders, 
including ACS.

17.3.2.2 Chemistry and Pharmacokinetics 

Chemistry of UFH The type of uFH in clinical use is 
polydispersed unmodified heparin, with molecular weight 
ranging from 3 to 30 kDa and a mean molecular weight of 
approximately 15 kDa, corresponding to approximately 45 
saccharide units. The polydispersed mixture consists of 
variably sulfated repeating disaccharide units, which are 
composed of a glucosamine 1,4 linked to an uronic acid, 
which is represented by both its epimers, namely, the 
glucuronic (GlcA) and the iduronic acids (IdoA) [3]. Both 
monosaccharides can be differently functionalized in the 
uFH chains: uronic acid can be 2‐O‐sulfated and glucosamine 
(Glcn) is N‐sulfated (GlcnSO

3
) or N‐acetylated (GlcnAc). 

Moreover, GlcnSO
3
 may be also O‐sulfated in the position 3 

and/or 6. The GlcnAc residues can be 6‐O‐sulfated or 
unsulfated. Hence, the possible presence of four different 
uronic residues and six different glucosamine derivatives 
makes the structure of uHF very complex and variable.

In uFH, three different domains can be identified on the 
basis of the abundance of GlcnSO

3
 and GlcnAc. The first 

domain, namely, the nA domain, is mainly constituted of the 
repeating GlcA–GlcnAc disaccharides. The nA/nS domain 
is characterized by the succession of GlcnSO

3
 and GlcnAc 

units. Finally, at the nonreducing end, a region rich in high 
sulfated disaccharides is found (nS domain). notably, the 
nS domain contains the specific pentasaccharide unit respon
sible for binding to antithrombin III (see succeeding text). 
This interaction determines a conformational change in anti
thrombin III, resulting in its activation through an increase in 
the flexibility of its reactive site loop [3].

Chemistry of LMWHs lMWHs are obtained by chemical or 
enzymatic depolymerization of uFH and, depending on the 
production method, display different chemical structures at 
the reducing and/or nonreducing end of polysaccharide 
chains. lMWHs in clinical use have a molecular weight 
ranging from 2 to 9 kDa and a mean molecular weight of 
approximately 5 kDa, corresponding to approximately 15 
saccharide units. lMWHs partially lose the ability to inactivate 
factor IIa as compared with uFH. Thus, for lMWHs, the ratio 
between anti‐factor Xa and anti‐factor IIa activities becomes 
greater than that of uHF (see section “lMWHs”).

Pharmacokinetics uFH and lMWHs cannot be absorbed 
through the gut mucosa and thus must be administered 
parenterally via intravenous infusion or subcutaneous 
injection. The elimination half‐life of uFH is dose dependent, 
and it appears to be primarily cleared and degraded by 
the  reticuloendothelial system. lMWHs are primarily 
metabolized in the liver by desulfation and/or depolymeri
zation to lower‐molecular‐weight species with much reduced 
biological potency. lMWHs are almost exclusively cleared 
by the kidney owing to their smaller sizes. Hence, renal 
dysfunction may result in accumulation of lMWHs, leading 
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to bleeding. In healthy individuals, the biological half‐life of 
lMWHs is approximately 4–6 h.

17.3.2.3 Molecular Mechanisms and Pharmacological 
Effects 

UFH Heparin acts at multiple sites in the normal 
coagulation system: (i) small amounts of heparin in 
combination with antithrombin III (also known as heparin 
cofactor) can inhibit thrombosis by inactivating factor Xa 
and inhibiting the conversion of prothrombin (also known as 
factor II) to thrombin (also known as factor IIa); (ii) once 
active thrombosis has developed, larger amounts of heparin 
can inhibit further coagulation by inactivating thrombin (IIa) 
and preventing the conversion of fibrinogen to fibrin; and 
(iii) heparin also prevents the formation of a stable fibrin clot 
by inhibiting the activation of factor XIII (also known as 
fibrin‐stabilizing factor).

LMWHs lMWHs act by primarily enhancing the inhibition 
of factor Xa by antithrombin III. As compared with uFH, the 
ability of lMWHs to enhance the inhibition of factor IIa by 
antithrombin III is largely lost due to their smaller sizes. 
Hence, as stated earlier, for lMWHs, the ratio between anti‐
factor Xa and anti‐factor IIa activities becomes greater than 
that of uHF. Figure  17.4 illustrates the mechanisms of 
inhibition of factors Xa and IIa by uFH and lMWHs.

17.3.2.4 Clinical Uses 

UFH uFH is approved by the uS FDA for clinical use in 
the management of the following thromboembolic conditions:

1. Anticoagulant therapy in prophylaxis and treatment of 
venous thrombosis and its extension

2. low‐dose regimen for prevention of postoperative 
DVT and PE in patients undergoing major abdomino
thoracic surgery or who, for other reasons, are at risk 
of developing thromboembolic disease

3. Prophylaxis and treatment of PE

4. AF with embolization

5. Treatment of acute and chronic consumptive coagu
lopathies (disseminated intravascular coagulation)

6. Prevention of clotting in arterial and cardiac surgery

7. Prophylaxis and treatment of peripheral arterial embolism

In addition to the above thromboembolic conditions, uFH 
may also be employed as an anticoagulant in blood transfu
sions, extracorporeal circulation, and dialysis procedures.

LMWHs lMWHs have become more commonly used than 
uFH for the management of thromboembolic conditions, 
including DVT and ACS. Table  17.1 summarizes the uS 
FDA‐approved indications of lMWHs.
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17.3.2.5 Therapeutic Dosages The dosage forms and 
strengths of uFH and lMWHs are listed below:

 • uFH: Injection, 1000, 5000, and 10,000 uSP units/ml

 • Dalteparin (Fragmin): Injection—single‐dose prefilled 
syringe, 2500 Iu/0.2 ml, 5000 Iu/0.2 ml, 7500 Iu/0.3 ml, 
10,000 Iu/0.4 ml, 12,500 Iu/0.5 ml, 15,000 Iu/0.6 ml, 
and 18,000 Iu/0.72 ml; single‐dose graduated syringe, 
10,000 Iu/1 ml; multiple‐dose vial, 95,000 Iu/9.5 ml 
and 95,000 Iu/3.8 ml

 • Enoxaparin (lovenox): Injection—100 mg/ml con
centration, prefilled syringes of 30 mg/0.3 ml and 
40 mg/0.4 ml and graduated prefilled syringes of 
60 mg/0.6 ml, 80 mg/0.8 ml, and 100 mg/1 ml; 150 mg/ml 
concentration, graduated prefilled syringes of 
120 mg/0.8 ml and 150 mg/1 ml

 • Tinzaparin (Innohep): Injection, 2 ml vial (20,000 anti‐
Xa Iu/ml)

As noted earlier, uFH is generally not used in the 
management of ACS. The lMWHs, dalteparin and enoxapa
rin, but not tinzaparin, are approved for use in patients with 

ACS. The recommended dosage regimens of lMWHs for 
ACS are given in Table 17.2.

17.3.2.6 Adverse Effects and Drug Interactions

UFH The major adverse effects of uFH therapy are 
hemorrhage and thrombocytopenia. Heparin‐induced 
thrombocytopenia (HIT) is a serious immune‐mediated 
reaction resulting from irreversible aggregation of platelets. 
HIT may progress to the development of venous and arterial 
thromboses, a condition referred to as HIT with thrombosis. 
Thrombotic events may also be the initial presentation for 
HIT. These serious thromboembolic events include DVT, 
PE,  cerebral vein thrombosis, limb ischemia, stroke, MI, 
mesenteric thrombosis, renal arterial thrombosis, skin 
necrosis, gangrene of the extremities that may lead to 
amputation, and fatal outcomes. Once HIT is diagnosed or 
strongly suspected, uFH should be discontinued. HIT may 
also present as a form of delayed onset. Delayed onset HIT 
can occur up to several weeks after the discontinuation of 
heparin therapy. Patients presenting with thrombocytopenia or 
thrombosis after discontinuation of uFH should be evaluated 

table 17.1 the us FDa‐approved indications of lmwHs

lMWH Indication

Dalteparin 1. Prophylaxis of ischemic complications of unstable angina (uA) and non‐ST‐elevation myocardial infarction 
(nSTEMI)

2. Prophylaxis of deep vein thrombosis (DVT) in abdominal surgery, hip replacement surgery, or medical patients 
with severely restricted mobility during acute illness

3. Extended treatment of symptomatic venous thromboembolism to reduce the recurrence in patients with cancer
Enoxaparin 1. Prophylaxis of DVT in abdominal surgery, hip replacement surgery, knee replacement surgery, or medical 

patients with severely restricted mobility during acute illness; inpatient treatment of acute DVT with or without 
pulmonary embolism; outpatient treatment of acute DVT without pulmonary embolism

2. Prophylaxis of ischemic complications of uA and nSTEMI
3. Treatment of acute ST‐elevation myocardial infarction (STEMI) managed medically or with subsequent 

percutaneous coronary intervention
Tinzaparin Treatment of acute symptomatic DVT with or without pulmonary embolism when administered in conjunction 

with warfarin

table 17.2 Dose regimens of lmwHs in patients with acs

lMWH Indication Dose regimen

Dalteparin Au/nSTEMI For prophylaxis of ischemic complications in uA/nSTEMI, the recommended dose is 120 Iu/kg (but no 
more than 10,000 Iu/person), subcutaneously every 12 h with concurrent oral aspirin (75–165 mg once 
daily) therapy. Treatment should be continued until the patient is clinically stabilized. The usual duration 
of administration is 5–8 days. Concurrent aspirin therapy is recommended except when contraindicated

Enoxaparin uA/nSTEMI In patients with uA/nSTEMI, the recommended dose of enoxaparin is 1 mg/kg administered 
subcutaneously every 12 h in conjunction with oral aspirin therapy (100–325 mg once daily). 
Treatment with enoxaparin should be prescribed for a minimum of 2 days and continued until 
clinical stabilization. The usual duration of treatment is 2–8 days

STEMI In patients with STEMI, the recommended dose of enoxaparin is a single intravenous bolus of 30 mg 
plus a 1 mg/kg subcutaneous dose followed by 1 mg/kg administered subcutaneously every 12 h 
(maximum 100 mg for the first two doses only, followed by 1 mg/kg dosing for the remaining 
doses). All patients should receive aspirin as soon as they are identified as having STEMI and 
maintained with 75–325 mg once daily unless contraindicated
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for HIT. Other less severe adverse effects of uFH include 
skin reactions, hypersensitivity, endocrine disturbances, and 
elevations of hepatic aminotransferases.

Pharmacodynamic drug interactions may become clinically 
significant to cause increased risk of bleeding if uFH is used 
with oral anticoagulants or platelet inhibitors. On the other 
hand, digitalis, tetracyclines, nicotine, or antihistamines may 
partially counteract the anticoagulant action of uFH. Intravenous 
nitroglycerin administered to heparinized patients may result in 
a decrease of the partial thromboplastin time with subsequent 
rebound effect upon discontinuation of nitroglycerin.

uFH is contraindicated in patients (i) with severe 
 thrombocytopenia, (ii) when suitable blood coagulation tests 
cannot be performed at appropriate intervals (this contrain
dication refers to full‐dose heparin; there is usually no need 
to monitor coagulation parameters in patients receiving low‐
dose heparin), and (iii) with an uncontrolled active bleeding 
state, except when this is due to disseminated intravascular 
coagulation. The pregnancy category of uFH is C.

LMWHs The most common adverse effect of lMWHs is 
hematoma at the injection site. lMWHs should be used with 
caution in patients receiving oral anticoagulants, platelet 
inhibitors, and thrombolytic agents because of increased risk of 
bleeding. Other adverse effects of lMWHs may include anemia, 
thrombocytopenia, elevation of serum aminotransferases, and 
gut disturbance.

lMWHs are contraindicated in patients (i) with active 
major bleeding, (ii) with a history of HIT, (iii) undergoing 
epidural/neuraxial anesthesia due to increased risk of epi
dural or spinal hematomas, and (iv) with hypersensitivity to 
the drug product. The pregnancy category of lMWHs is B.

17.3.2.7 Comparison of UFH and LMWHs While uFH 
and lMWHs are used in the management of various thrombo
embolic conditions, lMWHs have gained more popularity in 
recent years due to a number of advantages over uFH. For 
example, lMWHs have greater bioavailability than uFH 
when administered subcutaneously, and the duration of the 
anticoagulant effect of lMWHs is also greater than that of 
uFH owing to reduced binding to the reticuloendothelial 
system. Another advantage of using lMWHs is that they are 
much less likely to induce immune‐mediated thrombocyto
penia. In addition, use of lMWHs generally does not require 
close laboratory monitoring and can be safely administered in 
the outpatient setting and is thus more cost‐effective than uFH.

17.3.3 sFXa inhibitors

listed below are the three uS FDA‐approved SFXa inhibi
tors, with fondaparinux as an indirect SFXa inhibitor and 
apixaban and rivaroxaban as direct SFXa inhibitors:

1. Fondaparinux (Arixtra)

2. Apixaban (Eliquis)

3. Rivaroxaban (Xarelto)

17.3.3.1 General Introduction to Drug Class Factor Xa 
is essential for the propagation of the coagulation cascade 
(Fig. 17.2). As discussed earlier, factor Xa is a major target 
of uFH and lMWHs. Because of its central role in coagula
tion, factor Xa is an attractive target for design of new anti
coagulants that selectively inhibit it. In this context, two 
types of SFXa inhibitors are available: direct and indirect 
SFXa inhibitors. Fondaparinux is a synthetic indirect SFXa 
inhibitor that has been in clinical use for more than a decade. 
A limitation of its long‐term use for thromboembolic pre
vention is the mode of administration by subcutaneous injec
tion. On the other hand, the recently uS FDA‐approved 
apixaban (approved in 2012) and rivaroxaban (approved in 
2011) are oral agents that directly inhibit factor Xa.

17.3.3.2 Chemistry and Pharmacokinetics Fondaparinux 
(structure shown in Fig. 17.5) is a synthetic pentasaccharide 
molecule that contains the sequence of five essential carbohy
drates necessary for binding to antithrombin III and inducing 
the conformational change in antithrombin III required for 
conjugation to factor Xa. Apixaban and rivaroxaban (struc
tures shown in Fig. 17.5) are carboxamide derivatives. The 
major pharmacokinetic properties of fondaparinux, apixaban, 
and rivaroxaban are summarized in Table 17.3.

17.3.3.3 Molecular Mechanisms and Pharmacological 
Effects 

Fondaparinux The antithrombotic activity of fondaparinux 
is the result of antithrombin III‐mediated selective inhibition 
of factor Xa. By selectively binding to antithrombin III, 
fondaparinux potentiates (about 300 times) the innate 
neutralization of factor Xa by antithrombin III. neutralization 
of factor Xa interrupts the blood coagulation cascade and 
thus inhibits thrombin formation and thrombus development.

Apixaban and Rivaroxaban Apixaban and rivaroxaban are 
oral direct SFXa inhibitors. They do not require antithrombin 
III for antithrombotic activity. Apixaban and rivaroxaban 
inhibit free and clot‐bound factor Xa and its prothrombinase 
activity. By inhibiting factor Xa, apixaban and rivaroxaban 
decrease thrombin generation and thrombus development.

17.3.3.4 Clinical Uses SFXa inhibitors are primarily used 
in the management of DVT and PE. Apixaban and rivaroxaban 
are also indicated in patients with AF to reduce the risk of 
stroke. In this setting, use of apixaban and rivaroxaban is asso
ciated with reduced risk of intracranial hemorrhage (ICH) [4]. 
The use of apixaban in treating DVT is also associated with 
reduced risk of bleeding compared with conventional therapy 
(fondaparinux, followed by warfarin) [5, 6]. The uS FDA‐
approved indications of fondaparinux, apixaban, and rivaroxa
ban are summarized in Table 17.4.

17.3.3.5 Therapeutic Dosages listed below are the dos
age forms and strengths of the three uS FDA‐approved 
SFXa inhibitors:
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Figure 17.5 Structures of specific factor Xa inhibitors. As shown, fondaparinux is a pentasaccharide molecule, whereas apixaban and 
rivaroxaban are carboxamide derivatives.

table 17.3 Pharmacokinetic properties of sFXa inhibitors

SFXa inhibitor Bioavailability (%) Elimination half‐life (h) Metabolism and elimination

Fondaparinux 100 (subcutaneous) 17–21 Eliminated in the urine as unchanged form
Apixaban 50 (oral) 12 CYP3A4; eliminated in the urine and feces
Rivaroxaban 66–100 (oral) 5–9 CYP3A4/5, CYP2J2; eliminated in the 

urine and feces

Apixaban and rivaroxaban are also substrates for P‐glycoprotein (ABCB1) and ABCG2.
Coadministration of rivaroxaban with food significantly increases the bioavailability, and as such, the drug is usually taken with meal.

table 17.4 the us FDa‐approved indications of sFXa inhibitors

SFXa inhibitor Indication

Fondaparinux 1. Prophylaxis of DVT in patients undergoing hip fracture surgery (including extended prophylaxis), hip 
replacement surgery, knee replacement surgery, or abdominal surgery

2. Treatment of DVT or acute PE when administered in conjunction with warfarin

Apixaban 1. To reduce the risk of stroke and systemic embolism in patients with nonvalvular AF
2. Prophylaxis of DVT, which may lead to PE, in patients who have undergone hip or knee replacement surgery

Rivaroxaban 1. To reduce the risk of stroke and systemic embolism in patients with nonvalvular AF
2. For the treatment of DVT and PE and for the reduction in the risk of recurrence of DVT and of PE
3. Prophylaxis of DVT, which may lead to PE, in patients undergoing knee or hip replacement surgery
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1. Fondaparinux (Arixtra): Subcutaneous injection, 
single‐dose, prefilled syringes containing 2.5, 5, 7.5, 
or 10 mg of fondaparinux

2. Apixaban (Eliquis): Oral, 2.5 and 5 mg tablets

3. Rivaroxaban (Xarelto): Oral, 10, 15, and 20 mg 
tablets

The dosage regimens of SFXa inhibitors in the management 
of DVT, PE, and AF are given in Table 17.5.

17.3.3.6 Adverse Effects and Drug Interactions 

Adverse Effects The most common adverse reactions 
associated with the use of SFXa inhibitors are bleeding 
complications. Mild local irritation (injection site 
bleeding, rash, and pruritus), anemia, insomnia, hypokalemia, 
dizziness, hypotension, and confusion may occur following 
subcutaneous injection of fondaparinux.

Drug Interactions Coadministration of SFXa inhibitors with 
other anticoagulants may increase the risk of bleeding, and 
hence, such a coadministration should be done with caution. 
Since apixaban and rivaroxaban are metabolized by CYP 
enzymes and substrates for P‐glycoprotein, pharmacokinetic 

drug interactions can be significant. In this regard, strong dual 
inhibitors of CYP3A4 and P‐glycoprotein (e.g., ketoconazole, 
ritonavir, clarithromycin, erythromycin, fluconazole) increase 
blood levels of apixaban and rivaroxaban. On the other 
hand, simultaneous use of strong dual inducers of CYP3A4 
and P‐glycoprotein (e.g., carbamazepine, phenytoin, rifampin, 
St. John’s wort) reduces blood levels of apixaban and 
rivaroxaban.

Contraindications and Pregnancy Category 

 • The shared contraindications of the three SFXa 
 inhibitors are presence of active major bleeding and 
hypersensitivity reaction to the drug product.

 • The specific contraindications of fondaparinux also 
include (i) severe renal impairment (creatinine 
clearance <30 ml/min) in prophylaxis or treatment of 
venous thromboembolism, (ii) bacterial endocarditis, 
(iii) thrombocytopenia associated with a positive 
in vitro test for antiplatelet antibody in the presence of 
fondaparinux, and (iv) body weight <50 kg due to 
increased risk of bleeding (venous thromboembolism 
prophylaxis only).

 • Pregnancy category: B for all three SFXa inhibitors.

table 17.5 Dosage regimens of sFXa inhibitors in the management of Dvt, Pe, and aF

SFXa inhibitor Indication Dosage regimen

Fondaparinux Prophylaxis of DVT 2.5 mg subcutaneously once daily after hemostasis has been 
established. The initial dose should be given no earlier than 
6–8 h after surgery and continued for 5–9 days. For patients 
undergoing hip fracture surgery, extended prophylaxis up to 24 
additional days is recommended

Treatment of DVT and PE 5 mg (body weight <50 kg), 7.5 mg (50–100 kg), or 10 mg 
(>100 kg) subcutaneously once daily. Treatment should 
continue for at least 5 days until InR 2–3 achieved with 
warfarin (concomitant treatment with warfarin should be 
initiated as soon as possible, usually within 72 h)

Apixaban Risk (stroke and systemic embolism) 
reduction in nonvalvular atrial 
fibrillation

•	The typical recommended dose is 5 mg orally twice daily
•	 In patients with at least two of the following characteristics—

age ≥80 years, body weight ≤60 kg, or serum creatinine 
≥1.5 mg/dl—the recommended dose is 2.5 mg orally twice 
daily

Prophylaxis of DVT 2.5 mg orally twice daily
Rivaroxaban Risk (stroke and systemic embolism) 

reduction in nonvalvular atrial 
fibrillation

•	 For patients with creatinine clearance >50 ml/min: 20 mg orally 
once daily with the evening meal

•	 For patients with creatinine clearance of 15–50 ml/min: 15 mg 
orally once daily with the evening meal

Treatment of DVT and PE and reduction in 
the risk of recurrence of DVT and of PE

15 mg orally twice daily with food for the first 21 days for the 
initial treatment of acute DVT or PE. After the initial treatment 
period, 20 mg orally once daily with food for the remaining 
treatment and the long‐term reduction in the risk of recurrence 
of DVT and of PE

Prophylaxis of DVT 10 mg orally once daily with or without food
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17.3.4 Direct thrombin (Factor iia) inhibitors

listed below are the five uS FDA‐approved DTIs:

1. Bivalirudin (Angiomax)

2. Desirudin (Iprivask)

3. lepirudin (Refludan)

4. Argatroban (Acova)

5. Dabigatran (Pradaxa)

17.3.4.1 General Introduction to Drug Class The 
central role of thrombin (factor IIa) in coagulation cas
cade makes it an attractive target for the development of 
anticoagulants. As listed earlier, there are currently five 
DTIs approved by the uS FDA for clinical use, with dabi
gatran being the newest member (approved in 2010). 
Bivalirudin, desirudin, and lepirudin, as the names indi
cate, are hirudin‐related peptidic drugs. Hirudin is a 
 mixture of homologous polypeptides produced by the sal
ivary gland of Hirudo medicinalis, the medicinal leech. 
For years, surgeons had used medicinal leeches to prevent 
thrombosis in the fine vessels of reattached digits. Due to 

the peptidic nature, the hirudin‐related drugs require 
 parenteral administration.

Argatroban is a small molecule drug that also requires 
parenteral administration. Dabigatran is a recently approved 
small molecule drug suitable for oral administration. Both 
argatroban and dabigatran are highly selective DTIs.

17.3.4.2 Chemistry and Pharmacokinetics Bivalirudin 
is a synthetic, 20‐amino‐acid‐long peptide, whereas desiru
din and lepirudin are each a recombinant protein of 65 amino 
acids with structural similarity to hirudin. Argatroban and 
dabigatran are small molecules (structures shown in 
Fig.  17.6). The major pharmacokinetic properties of the 
DTIs are summarized in Table 17.6.

17.3.4.3 Molecular Mechanisms and Pharmacological 
Effects All DTIs directly inhibit both circulating and 
clot‐bound thrombin. As noted earlier, thrombin is a serine 
proteinase that plays a central role in the thrombotic pro
cess: (i) it acts to cleave fibrinogen into fibrin monomers 
and to activate factor XIII to factor XIIIa, allowing fibrin 
to develop a covalently cross‐linked framework that 
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Figure 17.6 Structures of argatroban and dabigatran. Argatroban is a short peptide, whereas dabigatran is a benzimidazole derivative.
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 stabilizes the thrombus; (ii) thrombin also activates factors 
V and VIII, promoting further thrombin generation; and 
(iii) thrombin activates platelets, stimulating aggregation 
and granule release. Hence, inhibition of thrombin by 
DTIs blocks the thrombogenic activity of thrombin. As a 
result, all thrombin‐dependent coagulation assays are 
affected, for example, activated partial thromboplastin 
time and prothrombin time values increase in a dose‐
dependent fashion.

17.3.4.4 Clinical Uses DTIs are used in the management 
of various thromboembolic conditions, including HIT, 
DVT, PE, as well as AF. Some are also indicated in patients 
undergoing percutaneous coronary intervention (PCI). 
The  uS FDA‐approved indications of DTIs are given in 
Table 17.7.

17.3.4.5 Therapeutic Dosages listed below are the dos
age forms and strengths of DRIs:

 • Bivalirudin (Angiomax): Intravenous, vials containing 
250 mg of bivalirudin as a sterile, lyophilized powder 
for reconstitution

 • Desirudin (Iprivask): Subcutaneous, single‐dose vials 
containing (15.75 mg) lyophilized powder with an 
accompanying sterile, nonpyrogenic diluent

 • lepirudin (Refludan): Intravenous, vials containing 
50 mg

 • Argatroban: Intravenous, a single‐use vial containing 
125 mg argatroban in 125 ml aqueous sodium chloride 
solution (1 mg/ml)

 • Dabigatran (Pradaxa): Oral, 75 and 150 mg capsules

The dosage regimens of DTIs are summarized in Table 17.8.

17.3.4.6 Adverse Effects and Drug Interactions 

Adverse Effects The most common adverse effect shared by 
all DTIs is bleeding. Concomitant treatment with other 
anticoagulants or platelet inhibitors may increase the risk of 
bleeding complications. Other adverse effects of hirudin‐
related DTIs may include anemia, deep thrombophlebitis, 
injection site mass, and nausea. Argatroban may also cause 
hypotension, fever, headache, and diarrhea. Besides bleeding, 
gastritis is also a common adverse effect of oral dabigatran.

Drug Interactions DTIs interact pharmacodynamically 
with other anticoagulants or platelet inhibitors to cause 
increased risk of bleeding, and as such, combinations should 
be used with caution or avoided. Since dabigatran is a 
substrate of P‐glycoprotein, cotreatment with inhibitors or 
inducers of P‐glycoprotein may significantly alter the plasma 
concentrations of dabigatran.

Contraindications and Pregnancy Category

 • All DTIs are contraindicated in patients with active 
bleeding or a history of hypersensitivity reaction to the 
drug product.

table 17.6 major pharmacokinetic properties of Dtis

DTI Oral bioavailability (%) Elimination half‐life Metabolism and elimination

Bivalirudin 25 min Proteolytic cleavage; renal excretion
Desirudin 2–3 h Degradation by carboxypeptidases; renal excretion
lepirudin 1.3 h Hydrolysis; renal excretion
Argatroban 45 min Possible CYP3A4/5; eliminated in the feces (major) and urine
Dabigatran 3–7 12–17 h Glucuronidation; renal excretion

Dabigatran is a substrate of P‐glycoprotein. It is not a substrate, inhibitor, or inducer of CYP enzymes. The acyl glucuronide conjugates of dabigatran are also 
pharmacologically active.

table 17.7 the us FDa‐approved indications of Dtis

DTI Indication

Bivalirudin It is indicated for use as an anticoagulant in patients:
1. With uA undergoing percutaneous transluminal coronary angioplasty (PTCA)
2. undergoing PCI with provisional use of glycoprotein IIb/IIIa inhibitor as in the REPlACE‐2 study [7]
3. With, or at risk of, HIT or heparin‐induced thrombocytopenia and thrombosis syndrome (HITTS) undergoing PCI

Desirudin Prophylaxis of DVT, which may lead to PE, in patients undergoing elective hip replacement surgery
lepirudin It is indicated for anticoagulation in patients with HIT and associated thromboembolic disease in order to prevent 

further thromboembolic complications
Argatroban •	 For prophylaxis or treatment of thrombosis in adult patients with HIT

•	As an anticoagulant in adult patients with or at risk for HIT undergoing PCI
Dabigatran •	To reduce the risk of stroke and systemic embolism in patients with nonvalvular atrial fibrillation

•	 For the treatment of DVT and PE in patients who have been treated with a parenteral anticoagulant for 5–10 days
•	To reduce the risk of recurrence of DVT and PE in patients who have been previously treated
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 • use of oral dabigatran is also contraindicated in patients 
with mechanical prosthetic heart valve due to increased 
risk of thromboembolic and bleeding events in such setting.

 • Pregnancy category: B (bivalirudin, lepirudin, argatro
ban) and C (desirudin, dabigatran).

17.4 Platelet inHibitOrs

Platelet activation and aggregation are central to athero
thrombogenesis, and hence, inhibition of platelet function 
is an important approach to the management of 

atherothrombotic conditions, especially ACS. Platelet 
inhibitors, also called antiplatelet agents, interfere with a 
number of platelet functions, including aggregation, release 
of granule contents, and platelet‐mediated vascular con
striction. According to their mechanisms of action, platelet 
inhibitors are typically classified into the following five 
groups:

1. Cyclooxygenase (COX) inhibitors (aspirin)

2. P2Y
12

 ADP‐receptor antagonists (clopidogrel, prasugrel, 
ticagrelor, and ticlopidine)

3. Thrombin receptor antagonists (vorapaxar)

table 17.8 Dosage regimens of Dtis

DTI Indication Dosage regimen

Bivalirudin (iv) PCI/PTCA for patients who do not have 
HIT/HITTS

•	 PCI/PTCA: 0.75 mg/kg intravenous (iv) bolus dose followed by a 
1.75 mg/kg/h iv infusion for the duration of the procedure

•	 Perform activated clotting time (ACT) test 5 min post‐bolus dose. If 
needed, give an additional bolus of 0.3 mg/kg

•	After PCI/PTCA, iv infusion may be continued for up to 4 h, after 
which a rate of 0.2 mg/kg/h can be used for up to 20 more hours, if 
needed

•	Consider glycoprotein IIb/IIIa inhibitor administration with 
procedural complications

PCI/PTCA for patients who have HIT/
HITTS

•	The recommended dose in patients with HIT/HITTS undergoing 
PCI is an iv bolus of 0.75 mg/kg. This should be followed by an 
infusion at a rate of 1.75 mg/kg/h for the duration of the procedure

•	After PCI/PTCA, iv infusion may be continued for up to 4 h, after 
which a rate of 0.2 mg/kg/h can be used for up to 20 more hours, if 
needed

PCI/PTCA for patients with renal 
impairment

no reduction in bolus dose required. Consider reduction of the rate of 
infusion to 1 mg/kg/h for creatinine clearance <30 ml/min or 
0.25 mg/kg/h if on dialysis

Desirudin (sc) DVT •	All patients undergoing elective hip replacement surgery should be 
evaluated for bleeding disorder risk before prophylactic 
administration of desirudin

•	The recommended initial dose is 15 mg every 12 h administered by 
subcutaneous injection given up to 5–15 min prior to surgery. 
Administer after induction of regional block anesthesia, if used

lepirudin (iv) HIT Initial dose: 0.4 mg/kg body weight (up to 110 kg) slowly 
intravenously (e.g., over 15–20 s) as a bolus dose, followed by 
0.15 mg/kg (up to 110 kg)/h as a continuous intravenous infusion 
for 2–10 days or longer if clinically needed

Argatroban (iv) HIT 2 µg (mcg)/kg/min administered as a continuous infusion
HIT/PCI The dose for patients with or at risk for HIT undergoing PCI is started 

at 25 µg (mcg)/kg/min and a bolus of 350 µg (mcg)/kg administered 
via a large‐bore intravenous line over 3–5 min

Dabigatran 
(oral)

Reduction in risk of stroke and systemic 
embolism in nonvalvular AF

•	 For patients with creatinine clearance >30 ml/min: 150 mg orally 
twice daily

•	 For patients with creatinine clearance of 15–30 ml/min: 75 mg 
orally twice daily

Treatment and reduction in the risk of 
recurrence of DVT and PE

For patients with creatinine clearance >30 ml/min: 150 mg orally 
twice daily after 5–10 days of parenteral anticoagulation. Dose 
recommendation cannot be provided for creatinine clearance 
<30 ml/min or on dialysis
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4. GP IIb/IIIa antagonists (abciximab, eptifibatide, 
tirofiban)

5. Others (dipyridamole, cilostazol)

17.4.1 cOX inhibitors

listed below is the only COX inhibitor used for treating ACS:

 • Aspirin

17.4.1.1 General Introduction to Drug Class Aspirin, 
first synthesized over a century ago, is one of the most 
widely used medicines in the world. The drug is well 
known for its analgesic, antipyretic, and anti‐inflammatory 
activities and applications in treating fever and mild pain 
associated with inflammatory disorders. Aspirin is a 
member of a group of drugs known as nonsteroidal anti‐
inflammatory drugs (nSAIDs) but differs from most other 
nSAIDs in that aspirin irreversibly inhibits COX, including 
COX‐1 in platelets. Inhibition of COX‐1 in platelets by 
aspirin blocks the biosynthesis of prostaglandins and the 
subsequent formation of thromboxanes (Tx), including 
TxA

2
, from arachidonic acid. TxA

2
 is a potent stimulator of 

platelet aggregation, release of active intermediates, and 
vasoconstriction. Aspirin is the only one among the 
nSAIDs that is used in the management of atherothrom
botic conditions, including ACS.

17.4.1.2 Chemistry and Pharmacokinetics Aspirin (struc
ture shown in Fig. 17.7) is chemically described as acetylsali
cylic acid. In general, immediate‐release aspirin is well and 
completely absorbed from the gastrointestinal (GI) tract. 
Enteric‐coated aspirin products are erratically absorbed from 
the GI tract. Aspirin is rapidly hydrolyzed in the plasma to 
 salicylic acid, which then undergoes glucuronidation. Both 
salicylic acid and its glucuronide metabolites are eliminated 
via renal excretion. The elimination of aspirin follows zero‐
order pharmacokinetics with an elimination half‐life of 6 h 
under normal therapeutic dose. The plasma half‐life may be 
increased to over 20 h following toxic doses (10–20 g).

17.4.1.3 Molecular Mechanisms and Pharmacological 
Effects Aspirin causes acetylation of a serine residue at 
position 529 of COX, leading to irreversible enzyme inhibi
tion. This irreversible inhibition becomes more pronounced 
in platelets, which, unlike other cells, do not replicate. 
Indeed, aspirin at low doses blocks COX‐1 activity, and the 
effect lasts for the entire life of platelets. The potent irrevers
ible inhibition of COX‐1 (a major form of COX in platelets) 
in platelets blocks the formation of TxA

2
 and TxA

2
‐mediated 

platelet aggregation and secretion and vasoconstriction 
(Fig.  17.7). At higher doses, aspirin may also inhibit the 
formation of prostaglandin I

2
 (also known as prostacyclin) 

catalyzed by COX in endothelial cells. Prostaglandin I
2
 is 

vascular protective via causing vasodilation and inhibiting 
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Figure 17.7 Molecular mechanism of action of aspirin as an antiplatelet drug. Aspirin irreversibly inhibits cyclooxygenase‐1 (COX‐1) in 
platelets. This results in decreased formation of thromboxane A

2
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2
) in platelets. TxA

2
 released by platelets cause platelet activation, 

degranulation, and aggregation. ADP, adenosine diphosphate; ATP, adenosine triphosphate.
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platelet aggregation [8]. It is probably for this reason that 
low doses of aspirin are typically used for cardiovascular 
indications.

noncoated aspirin acts within minutes of ingestion to 
stop platelets from forming blood clots. Enteric‐coated 
aspirin takes longer to work but acts just as quickly as 
uncoated aspirin if chewed. Although the platelet‐inhibi
tory effects of aspirin last for the life of the platelets 
(5–10 days), patients need to take aspirin every day to 
inhibit new platelets that are constantly being released into 
the circulation [9].

17.4.1.4 Clinical Uses The clinical uses of aspirin 
include two broad categories: (i) pain and fever relief (e.g., 
headache, menstrual pain, minor pain of arthritis, muscle 
pain, pain and fever of colds, toothache) and (ii) management 
of cardiovascular diseases. The cardiovascular indications of 
aspirin are summarized in Table 17.9.

17.4.1.5 Therapeutic Dosages listed below are the dos
age form and strengths of aspirin:

 • Aspirin: Oral—low strength, 81 mg tablets; regular 
strength, 325 mg tablets

If rapid and complete platelet inhibition is required (e.g., if a 
patient is having a heart attack), the first dose of aspirin 
should be 160–325 mg. If noncoated aspirin is unavailable, 
enteric‐coated tablets can be used but should be chewed to 
achieve a rapid effect. For long‐term prevention of cardio
vascular diseases, the recommended dose of aspirin is 
75–325 mg once daily. Some guidelines recommend only 
baby aspirin (75–100 mg) for long‐term prevention, based 
on evidence that higher doses cause more GI bleeding, but 
do not provide additional protection against heart attack and 
stroke [9].

17.4.1.6 Adverse Effects and Drug Interactions 

Adverse Effects The adverse effects of aspirin are dose 
dependent. The most common adverse reactions are gut 
disturbances, including dyspepsia, heartburn, stomach pain, 
and gut bleeding. High doses may cause disturbances and 
injury of the cardiovascular, respiratory, renal, and central 
nervous systems. Aspirin hypersensitivity reaction is an 
uncommon but serious condition that can result in severe and 
potentially fatal anaphylaxis. use of aspirin in children with 
viral infections may increase the risk of Reye’s syndrome. 
Reye’s syndrome, first described by R.D.K. Reye in 1963, is 
characterized by acute noninflammatory encephalopathy and 
fatty degenerative liver failure. The syndrome typically 
occurs after a viral illness, particularly an upper respiratory 
tract infection, influenza, varicella, or gastroenteritis, and is 
associated with the use of aspirin during the illness.

Drug Interactions Due to the partial involvement of 
prostaglandins in vasodilation and increasing renal blood 
flow, the concomitant use of aspirin may reduce the desired 
pharmacological effects (e.g., blood pressure‐lowering 
effects) of angiotensin‐converting enzyme inhibitors, 
diuretics, and β‐blockers. Salicylic acid is highly bound to 
plasma proteins and as such may displace other drugs (e.g., 
warfarin, phenytoin, valproic acid) from their binding sites. 
Concomitant administration of aspirin with anticoagulants 
or other platelet inhibitors may increase the risk of bleeding.

Contraindications and Pregnancy Category

 • Hypersensitivity reaction to the drug product.

 • Children with viral infections due to increased risk of 
Reye’s syndrome.

 • Pregnancy category: D (if full‐dose aspirin is taken in 
the third trimester).

17.4.2 P2y
12

 aDP‐receptor antagonists

listed below are P2Y
12

 ADP‐receptor antagonists currently 
approved by the uS FDA for clinical use, with ticagrelor 
being the newest member (approved in 2011):

 • Clopidogrel (Plavix)

 • Prasugrel (Effient)

 • Ticagrelor (Brilinta)

 • Ticlopidine (Ticlid)

17.4.2.1 General Introduction to Drug Class P2Y
12

 
ADP‐receptor antagonists are also simply called ADP‐
receptor antagonists. ADP binding to the platelet P2Y

12
 ADP 

receptors plays an important role in platelet activation and 
aggregation, amplifying the initial platelet response to 

table 17.9 cardiovascular indications of aspirin

To reduce the combined risk of death and nonfatal stroke in patients 
who have had ischemic stroke or transient ischemic attack due to 
fibrin platelet emboli (e.g., emboli formed in atrial fibrillation)

To reduce the risk of cardiovascular mortality in patients with a 
suspected acute myocardial infarction

To reduce the combined risk of death and nonfatal myocardial 
infarction in patients with a previous myocardial infarction or 
unstable angina

To reduce the combined risk of myocardial infarction and sudden 
death in patients with chronic stable angina

To reduce thrombosis in patients who have undergone 
revascularization procedures (e.g., PCI)

The uS FDA recently issued a message to consumers stating that the evidence 
does not support the general use of aspirin for the primary prevention of heart 
attacks and strokes (http://www.fda.gov/drugs/resourcesforyou/consumers/
ucm390574.htm; accessed on June 29, 2014).

http://www.fda.gov/drugs/resourcesforyou/consumers/ucm390574.htm
http://www.fda.gov/drugs/resourcesforyou/consumers/ucm390574.htm
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vascular damage. The antagonists of the P2Y
12

 receptors are 
major therapeutic tools in ACS. This class includes three thi
enopyridine drugs, namely, clopidogrel, prasugrel, and 
ticlopidine, and one recently approved cyclopentyltriazo
lopyrimidine agent, namely, ticagrelor. Ticlopidine is not 
commonly used due to significant adverse effects and as 
such is not covered here.

17.4.2.2 Chemistry and Pharmacokinetics As noted 
earlier, clopidogrel and prasugrel belong to thienopyridine 
compounds, whereas ticagrelor is a cyclopentyltriazolopy
rimidine derivative (Fig.  17.8). Clopidogrel and prasugrel 
are prodrugs that undergo biotransformation to form the 
active metabolites that bind irreversibly to P2Y

12
 ADP recep

tors. The major pharmacokinetic properties of the ADP‐
receptor antagonists are provided in Table 17.10.

17.4.2.3 Molecular Mechanisms and Pharmacological 
Effects Clopidogrel and prasugrel are prodrugs, and the 
inhibition of platelet activation and aggregation occurs 
through the irreversible binding of their active metabolites 
to the P2Y

12
 class of ADP receptors on platelets (Fig. 17.8). 

On the other hand, ticagrelor and its major metabolite 
reversibly interact with the platelet P2Y

12
 ADP receptors 

to prevent signal transduction and platelet activation. 
Ticagrelor and its active metabolite are approximately 
equipotent.

17.4.2.4 Clinical Uses All P2Y
12

 ADP‐receptor antago
nists are approved for use in the management of ACS. 
Clopidogrel is also approved for use in patients with a his
tory of recent MI, recent stroke, or established peripheral 
arterial disease. The uS FDA‐approved indications of 
 clopidogrel, prasugrel, and ticagrelor are summarized in 
Table 17.11.

17.4.2.5 Therapeutic Dosages The dosage forms and 
strengths of the P2Y

12
 ADP‐receptor antagonists are given 

below. The recommended dosage regimens are provided in 
Table 17.12:

 • Clopidogrel (Plavix): Oral, 75 mg tablets

 • Prasugrel (Effient): Oral, 5, 10 mg tablets

 • Ticagrelor (Brilinta): Oral, 90 mg tablets
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Figure 17.8 Molecular mechanism of action of P2Y
12

 ADP‐receptor antagonists. Clopidogrel, prasugrel, and ticagrelor are P2Y
12

 ADP‐
receptor inhibitors, which block ADP‐induced platelet activation, degranulation, and aggregation. Clopidogrel and prasugrel are prodrugs, 
whose active metabolites irreversibly block P2Y

12
 ADP receptors, whereas ticagrelor is a reversible receptor inhibitor. cAMP, cyclic adenosine 

monophosphate.



table 17.10 major pharmacokinetic properties of P2y12 aDP‐receptor antagonists

ADP‐receptor antagonist Oral bioavailability (%) Elimination half‐life (h) Metabolism and elimination

Clopidogrel 50 6 (0.5 for the active metabolite) Hydrolysis by esterases to form an inactive 
derivative; metabolized by CYP2C19, 
CYP3A4, CYP2B6, and CYP1A2 to form 
the active metabolite; eliminated in the 
urine and feces

Prasugrel 80 7 for the active metabolite Rapid hydrolysis in the intestine to a 
thioacetone, which is then converted to the 
active metabolite primarily by CYP3A4 and 
CYP2B6 and, to a lesser extent, by 
CYP2C9 and CYP2C19; eliminated in the 
urine (major) and feces

Ticagrelor 36 7 (9 for the active metabolite) Metabolism by CYP3A4 and the major 
metabolite is also pharmacologically active; 
eliminated in the feces (main) and urine

Ticagrelor and its major active metabolite are weak P‐glycoprotein substrates and inhibitors.

table 17.11 indications of P2y12 aDP‐receptor antagonists

P2Y
12

 ADP‐receptor antagonist Indication Benefit

Clopidogrel ACS (uA/nSTEMI) For patients with uA/nSTEMI, clopidogrel decreases the rate of 
a combined endpoint of cardiovascular death, myocardial 
infarction (MI), or stroke, as well as the rate of a combined 
endpoint of cardiovascular death, MI, stroke, or refractory 
ischemia

ACS (STEMI) For patients with STEMI, clopidogrel reduces the rate of death 
from any cause and the rate of a combined endpoint of death, 
reinfarction, or stroke. The benefit for patients who undergo 
primary PCI is unknown

Recent MI, recent stroke, or 
established peripheral 
arterial disease (EPAD)

In patients with recent MI, stroke, or EPAD, clopidogrel reduces 
the combined endpoint of new ischemic stroke, new MI, and 
other vascular death

Prasugrel ACS (uA/nSTEMI, STEMI) Prasugrel is indicated for the reduction of thrombotic 
cardiovascular events (including stent thrombosis) in patients 
with ACS who are to be managed with PCI as follows: (i) 
patients with uA or nSTEMI or (ii) patients with STEMI when 
managed with either primary or delayed PCI

Ticagrelor ACS (uA/nSTEMI, STEMI) Ticagrelor is indicated to reduce the rate of thrombotic 
cardiovascular events in patients with ACS. It reduces the rate 
of a combined endpoint of cardiovascular death, MI, or stroke 
compared to clopidogrel. In patients treated with PCI, it also 
reduces the rate of stent thrombosis

table 17.12 the recommended dosage regimens of P2y12 aDP‐receptor antagonists

Drug Indication Dosage regimen

Clopidogrel uA/nSTEMI 300 mg loading dose followed by 75 mg once daily, in combination with aspirin 
(75–325 mg once daily)

STEMI 75 mg once daily, in combination with aspirin (75–325 mg once daily), with or 
without a loading dose

Recent MI, recent stroke, 
or EPAD

75 mg once daily

Prasugrel ACS Initiate prasugrel treatment as a single 60 mg oral loading dose and then continue at 
10 mg orally once daily. Patients taking prasugrel should also take aspirin 
(75–325 mg) daily

Ticagrelor ACS Initiate ticagrelor treatment with a 180 mg (two 90 mg tablets) loading dose and 
continue treatment with 90 mg twice daily. After the initial loading dose of 
aspirin (usually 325 mg), use ticagrelor with a daily maintenance dose of aspirin 
of 75–100 mg
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17.4.2.6 Adverse Effects and Drug Interactions 

Adverse Effects Bleeding, including life‐threatening and 
fatal bleeding, is the most commonly reported adverse effect 
of clopidogrel, prasugrel, and ticagrelor. Dyspnea is also a 
common adverse effect of ticagrelor therapy.

Drug Interactions Coadministration of P2Y
12

 ADP‐receptor 
antagonists with anticoagulants and other platelet inhibitors may 
increase the risk of bleeding. Since ticagrelor is predominantly 
metabolized by CYP3A4 and, to a lesser extent, by CYP3A5 
and is also a P‐glycoprotein substrate, drug interactions may 
become clinically significant. Concomitant treatment with 
strong inhibitors of CYP3A4 (e.g., ketoconazole, itraconazole, 
voriconazole, clarithromycin, nefazodone, ritonavir, saquinavir, 
nelfinavir, indinavir, atazanavir, telithromycin) or potent 
inducers of CYP3A4 (e.g., rifampin, dexamethasone, phenytoin, 
carbamazepine, phenobarbital) should be avoided. Because 
simvastatin and lovastatin are metabolized also by CYP3A4, 
cotreatment with ticagrelor increases the plasma concentrations 
of these statins. Because of inhibition of P‐glycoprotein by 
ticagrelor, P‐glycoprotein‐mediated elimination of digoxin may 
be reduced. As such, digoxin levels should be monitored with 
initiation of, or any change in, ticagrelor therapy.

Contraindications and Pregnancy Category 

 • Active bleeding and hypersensitivity to the drug 
 product are contraindications shared by clopidogrel, 
prasugrel, and ticagrelor.

 • Prasugrel is also contraindicated in patients with prior 
transient ischemic attack or stroke due to increased rate 
of stroke (ischemic and hemorrhagic).

 • Ticagrelor is also contraindicated in patients with 
severe hepatic impairment.

 • Pregnancy category: B (clopidogrel, prasugrel) and C 
(ticagrelor).

17.4.3 thrombin receptor antagonists

listed below is the first‐in‐class drug of thrombin receptor 
antagonists, which was approved by the uS FDA in 2014:

 • Vorapaxar (Zontivity)

17.4.3.1 General Introduction to Drug Class As 
 discussed earlier, drugs have been developed to target two 
important platelet activation pathways, that is, (i) COX‐1‐
mediated TxA

2
 synthesis and the activation of platelets via 

TxA
2
 receptors and (ii) ADP signaling via activating the P2Y

12
 

receptors. Despite the efficacy of aspirin and of a growing 
family of P2Y

12
 ADP‐receptor antagonists on the above two 

pathways, major cardiovascular events continue to occur in 

patients with ischemic heart disease (IHD), suggesting the 
involvement of other platelet activation pathway(s). In this 
context, thrombin, a serine protease, is considered one of the 
most potent platelet activators and plays a central role in blood 
coagulation.

Platelet responses to thrombin are mediated by surface 
G‐protein‐coupled receptors, known as protease‐activated 
receptors (PARs) or thrombin receptors. In humans, there 
are four known subtypes of PARs, which display wide 
tissue distributions. PAR‐1, PAR‐3, and PAR‐4 are 
activated by thrombin, whereas PAR‐2 is activated by 
trypsin and trypsin‐like proteases and not by thrombin. 
Thrombin‐mediated platelet activation in humans is shown 
to occur through PAR‐1 and PAR‐4, especially PAR‐1. 
Indeed, PAR‐1 acts as the principal thrombin receptor on 
human platelets and mediates platelet activation by sub
nanomolar thrombin concentrations, whereas PAR‐4 
requires higher concentrations of thrombin for activation 
[10, 11].

Thrombin‐mediated PAR‐1 cleavage results in the 
activation of heterotrimeric G proteins of the Gα12/13, Gαq, 
and Gαi/z families that interconnect several intracellular sig
naling pathways to the various phenotypic effects of 
thrombin on platelets. These include TxA

2
 production, ADP 

release, serotonin and epinephrine release, activation/mobi
lization of P‐selectin and CD40 ligand, integrin activation, 
and platelet aggregation. PAR‐1 activation also stimulates 
platelet procoagulant activity, leading to enhanced thrombin 
formation and the consequent generation of fibrin from 
fibrinogen (Fig. 17.8) [10].

The advancement in understanding the critical role of 
PAR‐1 signaling in platelet activation and atherothrombo
genesis has led to the development of a novel class of anti
platelet agents able to specifically block PAR‐1. Two PAR‐1 
antagonists, vorapaxar and atopaxar, have recently under
gone clinical investigations [12–15], and vorapaxar has 
recently received approval by the uS FDA for clinical use.

17.4.3.2 Chemistry and Pharmacokinetics Vorapaxar 
is a synthetic small molecule (structure shown in 
Fig.  17.9). The drug is readily absorbed following oral 
administration, with a bioavailability of approximately 
100%. Vorapaxar is widely distributed and highly bound 
to plasma proteins. It is metabolized by CYP3A4 and 
CYP2J2 and eliminated mainly in the feces and, to a lesser 
extent, in the urine. The elimination half‐life of vorapaxar 
is approximately 8 days.

17.4.3.3 Molecular Mechanisms and Pharmacological 
Effects Vorapaxar is a reversible antagonist of PAR‐1 
expressed on platelets, but its long half‐life makes it effectively 
irreversible (Fig. 17.9). Vorapaxar inhibits thrombin‐induced 
and thrombin receptor agonist peptide (TRAP)‐induced 
platelet aggregation. Vorapaxar does not inhibit platelet 
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aggregation induced by ADP, collagen, or TxA
2
. PAR‐1 is 

also expressed in a wide variety of cell types, including 
endothelial cells, neurons, and smooth muscle cells, but the 
pharmacodynamic effects of vorapaxar in these cell types 
remain unknown.

17.4.3.4 Clinical Uses Vorapaxar is indicated for the 
reduction of thrombotic cardiovascular events in patients 
with a history of MI or with peripheral arterial disease. It has 
been shown to reduce the rate of a combined endpoint of 
cardiovascular death, MI, stroke, and urgent coronary revas
cularization in this population.

17.4.3.5 Therapeutic Dosages listed below are the dos
age form and strength of vorapaxar:

 • Vorapaxar (Zontivity): Oral, 2.08 mg (equivalent to 
2.5 mg vorapaxar sulfate) tablets

The recommended dosage regimen for the indication stated 
earlier is one tablet (2.08 mg) orally once daily, with or 
without food. The drug should be used in combination with 
aspirin and/or clopidogrel according to their indications 
or  standard of care. There is limited clinical experience 
with other antiplatelet drugs or with vorapaxar as the only 
antiplatelet agent.

17.4.3.6 Adverse Effects and Drug Interactions 

Adverse Effects Bleeding, including life‐threatening and 
fatal bleeding, is the most commonly reported adverse effect 
of vorapaxar therapy. Other rare adverse effects may include 
anemia, depression, rashes, eruptions, and exanthemas.

Drug Interactions As noted earlier, vorapaxar is metabolized 
by CYP3A4 and CYP2J2. Drugs that are strong CYP3A4 
inhibitors (e.g., ketoconazole, itraconazole, posaconazole, 
clarithromycin, nefazodone, ritonavir, saquinavir, nelfinavir, 
indinavir, boceprevir, telaprevir, telithromycin, conivaptan) or 
strong CYP3A4 inducers (e.g., rifampin, carbamazepine, 
phenytoin, St. John’s wort) can significantly affect the drug 
disposition and its pharmacological and adverse effects. As 
such, concomitant use of vorapaxar with these CYP3A4‐
modulating drugs should be avoided.

Contraindications and Pregnancy Category 

 • Vorapaxar is contraindicated in patients with a history 
of stroke, transient ischemic attack, or ICH because of 
an increased risk of ICH in this population.

 • Vorapaxar is contraindicated in patients with active 
pathological bleeding, such as ICH or peptic ulcer.

 • Pregnancy category: B.
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Figure 17.9 Molecular mechanism of action of vorapaxar. Vorapaxar is a reversible inhibitor of the thrombin receptor PAR‐1 on platelets. 
It inhibits thrombin‐induced platelet activation, degranulation, and aggregation. It also reduces thrombin‐induced procoagulant activity of 
platelets. ADP, adenosine diphosphate; ATP, adenosine triphosphate; TxA2, thromboxane A2.
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17.4.4 glycoprotein iib/iiia antagonists

listed below are the glycoprotein (GP) IIb/IIIa antagonists 
approved by the uS FDA for clinical use:

 • Abciximab (ReoPro)

 • Eptifibatide (Integrilin)

 • Tirofiban (Aggrastat)

17.4.4.1 General Introduction to Drug Class This class 
includes one anti‐GP IIb/IIIa antibody agent, namely, abcix
imab, and two small molecule receptor antagonists, namely, 
eptifibatide and tirofiban. GP IIb/IIIa antagonists inhibit the 
final common pathway of platelet aggregation (the cross 
bridging of platelets by fibrinogen binding to the GP IIb/IIIa 

receptors) and may also prevent adhesion of platelets to the 
vessel wall.

All of the three GP IIb/IIIa antagonists are administered 
intravenously.

17.4.4.2 Chemistry and Pharmacokinetics Abciximab 
is the Fab fragment of the chimeric human–murine mono
clonal antibody that binds to GP IIb/IIIa receptors of 
human platelets. As shown in Figure 17.10, eptifibatide is 
a cyclic heptapeptide containing six amino acids and one 
mercaptopropionyl (des‐amino cysteinyl) residue, whereas 
tirofiban is a tyrosine derivative. Table 17.13 summarizes 
the major pharmacokinetic properties of GP IIb/IIIa 
antagonists.
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Figure 17.10 Molecular mechanisms of action of GP IIb/IIIa antagonists. Abciximab is a monoclonal antibody drug that directly binds 
(essentially irreversible) to GP IIb/IIIa, preventing fibrinogen‐mediated platelet aggregation. Eptifibatide and tirofiban are small molecule 
drugs that reversibly antagonize fibrinogen binding to the GP IIb/IIIa receptors. Also shown in the scheme is the activation of GP IIb/IIIa 
receptors by TxA

2
, ADP, thrombin, and other platelet activators. For color details, please see color plate section.
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17.4.4.3 Molecular Mechanisms and Pharmacological 
Effects

Abciximab Abciximab binds to the intact platelet GP IIb/
IIIa receptor, which is a member of the integrin family of 
adhesion receptors and the major platelet surface receptor 
involved in platelet aggregation. Abciximab inhibits platelet 
aggregation by preventing the binding of fibrinogen, von 
Willebrand factor, and other adhesive molecules to GP IIb/
IIIa receptor sites on activated platelets (Fig.  17.10). The 
mechanism of action is thought to involve steric hindrance 
and/or conformational effects to block access of large 
molecules to the receptor rather than direct interaction with 
the RGD (arginine–glycine–aspartic acid) binding site of GP 
IIb/IIIa receptor.

Abciximab binds with similar affinity to the vitronectin 
receptor, also known as the αvβ3 integrin. The vitronectin 
receptor mediates the procoagulant properties of platelets 

and the proliferative properties of vascular endothelial and 
smooth muscle cells. In addition, abciximab also binds to the 
activated Mac‐1 receptor on monocytes and neutrophils. 
However, the relationship of these in vitro data to the clinical 
efficacy of abciximab is unknown.

Eptifibatide and Tirofiban Eptifibatide and tirofiban 
reversibly inhibit platelet aggregation by preventing the 
binding of fibrinogen, von Willebrand factor, and other 
adhesive ligands to GP IIb/IIIa receptors. When administered 
intravenously, they inhibit ex vivo platelet aggregation in a 
dose‐ and concentration‐dependent manner. Platelet aggregation 
inhibition is reversible following cessation of the drug infusion; 
this is thought to result from dissociation of the drugs from the 
platelets (Fig. 17.10).

17.4.4.4 Clinical Uses The uS FDA‐approved clinical 
indications of the GP IIb/IIIa antagonists are given in 
Table 17.14.

17.4.4.5 Therapeutic Dosages The dosage forms and 
strengths of the GP IIb/IIIa antagonists are as follows:

 • Abciximab (ReoPro): Intravenous, 2 mg/ml supplied in 
5 ml vials containing 10 mg

 • Eptifibatide (Integrilin): Intravenous, 20 mg/10 ml (2 mg/
ml) in a single‐use vial for bolus injection, 75 mg/100 ml 
(0.75 mg/ml) in a single‐use vial for infusion, and 
200 mg/100 ml (2 mg/ml) in a single‐use vial for infusion

 • Tirofiban (Aggrastat): Intravenous, 5 mg/100 ml (0.05 mg/
ml) and 12.5 mg/250 ml (0.05 mg/ml)

Abciximab The recommended dosage of abciximab in 
adults is a 0.25 mg/kg intravenous bolus administered 
10–60 min before the start of PCI, followed by a continuous 
intravenous infusion of 0.125 µg (mcg)/kg/min (to a maximum 
of 10 µg/min) for 12 h.

Patients with unstable angina (uA) not responding to 
 conventional medical therapy and who are planned to undergo 
PCI within 24 h may be treated with an abciximab 0.25 mg/kg 
intravenous bolus followed by an 18–24 h intravenous infu
sion of 10 µg (mcg)/min, concluding 1 h after the PCI.

Eptifibatide For patients with uA/nSTEMI, 180 µg (mcg)/
kg intravenous (iv) bolus should be administered as soon as 
possible after diagnosis, followed by continuous infusion of 
2 µg (mcg)/kg/min. Infusion should continue until hospital 
discharge or initiation of coronary artery bypass grafting 
(CABG) surgery, up to 72 h. If a patient is to undergo PCI, 
the infusion should be continued until hospital discharge or 
for up to 18–24 h after the procedure, whichever comes first, 
allowing for up to 96 h of therapy. Aspirin, 160–325 mg, 
should be given daily.

table 17.13 major pharmacokinetic properties of gP iib/
iiia antagonists

GP IIb/IIIa 
antagonist Elimination half‐life

Metabolism and 
elimination

Abciximab 10–30 min 
(free drug)

Eptifibatide 2.5 h Renal excretion
Tirofiban 2 h Eliminated in unchanged 

form in the urine 
(major) and feces

Although the half‐life of free abciximab is 10–30 min, abciximab remains 
bound to the GP IIb/IIIa receptors and inhibits platelet aggregation as mea
sured in vitro for up to 24 h after infusion is stopped.

table 17.14 indications of abciximab, eptifibatide, 
and tirofiban

GP IIb/IIIa 
antagonist Indication

Abciximab As an adjunct to PCI for the prevention of cardiac 
ischemic complications in patients undergoing 
PCI or in patients with uA not responding to 
conventional medical therapy when PCI is 
planned within 24 h

Eptifibatide To decrease the rate of a combined endpoint of 
death or new MI in patients with uA/nSTEMI, 
including patients who are to be managed 
medically and those undergoing PCI

To decrease the rate of a combined endpoint of 
death, new MI, or need for urgent intervention 
in patients undergoing PCI, including those 
undergoing intracoronary stenting

Tirofiban To reduce the rate of thrombotic cardiovascular 
events (combined endpoint of death, myocardial 
infarction, or refractory ischemia/repeat cardiac 
procedure) in patients with uA/nSTEMI
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For patients with PCI, 180 µg (mcg)/kg iv bolus should be 
given immediately before PCI followed by continuous infusion 
of 2 µg (mcg)/kg/min and a second bolus of 180 µg (mcg)/kg 
(given 10 min after the first bolus). Infusion should be continued 
until hospital discharge or for up to 18–24 h, whichever comes 
first. A minimum of 12 h of infusion is recommended. In 
patients who undergo CABG surgery, eptifibatide infusion 
should be discontinued prior to surgery. Aspirin, 160–325 mg, 
should be given 1–24 h prior to PCI and daily thereafter.

Tirofiban The recommended regimen of tirofiban therapy 
for patients with uA/nSTEMI is to administer intravenously 
25 µg (mcg)/kg over 3 min and then 0.15 µg (mcg)/kg/min 
(or 0.075 µg/kg/min for patients with serum creatinine 
<60 ml/min) for up to 18 h.

17.4.4.6 Adverse Effects and Drug Interactions Bleeding 
is the most common adverse effects of GP IIb/IIIa antagonist 
therapy. These drugs may also cause thrombocytopenia. 
Coadministration of other antiplatelet agents, thrombolytics, 
and heparin increases the risk of bleeding associated with GP 
IIb/IIIa antagonist therapy. GP IIb/IIIa antagonists are con
traindicated in patients with active bleeding or conditions 
that may predispose to bleeding complications (e.g., severe 
hypertension, major surgical procedures, thrombocytopenia) 
and with known hypersensitivity to the drug product. All 
three drugs belong to pregnancy category B.

17.4.5 Other Platelet inhibitors

listed below are two miscellaneous platelet inhibitors:

1. Cilostazol (Pletal)

2. Dipyridamole (Persantine)

Both drugs are miscellaneous platelet inhibitors, available 
in oral formulations, and dipyridamole is also for intrave
nous injection. These drugs are mainly used for non‐ACS 
conditions.

17.4.5.1 Cilostazol Cilostazol inhibits phosphodiester
ases (PDEs) (more specific for PDE3). This results in increased 
levels of cyclic3′,5′‐adenosine monophosphate (cAMP) in 
platelets and vascular smooth muscle cells, leading to inhibi
tion of platelet aggregation and vasodilation, respectively. 
Cilostazol reversibly inhibits platelet aggregation induced by 
a variety of stimuli, including thrombin, and ADP. 

Following oral administration, cilostazol is readily absorbed 
and extensively metabolized by hepatic CYP3A4 and, to a 
lesser extent, CYP2C19, with metabolites largely excreted in 
the urine. The elimination half‐life of cilostazol is 12 h.

Cilostazol is indicated for the reduction of symptoms of 
intermittent claudication, as indicated by an increased 
walking distance. It is contraindicated in patients with 

congestive heart failure (due to decreased survival) and hemo
static disorders or active bleeding. Common adverse effects 
of cilostazol include headache, palpation, and diarrhea.

17.4.5.2 Dipyridamole Dipyridamole inhibits the uptake 
of adenosine into platelets, endothelial cells, and erythro
cytes. This inhibition results in an increase in local concentra
tions of adenosine that acts on the platelet A

2
 receptors, 

thereby stimulating platelet adenylate cyclase and increasing 
platelet cAMP levels. Via this mechanism, platelet aggregation 
is inhibited in response to various stimuli, such as platelet‐
activating factor (PAF), collagen, and ADP.

Dipyridamole also inhibits PDEs in various tissues. 
While the inhibition of cAMP‐PDE is weak, therapeutic 
levels of dipyridamole inhibit cyclic‐3′,5′‐guanosine mo
nophosphate‐PDEs (cGMP‐PDEs), thereby augmenting 
the increase in cGMP produced by nitric oxide. Through 
this mechanism, dipyridamole lowers systemic blood 
pressure and improves coronary blood flow.

Dipyridamole is metabolized in the liver via glucuronida
tion and the metabolites are excreted in the bile. The drug 
has an initial half‐life of 40 min, and the terminal half‐life is 
approximately 10 h.

Oral dipyridamole is indicated as an adjunct to warfarin 
in the prevention of postoperative thromboembolic compli
cations of cardiac valve replacement. Dipyridamole injec
tion is indicated as an alternative to exercise in thallium 
myocardial perfusion imaging for the evaluation of coro
nary artery disease in patients who cannot exercise ade
quately. Dipyridamole is generally well tolerated, and 
adverse effects may include headache, dizziness, and gut 
disturbances.

17.5 tHrOmbOlytic agents

listed below are 6 thrombolytic agents for clinical use. 
Streptokinase is currently not available in the united States:

 • Recombinant forms of human tPA:

 – Alteplase (Activase)

 – Reteplase (Retavase)

 – Tenecteplase (TnKase)
 • urokinase (Abbokinase)

 • Streptokinase (Streptase)

 • Anistreplase (Streptokinase + plasminogen)

17.5.1 general introduction to Drug class

As stated in Chapter 16, plaque rupture/erosion and thrombus 
formation are key pathophysiological processes of ACS. The 
introduction of thrombolytic (also known as fibrinolytic) 
therapy was a major advance in the treatment of acute 
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STEMI resulting from complete coronary occlusion. PCI is 
now preferred for most patients if it can be performed by an 
experienced operator with <2 h delay from presentation to 
the emergency department. However, due in part to limited 
availability of primary PCI, thrombolytic therapy remains an 
important therapeutic modality for STEMI as well as 
ischemic stroke (see unit VIII).

Currently used thrombolytic drugs are intravenously 
infused plasminogen activators that activate the blood fibri
nolytic system. These agents have a high specificity for their 
substrate plasminogen, hydrolyzing a peptide bond to yield 
the active enzyme plasmin. Free plasmin is rapidly neutral
ized by the serine proteinase inhibitor α‐antiplasmin, whereas 
fibrin‐bound plasmin is protected from rapid inhibition, 
thereby promoting thrombus lysis. The clinically available 
thrombolytic agents are classified into two categories: 
(i)  recombinant forms of human tPA (a  serine protease), 
which include alteplase, reteplase, and tenecteplase, and 
(ii) non‐tPA agents, including urokinase, streptokinase, and 
anistreplase. notably, streptokinase, a protein obtained from 
streptococci, is much less costly than other thrombolytic 
agents, but outcomes are inferior and the drug is associated 
with high risk of hypersensitivity reaction. This drug is 
extensively used in other parts of the world, but not  available 
in the united States. Anistreplase is a preformed complex of 
streptokinase and plasminogen. Hence, streptokinase and 
anistreplase are not considered here.

17.5.2 chemistry and Pharmacokinetics

Alteplase is a GP of 527 amino acids synthesized using the 
cDnA for natural human tPA. Reteplase is a nonglycosylated 
deletion mutein of tPA, containing the kringle 2 and the 
protease domains of human tPA. Reteplase contains 355 of the 
527 amino acids of native tPA (amino acids 1–3 and 176–527). 
Tenecteplase is a 527‐amino‐acid GP developed by intro
ducing the following modifications to the cDnA for natural 
human tPA: a substitution of threonine 103 with asparagine 
and a substitution of asparagine 117 with glutamine, both 
within the kringle 1 domain, and a tetra‐alanine substitution at 
amino acids 296–299 in the protease domain.

table 17.15 major pharmacokinetic properties of 
thrombolytic agents

Thrombolytic 
drug Elimination half‐life

Metabolism and 
elimination

Alteplase <5 min (initial) Eliminated by the 
liver

Reteplase 13–16 min Eliminated by the 
liver and kidney

Tenecteplase 20–24 min (initial) Eliminated by the 
liver90–130 min (terminal)

urokinase 6–19 min Eliminated by the 
liver
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Figure 17.11 Molecular mechanism of action of thrombolytic drugs. Thrombolytic drugs stimulate the conversion of plasminogen to 
plasmin, which then degrades fibrin, leading to thrombus lysis. For color details, please see color plate section.
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urokinase is a thrombolytic agent obtained from human 
neonatal kidney cells grown in tissue culture. The principal 
active ingredient of the agent is the low‐molecular‐weight 
form of urokinase and consists of an A chain of 2 kDa linked 
by a sulfhydryl bond to a B chain of 30.4 kDa. The major 
pharmacokinetic properties of the aforementioned thrombo
lytic agents are given in Table 17.15.

17.5.3 molecular mechanisms and Pharmacological 
effects

All recombinant tPA agents catalyze the cleavage of endog
enous plasminogen to generate plasmin. Plasmin in turn 
degrades the fibrin matrix of the thrombus, thereby exerting 
thrombolytic action (Fig. 17.11).

Alteplase is a recombinant form of human native tPA 
without molecular modifications. It has the property of fibrin‐
enhanced conversion of plasminogen to plasmin. It produces 
limited conversion of plasminogen to plasmin in the absence 
of fibrin. When introduced into the systemic circulation at 
pharmacological concentrations, alteplase binds to fibrin in a 
thrombus and converts the entrapped plasminogen to plasmin.

Tenecteplase is a modified form of human tPA that binds 
to fibrin and converts plasminogen to plasmin. In vitro 
studies demonstrate that, in the presence of fibrin, conversion 

of plasminogen to plasmin by tenecteplase is also increased 
relative to its conversion in the absence of fibrin. This fibrin 
specificity decreases systemic activation of plasminogen and 
the resulting degradation of circulating fibrinogen as com
pared to a molecule lacking this property.

urokinase is an enzyme produced by the kidney and 
found in the urine. There are two forms of urokinase that dif
fer in molecular weight but have similar clinical effects. 
Abbokinase is the low‐molecular‐weight form. It converts 
plasminogen to plasmin.

17.5.4 clinical uses

All three recombinant tPA agents are indicated for use in the 
management of acute MI for the reduction of mortality and/
or improvement of ventricular function. Alteplase is also 
indicated for the management of acute ischemic stroke in 
adults for improving neurological recovery and reducing the 
incidence of disability (see unit VIII) and in the management 
of acute massive PE in adults.

urokinase is only approved for use in the management of 
PE. It is indicated in adults (i) for the lysis of acute massive 
pulmonary emboli, defined as obstruction of blood flow to a 
lobe or multiple segments, or (ii) for the lysis of pulmonary 
emboli accompanied by unstable hemodynamics, that is, failure 
to maintain blood pressure without supportive measures.

table 17.16 Dosage regimens of recombinant tPa agents

Recombinant tPA Indication Dosage regimen

Alteplase Acute MI Accelerated infusion: for patients weighing >67 kg, the recommended dose 
administered is 100 mg as a 15 mg intravenous bolus, followed by 50 mg infused 
over the next 30 min and then 35 mg infused over the next 60 min; for patients 
weighing ≤ 67 kg, the recommended dose is administered as a 15 mg intravenous 
bolus, followed by 0.75 mg/kg infused over the next 30 min not to exceed 50 mg 
and then 0.50 mg/kg over the next 60 min not to exceed 35 mg

3 h infusion: the recommended dose is 100 mg administered as 60 mg in the first 
hour (of which 6–10 mg is administered as a bolus), 20 mg over the second hour, 
and 20 mg over the third hour. For smaller patients (<65 kg), a dose of 1.25 mg/kg 
administered over 3 h, as described earlier, may be used

Acute ischemic stroke The recommended dose is 0.9 mg/kg (not to exceed 90 mg total dose) infused over 
60 min with 10% of the total dose administered as an initial intravenous bolus 
over 1 min

PE The recommended dose is 100 mg administered by intravenous infusion over 2 h. 
Heparin therapy should be instituted or reinstituted near the end of or immediately 
following the alteplase infusion when the partial thromboplastin time or thrombin 
time returns to twice normal or less

Reteplase Acute MI Reteplase is administered as a 10 + 10 unit double‐bolus injection. Two 10 unit bolus 
injections are required for a complete treatment. Each bolus is administered as an 
intravenous injection over 2 min. The second bolus is given 30 min after initiation 
of the first bolus injection

Tenecteplase Acute MI The recommended total dose should not exceed 50 mg and is based upon patient 
weight: 30 mg for <60 kg, 35 mg for ≥60 to <70 kg, 40 mg for ≥70 to <80 kg, 
45 mg for ≥80 to <90 kg, 50 mg for ≥90 kg

urokinase PE A loading dose of 4400 Iu/kg body weight is given at a rate of 90 ml/h over a period 
of 10 min. This is followed by a continuous infusion of 4400 Iu/kg/h at a rate of 
15 ml for 12 h
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17.5.5 therapeutic Dosages

The dosage forms and strengths of the thrombolytic agents 
are given below:

 • Alteplase (Activase): Intravenous, 50 and 100 mg vials

 • Reteplase (Retavase): Intravenous, 10.4 units (18.1 mg) 
vials

 • Tenecteplase (TnKase): Intravenous, 50 mg vials

 • urokinase (Abbokinase): 250,000 Iu vials

The dosage regimens of the recombinant tPA agents in treat
ing ACS and other conditions are given in Table 17.16.

17.5.6 adverse effects and Drug interactions

The most common adverse effect of thrombolytic therapy 
is bleeding. Cotreatment with anticoagulants or other 
platelet inhibitors may increase the risk of bleeding 
 complications. Thrombolytic agents may also cause cho
lesterol embolism, a rare but serious condition. They may 
provoke cardiac arrhythmias associated with reperfusion. 
Other adverse effects may include hypersensitivity reac
tion, hypotension, and gut disturbances. Contraindications 
of thrombolytic therapy include active bleeding and 
 conditions that increase the risk of bleeding (e.g., severe 
uncontrolled hypertension, recent trauma, major surgical 
procedures). Alteplase, reteplase, and tenecteplase all 
belong to pregnancy category C, whereas urokinase is in 
B category.

17.6 summary OF cHaPter Key POints

 • Atherothrombogenesis is a key pathophysiological 
 process of ACS. Anticoagulants, platelet inhibitors, and 
thrombolytic agents are widely used in the management 
of ACS as well as other thromboembolic disorders, 
including DVT and PE.

 • Anticoagulants act on the different steps of the coagu
lation cascades. They inhibit either the action of the 
coagulation factors or interfere with their biosynthesis. 
Commonly used anticoagulants include warfarin, hepa
rins (uFH, lMWHs), selective factor Xa inhibitors 
(fondaparinux, apixaban, rivaroxaban), and direct 
thrombin inhibitors (bivalirudin, desirudin, lepirudin, 
argatroban, dabigatran).

 • Platelet inhibitors block a number of platelet functions, 
including aggregation, release of granule contents, 
and platelet‐mediated vascular constriction. Based on 
their mechanisms of action, platelet inhibitors are 
classified into five groups: (i) COX inhibitors (aspirin), 
(ii) P2Y

12
 ADP‐receptor antagonists (clopidogrel, 

 prasugrel, ticagrelor, and ticlopidine), (iii) thrombin 
receptor antagonists (vorapaxar), (iv) GP IIb/IIIa 
antagonists (abciximab, eptifibatide, tirofiban), and 
others (cilostazol, dipyridamole). Platelet inhibitor 
therapy has become a cornerstone of the medical 
management of ACS.

 • The clinically available thrombolytic agents (also 
called fibrinolytic agents) are classified into two cate
gories: (i) recombinant forms of human tPA (a serine 
protease), which include alteplase, reteplase, and 
tenecteplase, and (ii) non‐tPA agents, including uroki
nase, streptokinase, and anistreplase. These agents 
cause the conversion of plasminogen to plasmin, which 
then degrades the fibrin matrix of the thrombus, thereby 
exerting thrombolytic action.

 • Although PCI is now preferred for most patients with 
ACS, due in part to limited availability of primary PCI, 
thrombolytic therapy with recombinant tPA agents 
remains as an important treatment option for acute MI 
as well as ischemic stroke.

17.7 selF‐assessment QuestiOns

17.7.1.  Following successful acute management of a non‐ 
ST‐elevation acute coronary syndrome, a 55‐year‐old 
male is prescribed a drug that interferes with P2Y

12
 

ADP‐receptor‐mediated signaling in  platelets. Which 
of the following is most likely prescribed?
A. Clopidogrel
B. Dabigatran
C. Dipyridamole
D. Enoxaparin
E. Eptifibatide

17.7.2.  A 60‐year‐old female with deep vein thrombosis is 
prescribed a drug that inhibits the enzyme that 
 converts the inactive vitamin K 2,3‐epoxide into the 
active, reduced form of vitamin K. Which of the 
 following drugs is she most likely given?
A. Aspirin
B. lepirudin
C. Prasugrel
D. Tinzaparin
E. Warfarin

17.7.3.  A 65‐year‐old male develops severe thrombocyto
penia in response to treatment with an anticoagu
lant. Which of the following drugs is most likely 
responsible for this patient’s thrombocytopenia?
A. Dabigatran
B. Dipyridamole
C. Prasugrel
D. unfractionated heparin
E. Warfarin
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17.7.4.  A 60‐year‐old male is brought to the emergency 
department of a rural hospital 90 min after the onset 
of severe chest pain during yard work. He has a his
tory of poorly controlled stage 1 hypertension and 
elevated blood cholesterol, but does not smoke and 
drink alcohol. ECG changes confirm the diagnosis 
of an acute ST‐elevation myocardial infarction. 
Which of the following should be given to open his 
occluded coronary artery?
A. Abciximab
B. Alteplase
C. Dalteparin
D. Fondaparinux
E. Prasugrel

17.7.5.   A 50‐year‐old male presenting with an ST‐eleva
tion acute coronary syndrome is given reteplase to 
open his occluded coronary artery. Which of the 
following adverse effects is the patient most likely 
to experience?
A. Acute kidney injury
B. Bleeding
C. Hepatotoxicity
D. neutropenia
E. Thrombocytopenia

17.7.6.  A 45‐year‐old male, presenting with a non‐ST‐ele
vation acute coronary syndrome, is given prasugrel 
following a successful percutaneous coronary inter
vention. Which of the following best describes the 
rationale of the antiplatelet therapy?
A. Preventing cerebral hemorrhage
B. Preventing long QT syndrome
C. Preventing reocclusion of the coronary artery
D. Preventing thrombocytopenia
E. Preventing transient ischemic attack

17.7.7.  A 62‐year‐old female is brought to the emergency 
department of a rural hospital 90 min after the onset 
of severe chest pain. Elevated cardiac troponin T 
and ECG changes confirm the diagnosis of ST‐ele
vation myocardial infarction. Due to the lack of per
cutaneous coronary intervention facility, she is 
given a drug to accelerate the conversion of 
plasminogen to plasmin so as to restore myocardial 
perfusion. Which of the following drugs is most 
likely administered to the patient for the above 
purpose?
A. Clopidogrel
B. Aspirin
C. Heparin
D. Tenecteplase
E. Warfarin

17.7.8.  Following a successful percutaneous coronary inter
vention with stent placement, a 48‐year‐old male 
with stable ischemic heart disease is prescribed 
ticagrelor to reduce the rate of stent thrombosis. 

What is the mechanism of action of ticagrelor for 
the above stated purpose of use?
A. Blocking GP IIb/IIIa receptors
B. Blocking P2Y

12
 ADP receptors

C. Decreasing cAMP degradation
D. Decreasing thromboxane A

2
 formation

E. Inhibiting factor Xa
17.7.9.  A 62‐year‐old female undergoes an abdominal sur

gical procedure. She is admitted for postoperative 
observation and started on subcutaneous heparin 
treatment to prevent formation of deep vein throm
bosis, a major risk factor for pulmonary embolism. 
Which of the following adverse reactions is the patient 
likely to experience?
A. Hyperthyroidism
B. liver injury
C. Pulmonary fibrosis
D. Thrombocytopenia
E. Ventricular arrhythmias

17.7.10.  A patient develops severe thrombocytopenia in 
response to the treatment with unfractionated hep
arin and still requires parenteral anticoagulation. 
Which of the following drugs would be most suit
able for this patient?
A. Abciximab
B. Clopidogrel
C. lepirudin
D. Streptokinase
E. Tirofiban
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18.1 Overview

Unstable angina (UA) and non‐ST‐elevation myocardial 
infarction (NSTEMI) constitute a clinical syndrome subset 
of the acute coronary syndromes (ACS). In the spectrum of 
ACS, UA/NSTEMI is defined by electrocardiographic 
(ECG) ST‐segment depression or prominent T‐wave 
inversion and/or positive biomarkers of necrosis (e.g., 
increased plasma levels of cardiac troponins for NSTEMI, 
but not for UA) in the absence of ST‐segment elevation and 
in an appropriate clinical setting (chest discomfort or anginal 
equivalent). UA/NSTEMI often results from the disruption 
or erosion of an atherosclerotic plaque and a subsequent 
 cascade of pathophysiological coagulation, leading to 
platelet‐enriched thrombus formation and occlusion of coro
nary blood flow. This pathophysiological mechanism, as 
 discussed in Chapters 16 and 17, serves as the foundation for 
the use of anticoagulants, platelet inhibitors, and thrombo
lytic agents in the management of ACS.

This chapter discusses the general principles and current 
guidelines for the management of patients with UA/NSTEMI, 
focusing on pharmacological therapies. The chapter begins 
with an introduction to some most widely cited guidelines, 
including the American College of Cardiology/American 
Heart Association (ACC/AHA) 2007 guideline and its 2011 
and 2012 focused updates, as well as the European Society 
of Cardiology (ESC) 2011 guideline. The chapter then con
siders the general principles of management of UA/NSTEMI 
followed by a detailed survey of the current guideline‐based 
recommendations. Management of ST‐elevation myocardial 
infarction (STEMI) is covered in Chapter 19.

18.2 intrOductiOn tO evidence‐Based 
Guidelines

Over the past several years, guidelines from various organi
zations in the United States and other nations have been 
developed to provide evidence‐based recommendations on 
the management of UA/NSTEMI. Among them, the ACC/
AHA 2007 guideline with focused updates in 2011 and 2012 
and the ESC 2011 guideline have been most widely cited. 
This section provides a brief introduction to these guidelines 
so as to set a stage for the subsequent consideration of guide
line‐based management of UA/NSTEMI. It also provides the 
reader a source of references for detailed information on 
UA/NSTEMI, including both diagnosis and management.

18.2.1 the acc/aHa 2007 Guideline and its Focused 
updates in 2011 and 2012

The ACC/AHA 2007 guideline represents the current full rec
ommendations on the management of UA/NSTEMI. The 
executive summary is published in the August 14, 2007, issue 
of the Journal of the American College of Cardiology and the 
August 14, 2007, issue of Circulation. The full‐text guideline 
is e‐published in the same issue of the journals noted earlier 
[1, 2], as well as posted on the websites of ACC (www.acc.
org) and AHA (www.americanheart.org). The full guideline 
document is divided into seven sections: (i) introduction; 
(ii) initial evaluation and management; (iii) early hospital care; 
(iv) coronary revascularization; (v) late hospital care, hospital 
discharge, and posthospital discharge care; (vi)  special groups; 
and (vii) conclusion and future directions.

ManaGeMent OF unstaBle anGina and  
nOn‐st‐elevatiOn MyOcardial inFarctiOn: 
PrinciPles and Guidelines
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Since the publication of the 2007 full guideline, there have 
been two focused updates by the American College of 
Cardiology foundation (ACCf)/AHA, one in 2011 [3] and the 
other in 2012 [4]. The biggest change of the 2012 focused update 
is the recommendation to consider ticagrelor, a drug approved 
by the US food and drug Administration (fdA) in 2011 (see 
Chapter 17) as a treatment option in addition to clopidogrel and 
prasugrel. The panel’s report highlights both the  benefits 
 (anticlotting action) and risks (bleeding) of the new drug.

18.2.2 the esc 2011 Guideline

The European task force for the management of ACS patients 
presenting with NSTEMI released a new guideline in 2011 
[5]. This guideline updates a previous version issued in 2007 
[6] and contains a number of important new recommendations 
(see Section 18.2.3). The full guideline document consists of 
six sections: (i) introduction to epidemiology and pathophysi
ology; (ii) diagnosis; (iii) prognosis assessment; (iv) treatment, 
which further includes anti‐ischemic agents, antiplatelet 
agents, anticoagulants, and coronary revascularization, spe
cial population and conditions, and long‐term management; 
(v) performance measures; and (vi) management strategy.

18.2.3 Major new changes of the accF/aHa 
2011/2012 Focused updates and the esc 2011 
Guideline

The 2011/2012 ACCf/AHA focused updates and the 2011 ESC 
guideline for the management of UA/NSTEMI include several 
new changes compared to the previous guidelines issued in 
2007. Among the most important new recommendations for 
 clinicians are those regarding the use of the newest P2Y

12
 AdP‐

receptor antagonists, prasugrel and ticagrelor, genotyping and 
platelet function testing in appropriate patients on clopidogrel, 
and concomitant use of clopidogrel with percutaneous coronary 
intervention (PCI). The new updates and guideline also stress 
the importance of estimating the risk of cardiovascular and 
bleeding events using various risk assessment models, support 
coronary computed tomography angiogram (cCTA) in low‐ to 
intermediate‐risk patients, recommend against aggressive gly
cemic control during hospitalization with ACS, and advocate 
measures to prevent contrast‐induced nephropathy. finally, the 
updates and guideline emphasize the importance of quality 
improvement and performance assessment in the management 
of patients with UA/NSTEMI [7].

18.2.4 the nice 2010 Guideline

The British National Institute for Health and Care Excellence 
(NICE) 2010 clinical guideline for the early management of 
UA/NSTEMI offers evidence‐based advice on the care and 
treatment of adults with UA/NSTEMI from the time of 
 diagnosis to leaving hospital. The full guideline is available at 

www.nice.org.uk, and the summary is published in the April 
2010 issue of British Medical Journal [8]. The 2010 NICE 
guideline covers seven areas: (i) risk assessment, (ii) antiplate
let treatment, (iii) antithrombotic treatment, (iv) invasive 
management, (v) testing for ischemia, (vi) assessing left ven
tricular function, and (vii) rehabilitation and discharge planning.

18.2.5 Other Guidelines

In addition to the United States and Europe, countries, such 
as Canada, Australia, and New Zealand, have also released 
updated guidelines for the management of UA/NSTEMI. 
With regard to general principles of management, these 
guidelines from Canada [9] and Australia/New Zealand [10] 
are largely consistent with those from the ACCf/AHA, the 
ESC, and the NICE, as described earlier.

18.3 General PrinciPles OF ManaGeMent 
OF ua/nsteMi

UA, NSTEMI, and STEMI are the three presentations of 
ACS. The first step in the management of patients with ACS 
is prompt recognition, since the beneficial effects of therapy 
are greatest when performed soon after hospital presenta
tion. for patients presenting to the emergency department 
with chest pain suspicious for an ACS, the diagnosis of myo
cardial infarction (MI) can be confirmed by the ECG and 
serum cardiac biomarker elevation; the history is relied upon 
heavily to make the diagnosis of UA.

Once the diagnosis of either UA or an acute NSTEMI is 
made, the management of the patient involves the simulta
neous achievement of several goals. These include (i) relief 
of ischemic pain; (ii) assessment of the patient’s hemody
namic status and correction of abnormalities; (iii) estimation 
of the level of risk of death and nonfatal cardiac ischemic 
events; (iv) selection and initiation of a treatment strategy to 
minimize myocardial injury and reduce mortality, that is, an 
early invasive strategy (with angiography and intent for 
revascularization with PCI or coronary artery bypass grafting 
[CABG] as defined by the anatomy) versus a conservative 
strategy with pharmacological therapy; and (v) long‐term 
care to prolong survival, including lifestyle modifications 
and drug therapy. The following section discusses current 
guideline‐based recommendations on the management of 
patients with UA/NSTEMI.

18.4 Guideline‐Based recOMMendatiOns 
On tHe ManaGeMent OF ua/nsteMi

Treatment of patients with UA/NSTEMI involves the use of 
four therapeutic modalities: (i) anti‐ischemic and analgesic 
therapy, (ii) antiplatelet therapy, (iii) anticoagulant therapy, 

http://www.nice.org.uk
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and (iv) coronary revascularization. This section discusses 
the recommendations from the ACC/AHA and ESC guide
lines on each of the aforementioned treatment modalities. 
The section also considers the guideline‐based recommen
dations for treating UA/NSTEMI in special patient groups.

18.4.1 anti‐ischemic and analgesic therapy

for about 100 years, inhaled oxygen has been administered 
to all patients suspected of having an acute MI. The basis 
for this practice was the belief that oxygen supplementa
tion raised often‐deficient arterial oxygen content to 
improve myocardial oxygenation, thereby reducing infarct 
size. This assumption is conditional and not evidence based 
[11–13]. While such physiological changes may pertain in 
some patients who are hypoxemic, considerable data sug
gest that oxygen therapy may be detrimental in others, par
ticularly in patients with normoxia. Hyperoxia, which 
might occur with the administration of oxygen to normoxic 
individuals, has been shown to have a direct vasoconstrict
ing effect on the coronary arteries, which may actually 
worsen myocardial ischemia. There are no large, contem
porary, randomized studies that examine clinical outcomes 
after this intervention. Hence, this long‐accepted but poten
tially harmful tradition urgently needs reevaluation. In this 
context, several randomized controlled trials, including the 
AvOId study [14] and dETO

2
X‐AMI trial [15], are cur

rently underway to examine the role of oxygen in ACS. 
Results of these trials may have widespread implications 
on the use of oxygen therapy in patients with ACS. In fact, 
as described in the following text, clinical guidelines appear 
to be changing, favoring use of oxygen only in hypoxemic 
patients, and then cautiously titrating to individual oxygen 
tensions.

Anti‐ischemic drugs either decrease myocardial oxygen 
demand (by decreasing heart rate, lowering blood pressure, 
reducing preload, or decreasing myocardial contractility) or 
increase myocardial oxygen supply (by inducing coronary 
vasodilatation). Anti‐ischemic agents for UA/NSTEMI typ
ically include nitrates (Chapter 11), β‐blockers (Chapter 8), 
calcium channel blockers (CCBs) (Chapter  10), and 
 ranolazine (Chapter 11). Besides the aforementioned typical 
anti‐ischemic agents, inhibitors of the renin–angiotensin–
aldosterone system (RAAS) (Chapter 9) may also improve 
myocardial ischemia via mechanisms including vasodila
tion, decreased water and salt retention, and reduced after
load. In addition, morphine has potent analgesic and 
anxiolytic effects, as well as hemodynamic effects that are 
potentially beneficial in UA/NSTEMI. Morphine causes 
venodilation and can produce modest reductions in heart 
rate (through increased vagal tone) and systolic blood 
pressure to further reduce myocardial oxygen demand. 
Hence, in a broad sense, both RAAS inhibitors and mor
phine are considered anti‐ischemic agents in patients with 
UA/NSTEMI [16]. In contrast, analgesic therapy with 

selective cyclooxygenase (COX)‐2 inhibitors and nonste
roidal anti‐inflammatory drugs (NSAIds) (except for low‐
dose aspirin) may increase the risk of cardiovascular events 
in patients with UA/NSTEMI. Hence, patients taking these 
drugs at the time of UA/NSTEMI should discontinue them 
immediately [16].

The guideline recommendations from the ACC/AHA and 
the ESC on the use of anti‐ischemic agents in UA/NSTEMI 
are summarized in Tables 18.1 and 18.2, respectively.

18.4.2 antiplatelet therapy

Platelet activation and subsequent aggregation play a domi
nant role in the propagation of arterial thrombosis and con
sequently are the key therapeutic targets in the management 
of ACS. Antiplatelet therapy is essential for modifying the 
disease process and its progression to death, MI, or recurrent 
MI in the majority of patients who have ACS due to throm
bosis on a plaque. Antiplatelet therapy should be instituted 
as early as possible when the diagnosis of UA/NSTEMI is 
made in order to reduce the risk of both acute ischemic com
plications and recurrent atherothrombotic events. The 
molecular pharmacology of antiplatelet drugs is covered in 
Chapter 17. Tables 18.3 and 18.4 summarize the guideline 
recommendations on antiplatelet therapy in patients with 
UA/NSTEMI.

18.4.3 anticoagulant therapy

Anticoagulants are used in the treatment of UA/NSTEMI to 
inhibit thrombin generation and/or activity, thereby reducing 
thrombus‐related events. There is evidence that anticoagula
tion is effective in addition to platelet inhibition and that the 
combination of the two is more effective than either treatment 
alone. Guideline recommendations for the use of anticoagu
lant therapy in patients with UA/NSTEMI are available from 
various organizations, including the ACC/AHA and the 
ESC. The major recommendations are summarized in 
Tables 18.5 and 18.6.

18.4.4 additional considerations on antithrombotic 
(antiplatelet and anticoagulant) therapy

As noted earlier, antithrombotic therapy is essential for 
improving prognosis in patients with ACS due to thrombosis 
on a ruptured or eroded plaque. A combination of aspirin, an 
anticoagulant, and an additional antiplatelet drug represents 
the most effective therapy. The intensity of treatment is tai
lored to individual risk, and such a triple‐antithrombotic 
treatment is used in patients with continuing ischemia or 
with other high‐risk features and in patients oriented to an 
early invasive strategy. In this context, the ACCf/AHA 2012 
focused update provides recommendations for additional 
management of antiplatelet and anticoagulant therapy [19]. 
These include 8 class I, 4 class IIa, 2 class IIb, and 1 class III 
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taBle 18.1 the acc/aHa 2007 guideline recommendations for anti‐ischemic therapy in ua/nsteMi [16]

COR Recommendation lOE

I Supplemental oxygen should be administered to patients with UA/NSTEMI with an arterial saturation <90%, 
respiratory distress, or other high‐risk features for hypoxemia

B

Patients with UA/NSTEMI with ongoing ischemic discomfort should receive sublingual nitroglycerin (0.4 mg) every 
5 min for a total of 3 doses, after which assessment should be made about the need for intravenous nitroglycerin, if 
not contraindicated

C

Intravenous nitroglycerin is indicated in the first 48 h after UA/NSTEMI for treatment of persistent ischemia, heart 
failure (Hf), or hypertension. The decision to administer intravenous nitroglycerin and the dose used should not 
preclude therapy with other proven mortality‐reducing interventions such as β‐blockers or angiotensin‐converting 
enzyme inhibitors (ACEIs)

B

Oral β‐blocker therapy should be initiated within the first 24 h for patients who do not have one or more of the 
following: (i) signs of Hf, (ii) evidence of a low‐output state, (iii) increased risk for cardiogenic shock, or (iv) other 
relative contraindications to β‐blockade (PR interval >0.24 s, second‐ or third‐degree heart block, active asthma, or 
reactive airway disease)

B

In UA/NSTEMI patients with continuing or frequently recurring ischemia and in whom β‐blockers are contraindicated, 
a nondihydropyridine CCB (e.g., verapamil or diltiazem) should be given as initial therapy in the absence of 
clinically significant left ventricular (lv) dysfunction or other contraindications

B

An ACEI should be administered orally within the first 24 h to UA/NSTEMI patients with pulmonary congestion or lv 
ejection fraction (lvEf) ≤40%, in the absence of hypotension (systolic blood pressure <100 mm Hg or <30 mm Hg 
below baseline) or known contraindications to that class of medications

A

An angiotensin receptor blocker (ARB) should be administered to UA/NSTEMI patients who are intolerant of ACEIs 
and have either clinical or radiological signs of Hf or lvEf ≤40%

A

IIa It is reasonable to administer supplemental oxygen to all patients with UA/NSTEMI during the first 6 h after presentation C
In the absence of contradictions to its use, it is reasonable to administer morphine sulfate intravenously to UA/NSTEMI 

patients if there is uncontrolled ischemic chest discomfort despite nitroglycerin, provided that additional therapy is 
used to manage the underlying ischemia

B

It is reasonable to administer intravenous β‐blockers at the time of presentation for hypertension to UA/NSTEMI 
patients who do not have one or more of the following: (i) signs of Hf, (ii) evidence of low‐output state, (iii) 
increased risk for cardiogenic shock, or (iv) other relative contraindications to β‐blockade (PR interval >0.24 s, 
second‐ or third‐degree heart block, active asthma, or reactive airway disease)

B

Oral long‐acting nondihydropyridine CCBs are reasonable for use in UA/NSTEMI patients for recurrent ischemia in the 
absence of contraindications after β‐blockers and nitrates have been fully used

C

An ACEI administered orally within the first 24 h of UA/NSTEMI can be useful in patients without pulmonary 
congestion or lvEf ≤40% in the absence of hypotension (systolic blood pressure <100 or <30 mm Hg below 
baseline) or known contraindications to that class of medications

B

Intra‐aortic balloon pump (IABP) counterpulsation is reasonable in UA/NSTEMI patients for severe ischemia that is 
continuing or recurs frequently despite intensive medical therapy, for hemodynamic instability in patients before or 
after coronary angiography, and for mechanical complications of myocardial infarction

C

IIb The use of extended‐release forms of nondihydropyridine CCBs instead of β‐blockers may be considered in patients 
with UA/NSTEMI

B

Immediate‐release dihydropyridine CCBs in the presence of adequate β‐blockade may be considered in patients with 
UA/NSTEMI with ongoing ischemic symptoms or hypertension

B

III Nitrates should not be administered to UA/NSTEMI patients with systolic blood pressure <90 or ≥30 mm Hg below 
baseline, severe bradycardia (<50 beats/min), tachycardia (>100 beats/min) in the absence of symptomatic Hf, or 
right ventricular infarction

C

Nitroglycerin or other nitrates should not be administered to patients with UA/NSTEMI who had received a 
phosphodiesterase inhibitor for erectile dysfunction within 24 h of sildenafil or 48 h of tadalafil use. The suitable time 
for the administration of nitrates after vardenafil has not been determined

C

Immediate‐release dihydropyridine CCBs should not be administered to patients with UA/NSTEMI in the absence of a 
β‐blocker

A

An intravenous ACEI should not be given to patients within the first 24 h of UA/NSTEMI because of the increased risk 
of hypotension. A possible exception may be patients with refractory hypertension

B

It may be harmful to administer intravenous β‐blockers to UA/NSTEMI patients who have contraindications to 
β‐blockade, signs of Hf or low‐output state, or other risk factors for cardiogenic shock

A

Nonsteroidal anti‐inflammatory drugs (except for aspirin), whether nonselective or COX‐2‐selective agents, should not 
be administered during hospitalization for UA/NSTEMI because of the increased risks of mortality, reinfarction, 
hypertension, Hf, and myocardial rupture associated with their use

C

COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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taBle 18.2 the esc 2011 guideline recommendations for anti‐ischemic therapy in ua/nsteMi [17]

COR Recommendation lOE

I Oral or intravenous nitrate treatment is indicated to relieve angina; intravenous nitrate treatment is recommended in 
patients with recurrent angina and/or signs of Hf

C

Patients on chronic β‐blocker therapy admitted with ACS should be continued on β‐blocker therapy if not in Killip  
classa ≥III

B

Oral β‐blocker treatment is indicated in all patients with lv dysfunction without contraindications B
CCBs are recommended for symptom relief in patients already receiving nitrates and β‐blockers (dihydropyridine CCBs) 

and in patients with contraindications to β‐blockade (nondihydropyridine CCBs)
B

CCBs are recommended in patients with vasospastic angina C
IIa Intravenous β‐blocker treatment at the time of admission should be considered for patients in a stable hemodynamic 

condition (Killip class <III) with hypertension and/or tachycardia
C

III Nifedipine or other dihydropyridine CCBs are not recommended unless combined with β‐blocker B

a The Killip classification is a system used in individuals with an acute myocardial infarction for risk stratification. first published in 1967, the system focuses 
on physical examination and the development of Hf to predict risk as described below: class I, no evidence of heart failure; class II, findings of mild‐to‐
moderate Hf; class III, pulmonary edema; and class Iv, cardiogenic shock defined as systolic blood pressure <90 mm Hg and signs of hypoperfusion.
COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 18.3 the accF/aHa 2012 focused update recommendations for antiplatelet therapy of ua/nsteMi [18, 19]

COR Recommendation lOE

I Aspirin should be administered to UA/NSTEMI patients as soon as possible after hospital presentation and 
continued indefinitely in patients who tolerate it

A

A loading dose followed by daily maintenance dose of either clopidogrel (lOE: B), prasugrel (in PCI‐treated 
patients) (lOE: C), or ticagrelor (lOE: C) should be administered to UA/NSTEMI patients who are unable 
to take aspirin because of hypersensitivity or major gastrointestinal intolerance

Patients with definite UA/NSTEMI at medium or high risk and in whom an initial invasive strategy is selected 
should receive dual antiplatelet therapy on presentation (lOE: A). Aspirin should be initiated on 
presentation (lOE: A). The choice of a second antiplatelet therapy to be added to aspirin on presentation 
includes one of the following (note that there are no data for therapy with two concurrent P2Y

12
 AdP‐

receptor inhibitors, and this is not recommended in the case of aspirin allergy):
•	Before PCI: (i) clopidogrel (lOE: B), or (ii) ticagrelor (lOE: B), or (iii) an intravenous (iv) GP IIb/IIIa 

inhibitor (lOE: A). Intravenous eptifibatide and tirofiban are the preferred GP IIb/IIIa inhibitors (lOB: B)
•	At the time of PCI: (i) clopidogrel if not started before PCI (lOE: A), or (ii) prasugrel (lOE: B), or (iii) 

ticagrelor (lOE: B), or (iv) an iv GP IIb/IIIa inhibitor (lOE: A)
for UA/NSTEMI patients in whom an initial conservative (i.e., noninvasive) strategy is selected, clopidogrel 

or ticagrelor (loading dose followed by daily maintenance dose) should be added to aspirin and 
anticoagulant therapy as soon as possible after admission and administered for up to 12 months

B

for UA/NSTEMI patients in whom an initial conservative strategy is selected, if recurrent symptoms/
ischemia, Hf, or serious arrhythmias subsequently appear, then diagnostic angiography should be 
performed (lOE: A). Either an iv GP IIb/IIIa inhibitor (eptifibatide or tirofiban [lOE: A]), clopidogrel 
(loading dose followed by daily maintenance dose [lOE: B]), or ticagrelor (loading dose followed by daily 
maintenance dose [lOE: B]) should be added to aspirin and anticoagulant therapy before diagnostic 
angiography (upstream) (lOE: C)

A loading dose of P2Y
12

 AdP‐receptor inhibitor therapy is recommended for UA/NSTEMI patients for whom 
PCI is planned. One of the following regimens should be used: (i) clopidogrel 600 mg should be given as 
early as possible before or at the time of PCI (lOE: B); or (ii) prasugrel 60 mg should be given promptly 
and no later than 1 h after PCI once coronary anatomy is defined and a decision is made to proceed with 
PCI (lOE: B); or (iii) ticagrelor 180 mg should be given as early as possible before or at the time of PCI 
(lOE: B)

The duration and maintenance dose of P2Y
12

 AdP‐receptor inhibitor therapy should be as follows: (i) In UA/
NSTEMI patients undergoing PCI, either clopidogrel 75 mg daily, prasugrel 10 mg daily, or ticagrelor 
90 mg twice daily should be given for at least 12 months (lOE: B). (ii) If the risk of morbidity because of 
bleeding outweighs the anticipated benefits afforded by P2Y

12
 AdP‐receptor inhibitor therapy, earlier 

discontinuation should be considered (lOE: C)

(Continued )
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COR Recommendation lOE

IIa for UA/NSTEMI patients in whom an initial conservative strategy is selected and who have recurrent 
ischemic discomfort with aspirin, a P2Y

12
 AdP‐receptor inhibitor (clopidogrel or ticagrelor), and 

anticoagulant therapy, it is reasonable to add a GP IIb/IIIa inhibitor before diagnostic angiography

C

for UA/NSTEMI patients in whom an initial invasive strategy is selected, it is reasonable to omit 
administration of an iv GP IIb/IIIa inhibitor if bivalirudin is selected as the anticoagulant and at least 
300 mg of clopidogrel was administered at least 6 h earlier than planned catheterization or PCI

B

IIb for UA/NSTEMI patients in whom an initial conservative (i.e., noninvasive) strategy is selected, it may be 
reasonable to add eptifibatide or tirofiban to anticoagulant and oral antiplatelet therapy

B

Prasugrel 60 mg may be considered for administration promptly upon presentation in patients with UA/
NSTEMI for whom PCI is planned, before definition of coronary anatomy if both the risk for bleeding is 
low and the need for CABG is considered unlikely

C

The use of upstream GP IIb/IIIa inhibitors may be considered in high‐risk UA/NSTEMI patients already 
receiving aspirin and a P2Y

12
 AdP‐receptor inhibitor (clopidogrel or ticagrelor) who are selected for an 

invasive strategy, such as those with elevated troponin levels, diabetes, or significant ST‐segment 
depression, and who are not otherwise at high risk for bleeding

B

In patients with definite UA/NSTEMI undergoing PCI as part of an early invasive strategy, the use of a 
loading dose of clopidogrel of 600 mg, followed by a higher maintenance dose of 150 mg daily for 6 days, 
and then 75 mg daily may be reasonable in patients not considered at high risk for bleeding

B

III (no benefit) Abciximab should not be administered to patients in whom PCI is not planned A
In UA/NSTEMI patients who are at low risk for ischemic events (e.g., TIMI risk scorea ≤2) or at high risk of 

bleeding and who are already receiving aspirin and a P2Y
12

 AdP‐receptor inhibitor, upstream GP IIb/IIIa 
inhibitors are not recommended

B

III (harm) In UA/NSTEMI patients with a prior history of stroke and/or TIA for whom PCI is planned, prasugrel is 
potentially harmful as part of a dual antiplatelet therapy regimen

B

a TIMI risk score: In patients with UA/NSTEMI, the TIMI risk score is a simple prognostication scheme that categorizes a patient’s risk of death and ischemic 
events and provides a basis for therapeutic decision making [20].
COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 18.3 (Continued)

taBle 18.4 the esc 2011 guideline recommendations for antiplatelet agents [17]

COR Recommendation lOE

I Aspirin should be given to all patients without contraindications at an initial loading dose of 150–300 mg and at a 
maintenance dose of 75–100 mg daily long term regardless of treatment strategy

A

A P2Y
12

 AdP‐receptor inhibitor should be added to aspirin as soon as possible and maintained over 12 months, unless 
there are contraindications, such as excessive risk of bleeding

A

A proton pump inhibitor (preferably not omeprazole) in combination with dual antiplatelet therapy is recommended in 
patients with a history of gastrointestinal hemorrhage or peptic ulcer and appropriate for patients with multiple other 
risk factors (Helicobacter pylori infection; age ≥65 years; concurrent use of anticoagulants or steroids)

A

Prolonged or permanent withdrawal of P2Y
12

 AdP‐receptor inhibitors within 12 months after the index event is 
discouraged unless clinically indicated

C

Ticagrelor (180 mg loading dose, 90 mg twice daily) is recommended for all patients at moderate to high risk of 
ischemic events (e.g., elevated cardiac troponins), regardless of initial treatment strategy and including those 
pretreated with clopidogrel (which should be discontinued when ticagrelor is commenced)

B

Prasugrel (60 mg loading dose, 10 mg daily dose) is recommended for P2Y
12

 AdP‐receptor inhibitor‐naïve patients 
(especially diabetics) in whom coronary anatomy is known and who are proceeding to PCI unless there is a high risk 
of life‐threatening bleeding or other contraindications

B

Clopidogrel (300 mg loading dose, 75 mg daily dose) is recommended for patients who cannot receive ticagrelor or 
prasugrel

A

A 600 mg loading dose of clopidogrel (or a supplementary 300 mg dose at PCI following an initial 300 mg loading dose) 
is recommended for patients scheduled for an invasive strategy when ticagrelor or prasugrel is not an option

B

The choice of combination of oral antiplatelet agents, a GP IIb/IIIa receptor inhibitor, and anticoagulants should be 
made in relation to the risk of ischemic and bleeding events

C

Among patients who are already treated with dual antiplatelet therapy, the addition of a GP IIb/IIIa receptor inhibitor 
for high‐risk PCI (elevated cardiac troponins, visible thrombus) is recommended if the risk of bleeding is low

B

(Continued)



COR Recommendation lOE

IIa A higher maintenance dose of clopidogrel 150 mg daily should be considered for the first 7 days in patients managed 
with PCI and without an increased risk of bleeding

B

In patients pretreated with P2Y
12

 AdP‐receptor inhibitors who need to undergo nonemergent major surgery (including 
CABG), postponing surgery at least for 5 days after cessation of ticagrelor or clopidogrel, and 7 days for prasugrel, if 
clinically feasible and unless the patient is at high risk of ischemic events should be considered

C

Ticagrelor or clopidogrel should be considered to be (re)started after CABG surgery as soon as considered safe B
Eptifibatide or tirofiban added to aspirin should be considered prior to angiography in high‐risk patients not preloaded 

with P2Y
12

 AdP‐receptor inhibitors
C

IIb Increasing the maintenance dose of clopidogrel based on platelet function testing is not advised as routine but may be 
considered in selected cases

B

Genotyping and/or platelet function testing may be considered in selected cases when clopidogrel is used B
In high‐risk patients, eptifibatide or tirofiban may be considered prior to early angiography in addition to dual 

antiplatelet therapy, if there is ongoing ischemia and the risk of bleeding is low
C

III The combination of aspirin with another NSAId (selective COX‐2 inhibitors and nonselective NSAIds) is not 
recommended

C

GP IIb/IIIa receptor inhibitors are not recommended routinely before angiography in an invasive treatment strategy A
GP IIb/IIIa receptor inhibitors are not recommended for patients on dual antiplatelet therapy who are treated 

conservatively
A

COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 18.4 (Continued)

taBle 18.5 the acc/aHa 2007 guideline recommendations for anticoagulant therapy [16]

COR Recommendation lOE

I Anticoagulant therapy should be added to antiplatelet therapy in UA/NSTEMI patients as soon as possible after 
presentation:

1. for patients in whom an invasive strategy is selected, regimens with established efficacy at a lOE of A include 
enoxaparin and unfractionated heparin (UfH), and those with established efficacy at a lOE of B include bivalirudin 
and fondaparinux

2. for patients in whom a conservative strategy is selected, regimens using either enoxaparin or UfH (lOE: A) or 
fondaparinux (lOE: B) have established efficacy

3. In patients in whom a conservative strategy is selected and who have an increased risk of bleeding, fondaparinux is 
preferable (lOE: B)

IIa for UA/NSTEMI patients in whom an initial conservative strategy is selected, enoxaparin or fondaparinux is preferable 
to UfH as anticoagulant therapy, unless CABG is planned within 24 h

B

COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 18.6 the esc 2011 guideline recommendations for anticoagulant therapy [17]

COR Recommendations lOE

I Anticoagulation is recommended for all patients in addition to antiplatelet therapy A
The anticoagulation should be selected according to both ischemic and bleeding risks and according to the efficacy–

safety profile of the chosen agent
C

fondaparinux (2.5 mg subcutaneously daily) is recommended as having the most favorable efficacy–safety profile with 
respect to anticoagulation

A

If the initial anticoagulant is fondaparinux, a single bolus of UfH (85 IU/kg adapted to activated clotting time or 60 IU 
in the case of concomitant use of GP IIb/IIIa receptor inhibitors) should be added at the time of PCI

B

Enoxaparin (1 mg/kg twice daily) is recommended when fondaparinux is not available B
If fondaparinux or enoxaparin is not available, UfH with a target activated partial thromboplastin time (aPTT) of 

50–70 s or other low‐molecular‐weight heparins (lMWHs) at the specific recommended doses are indicated
C

Bivalirudin plus provisional GP IIb/IIIa receptor inhibitors are recommended as an alternative to UfH plus GP IIb/IIIa 
receptor inhibitors in patients with an intended urgent or early invasive strategy, particularly in patients with a high 
risk of bleeding

B

In a purely conservative strategy, anticoagulation should be maintained up to hospital discharge A
IIa discontinuation of anticoagulation should be considered after an invasive procedure unless otherwise indicated C
III Crossover of heparins (UfH and lMWH) is not recommended B

COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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recommendations. Notably, the class III (no benefit) recom
mendation states that intravenous fibrinolytic therapy (also 
known as thrombolytic therapy) is not indicated in patients 
without an acute ST‐segment elevation, a true posterior MI, 
or a presumed new left bundle‐branch block (lOE: A). 
Hence, fibrinolytic agents are contraindicated in patients 
with UA/NSTEMI. Summarized below are the 8 class I rec
ommendations. The reader is suggested to refer to the full 
guideline update [19] for more details:

1. for UA/NSTEMI patients in whom an initial conser
vative strategy is selected and no subsequent features 
appear that would necessitate diagnostic angiography 
(recurrent symptoms/ischemia, heart failure, or serious 
arrhythmias), a stress test should be performed (lOE: 
B). If, after stress testing, the patient is classified as 
not at low risk, diagnostic angiography should be per
formed (lOE: A). If, after stress testing, the patient is 
classified as being at low risk, the instructions noted 
below should be followed in preparation for discharge: 
(i) continue aspirin indefinitely (lOE: A); (ii) con
tinue clopidogrel or ticagrelor for up to 12 months 
(lOE: B); (iii) discontinue iv GP IIb/IIIa inhibitor if 
started previously (lOE: A); and (iv) continue UfH 
for 48 h (lOE: A) or administer enoxaparin (lOE: A) 
or fondaparinux (lOE: B) for the duration of hospital
ization, up to 8 days, and then discontinue anticoagu
lant therapy.

2. for UA/NSTEMI patients in whom CABG is selected 
as a postangiography management strategy, the 
instructions noted below should be followed: 
(i)  continue aspirin (lOE: A); (ii) see (3) below in this 
section; (iii) discontinue iv GP IIb/IIIa inhibitor 
(eptifibatide or tirofiban) 4 h before CABG (lOE: B); 
and (iv) anticoagulant therapy should be managed as 
follows—continue UfH (lOE: B), discontinue enoxa
parin 12–24 h before CABG and dose with UfH per 
institutional practice (lOE: B), discontinue 
fondaparinux 24 h before CABG and dose with UfH 
per institutional practice (lOE: B), and discontinue 
bivalirudin 3 h before CABG and dose with UfH per 
institutional practice (lOE: B).

3. In patients taking a P2Y
12

 AdP‐receptor inhibitor in 
whom CABG is planned and can be delayed, it is rec
ommended that the drug be discontinued to allow for 
dissipation of the antiplatelet effect (lOE: B). The 
period of withdrawal should be at least 5 days in 
patients receiving clopidogrel (lOE: B) or ticagrelor 
(lOE: C) and at least 7 days in patients receiving pra
sugrel (lOE: C) unless the need for revascularization 
and/or the net benefit of the P2Y

12
 AdP‐receptor 

inhibitor therapy outweighs the potential risks of 
excess bleeding (lOE: C).

4. for UA/NSTEMI patients in whom PCI has been 
selected as a postangiography management strategy, 
the instructions noted below should be followed: (i) 
continue aspirin (lOE: A); (ii) administer a loading 
dose of a P2Y

12
 AdP‐receptor inhibitor if not started 

before diagnostic angiography (lOE: A); and (iii) dis
continue anticoagulant therapy after PCI for uncom
plicated cases (lOE: B).

5. for UA/NSTEMI patients in whom medical therapy is 
selected as a management strategy and in whom no 
significant obstructive coronary artery disease (CAd) 
on angiography was found, antiplatelet and anticoagu
lant therapy should be administered at the discretion of 
the clinician (lOE: C). for patients in whom evidence 
of coronary atherosclerosis is present (e.g., luminal 
irregularities or intravascular ultrasound‐ demonstrated 
lesions), albeit without flow‐limiting stenoses, long‐
term treatment with aspirin and other secondary pre
vention measures should be prescribed (lOE: C).

6. for UA/NSTEMI patients in whom medical therapy is 
selected as a management strategy and in whom CAd 
was found on angiography, the following approach is 
recommended: (i) continue aspirin (lOE: A); (ii) admin
ister a loading dose of clopidogrel or ticagrelor if not 
given before diagnostic angiography (lOE: B); (iii) dis
continue intravenous GP IIb/IIIa inhibitor if started pre
viously (lOE: B); and (iv) anticoagulant therapy should 
be managed as follows—continue intravenous UfH for 
at least 48 h or until discharge if given before diagnostic 
angiography (lOE: A), continue enoxaparin for 
 duration of hospitalization, up to 8 days, if given 
before  diagnostic angiography (lOE: A), continue 
fondaparinux for duration of hospitalization, up to 8 
days, if given before diagnostic angiography (lOE: B), 
and either discontinue bivalirudin or continue at a dose 
of 0.25 mg/kg/h for up to 72 h at the physician’s discre
tion if given before diagnostic angiography (lOE: B).

7. for UA/NSTEMI patients in whom a conservative 
strategy is selected and who do not undergo angiog
raphy or stress testing, the instructions noted below 
should be followed: (i) continue aspirin indefinitely 
(lOE: A); (ii) continue clopidogrel or ticagrelor for up 
to 12 months (lOE: B); (iii) discontinue intravenous 
GP IIb/IIIa inhibitor if started previously (lOE: A); 
and (iv) continue UfH for 48 h (lOE: A) or administer 
enoxaparin (lOE: A) or fondaparinux (lOE: B) for 
the duration of hospitalization, up to 8 days, and then 
discontinue anticoagulant therapy.

8. for UA/NSTEMI patients in whom an initial conservative 
strategy is selected and in whom no subsequent features 
appear that would necessitate diagnostic angiography 
(recurrent symptoms/ischemia, heart failure, or serious 
arrhythmias), lvEf should be measured (lOE: B).
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18.4.5 coronary revascularization

At present, most patients with UA/NSTEMI in the United 
States, and many patients elsewhere, undergo coronary arte
riography and revascularization during the index hospitali
zation. Revascularization for UA/NSTEMI relieves 
symptoms, shortens hospital stay, and improves prognosis. 
The indications and timing for myocardial revascularization 
and choice of preferred approach (PCI or CABG) depend on 
many factors including the patient’s condition, the presence 
of risk features, comorbidities, and the extent and severity of 
the lesions as identified by coronary angiography [17].

Risk stratification should be performed as early as pos
sible to identify high‐risk individuals rapidly and reduce the 
delay to an early invasive approach. However, patients with 
UA/NSTEMI represent a heterogeneous population in terms 
of risk and prognosis. This extends from low‐risk patients 
who benefit from conservative treatment and a selective 
invasive approach to patients at high risk for death and car
diovascular events who should be rapidly referred for angi
ography and revascularization. Therefore, risk stratification 
is critical for selection of the optimal management strategy. 
Analysis of the patient risk profile may be performed by 
assessment of generally accepted high‐risk criteria and/or 
applying predefined risk scores such as the GRACE risk 
score or TIMI risk score [17].

The major recommendations for coronary vascularization 
in patients with UA/NSTEMI are summarized in Tables 18.7 
and 18.8.

18.4.6 recommendations for special Patient Groups

The previous sections have considered the management of 
UA/NSTEMI in the general patient populations. Patients 
with UA/NSTEMI are frequently also inflicted with other 
disorders. for example, ~20–30% of patients with UA/
NSTEMI have known diabetes, and at least as many have 
undiagnosed diabetes or impaired glucose tolerance. Hence, 
management of UA/NSTEMI in patients with concomitant 
diseases should also consider the appropriate treatment of 
the comorbidities. In addition, other factors, including age, 
gender, and extreme body weight, should also be considered 
for the proper management of UA/NSTEMI. This section 
discusses the current guideline recommendations in special 
patient groups, including the elderly and those with diabetes, 
chronic kidney disease (CKd), or heart failure.

18.4.6.1 The Elderly

General Considerations Older adults represent a group of 
patients in whom baseline risk is higher and who have more 
comorbidities but who derive equivalent or greater benefit 
(e.g., invasive vs. conservative strategy) compared to 
younger patients. Although a precise definition of “older 
patients” or “elderly” has not been established in the medical 
literature, many studies have used this term to refer to those 
who are 75 years and older. On the basis of a large national 
ACS registry, older patients make up a substantial portion of 
those presenting with UA/NSTEMI, with 35% older than 75 

taBle 18.7 the accF/aHa 2012 update recommendations for revascularization in patients with ua/nsteMi [19]

COR Recommendation lOE

I An early invasive strategy (i.e., diagnostic angiography with intent to perform revascularization) is indicated in 
UA/NSTEMI patients who have refractory angina or hemodynamic or electrical instability (without serious 
comorbidities or contraindications to such procedures)

B

An early invasive strategy (i.e., diagnostic angiography with intent to perform revascularization) is indicated in 
initially stabilized UA/NSTEMI patients (without serious comorbidities or contraindications to such 
procedures) who have an elevated risk for clinical events

A

IIa It is reasonable to choose an early invasive strategy (within 12–24 h of admission) over a delayed invasive 
strategy for initially stabilized high‐risk patients with UA/NSTEMI. for patients not at high risk, a delayed 
invasive approach is also reasonable

B

In initially stabilized patients, an initially conservative (i.e., a selectively invasive) strategy may be considered as 
a treatment strategy for UA/NSTEMI patients (without serious comorbidities or contraindications to such 
procedures) who have an elevated risk for clinical events, including those who are troponin positive (lOE: B). 
The decision to implement an initial conservative (vs. initial invasive) strategy in these patients may be made 
by considering physician and patient preference (lOE: C)

B, C

III (no benefit) An early invasive strategy (i.e., diagnostic angiography with intent to perform revascularization) is not 
recommended in patients with extensive comorbidities (e.g., liver or pulmonary failure, cancer), in whom the 
risks of revascularization and comorbid conditions are likely to outweigh the benefits of revascularization

C

An early invasive strategy (i.e., diagnostic angiography with intent to perform revascularization) is not 
recommended in patients with acute chest pain and a low likelihood of ACS

C

An early invasive strategy (i.e., diagnostic angiography with intent to perform revascularization) should not be 
performed in patients who will not consent to revascularization regardless of the findings

C

COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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years and 11% aged more than 85 years [2]. Hence, 
management of AU/NSTEMI in the elderly represents a 
significant issue in cardiovascular medicine.

Characteristics of the Elderly with UA/NSTEMI Older 
persons also present with a number of special and complex 
challenges with regard to the management of UA/NSTEMI 
[2]. These include the following:

1. Older persons who develop UA/NSTEMI are more 
likely to present with atypical symptoms, including 
dyspnea and confusion, rather than with the chest pain 
typically experienced by younger patients with acute 
myocardial ischemia. Conversely, noncardiac comor
bidities, such as chronic obstructive pulmonary dis
ease, gastroesophageal reflux disease, upper‐body 
musculoskeletal symptoms, pulmonary embolism, 
and pneumonia, also are more frequent and may be 
associated with chest pain at rest that can mimic clas
sic symptoms of UA/NSTEMI. Hence, successful rec
ognition of true myocardial ischemia in the elderly is 
often more difficult than in younger patients.

2. Older patients are more likely than younger patients to 
have altered or abnormal cardiovascular anatomy and 
physiology, including a diminished β‐sympathetic 
response, increased cardiac afterload due to decreased 
arterial compliance and arterial hypertension, ortho
static hypotension, cardiac hypertrophy, and ventric
ular dysfunction, especially diastolic dysfunction.

3. Older patients typically have developed significant 
cardiac comorbidities and risk factors, such as hyper
tension, prior MI, heart failure, cardiac conduction 
abnormalities, prior CABG, peripheral and cerebro
vascular disease, diabetes, renal insufficiency, and 
stroke.

4. Because of the larger burden of concomitant dis
eases, older patients tend to be treated with a greater 
number of medications and are at higher risk for drug 
interactions. Hence, among an already high‐risk 
population, older age is associated with higher disease 
severity and higher disease and treatment risk at 
presentation.

5. due to altered drug metabolism and other physiological 
changes, older patients are at higher risk of drug tox
icity. Older persons are particularly vulnerable to 
adverse events from cardiovascular drugs due to 
altered drug metabolism and distribution, as well as to 
exaggerated drug effects. This is particularly true for 
the risk of bleeding with antiplatelet agents and anti
coagulants but also for hypotension, bradycardia, and 
renal failure. Reductions in cardiac output and in renal 
and hepatic perfusion and function decrease the rate of 
elimination of drugs in the elderly. Additionally, older 
patients typically have lower drug distribution vol
umes (due to a lower body mass). As a result, drugs 
need to be carefully selected and individually adjusted. 
Current evidence demonstrates that older adults are 
frequently excessively dosed. Hence, precautions need 

taBle 18.8 the esc 2011 guideline recommendations for revascularization in patients with ua/nsteMi [17]

COR Recommendation lOE

I An invasive strategy (within 72 h after first presentation) is indicated in patients with (i) at least one high‐risk criteriona 
and/or (ii) recurrent symptoms

A

Urgent coronary angiography (<2 h after first presentation) is recommended in patients at very high ischemic risk 
(refractory angina, with associated heart failure, life‐threatening ventricular arrhythmias, or hemodynamic instability)

C

An early invasive strategy (<24 h after first presentation) is recommended in patients with a GRACE scoreb >140 or 
with at least one primary high‐risk criterion

A

Noninvasive documentation of inducible ischemia is recommended in low‐risk patients without recurrent symptoms 
before deciding for invasive evaluation

A

The revascularization strategy (ad hoc culprit lesion PCI/multivessel PCI/CABG) should be based on the clinical status 
as well as the disease severity, that is, distribution and angiographic lesion characteristics (e.g., SYNTAX scorec), 
according to the local “Heart Team” protocol

C

As there are no safety concerns related to the use of drug‐eluting stents (dESs) in ACS, such stents are indicated based 
on an individual basis taking into account baseline characteristics, coronary anatomy, and bleeding risk

A

III PCI of nonsignificant lesions is not recommended C
Routine invasive evaluation of low‐risk patients is not recommended A

a The criteria for high risk regarding indication for coronary revascularization include relevant rise or fall in cardiac troponins, dynamic ST‐ or T‐wave changes 
(symptomatic or silent), diabetes, renal insufficiency (estimated glomerular filtration rate <60 ml/min/1.73 m2), reduced left ventricular function (ejection 
fraction <40%), early postinfarction angina, recent PCI, prior CABG, and intermediate to high Global Registry of Acute Coronary Events (GRACE) risk score.
b GRACE risk score: The GRACE risk score, along with the TIMI risk score, is widely used for the assessment of the risk of death among patients with 
ACS [21].
c SYNTAX score: See note to Table 15.6 for description.
COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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to be taken to personalize these therapies (i.e., 
beginning with lower doses than in younger patients, 
whenever appropriate, and providing careful observa
tion for adverse effects) [2].

Recommendations Both the ACC/AHA and the ESC 
guidelines provide recommendations and detailed rationales 
for particular management of UA/NSTEMI in the elderly. 
Some of the major recommendations are provided in 
Tables 18.9 and 18.10.

18.4.6.2 Diabetes

General Considerations diabetes occurs perhaps in more 
than 50% of patients with UA/NSTEMI and is an independent 
predictor of adverse outcomes. Patients with diabetes have a 
twofold higher risk of death. In addition, patients with impaired 
glucose tolerance or impaired fasting blood glucose have a 
worse prognosis than patients with normal glucose metabolism 
but a better prognosis than patients with confirmed diabetes.

A consensus statement by the American Association of 
Clinical Endocrinologists and the American diabetes 
Association summarized that “although hyperglycemia is 

associated with adverse outcomes after acute MI, reduction 
of glycemia per se and not necessarily the use of insulin is 
associated with improved outcomes. It remains unclear, 
however, whether hyperglycemia is a marker of underlying 
health status or is a mediator of complications after acute 
MI. Noniatrogenic hypoglycemia has also been associated 
with adverse outcomes and is a predictor of higher 
mortality” [22].

diabetes is associated with more extensive CAd, 
unstable lesions, frequent comorbidities, and less favorable 
long‐term outcomes with coronary revascularization, espe
cially with percutaneous transluminal coronary angioplasty 
(PTCA). Given the diffuse nature of diabetic coronary 
 disease, the relative benefits of CABG over PCI may well 
persist for diabetic patients, even in the era of drug‐eluting 
stents.

Although the benefit of appropriate glycemic control in 
ACS has been widely recognized, the efficacy of intensified 
insulin‐based glycemic control in ACS remains controver
sial [23]. for example, a recent randomized trial reported 
that intensive glucose management strategy, aiming at a 
plasma glucose level of 85–110 mg/dl by using intravenous 
insulin, did not reduce infarct size in hyperglycemic patients 

taBle 18.9 the acc/aHa 2007 guideline recommendations for management of ua/nsteMi in older adults [2]

COR Recommendation lOE

I Older patients with UA/NSTEMI should be evaluated for appropriate acute and long‐term therapeutic interventions in a 
similar manner as younger patients with UA/NSTEMI

A

I decisions on management of older patients with UA/NSTEMI should not be based solely on chronologic age, but should 
be patient centered, with consideration given to general health, functional and cognitive status, comorbidities, life 
expectancy, and patient preferences and goals

B

I Attention should be given to appropriate dosing (i.e., adjusted by weight and estimated creatinine clearance) of 
pharmacological agents in older patients with UA/NSTEMI, because they often have altered pharmacokinetics (due to 
reduced muscle mass, renal and/or hepatic dysfunction, and reduced volume of distribution) and pharmacodynamics 
(increased risks of hypotension and bleeding)

B

I Older UA/NSTEMI patients face increased early procedural risks with revascularization relative to younger patients, yet 
the overall benefits from invasive strategies are equal to or perhaps greater in older adults and are recommended

B

I Consideration should be given to patient and family preferences, quality of life issues, end‐of‐life preferences, and 
sociocultural differences in older patients with UA/NSTEMI

C

COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 18.10 the esc 2011 guideline recommendations for management of ua/nsteMi in older adults [17]

COR Recommendation lOE

I Because of the frequent atypical presentation, elderly patients (>75 years) should be investigated for UA/NSTEMI at low 
level of suspicion

C

Treatment decisions in the elderly (>75 years) should be made in the context of estimated life expectancy, comorbidities, 
quality of life, and patient wishes and preferences

C

Choice and dosage of antithrombotic drugs should be tailored in elderly patients to prevent the occurrence of adverse 
effects

C

IIa Elderly patients should be considered for an early invasive strategy with the option of possible revascularization, after 
careful weighing up of the risks and benefits

B

COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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with ACS treated with PCI and was associated with harm 
[24]. On the other hand, a long‐term (20 years) follow‐up 
trial demonstrated that intensified insulin‐based glycemic 
control after acute MI in patients with diabetes and hyper
glycemia at admission had a long‐lasting beneficial effect on 
longevity [25]. Although the effect of glucose lowering 
might be less apparent with presently available, more effec
tive lipid‐lowering and blood pressure‐lowering drugs, 
improved glycemic control might still be important for lon
gevity after acute MI [25].

Recommendations The guideline recommendations for 
management of UA/NSTEMI in diabetic patients are 
summarized in Tables 18.11 and 18.12.

18.4.6.3 CKD

General Considerations Renal dysfunction is present in 
30–40% of patients with UA/NSTEMI. Patients with CKd 
more frequently present with heart failure and without 
typical chest pain. Patients with UA/NSTEMI and CKd 
often do not receive guideline‐recommended therapy. CKd 
constitutes a major risk factor for adverse outcomes after 
MI, including NSTEMI and other coronary patient subsets, 
and is an independent predictor of short‐ and long‐term 
mortality and of major bleeding in patients with UA/
NSTEMI [17]. In addition to higher risk of antithrombotic 

drug‐associated bleeding in CKd, angiography also carries 
an increased risk of contrast‐induced nephropathy, and the 
usual benefits of percutaneous interventions can be lessened 
or abolished. Indeed, PCI in patients with CKd is associated 
with a higher rate of early and late complications of bleeding, 
restenosis, and death [2]. Hence, the identification of CKd is 
important in that it represents an ACS subgroup with a far 
more adverse prognosis but for whom interventions have 
less certain benefits.

Recommendations To guide the proper management of 
UA/NSTEMI in patients with CKd, both the ACCf/AHA 
and the ESC have published guideline‐based recommen
dations (Tables 18.13 and 18.14). The ESC also has provided 
recommendations specific for the use of antithrombotic 
drugs in UA/NSTEMI patients with CKd (Table 18.15).

18.4.6.4 Heart Failure Heart failure is one of the most 
frequent and deadly complications of ACS including UA/
NSTEMI. Both left ventricular dysfunction and heart failure 
are independent predictors of mortality and other major 
adverse cardiac events in UA/NSTEMI. Patients with UA/
NSTEMI and heart failure less frequently receive evidence‐
based therapies, including β‐blockers and ACEIs, or ARBs, 
coronary angiography, and revascularization [17]. In its 
2011 guideline, the ESC provides recommendations for 
management of UA/NSTEMI in patients with heart failure 

taBle 18.11 the accF/aHa 2012 update recommendations for management of ua/nsteMi in diabetics [19]

COR Recommendation lOE

I Medical treatment in the acute phase of UA/NSTEMI and decisions on whether to perform stress testing, angiography, 
and revascularization should be similar in patients with and without diabetes

A

IIa for patients with UA/NSTEMI and multivessel disease, CABG with use of the internal mammary arteries can be 
beneficial over PCI in patients being treated for diabetes

B

PCI is reasonable for UA/NSTEMI patients with diabetes with single‐vessel disease and inducible ischemia B
It is reasonable to use an insulin‐based regimen to achieve and maintain glucose levels less than 180 mg/dl while avoiding 

hypoglycemia for hospitalized patients with UA/NSTEMI with either a complicated or an uncomplicated course
B

COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 18.12 the esc 2011 guideline recommendations for management of ua/nsteMi in diabetics [17]

COR Recommendation lOE

I All patients with UA/NSTEMI should be screened for diabetes. Blood glucose levels should be monitored frequently in 
patients with known diabetes or admission hyperglycemia

C

Treatment of elevated blood glucose should avoid both excessive hyperglycemia (10–11 mM or 180–200 mg/dl) and 
hypoglycemia (<5 mM or <90 mg/dl)

B

Antithrombotic treatment is indicated as in nondiabetic patients C
Renal function should be closely monitored following contrast exposure C
An early invasive strategy is recommended A
drug‐eluting stents are recommended to reduce rates of repeat revascularization A
CABG surgery should be favored over PCI in diabetic patients with main stem lesions and/or advanced multivessel 

disease
B

COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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taBle 18.13 the accF/aHa 2012 update recommendations for management of ua/nsteMi in patients with cKd [19]

COR Recommendation lOE

I Creatinine clearance should be estimated in UA/NSTEMI patients and the doses of renally cleared medications 
should be adjusted according to the pharmacokinetic data for specific medications

B

Patients undergoing cardiac catheterization with receipt of contrast media should receive adequate preparatory 
hydration

B

Calculation of the contrast volume to creatinine clearance ratio is useful to predict the maximum volume of 
contrast media that can be given without significantly increasing the risk of contrast‐associated nephropathy

B

IIa An invasive strategy is reasonable in patients with mild (stage 2) and moderate (stage 3) CKd. There are 
insufficient data on benefit–risk of invasive strategy in UA/NSTEMI patients with advanced CKd  
(stages 4 and 5)

B

COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 18.14 the esc 2011 guideline recommendations for management of ua/nsteMi in patients with cKd [17]

COR Recommendation lOE

I Kidney function should be assessed by creatinine clearance (CrCl) or estimated glomerular filtration rate (eGfR) 
in patients with UA/NSTEMI, with special attention to elderly people, women, and patients with low body 
weight, as near‐normal serum creatinine levels may be associated with lower than expected CrCl and eGfR  
levels

C

Patients with UA/NSTEMI and CKd should receive the same first‐line antithrombotic treatment as patients devoid 
of CKd, with appropriate dose adjustments according to the severity of renal dysfunction

B

depending on the degree of renal dysfunction, dose adjustment or switch to UfH with fondaparinux, enoxaparin, 
and bivalirudin and dose adjustment with small molecule GP IIb/IIIa receptor inhibitors are indicated

B

UfH infusion adjusted to aPTT is recommended when CrCl is <30 ml/min or eGfR is <30 ml/min/1.73 m2 with most 
anticoagulants (fondaparinux <20 ml/min)

C

In patients with UA/NSTEMI and CKd considered for invasive strategy, hydration and low‐ or iso‐osmolar contrast 
medium at low volume (<4 ml/kg) are recommended

B

CABG or PCI is recommended in patients with CKd amenable to revascularization after careful assessment of the 
risk–benefit ratio in relation to the severity of renal dysfunction

B

COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 18.15 the esc 2011 guideline recommendations for use of antithrombotic drugs in ua/nsteMi patients  
with cKd [17]

Antithrombotic Recommendation

Clopidogrel No information in patients with renal dysfunction
Prasugrel No dose adjustment necessary, including in patients with end‐stage disease
Ticagrelor No dose reduction required; no information in dialysis patients
Enoxaparin dose reduction to 1 mg/kg once daily in the case of severe renal failure (CrCl <30 ml/min). Consider monitoring 

of anti‐factor Xa activity
fondaparinux Contraindicated in severe renal failure (CrCl <20 ml/min); drug of choice in patients with moderately reduced 

renal function (CrCl 30–60 ml/min)
Bivalirudin Patients with moderate renal impairment (30–59 ml/min) should receive an infusion of 1.75 mg/kg/h. If the 

creatinine clearance is <30 ml/min, reduction of the infusion rate to 1 mg/kg/h should be considered. No 
reduction in the bolus dose is needed. If a patient is on hemodialysis, the infusion rate should be reduced to 
0.25 mg/kg/h

Abciximab No specific recommendations for the use of abciximab or for dose adjustment in the case of renal failure. 
Careful evaluation of hemorrhagic risk is needed before using the drug in the case of renal failure

Eptifibatide The infusion dose should be reduced to 1 µg (mcg)/kg/min in patients with CrCl <50 ml/min. The dose of the 
bolus remains unchanged at 180 µg (mcg)/kg. Eptifibatide is contraindicated in patients with CrCl  
<30 ml/min

Tirofiban dose adaptation is required in patients with renal failure; 50% of the bolus dose and infusion if CrCl  
is <30 ml/min

COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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[17], and the key points are summarized in Table  18.16. 
However, this topic is not addressed in the ACC/AHA 2007 
guideline or its 2011 and 2012 updates.

18.4.7 long‐term Management

18.4.7.1 General Considerations The acute phase of UA/
NSTEMI is usually over within 2 months. The risk of pro
gression to MI or the development of recurrent MI or death is 
highest during that period. At 1–3 months after the acute 
phase, most patients resume a clinical course similar to that in 
patients with chronic stable ischemic heart disease (SIHd).

The broad goals during the hospital discharge phase are 
twofold: (i) to prepare the patient for normal activities to the 
extent possible and (ii) to use the acute event as an opportu
nity to reevaluate the plan of care, particularly lifestyle and 

risk factor modifications. Aggressive risk factor modifica
tions that can prolong survival should be the main goals of 
long‐term management of SIHd (see Chapter 15). Patients 
who have undergone successful PCI with an uncomplicated 
course are usually discharged the next day, and patients who 
undergo uncomplicated CABG are generally discharged 4–7 
days after CABG.

Medical management of low‐risk patients after noninva
sive stress testing and coronary angiography can typically be 
accomplished rapidly, with discharge soon after testing. 
Medical management of a high‐risk group of patients who 
are unsuitable for or unwilling to undergo revascularization 
could require vigilant inpatient monitoring in order to 
achieve adequate ischemic symptom control with medical 
therapy that will minimize future morbidity and mortality 
and improve quality of life [19].

taBle 18.16 the esc 2011 guideline recommendations for management of ua/nsteMi in patients with heart failure [17]

COR Recommendation lOE

I β‐Blockers and ACEIs/ARBs appropriately titrated are indicated in patients with UA/NSTEMI and left ventricular 
dysfunction with or without signs of heart failure

A

Aldosterone receptor antagonists, preferably eplerenone, are indicated in patients with UA/NSTEMI, left ventricular 
dysfunction, and heart failure

A

Patients with UA/NSTEMI and lv dysfunction or heart failure are recommended to undergo coronary revascularization, if 
amenable to it

A

IIa Patients with UA/NSTEMI and severe lv dysfunction should be considered after 1 month for device therapy (cardiac 
resynchronization therapy and/or implantable cardioverter defibrillator) in addition to optimal medical therapy whenever 
indicated

B

COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 18.17 the accF/aHa 2012 update recommendations for convalescent and long‐term antiplatelet therapy [19]

COR Recommendation lOE

I for UA/NSTEMI patients treated medically without stenting, aspirin should be prescribed indefinitely (lOE: A); 
clopidogrel (75 mg/day) or ticagrelor (90 mg twice daily) should be prescribed for up to 12 months (lOE: B)

for UA/NSTEMI patients treated with a stent (bare‐metal stent [BMS] or dES), aspirin should be continued 
indefinitely (lOE: A). The duration and maintenance dose of P2Y

12
 AdP‐receptor inhibitor therapy should be 

as follows: (i) Clopidogrel 75 mg daily, prasugrel 10 mg daily, or ticagrelor 90 mg twice daily should be given 
for at least 12 months in patients receiving dES and up to 12 months for patients receiving BMS (lOE: B). 
(ii) If the risk of morbidity, because of bleeding, outweighs the anticipated benefits afforded by P2Y

12
 

AdP‐receptor inhibitor therapy, earlier discontinuation should be considered (lOE: C)
Clopidogrel 75 mg daily (lOE: B), prasugrel 10 mg daily (in PCI‐treated patients) (lOE: C), or ticagrelor 90 mg 

twice daily (lOE: C) should be given to patients recovering from UA/NSTEMI when aspirin is contraindicated 
or not tolerated because of hypersensitivity or gastrointestinal intolerance (despite use of gastroprotective 
agents, such as proton pump inhibitors)

IIa After PCI, it is reasonable to use 81 mg/day of aspirin in preference to higher maintenance doses B
IIb for UA/NSTEMI patients who have an indication for anticoagulation, the addition of warfarin may be reasonable 

to maintain an international normalized ratio (INR) of 2.0–3.0
B

Continuation of a P2Y
12

 AdP‐receptor inhibitor beyond 12 months may be considered in patients following dES 
placement

C

III (no benefit) dipyridamole is not recommended as an antiplatelet agent in post‐UA/NSTEMI patients because it has not been 
shown to be effective

B

COR and lOE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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This section focuses on discussing the general principles 
and current guideline‐based recommendations regarding 
long‐term pharmacological therapy and secondary preven
tion in patients following the acute phase of UA/NSTEMI. 
The reader may refer to the ACCf/AHA 2007 guideline 
and its 2011 and 2012 updates for recommendations on 
other aspects of the long‐term management, including post
discharge follow‐up and cardiac rehabilitation, among 
others [19].

18.4.7.2 Long‐Term Pharmacological Therapy and 
Secondary Prevention Secondary prevention is of para
mount importance since ischemic events continue to accrue 
at a high rate after the acute phase. In a database of 16,321 
ACS patients, 20% of all patients were rehospitalized and 
18% of the men and 23% of the women >40 years of age 
died during the first year following the acute ischemic event 
[17]. In this context, secondary prevention has a major 
impact on long‐term outcome in patients who have survived 
the acute phase. It is worth repeating here that all measures 
and treatments with proven efficacy in secondary prevention 
should be implemented. These include lifestyle modifica
tions, control of risk factors, and prescription of the drug 
classes with proven efficacy, such as antiplatelet agents 
(aspirin, P2Y

12
 AdP‐receptor inhibitors), β‐blockers, statins, 

ACE inhibitors or ARBs, and aldosterone receptor antago
nists. Since ACS patients without release of cardiac bio
markers (i.e., patients with UA) are less likely to receive 
guideline‐oriented pharmacological secondary prevention as 
compared with NSTEMI patients, it should be stressed that 
all ACS patients do benefit from comprehensive secondary 
prevention, as outlined earlier.

Guidelines on secondary prevention of cardiovascular 
diseases, as covered elsewhere in the book (Chapters 5, 12, 
and 15), are of relevance, and the reader may refer to the 
aforementioned chapters for detailed information. This 
 section considers only the ACCf/AHA 2012 update 
 recommendations on long‐term antiplatelet therapy in 
patients who have survived the acute phase of UA/NSTEMI 
(Table 18.17).

18.5 suMMary OF cHaPter Key POints

 • UA, NSTEMI, and STEMI are the three presentations 
of ACS. The first step in the management of patients 
with ACS is prompt recognition and diagnosis of the 
syndromes.

 • Once the diagnosis of either UA or an acute NSTEMI is 
made, the management of the patient involves the 
simultaneous achievement of several goals, including 
relief of ischemic pain, risk stratification, treatment to 
minimize myocardial injury and reduce mortality, and 
long‐term care to prolong survival.

 • Multiple guidelines have been developed to provide 
evidence‐based recommendations on the management 
of UA/NSTEMI. Among them, the ACC/AHA 2007 
guideline with focused updates in 2011 and 2012 and 
the ESC 2011 guideline are extensively cited and 
widely adopted.

 • Guideline‐based management of patients with UA/
NSTEMI involves the use of four therapeutic modal
ities, including anti‐ischemic and analgesic therapy, 
antiplatelet therapy, anticoagulant therapy, and coro
nary revascularization.

 • Anti‐ischemic drugs either decrease myocardial oxygen 
demand or increase myocardial oxygen supply so as to 
improve myocardial oxygen imbalance. Anti‐ischemic 
agents for UA/NSTEMI typically include nitrates, β‐
blockers, CCBs, and ranolazine.

 • Antiplatelet therapy is essential to modify the disease 
process and its progression to death, MI, or recurrent 
MI in the majority of patients who have ACS due to 
thrombosis on a ruptured plaque.

 • Antiplatelet therapy should be instituted as early as 
possible when the diagnosis of UA/NSTEMI is made in 
order to reduce the risk of both acute ischemic compli
cations and recurrent atherothrombotic events.

 • Anticoagulants are used to inhibit thrombin generation 
and/or activity, thereby reducing thrombus‐related 
events. The combination of anticoagulation and anti
platelet therapy is more effective than either treatment 
alone.

 • Revascularization for UA/NSTEMI relieves symptoms, 
shortens hospital stay, and improves prognosis. The 
indications and timing for myocardial revascularization 
and choice of preferred approach (PCI or CABG) 
depend on the patient’s condition, the presence of risk 
features and comorbidities, and the extent and severity 
of the lesions as identified by coronary angiography.

 • The noninvasive intravenous fibrinolytic therapy is not 
indicated in patients without an acute ST‐segment ele
vation, a true posterior MI, or a presumed new left 
bundle‐branch block. Hence, fibrinolytic agents are 
contraindicated in patients with UA/NSTEMI.

 • Management of UA/NSTEMI in patients with concom
itant diseases (e.g., diabetes, CKd, heart failure) should 
also consider the appropriate treatment of the comor
bidities. In addition, other factors, including age, 
gender, and extreme body weight, should also be con
sidered for the proper management of UA/NSTEMI.

 • long‐term management of SIHd should focus on 
aggressive risk factor modifications to prolong survival. 
Secondary prevention is of paramount importance 
since ischemic events continue to accrue at a high rate 
after the acute phase. All measures and treatments with 
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proven efficacy in secondary prevention should be 
implemented. These include lifestyle modifications, 
control of risk factors, and prescription of the drug 
classes with proven efficacy, such as antiplatelet agents 
(aspirin, P2Y

12
 AdP‐receptor inhibitors), β‐blockers, 

statins, ACEIs or ARBs, and aldosterone receptor 
antagonists.

18.6 selF‐assessMent QuestiOns

18.6.1 A 60‐year‐old male presents with unstable angina. 
Which of the following drugs is most likely given to 
the patient to reduce myocardial oxygen demand and 
decrease the risk of cardiac death?
A. Carvedilol
B. digoxin
C. dobutamine
d. Prazosin
E. verapamil

18.6.2 A 65‐year‐old female is brought to the emergency 
department because of severe chest pain. ECG and 
blood chemistry reveal that she is having a non‐ST‐
elevation myocardial infarction. Her blood pressure 
is 135/75 mm Hg and heart rate 80 beats/min. Which 
of the following should be initiated within the first 
24 h?
A. Intravenous dobutamine
B. Intravenous enalapril
C. Intravenous nicardipine
d. Oral ibuprofen
E. Oral metoprolol

18.6.3 A 54‐year‐old patient presents to the emergency 
room with severe “heartburn,” anxiety, and sweating. 
Immediate ECG suggests an acute coronary syn
drome. Which of the following should be adminis
tered as soon as possible and continued indefinitely if 
the patient is diagnosed with an ACS?
A. Amlodipine
B. Aspirin
C. Clopidogrel
d. Nitroglycerin
E. Warfarin

18.6.4 A 60‐year‐old patient presents to the emergency 
department due to shortness of breath and chest tight
ness. ECG and blood chemistry show that he is hav
ing a non‐ST‐elevation acute coronary syndrome. 
History reveals that he had a stroke 2 years ago. In 
designing a treatment regimen for this patient who is 
scheduled to undergo percutaneous coronary inter
vention, which of the following drugs should be 
avoided?
A. Aspirin
B. Clopidogrel

C. Enoxaparin
d. Eptifibatide
E. Prasugrel

18.6.5 A 46‐year‐old male with non‐ST‐elevation myocar
dial infarction has undergone a successful percuta
neous coronary intervention with stent placement. 
The patient is put on dual antiplatelet therapy with 
aspirin (81 mg daily) and clopidogrel (75 mg daily). 
How long should clopidogrel be prescribed in the 
absence of contraindications?
A. 1 month
B. 2 months
C. 3 months
d. 6 months
E. 12 months

reFerences

1 Anderson, J.l., et al., ACC/AHA 2007 guidelines for the 
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19.1 Overview

Acute ST‐elevation myocardial infarction (STEMI) accounts 
for ~30% of all cases of acute coronary syndromes (ACS). 
The high early mortality for patients with STEMI is largely 
due to the significant myocardial ischemic injury. However, 
immediate reperfusion either pharmacologically with fibri
nolysis or mechanically by primary percutaneous coronary 
intervention (PCI) or coronary artery bypass grafting 
(CABG) limits the size of the infarction and reduces 
mortality. Reperfusion therapy by primary PCI reduces 
mortality and the risk of reinfarction beyond the benefits 
achieved by fibrinolysis, especially when the primary PCI is 
initiated within 90 min of first medical contact. The use of 
adjuvant therapy with platelet inhibitors and anticoagulants 
is essential to enhance the results of reperfusion and/or 
maintain vessel patency following either mode of 
reperfusion.

Despite the recent success in reducing the mortality of 
STEMI, the management of STEMI continues to undergo 
major changes. Good practice should be based on sound 
evidence, derived from well‐conducted randomized clinical 
trials. This chapter considers the principles of management 
of patients with STEMI based primarily on the recommen
dations of the most current guideline from the American 
College of Cardiology Foundation (ACCF) and American 
Heart Association (AHA). The chapter begins with a brief 
introduction to definition and epidemiology of STEMI and 
then provides an overview on the ACCF/AHA guideline 
development as well as related guidelines developed in 

other nations. The chapter focuses on discussing the general 
principles and the 2013 ACCF/AHA guideline‐based rec
ommendations with regard to both acute and nonacute man
agements of patients with STEMI. Special attention is given 
to drug therapy, which is an important component of STEMI 
treatment.

19.2 DefinitiOn anD epiDemiOlOgy

STEMI is a clinical syndrome defined by characteristic 
symptoms of myocardial ischemia in association with per
sistent electrocardiographic (ECG) ST‐segment elevation 
and subsequent release of biomarkers of myocardial 
necrosis [1]. Diagnostic ST‐segment elevation in the 
absence of left ventricular hypertrophy or left bundle‐
branch block is defined by the European Society of 
Cardiology (ESC)/ACCF/AHA/World Heart Federation 
Task Force for the “Universal Definition of Myocardial 
Infarction” as new ST‐segment elevation at the J point in at 
least two contiguous leads of ≥2 mm (0.2 mV) in men or 
≥1.5 mm (0.15 mV) in women in leads V

2
–V

3
 and/or of 

≥1 mm (0.1 mV) in other contiguous chest leads or the limb 
leads [2].

Community incidence rates for STEMI have declined 
over the past decade, whereas those for non‐ST‐segment ele
vation ACS have increased (also see Chapter 18). At present, 
STEMI comprises ~25–40% of myocardial infarction (MI) 
presentations. The major epidemiological data on STEMI 
are summarized in Box 19.1.

management Of St‐elevatiOn myOcarDial 
infarctiOn: principleS anD guiDelineS
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19.3 intrODuctiOn tO recent guiDelineS 
On the management Of Stemi

Several guidelines on STEMI from professional organiza
tions in both the United States and other countries have 
been published over the last several years. This section pro
vides an overview on the development of the ACCF/AHA 
guidelines for the management of STEMI. STEMI guide
lines from other countries or organizations are also intro
duced here.

19.3.1 the accf/aha guidelines

The American College of Cardiology (ACC) and the AHA 
have jointly produced guidelines in the area of cardiovas
cular disease since 1980. The ACC/AHA Task Force on 
Practice Guidelines (Task Force), charged with developing, 
updating, and revising practice guidelines for cardiovascular 
diseases and procedures, directs and oversees this effort. 
Writing committees are charged with regularly reviewing 
and evaluating all available evidence to develop balanced, 
patient‐centric recommendations for clinical practice. In this 

regard, a notable development was the ACC/AHA 2004 
guideline for the management of patients with STEMI. The 
2004 guideline resulted from the revision of the 1999 guide
line for the management of patients with AMI. The 2004 
guideline was subsequently updated in 2007 and 2009. In 
2013, the ACCF/AHA published the 2013 guideline for the 
management of STEMI. Table  19.1 summaries the recent 
development of ACC/AHA guidelines on the management 
of STEMI.

19.3.2 Other guidelines

In addition to the ACCF/AHA, many international organiza
tions have also published guidelines on the management of 
STEMI. Among them, the most notable one is the ESC 
guidelines for the management of STEMI. The ESC guide
lines represent the official position of the ESC on a given 
topic and are regularly updated. The current ESC guideline 
on STEMI was published in 2012, and this guideline is 
largely consistent with the 2013 ACCF/AHA guideline. 
Table 19.2 lists the current guidelines on STEMI from the 
ESC and other organizations/countries.

BOx 19.1 epiDemiOlOgy Of Stemi

The percentage of ACS or MI cases with ST‐segment elevation varies in different regis
tries/databases and depends heavily on the age of patients included and the type of sur
veillance used. According to the national Registry of Myocardial Infarction 4 (nRMI‐4), 
~29% of patients with MI are patients with STEMI. The AHA’s “Get With The 
Guidelines (GWTG)” project found that 32% of the patients with MI in the coronary 
artery disease (CAD) module are patients with STEMI (personal communication from 
AHA GWTG staff, october 1, 2007). The Global Registry of Acute Coronary Events 
(GRACE) study, which includes US patient populations, found that 38% of ACS patients 
have STEMI, whereas the second Euro Heart Survey on ACS (EHS‐ACS‐II) reported 
that ~47% of patients with ACS have STEMI.

In addition, the percentage of ACS or MI cases with ST‐segment elevation appears 
to be declining. In an analysis of 46,086 hospitalizations for ACS in the Kaiser 
Permanente northern California study, the percentage of MI cases with ST‐segment 
elevation decreased from 48.5 to 24% between 1999 and 2008.

Approximately 30% of patients with STEMI are women. Female sex was a strong 
independent predictor of failure to receive reperfusion therapy among patients who had 
no contraindications in the Can Rapid Risk Stratification of Unstable Angina Patients 
Suppress Adverse outcomes with Early Implementation of the ACC/AHA Guidelines 
(CRUSADE) registry.

Approximately 23% of patients with STEMI in the United States have diabetes, and 
three quarters of all deaths among patients with diabetes are related to coronary artery 
disease. Diabetes is associated with higher short‐ and long‐term mortality after STEMI, 
and in patients with diabetes, both hyperglycemia and hypoglycemia are associated 
with worse outcomes.

The elderly comprise a growing segment of the population and present special chal
lenges for diagnosis and management that may lead to disparities in care and delays in 
treatment [3, 4].
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19.4 principleS anD guiDeline 
recOmmenDatiOnS fOr the 
management Of Stemi

This section first introduces the general principles of acute 
management of STEMI. It then describes the current recom
mendations from the 2013 ACCF/AHA guideline [1].

19.4.1 general principles

The management of STEMI consists of both diagnosis and 
treatment. Treatment includes both pharmacological and 
nonpharmacological treatments. The management of STEMI 

is conventionally divided into two phases: acute management 
and nonacute management.

once the diagnosis of an acute STEMI is made, the early 
management of the patient involves the simultaneous 
achievement of several goals, including (i) relief of ischemic 
pain, (ii) assessment of the hemodynamic state and correction 
of abnormalities that are present, (iii) initiation of reperfu
sion therapy with primary PCI or fibrinolysis, and (iv) initi
ation of antithrombotic therapy.

The above acute management is followed by the initiation 
of short‐ and long‐term interventions aimed at improving in‐
hospital and long‐term outcomes. This nonacute management 
in the hours and days following the very early decision‐making 

taBle 19.1 the acc/aha Stemi guideline development in the past decade

year Title of the guideline Description

2004 ACC/AHA guidelines for the management of patients with ST‐
elevation myocardial infarction: a report of the American 
College of Cardiology/American Heart Association Task Force 
on Practice Guidelines [5]

This 2004 guideline resulted from the revision of the 1999 
guidelines for the management of patients with acute 
myocardial infarction [6]

2007 2007 focused update of the ACC/AHA 2004 guidelines for the 
management of patients with ST‐elevation myocardial 
infarction: a report of the American College of Cardiology/
American Heart Association Task Force on Practice Guidelines

2009 2009 focused updates: ACC/AHA guidelines for the management 
of patients with ST‐elevation myocardial infarction (updating 
the 2004 guideline and 2007 focused update) and ACC/AHA/
SCAI guidelines on percutaneous coronary intervention 
(updating the 2005 guideline and 2007 focused update): a report 
of the American College of Cardiology Foundation/American 
Heart Association Task Force on Practice Guidelines [7]

2013 2013 ACCF/AHA guideline for the management of ST‐elevation 
myocardial infarction: a report of the American College of 
Cardiology Foundation/American Heart Association Task Force 
on Practice Guidelines [1]

Particular emphasis of the 2013 guideline is placed on 
advances in reperfusion therapy, organization of regional 
systems of care, transfer algorithms, evidence‐based 
antithrombotic and medical therapies, and secondary 
prevention strategies to optimize patient‐centered care. By 
design, the document is narrower in scope than the 2004 
STEMI guideline, in an attempt to provide a more 
focused tool for practitioners. References related to 
management guidelines are provided whenever 
appropriate, including those pertaining to PCI, CABG, 
heart failure, cardiac devices, and secondary prevention

taBle 19.2 recent guidelines on Stemi from other nations and organizations

nation/organization Title year

ESC ESC guidelines for the management of acute myocardial infarction in patients 
presenting with ST‐segment elevation [8]

2012

Canada Assessment and management of acute coronary syndromes (ACS): a Canadian 
perspective on current guideline‐recommended treatment—Part 2: ST‐segment 
elevation myocardial infarction [9]

2011

national Heart Foundation of Australia 
and Cardiac Society of Australia and 
new Zealand

2011 Addendum to the national Heart Foundation of Australia/Cardiac Society of 
Australia and new Zealand Guidelines for the management of acute coronary 
syndromes (ACS) 2006 [10]

2011
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period includes use of various types of cardiovascular drugs as 
well as risk assessment and posthospitalization plan of care.

The general principles of STEMI management are con
sidered in the context of the five steps of management, as 
outlined below [1].

19.4.1.1 Step 1: Timely Initial Diagnosis The first step 
in the management of patients with an acute STEMI is timely 
diagnosis, since the beneficial effects of therapy with reper
fusion are greatest when performed soon after presentation. 
Management, including both diagnosis and treatment, of 
acute MI starts at the point of first medical contact, defined 
as the point at which the patient is either initially assessed by 
a paramedic or physician or other medical personnel in the 
prehospital setting or the patient arrives at the hospital 
emergency department and therefore often in the outpatient 
setting. A working diagnosis of MI must first be made. This 
is usually based on a history of chest pain lasting for 20 min 
or more, not responding to nitroglycerine. Important clues 
are a history of CAD and radiation of the pain to the neck, 
lower jaw, or left arm. The pain may not be severe. It is 
important to note that ~30% of the STEMI patients present 
with less‐typical symptoms, such as nausea/vomiting, 
 shortness of breath, fatigue, palpitations, or syncope. Timely 
diagnosis is essential to successful management. ECG mon
itoring should be initiated as soon as possible in all patients 
with suspected STEMI to detect life‐threatening arrhythmias 
and allow prompt defibrillation if indicated.

19.4.1.2 Step 2: Simultaneous Achievement of Multiple 
Goals of Alleviating Symptoms and Restoring Blood Flow  
once the diagnosis of an acute STEMI is made, the early 
management of the patients involves the simultaneous 
achievement of the following several goals:

 • Relief of ischemic pain

 • Assessment of the hemodynamic state and correction 
of abnormalities that are present

 • Initiation of reperfusion therapy with primary PCI or 
fibrinolysis

 • Antithrombotic therapy to prevent rethrombosis or 
acute stent thrombosis

 • β‐Blocker therapy to prevent recurrent ischemia and 
life‐threatening ventricular arrhythmias

19.4.1.3 Step 3: In‐Hospital Initiation of Multiple Drugs 
to Improve the Long‐Term Prognosis Step 2 is followed by 
the in‐hospital initiation of different drugs that may improve 
the long‐term prognosis. These drugs include the following:

 • Antiplatelet therapy to reduce the risk of recurrent 
coronary artery thrombosis or, with PCI, coronary 
artery stent thrombosis

 • Angiotensin‐converting enzyme inhibitor (ACEI) 
therapy to prevent remodeling of the left ventricle

 • Statin therapy to reduce mortality and prolong survival

 • Anticoagulation in the presence of left ventricular 
thrombus or chronic atrial fibrillation to prevent 
embolization

19.4.1.4 Step 4: Risk Assessment after STEMI Prior to 
discharge, the patients should undergo risk stratification, 
including noninvasive measurement of resting left ventric
ular function and possibly exercise testing.

19.4.1.5 Step 5: Posthospitalization Plan of Care  
Medications upon discharge from the hospital should include 
those important for risk reduction, including platelet inhibi
tors, a β‐blocker, a statin, and possibly an ACEI or an 
angiotensin receptor blocker (ARB). Posthospitalization 
plan of care should also include exercise‐based cardiac reha
bilitation and secondary prevention program and risk factor 
modifications as discussed elsewhere in the book.

19.4.2 the 2013 accf/aha guideline 
recommendations

The current recommendations of the 2013 ACCF/AHA 
guideline on the management of STEMI cover nine areas, 
ranging from acute management to nonacute management 
[1]. These nine areas are outlined below. This section 
 considers the major 2013 ACCF/AHA guideline recommen
dations on each of the areas. Wherever pertinent, recommen
dations of the 2012 ESC guideline [8] are also covered:

1. Recommendations pertinent to onset of MI

2. Recommendations pertinent to reperfusion at a PCI‐
capable hospital

3. Recommendations pertinent to reperfusion at a non‐
PCI‐capable hospital

4. Recommendations pertinent to delayed invasive 
management

5. Recommendations pertinent to CABG surgery

6. Recommendations pertinent to routine drug therapies

7. Recommendations pertinent to complications after 
STEMI

8. Recommendations pertinent to risk assessment after 
STEMI

9. Recommendations pertinent to posthospitalization 
plan of care

19.4.2.1 Recommendations Pertinent to Onset of MI  
The 2013 ACCF/AHA guideline recommendations pertinent 
to onset of MI cover two aspects: (i) regional  systems of 
STEMI care, reperfusion therapy, and time‐to‐treatment 
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goals (Table  19.3) and (ii) evaluation and management of 
patients with STEMI and out‐of‐hospital cardiac arrest 
(Table 19.4). Relief of pain is of paramount importance, not 
only for humane reasons, but because the pain is associated 
with sympathetic activation that causes vasoconstriction and 
increases the workload of the heart. Titrated intravenous opi
oids (e.g., morphine) are the analgesics most commonly 
used in this context. Recommendations for relief pain, 
breathlessness, and anxiety are provided in the 2012 ESC 
guideline [8] (Table 19.5).

19.4.2.2 Recommendations Pertinent to Reperfusion at a 
PCI‐Capable Hospital The 2013 ACCF/AHA guideline 
recommendations pertinent to reperfusion at a PCI‐capable 
hospital cover five major areas: (i) primary PCI in STEMI, 
(ii) aspiration thrombectomy, (iii) use of stents in patients 
with STEMI, (iv) antiplatelet therapy to support primary PCI 

for STEMI, and (v) anticoagulant therapy to support primary 
PCI [1]. The pertinent recommendations are summarized in 
Tables 19.6, 19.7, 19.8, and 19.9.

taBle 19.3 the 2013 accf/aha guideline recommendations pertinent to regional systems of Stemi care, reperfusion therapy, 
and time‐to‐treatment goals [1]

CoR Recommendations loE

I All communities should create and maintain a regional system of STEMI care that includes assessment and continuous 
quality improvement of emergency medical services and hospital‐based activities. Performance can be facilitated by 
participating in programs, such as “Mission: lifeline and the Door‐to‐Balloon Alliance”

B

Performance of a 12‐lead ECG by emergency medical services personnel at the site of first medical contact (FMC) is 
recommended in patients with symptoms consistent with STEMI

B

Reperfusion therapy should be administered to all eligible patients with STEMI with symptom onset within the prior 
12 h

A

Primary PCI is the recommended method of reperfusion when it can be performed in a timely fashion by experienced 
operators

A

Emergency medical services transport directly to a PCI‐capable hospital for primary PCI is the recommended triage 
strategy for patients with STEMI, with an ideal FMC‐to‐device time system goal of 90 min or less

B

Immediate transfer to a PCI‐capable hospital for primary PCI is the recommended triage strategy for patients with 
STEMI who initially arrive at or are transported to a non‐PCI‐capable hospital, with an FMC‐to‐device time system 
goal of 120 min or less

B

In the absence of contraindications, fibrinolytic therapy should be administered to patients with STEMI at non‐PCI‐
capable hospitals when the anticipated FMC‐to‐device time at a PCI‐capable hospital exceeds 120 min because of 
unavoidable delays

B

When fibrinolytic therapy is indicated or chosen as the primary reperfusion strategy, it should be administered within 
30 min of hospital arrival

B

IIa Reperfusion therapy is reasonable for patients with STEMI and symptom onset within the prior 12–24 h who have 
clinical and/or ECG evidence of ongoing ischemia. Primary PCI is the preferred strategy in this population

B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 19.4 the 2013 accf/aha guideline recommendations pertinent to evaluation and management of patients with Stemi 
and out‐of‐hospital cardiac arrest [1]

CoR Recommendations loE

I Therapeutic hypothermia should be started as soon as possible in comatose patients with STEMI and out‐of‐hospital 
cardiac arrest caused by ventricular fibrillation or pulseless ventricular tachycardia, including patients who undergo 
primary PCI

B

Immediate angiography and PCI when indicated should be performed in resuscitated out‐of‐hospital cardiac arrest patients 
whose initial ECG shows STEMI

B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 19.5 the 2012 eSc guideline recommendations for 
relieving pain, breathless, and anxiety [8]

CoR Recommendations loE

I Titrated intravenous opioids are indicated to 
relieve pain

C

oxygen is indicated in patients with hypoxia 
(saturated oxygen <95%), breathlessness, or 
acute heart failure

C

IIa Tranquilizer may be considered in very anxious 
patients

C

CoR and loE denote class of recommendation and level of evidence, 
respectively (see Chapter 5 for description).
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taBle 19.6 the 2013 accf/aha guideline recommendations pertaining to primary pci in Stemi at a pci‐capable 
hospital [1]

CoR Recommendations loE

I Primary PCI should be performed in patients with STEMI and ischemic symptoms of <12 h of duration A
Primary PCI should be performed in patients with STEMI and ischemic symptoms of <12 h of duration who have 

contraindications to fibrinolytic therapy, irrespective of the time delay from first medical contact
B

Primary PCI should be performed in patients with STEMI and cardiogenic shock or acute severe heart failure, 
irrespective of time delay from myocardial infarction onset

B

IIa Primary PCI is reasonable in patients with STEMI if there is clinical and/or ECG evidence of ongoing ischemia 
between 12 and 24 h after symptom onset

B

III (harm) PCI should not be performed in a noninfarct artery at the time of primary PCI in patients with STEMI who are 
hemodynamically stable

B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 19.7 the 2013 accf/aha guideline recommendations pertaining to use of stents in patients with Stemi at a pci‐
capable hospital [1]

CoR Recommendations loE

I Placement of a stent (bare‐metal stent [BMS] or drug‐eluting stent [DES]) is useful in primary PCI for patients 
with STEMI

A

BMS should be used in patients with high bleeding risk, inability to comply with 1 year of dual antiplatelet 
therapy (DAPT), or anticipated invasive or surgical procedures in the next year

C

III (harm) DES should not be used in primary PCI for patients with STEMI who are unable to tolerate or comply with a 
prolonged course of DAPT because of the increased risk of stent thrombosis with premature discontinuation of 
one or both agents

B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 19.8 the 2013 accf/aha guideline recommendations pertaining to antiplatelet therapy to support primary pci for 
Stemi at a pci‐capable hospital [1]

CoR Recommendations loE

I Aspirin (162–325 mg) should be given before primary PCI B
After PCI, aspirin should be continued indefinitely A
A loading dose of a P2y

12
 ADP‐receptor inhibitor should be given as early as possible or at time of primary PCI to 

patients with STEMI. options include (i) clopidogrel 600 mg, or (ii) prasugrel 60 mg, or (iii) ticagrelor 180 mg
B

P2y
12

 ADP‐receptor inhibitor therapy should be given for 1 year to patients with STEMI who receive a stent (BMS 
or DES) during primary PCI using the following maintenance doses: (i) clopidogrel 75 mg daily, or (ii) prasugrel 
10 mg daily, or (iii) ticagrelor 90 mg twice a day

B

IIa It is reasonable to use 81 mg of aspirin in preference to higher maintenance doses after primary PCI B
It is reasonable to begin treatment with an intravenous GP IIb/IIIa receptor antagonist, such as abciximab (loE: A), 

high‐bolus‐dose tirofiban (loE: B), or double‐bolus eptifibatide (loE: B) at the time of primary PCI (with or 
without stenting or clopidogrel pretreatment) in selected patients with STEMI who are receiving unfractionated 
heparin (UFH)

IIb It may be reasonable to administer an intravenous GP IIb/IIIa receptor antagonist in the precatheterization laboratory 
setting (e.g., ambulance, emergency department) to patients with STEMI for whom primary PCI is intended

B

It may be reasonable to administer intracoronary abciximab to patients with STEMI undergoing primary PCI B
Continuation of a P2y

12
 ADP‐receptor inhibitor beyond 1 year may be considered in patients undergoing DES 

placement
C

III (harm) Prasugrel should not be administered to patients with a history of prior stroke or transient ischemic attack due to 
increased risk of hemorrhagic stroke

B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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19.4.2.3 Recommendations Pertinent to Reperfusion at a 
Non‐PCI‐Capable Hospital The 2013 ACCF/AHA guide
line recommendations pertinent to reperfusion at a non‐PCI‐
capable hospital cover three major areas: (i) fibrinolytic 
therapy when there is an anticipated delay to performing 
 primary PCI within 120 min of first medical contact, 
(ii)  adjunctive antithrombotic therapy with fibrinolysis, and 
(iii) transfer to a PCI‐capable hospital after fibrinolytic 
therapy. The major recommendations are summarized in 
Tables 19.10, 19.11, 19.12, and 19.13 [1].

19.4.2.4 Recommendations Pertinent to Delayed 
Invasive Management The 2013 ACCF/AHA guideline 
 recommendations for delayed invasive management cover 
four major areas: (i) coronary angiography in patients who 
initially were managed with fibrinolytic therapy or who did 
not receive reperfusion, (ii) PCI of an infarct artery in 
patients who initially were managed with fibrinolysis or 
who did not receive reperfusion therapy, (iii) PCI of a non
infarct artery before hospital discharge, and (iv) adjunctive 
antithrombotic therapy to support delayed PCI after fibri
nolytic therapy. Major recommendations are listed in 
Tables 19.13, 19.14, 19.15, and 19.16 [1].

19.4.2.5 Recommendations Pertinent to CABG The 
2013 ACCF/AHA guideline recommendations pertinent to 

CABG surgery cover two major aspects: (i) CABG in 
patients with STEMI and (ii) timing of urgent CABG in 
patients with STEMI in relation to use of antiplatelet agents. 
The recommendations on the above two aspects are summa
rized in Tables 19.17 and 19.18 [1].

19.4.2.6 Recommendations Pertinent to Routine Drug 
Therapies Drug therapies are a key component of the 
management of STEMI. They are not only important for the 
acute management of STEMI but also essential for the non
acute management of STEMI to improve long‐term patient 
survival and quality of life. This section describes the current 
recommendations from the 2013 ACCF/AHA guideline with 
regard to routine drug therapies in the management of patients 
with STEMI, including both acute and nonacute manage
ments. The routine drug therapies include the use of the fol
lowing classes of drugs: (i) β‐blockers, (ii) inhibitors of the 
renin–angiotensin–aldosterone system (RAAS), (iii) lipid 
management with statins, and (iv) other drugs. Table 19.19 
summarizes the guideline recommendations pertaining to the 
use of the first 3 classes of drugs, and the guideline comments 
on other drugs, including nitrates, calcium channel blockers 
(CCBs), oxygen, and analgesics, are given in Table 19.20 [1].

19.4.2.7 Recommendations Pertinent to Complications 
after STEMI The 2013 ACCF/AHA guideline 

taBle 19.9 the 2013 accf/aha guideline recommendations pertaining to anticoagulant therapy to support primary pci for 
Stemi at a pci‐capable hospital [1]

CoR Recommendation loE

I For patients with STEMI undergoing primary PCI, the following supportive anticoagulant regimens are 
recommended: (i) UFH, with additional boluses administered as needed to maintain therapeutic activated 
clotting time levels, taking into account whether a GP IIb/IIIa receptor antagonist has been administered (loE: 
C), or (ii) bivalirudin with or without prior treatment with UFH (loE: B)

C, B

IIa In patients with STEMI undergoing PCI who are at high risk of bleeding, it is reasonable to use bivalirudin 
monotherapy in preference to the combination of UFH and a GP IIb/IIIa receptor antagonist

B

III (harm) Fondaparinux should not be used as the sole anticoagulant to support primary PCI because of the risk of catheter 
thrombosis

B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 19.10 the 2013 accf/aha guideline recommendations pertaining to fibrinolytic therapy when there is an anticipated 
delay to performing primary pci within 120 min of first medical contact [1]

CoR Recommendation loE

I In the absence of contraindications, fibrinolytic therapy should be given to patients with STEMI and onset of 
ischemic symptoms within the previous 12 h when it is anticipated that primary PCI cannot be performed within 
120 min of first medical contact

A

IIa In the absence of contraindications and when PCI is not available, fibrinolytic therapy is reasonable for patients with 
STEMI if there is clinical and/or ECG evidence of ongoing ischemia within 12–24 h of symptom onset and a large 
area of myocardium at risk or hemodynamic instability

C

III (harm) Fibrinolytic therapy should not be administered to patients with ST depression except when a true posterior 
(inferobasal) MI is suspected or when associated with ST elevation in lead aVR

B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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 recommendations pertaining to complications after STEMI 
cover four major areas: (i) treatment of cardiogenic shock, 
(ii) management of cardiac arrhythmias, (iii) management 
of  pericarditis after STEMI, and (iv) management of 

 thromboembolic complications. The main recommendations 
regarding the above areas are summarized in Table 19.21. 
The reader is advised to refer to the full guideline [1] for 
comments on the management of other complications, 

taBle 19.11 the 2013 accf/aha guideline recommendations pertaining to adjunctive antithrombotic therapy with 
 fibrinolysis [1]

CoR Recommendation loE

I Aspirin (162–325 mg loading dose) and clopidogrel (300 mg loading dose for ≤75 years of age, 75 mg dose for patients 
>75 years of age) should be administered to patients with STEMI who receive fibrinolytic therapy

A

Aspirin should be continued indefinitely (loE: A) and clopidogrel (75 mg daily) should be continued for at least 14 
days (loE: A) and up to 1 year (loE: C) in patients with STEMI who receive fibrinolytic therapy

Patients with STEMI undergoing reperfusion with fibrinolytic therapy should receive anticoagulant therapy for a 
minimum of 48 h, and preferably for the duration of the index hospitalization, up to 8 days or until revascularization 
is performed (loE: A)

Recommended regimens include (i) UFH administered as a weight‐adjusted intravenous bolus and infusion to obtain an 
activated partial thromboplastin time of 1.5–2.0 times control, for 48 h or until revascularization (loE: C); (ii) 
enoxaparin administered according to age, weight, and creatinine clearance, given as an intravenous bolus, followed 
in 15 min by subcutaneous injection for the duration of the index hospitalization, up to 8 days or until 
revascularization (loE: A); or (iii) fondaparinux administered with initial intravenous dose, followed in 24 h by daily 
subcutaneous injections if the estimated creatinine clearance is >30 ml/min, for the duration of the index 
hospitalization, up to 8 days or until revascularization (loE: B)

IIa It is reasonable to use aspirin 81 mg/day in preference to higher maintenance doses after fibrinolytic therapy B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 19.12 the 2013 accf/aha guideline recommendations pertaining to transfer to a pci‐capable hospital after fibrinolytic 
therapy [1]

CoR Recommendation loE

I Immediate transfer to a PCI‐capable hospital for coronary angiography is recommended for suitable patients with STEMI 
who develop cardiogenic shock or acute severe heart failure, irrespective of the time delay from MI onset

B

IIa Urgent transfer to a PCI‐capable hospital for coronary angiography is reasonable for patients with STEMI who 
demonstrate evidence of failed reperfusion or reocclusion after fibrinolytic therapy

B

Transfer to a PCI‐capable hospital for coronary angiography is reasonable for patients with STEMI who have received 
fibrinolytic therapy even when hemodynamically stable and with clinical evidence of successful reperfusion. 
Angiography can be performed as soon as logistically feasible at the receiving hospital, and ideally within 24 h, but 
should not be performed within the first 2–3 h after administration of fibrinolytic therapy

B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 19.13 the 2013 accf/aha guideline recommendations pertaining to coronary angiography in patients who initially 
were managed with fibrinolytic therapy or who did not receive reperfusion [1]

CoR Recommendation loE

I Cardiac catheterization and coronary angiography with intent to perform revascularization should be performed after 
STEMI in patients with any of the following: (i) cardiogenic shock or acute severe heart failure that develops after initial 
presentation (loE: B), (ii) intermediate‐ or high‐risk findings on predischarge noninvasive ischemia testing (loE: B), or 
(iii) myocardial ischemia that is spontaneous or provoked by minimal exertion during hospitalization (loE: C)

IIa Coronary angiography with intent to perform revascularization is reasonable for patients with evidence of failed 
reperfusion or reocclusion after fibrinolytic therapy. Angiography can be performed as soon as logistically feasible

B

Coronary angiography is reasonable before hospital discharge in stable patients with STEMI after successful fibrinolytic 
therapy. Angiography can be performed as soon as logistically feasible, and ideally within 24 h, but should not be 
performed within the first 2–3 h after administration of fibrinolytic therapy

B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).



taBle 19.14 the 2013 accf/aha guideline recommendations pertaining to pci of an infarct artery in patients who initially 
were managed with fibrinolysis or who did not receive reperfusion therapy [1]

CoR Recommendations loE

I PCI of an anatomically significant stenosis in the infarct artery should be performed in patients with suitable 
anatomy and any of the following: (i) cardiogenic shock or acute severe HF (loE: B), (ii) intermediate‐ or 
high‐risk findings on predischarge noninvasive ischemia testing (loE: C), or (iii) myocardial ischemia that is 
spontaneous or provoked by minimal exertion during hospitalization (loE: C)

IIa Delayed PCI is reasonable in patients with STEMI and evidence of failed reperfusion or reocclusion after 
fibrinolytic therapy. PCI can be performed as soon as logistically feasible at the receiving hospital

B

Delayed PCI of a significant stenosis in a patent infarct artery is reasonable in stable patients with STEMI after 
fibrinolytic therapy. PCI can be performed as soon as logistically feasible at the receiving hospital, and ideally 
within 24 h, but should not be performed within the first 2–3 h after administration of fibrinolytic therapy

B

IIb Delayed PCI of a significant stenosis in a patent infarct artery >24 h after STEMI may be considered as part of an 
invasive strategy in stable patients

B

III (no 
benefit)

Delayed PCI of a totally occluded infarct artery >24 h after STEMI should not be performed in asymptomatic 
patients with 1‐ or 2‐vessel disease if they are hemodynamically and electrically stable and do not have 
evidence of severe ischemia

B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 19.15 the 2013 accf/aha guideline recommendations pertaining to pci of a noninfarct artery before hospital dis-
charge [1]

CoR Recommendation loE

I PCI is indicated in a noninfarct artery at a time separate from primary PCI in patients who have spontaneous symptoms of 
myocardial ischemia

C

IIa PCI is reasonable in a noninfarct artery at a time separate from primary PCI in patients with intermediate‐ or high‐risk 
findings on noninvasive testing

B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 19.16 the 2013 accf/aha guideline recommendations pertaining to adjunctive antithrombotic therapy to support 
delayed pci after fibrinolytic therapy [1]

CoR Recommendation loE

I After PCI, aspirin should be continued indefinitely A
Clopidogrel should be provided as follows: (i) a 300 mg loading dose should be given before or at the time of PCI 

to patients who did not receive a previous loading dose and who are undergoing PCI within 24 h of receiving 
fibrinolytic therapy; (ii) a 600 mg loading dose should be given before or at the time of PCI to patients who did 
not receive a previous loading dose and who are undergoing PCI more than 24 h after receiving fibrinolytic 
therapy; and (iii) a dose of 75 mg daily should be given after PCI

C

For patients with STEMI undergoing PCI after receiving fibrinolytic therapy with intravenous UFH, additional 
boluses of intravenous UFH should be administered as needed to support the procedure, taking into account 
whether GP IIb/IIIa receptor antagonists have been administered

C

For patients with STEMI undergoing PCI after receiving fibrinolytic therapy with enoxaparin, if the last 
subcutaneous dose was administered within the prior 8 h, no additional enoxaparin should be given; if the last 
subcutaneous dose was administered between 8 and 12 h earlier, enoxaparin 0.3 mg/kg IV should be given

B

IIa After PCI, it is reasonable to use 81 mg of aspirin per day in preference to higher maintenance doses B
Prasugrel, in a 60 mg loading dose, is reasonable once the coronary anatomy is known in patients who did not 

receive a previous loading dose of clopidogrel at the time of administration of a fibrinolytic agent, but 
prasugrel should not be given sooner than 24 h after administration of a fibrin‐specific agenta or 48 h after 
administration of a non‐fibrin‐specific agentb

B

Prasugrel, in a 10 mg daily maintenance dose, is reasonable after PCI B
III (harm) Prasugrel should not be administered to patients with a history of prior stroke or transient ischemic attack B

Fondaparinux should not be used as the sole anticoagulant to support PCI (an additional anticoagulant with 
anti‐factor IIa activity should be administered because of the risk of catheter thrombosis)

C

a Fibrin‐specific fibrinolytic agents include alteplase, reteplase, and tenecteplase.
b Streptokinase is a non‐fibrin‐specific fibrinolytic agent.
CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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taBle 19.17 the 2013 accf/aha guideline recommendations pertaining to caBg in patients with Stemi [1]

CoR Recommendation loE

I Urgent CABG is indicated in patients with STEMI and coronary anatomy not amenable to PCI who have ongoing or 
recurrent ischemia, cardiogenic shock, severe heart failure, or other high‐risk features

B

CABG is recommended in patients with STEMI at time of operative repair of mechanical defects B
IIa The use of mechanical circulatory support is reasonable in patients with STEMI who are hemodynamically unstable and 

require urgent CABG
C

IIb Emergency CABG within 6 h of symptom onset may be considered in patients with STEMI who do not have cardiogenic 
shock and are not candidates for PCI or fibrinolytic therapy

C

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 19.18 the 2013 accf/aha guideline recommendations pertaining to timing of urgent caBg in patients with Stemi in 
relation to use of antiplatelet agents [1]

CoR Recommendation loE

I Aspirin should not be withheld before urgent CABG C
Clopidogrel or ticagrelor should be discontinued at least 24 h before urgent on‐pump CABG, if possible B
Short‐acting intravenous GP IIb/IIIa receptor antagonists (eptifibatide, tirofiban) should be discontinued at least 2–4 h 

before urgent CABG
B

Abciximab should be discontinued at least 12 h before urgent CABG B
IIb Urgent off‐pump CABG within 24 h of clopidogrel or ticagrelor administration might be considered, especially if the 

benefits of prompt revascularization outweigh the risks of bleeding
B

Urgent CABG within 5 days of clopidogrel or ticagrelor administration or within 7 days of prasugrel administration might 
be considered, especially if the benefits of prompt revascularization outweigh the risks of bleeding

C

The purpose of the timing management is to reduce the risk of major bleeding due to antiplatelet therapy without compromising the benefit of urgent CABG, 
especially when the benefits of revascularization outweigh the risks of bleeding, as often may be the case among patients with ACS.
CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 19.19 the 2013 accf/aha guideline recommendations pertaining to the use of beta‐blockers, raaS inhibitors, and 
statins in the management of Stemi [1]

Drug class Recommendation CoR loE Rationale

β‐Blockers oral β‐blockers should be initiated in the first 24 h 
in patients with STEMI who do not have any of 
the following: signs of heart failure, evidence of 
a low‐output state, increased risk for 
cardiogenic shock, or other contraindications to 
use of oral β‐blockers (PR interval >0.24 s, 
second‐ or third‐degree heart block, active 
asthma, or reactive airway disease)

I B β‐Blockers reduce the risks of recurrent MI and 
ventricular fibrillation but increase the risk of 
cardiogenic shock [11]

β‐Blockers should be continued during and after 
hospitalization for all patients with STEMI and 
with no contraindications to their use

I B

Patients with initial contraindications to the use of 
β‐blockers in the first 24 h after STEMI should 
be reevaluated to determine their subsequent 
eligibility

I C

It is reasonable to administer intravenous  
β‐blockers at the time of presentation to patients 
with STEMI and no contraindications to their 
use who are hypertensive or have ongoing 
ischemia

IIa B

(Continued)
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Drug class Recommendation CoR loE Rationale

RAAS inhibitors An ACEI should be administered within the first 
24 h to all patients with STEMI with anterior 
location, heart failure, or ejection fraction 
≤40%, unless contraindicated

I A oral ACEIs reduce both fatal and nonfatal 
cardiovascular events; early initiation of 
eplerenone (<7 days) reduces the rates of all‐
cause mortality, sudden cardiac death, and 
cardiovascular mortality/hospitalization in 
patients with STEMI [12]

An ARB should be given to patients with STEMI 
who have indications for, but are intolerant of, 
ACEIs

I B

An aldosterone receptor antagonist should be 
given to patients with STEMI and no 
contraindications who are already receiving an 
ACEI and β‐blocker and who have an ejection 
fraction ≤40% and either symptomatic heart 
failure or diabetes

I B

ACEIs are reasonable for all patients with STEMI 
and no contraindications to their use

IIa A

lipid management High‐intensity statin therapya should be initiated or 
continued in all patients with STEMI and no 
contraindications to its use

I A Treatment with statins in patients stabilized 
after an ACS, including STEMI, lowers the 
risk of IHD death, recurrent MI, stroke, and 
the need for coronary revascularizationIt is reasonable to obtain a fasting lipid profile in 

patients with STEMI, preferably within 24 h of 
presentation

IIa C

a High‐intensity stain therapy: See Chapter 5 for description.
CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 19.19 (Continued)

taBle 19.20 the 2013 accf/aha guideline comments pertaining to the use of other drugs in the management of Stemi [1]

Drug class Comments

nitrates •	Although nitroglycerin can ameliorate symptoms and signs of myocardial ischemia by reducing left ventricular preload 
and increasing coronary blood flow, it generally does not attenuate the myocardial injury associated with epicardial 
coronary artery occlusion unless vasospasm plays a significant role

•	 Intravenous nitroglycerin may be useful to treat patients with STEMI and hypertension or heart failure
•	nitrates should not be given to patients with hypotension, marked bradycardia or tachycardia, right ventricular infarc

tion, or phosphodiesterase inhibitor (e.g., sildenafil) use within the previous 24–48 h
•	There is no role for the routine use of oral nitrates in the convalescent phase of STEMI

CCBs •	CCBs have no beneficial effect on infarct size or the rate of reinfarction when CCB therapy is initiated during either the 
acute or convalescent phase of STEMI

•	CCBs may be useful, however, to relieve ischemia, lower blood pressure, or control the ventricular response rate to 
atrial fibrillation in patients who are intolerant of β‐blockers

•	Caution is advised in patients with left ventricular systolic dysfunction
•	The use of the immediate‐release nifedipine is contraindicated in patients with STEMI because of hypotension and 

reflex sympathetic activation with tachycardia
oxygen •	 Few data exist to support or refute the value of the routine use of oxygen in the acute phase of STEMI, and more 

research is needed
•	A pooled Cochrane analysis of three trials showed a threefold higher risk of death for patients with confirmed acute MI 

treated with oxygen than for patients with acute MI managed on room air
•	oxygen therapy is appropriate for patients who are hypoxemic (oxygen saturation <90%) and may have a salutary 

placebo effect in others. Supplementary oxygen may, however, increase coronary vascular resistance
•	oxygen should be administered with caution to patients with chronic obstructive pulmonary disease and carbon dioxide 

retention
Analgesics •	 In the absence of a history of hypersensitivity, morphine sulfate is the drug of choice for pain relief in patients with 

STEMI, especially those whose course is complicated by acute pulmonary edema. It can alleviate the work of 
breathing, reduce anxiety, and favorably affect ventricular loading conditions

•	nonsteroidal anti‐inflammatory drugs (except for aspirin) and CoX‐2 inhibitors are contraindicated in patients with 
STEMI. They should not be initiated in the acute phase and should be discontinued in patients using them before 
hospitalization. Use of these drugs may be associated with an increased risk of death, reinfarction, cardiac rupture, 
hypertension, renal insufficiency, and heart failure
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including severe heart failure (also see Unit VI), right ven
tricular infarction, mechanical complications, acute kidney 
injury, and hyperglycemia.

19.4.2.8 Recommendations Pertinent to Risk Assessment 
after STEMI Initial risk stratification should be performed 
early with the use of information available at the time of pre
sentation. However, risk assessment is a continuous process 
that requires recalibration on the basis of data obtained  during 
the hospital stay. Such data include the success of reperfusion 
therapy, the events that occur during the hospital course (such 
as hemorrhagic complications), and the findings from noninva
sive and invasive testing, particularly as they relate to the 
assessment of left ventricular systolic function. Table  19.22 
summarizes the 2013 ACCF/AHA guideline recommendations 

pertaining to (i) the use of noninvasive testing for ischemia 
before discharge, (ii) assessment of left ventricular function, 
and (iii) assessment of risk for sudden cardiac death (SCD).

19.4.2.9 Recommendations Pertinent to Posthospitaliza
tion Plan of Care The continued survival and improvement 
of life quality of the patients with STEMI depend heavily on 
the availability and execution of a comprehensive posthospi
talization plan of care. The posthospitalization plan of care 
for patients with STEMI should address in detail several 
complex issues, including the following eight aspects [1]:

1. Medication adherence and titration (antithrombotic 
agents, β‐blockers, RAAS inhibitors, statins)

2. Physical activity/cardiac rehabilitation

taBle 19.21 the 2013 accf/aha guideline recommendations pertaining to the management of complications after Stemi [1]

Complication Recommendation CoR loE

Cardiogenic shock Emergency revascularization with either PCI or CABG is recommended in suitable patients 
with cardiogenic shock due to pump failure after STEMI irrespective of the time delay from 
MI onset

I B

In the absence of contraindications, fibrinolytic therapy should be administered to patients 
with STEMI and cardiogenic shock who are unsuitable candidates for either PCI or CABG

I B

The use of intra‐aortic balloon pump counterpulsation can be useful for patients with 
cardiogenic shock after STEMI who do not quickly stabilize with pharmacological therapy

IIa B

Alternative left ventricular assist devices for circulatory support may be considered in patients 
with refractory cardiogenic shock

IIb C

Cardiac arrhythmias Implantable cardioverter‐defibrillator therapy is indicated before discharge in patients who 
develop sustained ventricular tachycardia/ventricular fibrillation more than 48 h after 
STEMI, provided the arrhythmia is not due to transient or reversible ischemia, reinfarction, 
or metabolic abnormalities

I B

Temporary pacing is indicated for symptomatic bradyarrhythmias unresponsive to medical 
treatment

I C

Pericarditis Aspirin is recommended for treatment of pericarditis after STEMI (note: Glucocorticoids and 
nonsteroidal anti‐inflammatory drugs are potentially harmful for treatment of pericarditis 
after STEMI due to possible aneurysm and delayed healing)

I B

Administration of acetaminophen, colchicine, or narcotic analgesics may be reasonable if 
aspirin, even in higher doses, is not effective

IIb C

Glucocorticoids and nonsteroidal anti‐inflammatory drugs are potentially harmful for 
treatment of pericarditis after STEMI

III (harm) B

Thromboembolic 
complications

Anticoagulant therapy with a vitamin K antagonist should be provided to patients with STEMI 
and atrial fibrillation with CHADS

2
 scorea ≥2, mechanical heart valves, venous 

thromboembolism, or hypercoagulable disorder

I C

The duration of triple‐antithrombotic therapy with a vitamin K antagonist, aspirin, and a P2y
12

 
ADP‐receptor inhibitor should be minimized to the extent possible to limit the risk of 
bleeding

I C

Anticoagulant therapy with a vitamin K antagonist is reasonable for patients with STEMI and 
asymptomatic lV mural thrombi

IIa C

Anticoagulant therapy may be considered for patients with STEMI and anterior apical akinesis 
or dyskinesis

IIb C

Targeting vitamin K antagonist therapy to a lower international normalized ratio (InR) (e.g., 
2.0–2.5) might be considered in patients with STEMI who are receiving dual antiplatelet 
therapy

IIb C

a CHADS2 score: First published in 2001, the CHADS2 score system based on the individual’s conditions (congestive heart failure, hypertension, age, diabetes, 
stroke) has been widely used to predict the risk of stroke in patients with atrial fibrillation [13].
CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).



SUMMARy oF CHAPTER KEy PoInTS 339

3. Risk factor modifications and lifestyle interventions 
including smoking cessation, diet, and nutrition

4. Management of comorbidities including overweight/
obesity, dyslipidemias, diabetes, hypertension, heart 
failure, and cardiac arrhythmias

5. Psychosocial factors, such as sexual activity, gender‐
specific issues, depression, stress, alcohol use, and 
culture‐sensitive issues

6. Provider follow‐up including follow‐up by the cardi
ologist and primary care provider, as well as influenza 
vaccination

7. Patient/family education including plan of care for acute 
MI, recognizing symptoms of MI, and cardiopulmonary 
resuscitation training for family members

8. Socioeconomic factors such as access to health insur
ance coverage, access to healthcare providers, 
disability, and social service

Execution of the posthospitalization plan of care is criti
cal and often challenging. Failure to understand and comply 
with the plan of care may account for the high rate of rehos
pitalization and increased mortality. The 2013 ACCF/AHA 
guideline provides four class I recommendations regarding 
posthospitalization plan of care (Table 19.23).

19.5 Summary Of chapter Key pOintS

 • STEMI is a clinical syndrome defined by characteristic 
symptoms of myocardial ischemia in association with 
ST elevation and subsequent release of biomarkers of 
myocardial necrosis. STEMI accounts for ~30% of all 
ACS and is associated with high early mortality.

 • Despite the recent success in reducing the mortality of 
STEMI, the management of STEMI continues to 
undergo major changes. Good clinical practice should 
be based on solid evidence, derived from well‐conducted 
randomized clinical trials. Such trials also provide a 
foundation for developing management guidelines.

 • Several guidelines on STEMI from professional orga
nizations in both the United States and other countries 
have been developed over the past few years. Among 
them, the most notable one is the 2013 ACCF/AHA 
guideline for the management of STEMI.

 • The 2013 ACCF/AHA guideline places particular 
emphasis on advances in reperfusion therapy, organiza
tion of regional systems of care, transfer algorithms, 
evidence‐based antithrombotic and other drug ther
apies, and secondary prevention strategies to optimize 
patient‐centered care.

taBle 19.22 the 2013 accf/aha guideline recommendations pertaining to risk assessment after Stemi [1]

Assessment Recommendation CoR loE

Use of noninvasive testing  
for ischemia

noninvasive testing for ischemia should be performed before discharge to assess the 
presence and extent of inducible ischemia in patients with STEMI who have not had 
coronary angiography and do not have high‐risk clinical features for which coronary 
angiography would be warranted

I B

noninvasive testing for ischemia might be considered before discharge to evaluate the 
functional significance of a noninfarct artery stenosis previously identified at 
angiography

IIb C

noninvasive testing for ischemia might be considered before discharge to guide the 
postdischarge exercise prescription

IIb C

left ventricular function left ventricular ejection fraction (lVEF) should be measured in all patients with STEMI I C
Risk for SCD Patients with an initially reduced lVEF who are possible candidates for implantable 

cardioverter‐defibrillator therapy should undergo reevaluation of lVEF 40 or more 
days after discharge

I B

CoR and loE denote class of recommendation and level of evidence, respectively (see Chapter 5 for description).

taBle 19.23 the 2013 accf/aha guideline class i recommendations pertaining to posthospitalization plan of care [1]

Recommendation loE

Posthospital systems of care designed to prevent hospital readmissions should be used to facilitate the transition to effective, 
coordinated outpatient care for all patients with STEMI

B

Exercise‐based cardiac rehabilitation/secondary prevention programs are recommended for patients with STEMI B
A clear, detailed, and evidence‐based plan of care that promotes medication adherence, timely follow‐up with the healthcare 

team, appropriate dietary and physical activities, and compliance with interventions for secondary prevention should be 
provided to patients with STEMI

C

Encouragement and advice to stop smoking and to avoid secondhand smoke should be provided to patients with STEMI A

loE denotes class of recommendation and level of evidence, respectively (see Chapter 5 for description of loE and class of recommendation).
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 • The general principles of STEMI management are 
embedded in the context of the five steps of management: 
(i) timely initial diagnosis, (ii) simultaneous achieve
ment of multiple goals of alleviating symptoms and 
restoring blood flow, (iii) in‐hospital initiation of mul
tiple drugs to improve the long‐term prognosis, (iv) risk 
assessment after STEMI, and (v) posthospitalization 
plan of care. The 2013 ACCF/AHA guideline provides 
detailed evidence‐based recommendations for the 
management in each of the above five steps.

19.6 Self‐aSSeSSment QueStiOnS

19.6.1 A 55‐year‐old female is brought to the emergency 
department 1 h after the onset of severe chest pain 
during dinner. Cardiac enzyme test and ECG changes 
confirm the diagnosis of acute ST‐elevation myocar
dial infarction. She undergoes percutaneous coro
nary intervention and placement of 3 drug‐eluting 
stents and is also given a chimeric monoclonal anti
body, in combination with aspirin and heparin, to 
prevent platelet aggregation. Which of the following 
is the molecular target of this monoclonal antibody 
drug?
A. Antithrombin III
B. Coagulation factor IIa
C. GP IIb/IIIa receptor
D. P2y

12
 ADP receptor

E. PAR‐1 receptor
19.6.2 A 56‐year‐old male presents to the emergency 

department of a rural hospital with chest tightness, 
anxiety, and sweating, first noticed 45 min ago while 
he was doing yard work. He is obese and has hyper
cholesterolemia for 10 years. ECG and cardiac 
enzyme test confirm the diagnosis of an acute ST‐
elevation myocardial infarction. It is decided to put 
him on fibrinolytic therapy. Which of the following 
should be given to lyse the coronary thrombus?
A. Alteplase
B. Aspirin
C. Clopidogrel
D. Unfractionated heparin
E. Warfarin

19.6.3 A 55‐year‐old patient is diagnosed with acute ST‐
elevation myocardial infarction with left ventricular 
dysfunction (lVEF = 39%). Which of the following 
should be administered within the first 24 h to reduce 
cardiovascular death?
A. Ibuprofen
B. lisinopril
C. Morphine
D. nitroglycerin
E. Verapamil

19.6.4 A 65‐year‐old male develops pericarditis following 
an ST‐elevation acute coronary syndrome. Which of 
the following would be most suitable for treating his 
pericarditis?
A. Aspirin
B. Colchicine
C. Ibuprofen
D. Indomethacin
E. Prednisone

19.6.5 Which of the following should be initiated or 
continued in all patients with STEMI and no contra
indications to its use in order to lower the risk of 
ischemic cardiac death, recurrent myocardial infarc
tion, and stroke?
A. High‐oxygen therapy
B. High‐dose calcium antagonist therapy
C. High‐dose colchicine therapy
D. High‐dose ibuprofen therapy
E. High‐intensity statin therapy
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20.1 IntroductIon

Heart failure (HF) is a common clinical syndrome representing 
the end‐stage of a number of different cardiac diseases. It can 
result from any structural or functional cardiac disorder that 
impairs the ability of the ventricle to fill with or eject blood. 
HF is a serious condition, and currently there is no cure. Many 
people with HF may live a reasonably good quality of life 
when the condition is appropriately managed with HF medi-
cations and healthy lifestyle changes. This chapter provides 
an overview of HF, including its definition, classification, and 
epidemiology. The chapter also examines the pathophysiology 
of HF which serves as a basis for drug targeting and pharma-
cotherapy of this clinical syndrome. The drug classes for 
treating HF and the underlying pharmacological basis are 
covered in Chapter 21. Chapter 22 considers the principles 
and current guidelines for HF management.

20.2 defInItIon, classIfIcatIon, 
and epIdemIology

20.2.1 definition

HF is a complex clinical syndrome that can result from any 
structural or functional impairment of ventricular filling or 
ejection of blood [1]. The cardinal manifestations of HF are 
dyspnea and fatigue, which may limit exercise tolerance, and 
fluid retention, which may then lead to pulmonary conges-
tion and peripheral edema. Both abnormalities can impair 
the functional capacity and quality of life of affected indi-
viduals, but they do not necessarily dominate the clinical 

picture at the same time. It is important to note that HF is not 
equivalent to cardiomyopathy or to left ventricular (LV) 
dysfunction; these latter terms describe possible structural or 
functional reasons for the development of HF [1]. Instead, 
HF is defined as a clinical syndrome that is characterized by 
specific symptoms (dyspnea and fatigue) in the medical his-
tory and signs (edema, rales) on the physical examination. 
There is no single diagnostic test for HF because it is largely 
a clinical diagnosis that is based on a careful history and 
physical examination.

20.2.2 classification

HF can be classified in various ways [2, 3]. The classification 
schemes may be based on the time‐course of the syndrome, 
the systolic or diastolic function, the side of the heart 
involved, the left ventricular ejection fraction, and the 
severity of the symptoms (Table 20.1).

In addition to the above terminology on HF, another term 
that is sometimes still used, particularly in the United States, 
is congestive HF. This term may describe acute or chronic 
HF with evidence of congestion (i.e., sodium and water 
retention). Because of HF, blood flow out of the heart slows 
and blood returning to the heart through the veins backs up, 
causing congestion in the body’s tissues, which is mani-
fested as peripheral edema (e.g., edema in the legs and 
ankles). Sometimes fluid collects in the lungs and interferes 
with breathing, causing shortness of breath, especially when 
a person is lying down. This is known as pulmonary edema, 
and if left untreated, can cause respiratory distress. HF also 
affects the kidneys’ ability to dispose of sodium and water. 

overvIew of Heart faIlure and drug tHerapy

20
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table 20.1 classification of Hfa

Classification basis Type description

Time course acute HF and chronic HF patients who have had HF for some time are often said to have chronic 
HF. a treated patient with symptoms and signs, which have remained 
generally unchanged for at least a month, is said to be stable.

If chronic stable HF deteriorates, the patient may be described as 
decompensated and this may happen suddenly, that is, acutely, usually 
leading to hospital admission, an event of considerable prognostic 
importance.

new (de novo) HF may present acutely, for example, as a consequence 
of acute myocardial infarction or in a subacute (gradual) fashion, for 
example in a patient who has had asymptomatic cardiac dysfunction, 
often for an indeterminate period, and may persist or resolve (patients 
may become compensated).

acute HF is not a single disease, but rather a family of related disorders. 
Hence, the term “acute HF syndromes” (aHFS) is commonly used to 
describe the acute conditions.

aHFS can be defined as the new onset or recurrence of gradually or 
rapidly developing syndromes and signs of HF requiring urgent or 
emergent therapy and resulting in hospitalization.

Side of the heart Left‐sided HF and right‐sided HF In left‐sided or left ventricular HF, the ability of the left ventricle to fill 
with or eject blood is impaired.There are two types of left‐sided HF: 
systolic and diastolic HF (see below).

right‐sided or right ventricular HF usually occurs as a result of left‐sided 
failure. when the left ventricle fails, increased fluid pressure is, in 
effect, transferred back through the lungs, ultimately damaging the 
heart’s right side. when the right side loses pumping power, blood 
backs up in the body’s veins. This usually causes swelling in the legs 
and ankles.

Systolic or diastolic Systolic HF and diastolic HF In systolic HF, the left ventricle loses its ability to contract normally. The 
heart can’t pump with enough force to push enough blood into 
circulation, and hence the left ventricular ejection fraction is reduced.

In diastolic HF, the left ventricle loses its ability to relax normally 
because the muscle has become stiff. The heart can’t properly fill with 
blood during the resting period between each beat, and the left 
ventricular ejection fraction (LVeF) is preserved or normal.

ejection fraction HF with reduced ejection fraction  
(HF‐reF) and HF with preserved 
ejection fraction (HF‐peF)

HF‐reF is typically defined as the clinical diagnosis of HF and LVeF 
less than or equal to 40% (or 0.4).

HF‐reF is seen in systolic HF, and thus also loosely referred to as 
systolic HF.

HF‐peF is typically defined as clinical diagnosis of HF and LVeF ≥50% 
(or 0.5). However, it has also been variably classified as LVeF >40, 
>45, >50, and ≥55%. The aCC/aHa classifies HF‐peF with LVeF of 
41–49% as “borderline,” and HF‐peF with eF >40% as “improved” [1].

HF‐peF is seen in diastolic HF, and as such is also loosely referred to as 
diastolic HF. It accounts for approximately 50% of all HF cases.

Severity and disease 
development

new york Heart association (nyHa) 
functional classification and the  
aCC/aHa stage classification

The symptomatic severity is graded by nyHa into four classes. See 
Table 20.2 for nyHa functional classification.

The stage system recognizes that HF, like coronary artery disease, has 
established risk factors and structural prerequisites; that the 
development of HF has asymptomatic and symptomatic phases; and 
that specific treatments targeted at each stage can reduce the 
morbidity and mortality of HF. See Table 20.3 for aCC/aHa stage 
classification.

a Modified from ref. [2, 3].
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table 20.2 the nyHa functional classification of Hf

Class description

I no limitation of physical activity
Ordinary physical activity does not cause undue fatigue, palpitation, or dyspnea

II Slight limitation of physical activity
Comfortable at rest, but ordinary physical activity results in fatigue, palpitation, or dyspnea

III Marked limitation of physical activity
Comfortable at rest, but less than ordinary activity results in fatigue, palpitation, or dyspnea

IV Unable to carry on any physical activity without discomfort
Symptoms present at rest, and if any physical activity is undertaken, discomfort is increased

table 20.3 the acc/aHa stage classification of Hf and its relationship to nyHa functional classification

aCC/aHa
stage description equivalent to nyHa classification

a at high risk for HF none
no identified structural or functional abnormality
no signs or symptoms

B Structural heart disease but without signs or symptoms of HF I
C Structural heart disease with prior or current signs or symptoms of HF I–IV
d advanced structural heart disease and marked symptoms of HF at rest  

despite maximal medical therapy
IV

refractory HF requiring specialized interventions

Modified from ref. [1].

This retained water further aggravates edema in the body’s 
tissues. Because some patients present without signs or 
symptoms of volume overload, the term “heart failure” is 
preferred over “congestive HF” [1].

20.2.3 epidemiology

HF is a major public health issue that affects as many as 23 
million people worldwide [4]. approximately 1–2% of the 
population in developed countries has HF with the preva-
lence rising to 10% or more among persons 70 years of 
age or order [2]. There are many causes of HF, and these 
vary in different parts of the world. The most common 
cause of HF is ischemic heart disease (myocardial infarc-
tion). Other causes include dilated cardiomyopathies, 
familial cardiomyopathies, diabetic cardiomyopathy, and 
toxic cardiomyopathy. Major risk factors for HF include 
hypertension, diabetes, metabolic syndrome, and athero-
sclerotic diseases [1, 5].

at least half of patients with HF have a low LVeF (i.e., 
HF‐reF). HF‐reF is the best understood type of HF in 
terms of pathophysiology and treatment, and is the focus of 
current guidelines on HF management. Coronary artery 
 disease (Cad) is the cause of approximately two‐thirds of 
cases of systolic HF, although hypertension and diabetes 
are probable contributing factors in many cases.

HF‐peF seems to have a different epidemiological 
and etiological profile from HF‐reF. patients with HF‐
peF are older and more often female and obese than 
those with HF‐reF. They are less likely to have Cad 
and more likely to have hypertension and atrial fibrilla-
tion. Indeed, hypertension remains the most important 
cause of HF‐peF, with a prevalence of 60–89% from 
large controlled trials, epidemiological studies, and HF 
registries [1].

In the United States, it is estimated that approximately 
5.1 million americans ≥20 years of age have HF. projections 
show that the prevalence of HF will increase 46% from 
2012 to 2030, resulting in >8 million people ≥18 years of 
age with HF [6]. Currently, there are 825,000 new HF 
cases annually in the United States, and the incidence 
approaches 1% of the population after 65 years of age. at 
40 years of age, the lifetime risk of developing HF for both 
men and women is 1 in 5 (20%). Survival after HF diag-
nosis has improved over time. However, the death rate 
remains high: approximately 50% of people diagnosed 
with HF will die within 5 years. In 2012, total cost for HF 
was estimated to be $30.7 million. projections show that 
by 2030, the total cost of HF will increase almost 127% to 
approximately $70 billion from 2012 [7]. Hence, HF is a 
major issue of public health in the United States as well as 
worldwide.



348 OVerVIew OF HearT FaILUre and drUg THerapy

20.3 patHopHysIology and drug 
targetIng

20.3.1 pathophysiology of Hf‐ref  
and drug targeting

The mechanisms of HF, especially systolic HF (or HF‐reF) 
have been investigated from a variety of perspectives during 
the past several decades [8]. The pathophysiological process 
of diastolic HF is initiated by a primary myocardial injury, 
most commonly myocardial infarction. This injury results in 
left ventricular (LV) systolic dysfunction. In patients with 
LV systolic dysfunction, the maladaptive changes occurring 
in surviving myocytes and extracellular matrix after myocar-
dial injury lead to pathological remodeling of the ventricle 
with dilatation and impaired contractility, one measure of 

which is a reduced LVeF [2, 9]. what characterizes untreated 
systolic dysfunction is progressive worsening of these 
changes over time, with increasing enlargement of the left 
ventricle and decline in LVeF, even though the patient may 
be symptomless initially. Two mechanisms are thought to 
account for this progression. The first is occurrence of 
further events leading to additional cardiomyocyte death 
(e.g., recurrent myocardial infarction). The other is the 
systemic responses induced by the decline in systolic 
function (i.e., a decreased cardiac output), especially the 
activation of the sympathetic nervous system and the renin–
angiotensin–aldosterone system (raaS) (Fig. 20.1).

The above neurohormonal adaptations, in the form of 
activation of the raaS and sympathetic nervous system by 
decreased cardiac output, can temporarily contribute to 

Decreased CO

In�ammatory/oxidative stress
Cardiovascular remodeling

Enlargement of left ventricle
Reduced LVEF

Congestion
Conduction abnormalities

Vasoconstriction
Increased blood pressure

Increased heart rate
Increased cardiac contraction

Water and salt retention

Maladaptation
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Diuretics
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fIgure 20.1 pathophysiology of heart failure with reduced ejection fraction (HF‐reF) and drug targeting mechanisms. as illustrated, HF 
is typically initiated by a primary myocardial injury, most commonly myocardial infarction (MI). This injury results in left ventricular 
dysfunction and decreased cardiac output (CO). The reduced CO in turn sets off an initially compensatory response and subsequently progres-
sive maladaptation, leading to myocardial remodeling and deterioration of left ventricular dysfunction. This vicious cycle is perpetuated 
primarily via sustained activation of the renin–angiotensin–aldosterone system (raaS) and the sympathetic nervous system (SnS). drugs that 
target the raaS and SnS retard cardiac remodeling and slow disease progression, and as such, have become the cornerstone of HF 
management. diuretics, vasodilators, and positive inotropic agents act at various steps of the HF pathophysiology to improve symptoms asso-
ciated with left ventricular dysfunction. On the other hand, cardiac‐resynchronization therapy (CrT) improves left ventricular function via 
correcting the conduction abnormalities. raaSIs denotes raaS inhibitors, which include angiotensin‐converting enzyme inhibitors, 
angiotensin receptor blockers, and aldosterone receptor antagonists. LVeF denotes left ventricular ejection fraction.
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maintenance of perfusion of vital organs in two ways:  
(1) maintenance of systemic pressure by vasoconstriction, 
resulting in redistribution of blood flow to vital organs; and 
(2) restoration of cardiac output by increasing myocardial 
contractility and heart rate and by expansion of the extra-
cellular fluid volume. although some of the responses are 
initially compensatory, eventually they contribute to the 
further worsening of heart function and disease progression, 
creating a pathophysiological vicious cycle, accounting 
for many of the clinical features of the HF syndrome  
[2]. Interruption of the above processes, especially the 
sympathetic nervous system and the raaS, is thus the basis 
of much of the effective treatment of systolic HF [8, 10]. In 
this context, as discussed in Chapter  22, the mainstay of 
therapy of systolic HF includes the use of β‐blocker and the 
raaS inhibitors (Fig. 20.1).

Clinically, the aforementioned changes are associated 
with the development of symptoms and worsening of the 
symptoms over time. In this regard, the elevation in diastolic 
pressures of the failing heart is transmitted to the atria and to 
the pulmonary and systemic venous circulations, and the 
ensuing elevation in capillary pressures promotes the 
development of pulmonary congestion and peripheral 
edema. On the other hand, the increase in left ventricular 
afterload induced by the rise in peripheral resistance can 
both directly depress cardiac function and enhance the rate 
of deterioration of myocardial function via pathological 
remodeling. Moreover, activation of the raaS and the 
sympathetic nervous system results in inflammatory and 
oxidative stress, contributing to pathological cardiac remod-
eling. Collectively, these deleterious effects due to maladap-
tation cause diminished quality of life, declining functional 
capacity, episodes of frank decompensation leading to 
hospital admission (which is often recurrent and costly to 
health services), and premature death, usually due to pump 
failure or a ventricular arrhythmia. The acute decompen-
sated HF necessitates the use of (i) positive inotropic agents 
to augment myocardial contractility and hence improve 
cardiac output and the perfusion of vital organs, and (ii) 
diuretics to alleviate edema, especially pulmonary edema, to 
reduce pulmonary congestion (Fig. 20.1).

The limited cardiac reserve of such patients is also 
dependent on atrial contraction, synchronized contraction of 
the left ventricle, and a normal interaction between the right 
and left ventricles. Intercurrent events affecting any of these 
including the development of atrial fibrillation or conduction 
abnormalities (such as left bundle branch block) or imposing 
an additional hemodynamic load on the failing heart (e.g., 
anemia) can lead to acute decompensation. Indeed, HF 
patients, frequently have conduction abnormalities which 
further aggravate LV dysfunction. The efficacy of cardiac‐
resynchronization therapy (CrT) in HF is consistent with the 
above electro‐pathophysiological concept [11–13] (Fig. 20.1).

20.3.2 pathophysiology of Hf‐pef  
and drug targeting

HF‐peF is estimated to account for approximately 50% of 
all HF cases, and the prevalence and hospitalization related 
to HF‐peF are rising. Indeed, HF‐peF is increasing out of 
proportion to HF‐reF, and its prognosis is worsening while 
that of HF‐reF is improving. The health and economic 
impact of HF‐peF is at least as great as that of HF‐reF, with 
similar severity of chronic exercise intolerance, acute hospi-
talization rates, and substantial mortality [14, 15].

In contrast to HF‐reF, to date, there are no approved ther-
apies to reduce hospitalization or mortality for HF‐peF, 
largely due to the pathophysiological heterogeneity that exists 
within the broad spectrum of HF‐peF. This syndrome was 
historically considered to be caused exclusively by left ven-
tricular diastolic dysfunction due to hypertrophy and other 
remodeling processes that result in LV stiffness. However, 
recent research has identified multiple other contributory 
factors, including: (i) decreased left ventricular systolic 
reserve; (ii) systemic and pulmonary vascular dysfunction; 
(iii) endothelial dysfunction, decreased nitric oxide bioavail-
ability, and increased arterial stiffness; and (iv) decreased 
right heart function and left atrial function [16, 17].

Multiple individual mechanisms frequently coexist 
within the same patient to cause symptomatic HF, but bet-
ween patients with HF‐peF, the extent to which each com-
ponent is operative can differ widely, further confounding 
treatment approaches. In line with this notion, clinical trials 
on HF‐peF therapies have been largely unsuccessful. These 
include the trials on raaS inhibitors, digoxin, β‐blockers, 
and phosphodiesterase-5 (pde5) inhibitors (e.g., sildenafil) 
[15]. Because of the lack of specific treatment, the 
management of HF‐peF is currently limited to diuretics and 
treatment of comorbidities [15].

20.4 summary of cHapter Key poInts

 • HF is a major public health issue that affects as many as 
23 million people worldwide. It is a complex clinical 
syndrome that can result from any structural or 
functional impairment of ventricular filling or ejection 
of blood. The cardinal manifestations of HF are dys-
pnea and fatigue (which may limit exercise tolerance), 
and fluid retention (which may lead to pulmonary con-
gestion and peripheral edema).

 • HF can be classified in various ways. For example, 
based on time course, HF is classified into acute and 
chronic HF. Based on LVeF, HF is divided into HF‐
reF and HF‐peF, with each accounting for approxi-
mately 50% of all cases. HF is also classified into 
different classes (I–IV) or stages (a–d) according to 
diseases severity and development.
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 • The pathophysiological process of HF‐reF is initiated 
by a primary myocardial injury, most commonly 
 myocardial infarction, and the disease progression is 
catalyzed by the initially compensatory activation of 
both the raas and the sympathetic nervous system. 
Interruption of the above processes by β‐blockers and 
raaS inhibitors is the basis of much of the effective 
treatment of HF‐reF.

 • In contrast to HF‐reF, to date, there are no approved 
therapies to reduce hospitalization or mortality for  
HF‐peF. This is largely due to the pathophysiological 
heterogeneity that exists within the broad spectrum of 
HF‐peF. Because of the lack of specific treatment, the 
management of HF‐peF is currently limited to diuretics 
and treatment of comorbidities.

20.5 self‐assessment QuestIons

20.5.1. according to the 2013 aCCF/aHa guideline for the 
management of heart failure, HF‐reF is defined as 
the clinical diagnosis of HF and reduced LVeF of 
which of the following?
a. ≤25
B. ≤30
C. ≤35
d. ≤40
e. ≤45

20.5.2. Heart failure is a common clinical syndrome that 
affects over 5 million americans and as many as 23 
million people worldwide. which of the following is 
the etiology responsible for the majority of heart 
failure cases?
a. atrial fibrillation
B. diabetic cardiomyopathy
C. Hypertension
d. Myocardial infarction
e. Toxic cardiomyopathy

20.5.3. Based on the changes in left ventricular ejection 
fraction, patients with heart failure are divided into 
two categories: those with HF‐reF and those with 
HF‐peF. which of the following is most likely the 
ratio of the prevalence of the two types of heart 
failure?
a. 0.1
B. 0.25
C. 0.5
d. 1.0
e. 2.0

20.5.4. a 60‐year‐old male is brought to the emergency 
department because of severe shortness of breath 
upon minimum exertion. History reveals that he has 
chronic heart failure of 2 years of duration. If the 
patient’s symptom is associated with his heart 

failure, which of the following best describes the 
stage of the patient’s heart failure?
a. aCC/aHa stage a
B. aCC/aHa stage B
C. aCC/aHa stage C
d. nyHa class I
e. nyHa class II

20.5.5. a 62‐year‐old female with HF‐reF has been 
managed successfully with a treatment regimen that 
includes a diuretic, an angiotensin‐converting 
enzyme inhibitor, and a β‐blocker. She is free of 
heart failure symptoms at rest and even able to carry 
out ordinary physical activity without experiencing 
fatigue, palpitation, or dyspnea. which of the fol-
lowing best describes the patient’s condition?
a. aCC/aHa stage a
B. aCC/aHa stage B
C. aCC/aHa stage C
d. aCC/aHa stage d
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21.1 Overview

As introduced in Chapter  20, treatment of heart failure 
(HF) involves the use of various classes of drugs that 
target the different pathophysiological pathways under
lying this syndrome. The major drug classes for treating 
HF include diuretics (Chapter  7), β‐blockers (Chapter  8), 
inhibitors of the renin–angiotensin–aldosterone system 
(RAAS) (Chapter 9), vasodilators (Chapter 11), and positive 
inotropic agents. This chapter discusses the pharmacological 
basis of using the above drug classes in treating HF. Since 
inotropic drugs have not been covered elsewhere in the book, 
this chapter examines the molecular pharmacology of this 
drug class in HF treatment. The chapter also introduces 
emerging therapeutics for HF. The principles and guidelines 
regarding management of HF are considered in Chapter 22.

21.2 Diuretics fOr Heart failure

Diuretics inhibit the reabsorption of sodium or chloride 
at specific sites in the renal tubules (see Chapter 7). Loop 
diuretics (e.g., bumetanide, furosemide, and torsemide), as 
indicated by the name, act at the loop of Henle, whereas thi
azides and thiazide‐type drugs (e.g., chlorthalidone, hydro
chlorothiazide, and indapamide) and potassium‐sparing 
agents (e.g., eplerenone and spironolactone) act in the distal 
portion of the tubule. Loop diuretics are the most potent 
diuretic drugs among the above three drug classes and have 
emerged as the preferred diuretic agents for use in most 
patients with heart failure (HF). Thiazide and thiazide‐type 

diuretics may be considered in hypertensive patients with 
HF and mild fluid retention because they confer more per
sistent antihypertensive effects [1]. In contrast, potassium‐
sparing diuretics are not used for the purpose of diuresis due 
to their limited ability to directly reduce edema. However, 
these agents have been shown to retard the disease progres
sion and reduce mortality of systolic HF independent of their 
diuretic activity [2, 3].

Clinical trials have demonstrated the ability of diuretic 
drugs to increase urinary sodium excretion and decrease 
physical signs of fluid retention in patients with HF. In 
intermediate‐term studies, diuretics have been shown to 
improve symptoms and exercise tolerance in patients with 
HF. However, unlike β‐blockers and RAAS inhibitors, the 
effects of diuretic effects on morbidity and mortality of 
patients with systolic HF are not known [1, 4]. Diuretics are 
the only drugs used for the treatment of HF that can ade
quately control the fluid retention of HF. Appropriate use of 
diuretics is a key element in the success of other drugs used 
for the treatment of HF. The use of inappropriately low doses 
of diuretics will result in fluid retention. Conversely, the use 
of inappropriately high doses of diuretics will lead to volume 
contraction, which can increase the risk of symptomatic 
hypotension and worsen renal function [1, 4].

21.3 β‐BlOckers fOr Hf

β‐Blocker therapy (see Chapter 8), advocated for HF by 
some investigators since the 1970s, represents a major 
advance in the treatment of patients with systolic HF [5]. 

Drugs fOr Heart failure

21
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Multiple large‐scale clinical trials have provided unequiv
ocal evidence for the efficacy of β‐blocker therapy in 
 systolic HF. Long‐term treatment with β‐blockers can 
lessen the symptoms of systolic HF, improve the patient’s 
clinical status, and enhance the patient’s overall sense of 
well‐being. In addition, like RAAS inhibitors, β‐blockers 
can reduce the risk of death and the combined risk of 
death or hospitalization of patients with systolic HF. 
These benefits of β‐blocker therapy have been observed 
in patients with or without coronary artery disease (CAD) 
and in patients with or without diabetes, as well as in 
women and blacks. Moreover, the favorable effects of β‐
blocker therapy have also been reported in patients 
already taking angiotensin‐converting enzyme inhibitors 
(ACeIs) [1].

Three β‐blockers have been shown to be effective in 
reducing the risk of death in patients with chronic systolic 
HF. They are bisoprolol, carvedilol, and sustained‐release 
metoprolol succinate. However, the positive findings with 
these three β‐blockers should not be considered a β‐blocker 
class effect. In this context, bucindolol has been shown to 
lack uniform effectiveness across different populations, and 
short‐acting metoprolol tartrate has been found to be less 
effective in HF clinical trials [1]. Hence, for β‐blocker 
treatment of systolic HF, bisoprolol, carvedilol, or sustained‐
release metoprolol succinate should be chosen.

21.4 inHiBitOrs Of tHe raas fOr Hf

As described in Chapter  9, inhibitors of RAAS include 
ACeIs, angiotensin receptor blockers (ARBs), aldosterone 
receptor antagonists (e.g., eplerenone and spironolactone; 
these are also known as potassium‐sparing diuretics), and 
direct renin inhibitors (e.g., aliskiren). This section summa
rizes the clinical trial evidence on the efficacy of each of the 
above drug classes in treating systolic HF.

21.4.1 aceis

A number of large clinical trials have demonstrated that 
ACeIs can decrease the risk of death and reduce hospitaliza
tion of patients with systolic HF [6, 7]. Although the 
mortality benefit of ACeIs is strongest across new York 
Heart Association (nYHA) class II–IV HF, the benefits have 
been observed in patients with mild, moderate, or severe 
symptoms of systolic HF and in patients with or without 
CAD. Hence, ACeIs should be used in all HF patients with 
reduced left ventricular ejection fraction (LVeF), whether or 
not they are symptomatic. Unless there is a contraindication, 
ACeIs are used together with a β‐blocker to achieve additive 
benefits. However, patients should not be given an ACeI if 
they have experienced life‐threatening adverse reactions, 
such as angioedema during previous medication exposure, 

or if they are pregnant or plan to become pregnant (also see 
Chapter 9) [1]. If the patients cannot tolerate ACeIs, ARBs 
may be considered.

21.4.2 arBs

In several placebo‐controlled studies, long‐term therapy 
with ARBs produced hemodynamic, neurohormonal, and 
clinical effects consistent with those expected after interfer
ence with the RAAS in systolic HF [8–10]. Reduced hospi
talization and mortality of patients with systolic HF by ARB 
therapy have been demonstrated. ACeIs remain the first 
choice for inhibition of the RAAS in systolic HF, but ARBs 
can now be considered a reasonable alternative [1]. In this 
context, ARBs are used in patients with systolic HF who are 
ACeI intolerant; an ACe‐inhibition intolerance primarily 
related to persistent dry cough is the most common indica
tion. In addition, an ARB may be used as an alternative to an 
ACeI in patients who are already taking an ARB for another 
reason, such as hypertension, and who subsequently develop 
systolic HF [1].

21.4.3 aldosterone receptor antagonists

Spironolactone and eplerenone (also see Chapters 7 and 9) 
block receptors that bind aldosterone and other corticoste
roids and are also known as mineralocorticoid receptor 
antagonists. These drugs are also classified as potassium‐
sparing diuretics though they are not used as direct diuretic 
agents due to limited ability of diuresis. Likely via 
 blocking aldosterone‐mediated inflammation and cardio
vascular remodeling, both spironolactone and eplerenone 
exert  beneficial effects in systolic HF. The landmark 
RALeS trial demonstrated that blockade of aldosterone 
receptors by spironolactone, in addition to standard 
therapy,  substantially reduced the risk of both morbidity 
and death among patients with severe diastolic HF; a 
remarkable 30% reduction in the risk of death among 
patients in the spironolactone group was attributed to a 
lower risk of both death from progressive HF and sudden 
death from cardiac causes. The frequency of hospitaliza
tion for worsening HF was also 35% lower in the 
 spironolactone group than in the placebo group. In 
addition, patients who received spironolactone had a 
significant improvement in the symptoms of HF, as 
assessed on the basis of the nYHA functional class [3]. 
Similarly, eplerenone has been shown to reduce all‐cause 
deaths, cardiovascular deaths, or HF hospitalizations in a 
wider range of patients with systolic HF [2, 11, 12]. In 
view of the substantial benefits of aldosterone receptor 
antagonist therapy, clinicians should strongly consider the 
addition of spironolactone or eplerenone for all patients 
with HF with reduced ejection fraction (HF‐ReF) who are 
already on ACeIs (or ARBs) and β‐blockers [1].
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21.4.4 Direct renin inhibitors

Aliskiren is a first‐in‐class drug that directly inhibits renin, a 
key enzyme of the RAAS (see Chapter 9). The ASTRonAUT 
trial is an international double‐blind, placebo‐controlled 
study involving 1639 patients with HF‐ReF, and the study 
concluded that among patients hospitalized for HF‐ReF, ini
tiation of aliskiren in addition to standard therapy did not 
reduce cardiovascular death or HF rehospitalization at 6 or 
12 months after discharge [13]. A subsequent prespecified 
subgroup analysis from the ASTRonAUT trial suggested 
that the addition of aliskiren to standard HF therapy in non
diabetic patients was generally well tolerated and improved 
postdischarge outcomes and biomarker profiles. In contrast, 
diabetic patients receiving aliskiren appeared to have worse 
postdischarge outcomes [14]. In view of the above data, 
aliskiren is not presently recommended as an alternative to 
an ACeI or ARB in treating systolic HF.

21.5 vasODilatOrs fOr Hf

21.5.1 vasodilators in acute Hf

Vasodilators used in the management of HF include nitrates 
(e.g., nitroglycerin, isosorbide dinitrate), hydralazine, and 
nesiritide (see Chapter 11). They are often used in treating 
acute HF. Although vasodilators such as nitrates reduce 
 preload and afterload and increase stroke volume, there is no 
solid evidence that they relieve dyspnea or improve other 
clinical outcomes [4]. Vasodilators are probably most useful 
in patients with hypertension and should be avoided in 
patients with a systolic blood pressure less than 110 mmHg. 
excessive falls in blood pressure should also be avoided 
because hypotension is associated with higher mortality in 
patients with acute HF [4].

nesiritide (a recombinant form of human B‐type natri
uretic peptide that causes vasodilation) is approved in the 
United States for early relief of dyspnea in patients with 
acute HF. A recent randomized trial involving 7141 patients 
who were hospitalized with acute HF reported that nesiritide 
therapy was not associated with an increase or a decrease in 
the rate of death and rehospitalization and had a small, non
significant effect on dyspnea when used in combination with 
other therapies. Although nesiritide was not associated with 
a worsening of renal function, it was associated with an 
increase in rates of hypotension. on the basis of these results, 
the trial concluded that nesiritide cannot be recommended 
for routine use in the broad population of patients with 
acute HF [15]. In line with the above notion, the more recent 
Renal optimization Strategies evaluation  (RoSe) study, a 
 multicenter, double‐blind, placebo‐controlled trial with 
360 hospitalized patients with acute HF and renal dysfunction, 
concluded that in participants with acute HF and renal dys
function, neither low‐dose dopamine nor low‐dose nesiritide 

enhanced decongestion or improved renal function when 
added to diuretic therapy [16].

21.5.2 vasodilators in chronic Hf

The combination of isosorbide dinitrate and hydralazine has 
been used for treating chronic HF, especially in African 
Americans [1, 17]. An early randomized trial involving 642 
men with impaired cardiac function and reduced exercise 
tolerance reported that addition of hydralazine and isosor
bide dinitrate to the therapeutic regimen of digoxin and 
diuretics in patients with chronic congestive HF exerted a 
favorable effect on left ventricular function and mortality. 
notably, the mortality‐risk reduction in the group treated 
with hydralazine and isosorbide dinitrate was 36% by 3 
years [18]. However, as summarized elsewhere [1], in two 
other trials that compared the vasodilator combination with 
an ACeI, the ACeI produced more favorable effects on 
survival in patients with chronic congestive HF. A post hoc 
retrospective analysis of these vasodilator trials demon
strated particular efficacy of isosorbide dinitrate and hydral
azine in the African American cohort [1]. In a subsequent 
large‐scale trial (A‐HeFT) involving a total of 1050 black 
patients who had nYHA class III or IV HF with dilated ven
tricles demonstrated that the addition of a fixed‐dose 
combination of hydralazine and isosorbide dinitrate to stan
dard therapy with an ACeI or ARB, a β‐blocker, and an aldo
sterone receptor antagonist offered significant benefits. 
notably, the study was terminated early owing to a signifi
cantly higher mortality rate in the placebo group than in the 
group given isosorbide dinitrate plus hydralazine. Addition 
of the fixed‐dose combination of hydralazine and isosorbide 
dinitrate resulted in a 43% relative reduction in mortality, 
33% relative reduction in the rate of first hospitalization for 
HF, and a significant improvement in the quality of life in 
black patients with advanced HF [19]. The favorable results 
of the A‐HeFT study provide the foundation for guideline‐
based class I recommendations on using the combination of 
hydralazine and isosorbide dinitrate to reduce morbidity or 
mortality in African Americans with systolic HF [1, 4] (see 
Chapter 22).

21.6 POsitive inOtrOPic agents fOr Hf

Listed below are the US Food and Drug Administration 
(FDA)‐approved positive inotropic agents (PIAs) for use in 
the management of HF. Digoxin is a digitalis glycoside. 
Dobutamine and dopamine are β‐adrenergic receptor ago
nists, whereas inamrinone and milrinone are phosphodies
terase 3 (PDe3) inhibitors:

 • Digoxin (Digox)

 • Dobutamine (Dobutrex)
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 • Dopamine (Intropin)

 • Inamrinone (Inocor)

 • Milrinone (Primacor)

21.6.1 introduction

In cardiovascular medicine, inotropic agents (also known as 
inotropes) refer to the drugs that alter the contractility of the 
myocardium. negative inotropic agents weaken the force of 
myocardial contraction, whereas PIAs increase the strength 
of myocardial contraction. PIAs are typically classified 
into the following four classes: (1) digitalis (e.g., digoxin), 
(2) β‐adrenergic receptor agonists (e.g., dobutamine and 
dopamine), (3) PDe3 inhibitors (e.g., inamrinone and milri
none), and (4) calcium‐sensitizing agents (e.g., levosimen
dan, not approved for use in the United States).

PIAs have beneficial hemodynamic effects in patients 
with acute systolic HF due primarily to a direct increase in 
cardiac output. While the efficacy of acute PIA therapy is 
well established in patients with acute decompensated HF, 
long‐term use of these agents (except for digitoxin) is asso
ciated with increased mortality.

21.6.2 Digitalis (Digoxin)

21.6.2.1 Chemistry and Pharmacokinetics Digoxin 
(structure shown in Fig. 21.1) is one of the cardiac (or digi
talis) glycosides, a closely related group of drugs having in 

common specific effects on the myocardium. These drugs 
are found in a number of plants. Digoxin is extracted from 
the leaves of Digitalis lanata.

The term “digitalis” is used to designate the whole group 
of glycosides. The glycosides are composed of two portions: 
a sugar and a cardenolide (hence “glycosides”). Digoxin is 
the only digitalis approved by the US FDA for clinical use.

Digoxin is readily absorbed following oral administration 
with oral bioavailability ranging from 60 to 80%. Digoxin is 
concentrated in tissues and therefore has a large apparent 
volume of distribution. only a small percentage (16%) of a 
dose of digoxin is metabolized via a cytochrome P450‐
independent mechanism. A major portion of the drug is 
excreted unchanged in the urine with an elimination half‐life 
of 1.5–2 days.

21.6.2.2 Molecular Mechanisms and Pharmacological 
Effects Digoxin inhibits na+/K+‐ATPase. Inhibition of the 
enzyme on the plasma membrane of cardiomyocytes leads to 
an increase in the intracellular concentration of na+, which 
in turn stimulates na+/Ca2+exchange, leading to an increase 
in the intracellular concentration of Ca2+ and thereby 
increased myocardial contraction (Fig. 21.2).

The beneficial effects of digoxin result from its direct 
action on cardiac muscle as mentioned earlier, as well as an 
indirect action mediated by the autonomic nervous system. 
The autonomic effects of digoxin include (i) a vagomimetic 
action, which is responsible for the effects of the drug on the 
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sinoatrial and atrioventricular (AV) nodes, and (ii) barore
ceptor sensitization, which results in increased afferent 
inhibitory activity and reduced activity of the sympathetic 
nervous system and RAAS for any given increment in mean 
arterial pressure.

The pharmacological consequences of the above direct 
and indirect effects are (i) an increase in the force and 
velocity of myocardial systolic contraction (positive inotropic 
action), (ii) a decrease in the degree of activation of the 
sympathetic nervous system and RAAS (neurohormonal 
deactivating effect), and (iii) slowing of the heart rate and 
decreased conduction velocity through the AV node (vago
mimetic effect).

The beneficial effects of digoxin in HF are mediated by its 
positive inotropic and neurohormonal deactivating effects, 
whereas the effects of the drug in atrial arrhythmias are 
related, at least partly, to its vagomimetic actions. However, in 
high doses, digoxin increases sympathetic outflow from the 
central nervous system (CnS). This increase in sympathetic 
activity may be an important factor in digoxin toxicity.

21.6.2.3 Clinical Uses 

HF Digoxin is indicated for the treatment of mild‐to‐
moderate systolic HF. Digoxin increases LVeF and improves 
HF symptoms as evidenced by exercise capacity and reduced 
HF‐related hospitalizations and emergency care [20, 21]. 
However, the effect of digoxin on mortality remains 
controversial. While the initial DIg trial reported no effect 
of digoxin on the mortality of patients with systolic HF [20], 
a prespecified subgroup analysis of the DIg trial reported 
that digoxin therapy also exerted survival benefits in 
addition to decreased hospitalization in high‐risk chronic HF 

patients with nYHA classes III–IV, LVeF less than 25%, or 
cardiothoracic ratio greater than 55% [22]. Regardless of the 
controversies on its survival benefits, where possible, digoxin 
should be used with a diuretic and an ACeI (or ARB).

Chronic Atrial Fibrillation Digoxin is indicated for the 
control of ventricular response rate in patients with chronic 
atrial fibrillation. In these patients, digoxin slows rapid 
ventricular response rate in a linear dose–response fashion 
from 0.25 to 0.75 mg/day. However, digoxin should not be 
used for the treatment of multifocal atrial tachycardia.

21.6.2.4 Therapeutic Dosages Listed below are the dosage 
forms and strengths of digoxin:

 • Digoxin (Digox): oral, 125 and 250 µg (mcg) tablets; 
injection (intravenous (iv) or intramuscular (im)), 
500 µg (mcg)/2 ml ampules

In selecting a digoxin dosing regimen, it is important to con
sider factors that affect digoxin blood levels (e.g., body weight, 
age, renal function, concomitant drugs) since toxic levels of 
digoxin are only slightly higher than therapeutic levels (narrow 
therapeutic index). Dosing can be either initiated with a loading 
dose followed by maintenance dosing if rapid titration is desired 
or initiated with maintenance dosing without a loading dose.

Table  21.1 summarizes the recommended dosage regi
mens for both oral and parenteral administration. It should be 
noted that parenteral administration of digoxin should be 
used only when the need for rapid digitalization is urgent or 
when the drug cannot be taken orally. IM injection can lead to 
severe pain at the injection site; thus, IV administration is 
preferred. If the drug must be administered by the IM route, 
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figure 21.2 Molecular mechanisms of action of digoxin as a positive inotrope in treating heart failure. Digoxin inhibits na+/K+‐ATPase. 
Inhibition of this enzyme on the plasma membrane of cardiomyocytes leads to an increase in the intracellular concentration of na+, which in 
turn stimulates na+/Ca2+exchange, leading to an increase in the intracellular concentration of Ca2+ and thereby increased myocardial 
contraction.



PoSITIVe InoTRoPIC AgenTS FoR HF 357

it should be injected deep into the muscle followed by 
massage. For adults, no more than 500 µg (mcg) of digoxin 
should be injected into a single site. It cannot be overempha
sized that the recommended dosage regimens are based upon 
average patient response, and substantial individual variation 
can be expected. Accordingly, ultimate dosage selection must 
be based upon clinical assessment of the individual patient.

21.6.2.5 Adverse Effects and Drug Interactions 

Adverse Effects Digoxin adverse effects mainly involve the 
heart, the gut, and the CnS. Therapeutic doses of digoxin can 
cause heart block in patients with preexisting sinoatrial or AV 
conduction disorders, and heart block can be avoided by 
adjusting the dose of digoxin. Digoxin causes gut disturbance, 
leading to anorexia, nausea, vomiting, and diarrhea. The 
CnS effects of digoxin include visual disturbances (blurred 
or yellow vision), headache, weakness, dizziness, apathy, 
confusion, and mental disturbances (e.g., anxiety, depression, 
delirium, and hallucination). In addition, gynecomastia has 
been occasionally observed following the prolonged use of 
digoxin. Thrombocytopenia and maculopapular rash and 
other skin reactions have been rarely observed.

Drug Interactions Potassium‐depleting diuretics including 
thiazides and loop diuretics are a major contributing factor 
to digitalis toxicity. Calcium, particularly if administered 
rapidly by the IV route, may produce serious arrhythmias in 
digitalized patients. Quinidine, verapamil, amiodarone, 
propafenone, indomethacin, itraconazole, alprazolam, and 
spironolactone raise the plasma digoxin concentration due to 
a reduction in clearance and/or in volume of distribution of 
the drug. erythromycin and clarithromycin (and possibly 
other macrolide antibiotics) and tetracycline may increase 
digoxin absorption in patients who inactivate digoxin by 
bacterial metabolism in the lower intestine, so that digitalis 
intoxication may result.

Contraindications and Pregnancy Category 

 • Digoxin is contraindicated in patients with ventricular 
fibrillation or in patients with a known hypersensitivity to 
digoxin. A hypersensitivity reaction to other digitalis prep
arations usually constitutes a contraindication to digoxin.

 • Pregnancy category: C.

21.6.3 Dobutamine and Dopamine

21.6.3.1 Chemistry and Pharmacokinetics Dobutamine 
and dopamine are β‐adrenergic receptor agonists that stimu
late cardiac contractility. Dopamine is a natural catecholamine 
formed by the decarboxylation of 3,4‐dihydroxyphenylala
nine, whereas dobutamine is a synthetic catecholamine 
(structures shown in Fig. 21.1). The major pharmacokinetic 
properties of these two drugs are given in Table 21.2.

21.6.3.2 Molecular Mechanisms and Pharmacological 
Effects 

Dobutamine Dobutamine is a direct‐acting inotropic agent 
whose primary activity results from stimulation of the β‐
adrenergic receptors of the heart while producing comparati
vely mild chronotropic, hypertensive, arrhythmogenic, and 
vasodilative effects. It does not cause the release of endogenous 
norepinephrine. In animal studies, dobutamine produces less 
increase in heart rate and less decrease in peripheral vascular 
resistance for a given inotropic effect than isoproterenol.

In patients with depressed cardiac function, both dobuta
mine and isoproterenol increase the cardiac output to a sim
ilar degree. In the case of dobutamine, this increase is usually 
not accompanied by marked increases in heart rate (although 
tachycardia is occasionally observed), and the cardiac stroke 
volume is usually increased. In contrast, isoproterenol 
increases the cardiac index primarily by increasing the heart 
rate, while stroke volume changes little or declines.

taBle 21.1 Digoxin dosage regimens for treating Hf and chronic atrial fibrillation

Route Loading dose Maintenance dose

oral 8–12 µg (mcg): administer half the total loading dose 
initially, then 25% the loading dose every 6–8 h twice

125–500 µg (mcg) once daily

IV 8–12 µg (mcg): administer half the total loading dose 
initially, then 25% the loading dose every 6–8 h twice

Starting maintenance dose: 2.4–3.6 µg (mcg)/kg/day, given once 
daily. Doses may be increased every 2 weeks according to 
clinical response, plasma drug levels, and toxicity

taBle 21.2 Major pharmacokinetic properties of dobutamine and dopamine

Drug onset of action elimination half‐life Metabolism and elimination

Dobutamine 1–2 min 2 min Catechol‐O‐methyltransferase (CoMT); eliminated in the urine
Dopamine <5 min 2 min Monoamine oxidase; CoMT; eliminated in the urine
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Dopamine Dopamine produces positive chronotropic 
and inotropic effects on the myocardium, resulting in 
increased heart rate and cardiac contractility. This is 
accomplished directly by exerting an agonist action on β‐
adrenergic receptors and indirectly by causing release of 
norepinephrine from storage sites in sympathetic nerve 
endings.

The cardiovascular effects of dopamine are dose related: 
(i) at low rates of infusion (0.5–2 µg/kg/min), it causes 
vasodilation possibly due to specific activation of dopa
mine receptors in the renal, mesenteric, coronary, and 
intracerebral vascular beds. The vasodilation in renal 
vascular beds is accompanied by increased glomerular fil
tration rate, renal blood flow, sodium excretion, and urine 
flow. (ii) At intermediate rates of infusion (2–10 µg/kg/
min), dopamine acts to stimulate the β

1
‐adrenergic recep

tors, resulting in augmented myocardial contractility, 
increased sinus rate, and enhanced impulse conduction in 
the heart. There is little, if any, stimulation of the β

2
‐adren

ergic receptors (activation of β
2
‐adrenergic receptors 

causes peripheral vasodilation). (iii) At higher rates of 
infusion (10–20 µg/kg/min), dopamine causes activation of 
α‐adrenergic receptors, leading to vasoconstriction and 
increased blood pressure.

21.6.3.3 Clinical Uses 

Dobutamine Dobutamine injection is indicated when 
parenteral therapy is necessary for inotropic support in the 
short‐term treatment of adults with cardiac decompensation due 
to depressed contractility resulting either from organic heart 
disease or from cardiac surgical procedures. In patients who 
have atrial fibrillation with rapid ventricular response, a digitalis 
preparation should be used prior to institution of therapy with 
dobutamine. Recent studies suggested that dobutamine is the 
most commonly used PIA in patients hospitalized with HF, 
followed by dopamine and milrinone [23, 24].

Dopamine Dopamine is indicated for the correction of 
hemodynamic imbalances present in the shock syndrome 
due to myocardial infarctions, trauma, endotoxic septicemia, 
open heart surgery, renal failure, and chronic cardiac 
decompensation as in congestive HF. However, a recent 
multicenter, double‐blind, placebo‐controlled clinical trial 
(RoSe) of 360 hospitalized patients with acute HF and renal 
dysfunction concluded that in patients with acute HF and 
renal dysfunction, low‐dose dopamine did not enhance 
decongestion or improve renal function when added to 
diuretic therapy [16].

21.6.3.4 Therapeutic Dosages Listed below are the 
 dosage forms and strengths of dobutamine and dopamine. 
The recommended dosage regimens in treating acute HF 
are summarized in Table 21.3:

 • Dobutamine (Dobutrex): IV, 12.5 mg/ml available as 
20 ml single‐dose vials containing 250 mg dobuta mine 
or 40 ml single‐dose vials containing 500 mg dobutamine

 • Dopamine: IV, 800 mg/5 ml (160 mg/ml) single‐dose 
vials

21.6.3.5 Adverse Effects and Drug Interactions 

Adverse Effects The major adverse effects of dobutamine 
and dopamine are related to the cardiovascular responses, 
including increased heart rate and blood pressure, and 
ventricular arrhythmias. Precipitous decreases in blood 
pressure have occasionally been described in association 
with these drugs. other uncommon effects may include 
nausea, headache, anginal pain, nonspecific chest pain, 
palpitations, and shortness of breath.

Drug Interactions Dobutamine may be ineffective if the 
patient has recently received a β‐blocker. In such a case, the 
peripheral vascular resistance may increase. Because 
dopamine is metabolized by monoamine oxidase (MAo), 
inhibition of this enzyme prolongs and potentiates the effect 
of dopamine. Patients who have been treated with MAo 
inhibitors within 2–3 weeks prior to the administration of 
dopamine should receive initial doses of dopamine not 
greater than one tenth (1/10) of the usual dose. Dopamine 
may also interact with cyclopropane or halogenated 
hydrocarbon anesthetics to cause arrhythmias. Administration 
of phenytoin to patients receiving dopamine has been 
reported to lead to hypotension and bradycardia.

Contraindications and Pregnancy Category 

 • Dobutamine is contraindicated in patients with idio
pathic hypertrophic subaortic stenosis and in patients 
who have shown previous manifestations of hypersen
sitivity to the drug.

taBle 21.3 recommended dosage regimens of dobutamine 
and dopamine

Drug Dosage regimen

Dobutamine Typical dose range: 2.5–15 µg (mcg)/kg/min. on 
rare occasions, infusion rates up to 40 µg (mcg)/
kg/min are required to obtain the desired effect

Dopamine •	 Initial dosage rate: 2–5 µg (mcg)/kg/min in 
patients who are likely to respond to modest 
increments of heart force and renal perfusion

•	 In more seriously ill patients, begin 
administration at a dose rate of 5 µg (mcg)/kg/
min and increase gradually, using 5–10 µg 
(mcg)/kg/min increments, up to 20–50 µg 
(mcg)/kg/min as needed
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 • Dopamine should not be used in patients with pheo
chromocytoma. It should not be administered in the 
presence of uncorrected tachyarrhythmias or ventric
ular fibrillation.

 • Pregnancy category: B (dobutamine) and C (dopamine).

21.6.4 PDe3 inhibitors

21.6.4.1 Chemistry and Pharmacokinetics Inamrinone 
(also called amrinone) and milrinone (structure shown in 
Fig. 21.1) represent a new class of PIAs distinct from digi
talis glycosides or β‐adrenergic receptor agonists. These 
drugs are relatively selective inhibitors of PDe3 and as such 
are commonly known as PDe3 inhibitors. Since inamrinone 
is rarely used, this section focuses on milrinone. Milrinone is 
a bipyridine derivative. Following IV administration, milri
none is approximately 70% bound to plasma proteins, and 
the elimination half‐life is about 2 h. The drug is primarily 
eliminated unchanged in the urine.

21.6.4.2 Molecular Mechanisms and Pharmacological 
Effects Milrinone is a positive inotrope and vasodilator, 
with little chronotropic activity. At therapeutic doses, milri
none is a selective inhibitor of PDe3 in both myocardium 
and vascular smooth muscle. Inhibition of PDe3 in cardio
myocytes causes increased levels of 3′‐5′‐cyclic adenosine 
monophosphate (cAMP), which in turn cause increases in 
intracellular Ca2+, thereby augmenting contractile force of 
the myocardium. on the other hand, increased levels of 
cAMP in smooth muscle cells augment cAMP‐dependent 
contractile protein phosphorylation, thereby leading to 
smooth muscle relaxation and vasodilation.

21.6.4.3 Clinical Uses Milrinone is indicated for the 
short‐term IV treatment of patients with acute decompen
sated HF. However, the exact benefit of short‐term IV milri
none in treating patients hospitalized for an exacerbation of 
chronic HF remains questionable [25, 26].

21.6.4.4 Therapeutic Dosages Listed below are the  dosage 
forms and strengths of milrinone:

 • Milrinone (Primacor): IV, 1 mg/ml supplied in 10 ml 
(10 mg/10 ml) and 20 ml (20 mg/20 ml) single‐dose vials

Milrinone should be administered with a loading dose 
followed by a continuous infusion (maintenance dose). The 
recommended loading dose is 50 µg (mcg)/kg, administered 
slowly over 10 min. The standard maintenance dose is 0.5 µg 
(mcg)/kg/min with a total daily dose of 0.77 mg/kg.

21.6.4.5 Adverse Effects and Drug Interactions The 
most common adverse effects of milrinone therapy are ven
tricular arrhythmias. other cardiovascular adverse effects 

include hypotension and angina. The drug may also cause 
headaches, usually mild to moderate in severity. Drug inter
actions seem to be insignificant for milrinone therapy. 
Milrinone is contraindicated in patients who are hypersensi
tive to it. The drug is in pregnancy category C.

21.6.5 calcium‐sensitizing agents

Calcium‐sensitizing agents are those that increase the sensi
tivity of the cardiac myocardial contractile apparatus to 
calcium, causing an increase in tension development and 
myocardial contractility. They represent a novel class of 
investigational PIAs for treating HF. one of them, namely, 
levosimendan, has undergone multiple clinical trials for 
treating acute decompensated HF [27–29]. overall, these 
trials demonstrated that IV levosimendan seemed to improve 
hemodynamic performance and relief symptoms in patients 
with acute decompensated HF [27–29]. Levosimendan is 
available in a number of countries. However, it is not a US 
FDA‐approved drug.

21.7 eMerging Drugs fOr Hf

As discussed earlier, the management of systolic HF has 
been advanced substantially over the past decades due to 
better understanding of the underlying pathophysiology and 
the mechanistically based therapies with β‐blockers and 
RAAS inhibitors as well as diuretics and inotropes. However, 
the 5‐year morality rate of HF remains unacceptably high. 
This has necessitated continued search for more effective 
therapeutic modalities. In this context, a number of novel 
therapeutic agents for HF have emerged and undergone 
randomized clinical trials with promising results. 
Summarized below are some of the promising agents;

1. Ivabradine: This novel drug inhibits sinus rate by 
 specifically blocking I

f
 current of the pacemaker cells 

(see Chapter 14). It was shown to improve the clinical 
outcomes in patients with chronic HF‐ReF with a heart 
rate greater than or equal to 70 beats/min [30, 31].

2. Sildenafil: This PDe5 inhibitor is also effective in 
treating pulmonary hypertension (see Chapter 12). It 
was found to improve hemodynamic parameters in 
patients with HF‐ReF [32, 33].

3. Serelaxin: It is a recombinant form of human relaxin‐2, 
a vasoactive peptide hormone with many biological 
and hemodynamic effects, including vasodilation and 
stimulation of myocardial contraction [34]. Serelaxin 
treatment of patients with acute HF (with either pre
served or reduced ejection fraction) was well tolerated 
and associated with dyspnea relief and improvement 
in other clinical outcomes, including reduced mortality 
irrespective of ejection fraction [35, 36];
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4. Cardiac stem cell and gene therapy [37, 38]: The 
promise of cardiac gene therapy is exemplified with 
the notable success of a phase 1/phase 2 first‐in‐human 
clinical gene therapy trial (CUPID) using an adeno‐
associated virus serotype 1 (AAV1) vector carrying 
the sarcoplasmic reticulum calcium ATPase gene 
(AAV1/SeRCA2a) in patients with advanced HF 
[39]. The CUPID trial reported that the risk of pre
specified recurrent cardiovascular events was reduced 
by 82% in the high‐dose AAV1/SeRCA2a versus 
placebo group and no safety concerns were noted 
 during a 3‐year follow‐up [39]. Deficiency/dysfunction 
of SeRCA2a, a protein involved in reloading 
sarcoplasmic reticulum with Ca2+ during systole, is an 
important mechanism of systolic HF [40]. The success 
of the CUPID study has prompted a phase 2b trial to 
further investigate the efficacy and safety of intracoro
nary administration of AAV1/SeRCA2a in patients 
with advanced HF [41].

21.8 suMMary Of cHaPter key POints

 • Treatment of HF involves the use of various classes of 
drugs, including diuretics, β‐blockers, RAAS inhibi
tors, vasodilators, and PIAs.

 • Diuretic drugs increase urinary sodium excretion and 
decrease physical signs of fluid retention in patients 
with HF. Loop diuretics are preferred drugs for fluid 
volume reduction in most patients with HF. The effects 
of diuretic effects on morbidity and mortality of patients 
with systolic HF are not known.

 • β‐Blocker therapy represents a major advance in the 
treatment of patients with systolic HF. Long‐term 
treatment with β‐blockers relieves the symptoms of 
systolic HF, improves the patient’s clinical status, and 
enhances the patient’s overall sense of well‐being. Like 
RAAS inhibitors, β‐blockers can reduce the risk of 
death and the combined risk of death or hospitalization 
of patients with systolic HF.

 • ACeIs reduce the risk of death and decrease hospitali
zation of patients with systolic HF of various severities. 
ACeIs should be used in all HF patients with reduced 
LVeF and be used together with a β‐blocker to achieve 
additive benefits.

 • Long‐term therapy with ARBs reduces hospitalization 
and mortality of patients with systolic HF. ACeIs 
remain the first choice for inhibition of the RAAS in 
systolic HF, but ARBs can now be considered a reason
able alternative in patients with systolic HF who are 
ACeI intolerant.

 • Both spironolactone and eplerenone exert beneficial 
effects in systolic HF, including improving symptoms 

and reducing mortality and HF hospitalizations. 
Clinicians should strongly consider the addition of spi
ronolactone or eplerenone for all patients with HF‐ReF 
who are already on ACeIs (or ARBs) and β‐blockers.

 • Vasodilators used in the management of HF include 
nitrates (e.g., nitroglycerin, isosorbide dinitrate), 
hydralazine, and nesiritide. They are often used in treat
ing acute HF though the efficacy in this clinical setting 
remains unclear.

 • Addition of a fixed‐dose combination of hydralazine 
and isosorbide dinitrate to standard therapy with an 
ACeI or ARB, a β‐blocker, and an aldosterone receptor 
antagonist can offer significant benefits in black 
patients with advanced systolic HF. These benefits 
include remarkable reduction in mortality and the rate 
of first hospitalization for heart failure and a significant 
improvement in the quality of life.

 • PIAs include digitalis (e.g., digoxin), β‐adrenergic receptor 
agonists (e.g., dobutamine and dopamine), PDe3 inhibi
tors (e.g., inamrinone and milrinone), and calcium‐sen
sitizing agents (e.g., levosimendan). In general, these 
drugs have beneficial hemodynamic effects in patients 
with acute systolic HF due primarily to a direct increase in 
cardiac output. While the efficacy of acute PIA therapy is 
well established in patients with acute decompensated HF, 
long‐term use of many of these agents (except for digoxin) 
is associated with increased mortality.

 • A number of novel therapeutic agents for HF have 
emerged and undergone randomized clinical trials with 
promising results. These include the sinus rate inhib
itor ivabradine, the PDe5 inhibitor sildenafil, the 
recombinant form of human relaxin2 serelaxin, as well 
as gene therapy. Further development of these and 
other novel therapeutic modalities will contribute to 
the effective management of HF.

21.9 self‐assessMent QuestiOns

21.9.1.  Following an acute myocardial infarction, a patient 
develops signs of hypoperfusion requiring drug 
management. What effects would milrinone, 
digoxin, and dobutamine have in common if each 
were administered individually to the patient?
A. Decrease of atrioventricular conduction
B. Decrease of cAMP metabolism
C. Decrease of venous return
D. Increase of cardiac afterload
e. Increase of ventricular contractility

21.9.2.  A 60‐year‐old male being treated with a positive 
inotropic agent is brought to the emergency 
department due to nausea and vomiting, blurred and 
abnormally colored vision, and palpitations. Which 
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of the following would be the most suitable antidote 
if a drug overdosage is suspected?
A. Abciximab
B. Digoxin immune fab
C. Insulin
D. Magnesium sulfate
e. N‐Acetylcysteine

21.9.3.  A 71‐year‐old male comes to his physician complain
ing of severe shortness of breath at night and swelling 
of the ankles. He has reduced his activity over the past 
6 months because of chest pain when he exerts him
self. Physical examination reveals rales over both 
lungs, enlargement of the liver, and pitting edema of 
the ankles. Blood pressure is 140/90 mmHg and heart 
rate is 95 beats/min. His eCg is normal at rest. 
Cardiac enzymes and blood electrolytes are normal. 
Because the major immediate problem in this patient 
is heart failure, which of the following drug therapies 
should be initiated right away for his condition?
A. Atenolol and quinidine
B. Furosemide and lisinopril
C. nitroglycerin and spironolactone
D. Prazosin and losartan
e. Verapamil and digoxin

21.9.4.  A 55‐year‐old male is having acute decompensated 
heart failure following a myocardial infarction. His 
acute condition requires drug treatment to increase 
cardiac output. Which of the following would be most 
suitable for improving hypoperfusion in this patient?
A. Dobutamine
B. Lisinopril
C. Losartan
D. Metoprolol
e. nitroprusside

21.9.5.  A 65‐year‐old male is diagnosed with advanced 
chronic systolic heart failure. Which of the follow
ing drugs would be most likely prescribed to pro
long his life?
A. Digoxin
B. Furosemide
C. Hydralazine
D. nesiritide
e. Spironolactone

21.9.6.  A 60‐year‐old African American male with chronic 
systolic heart failure is being treated with a 
combination regimen consisting of hydrochlorothia
zide, lisinopril, and metoprolol. Which of the fol
lowing, if added to the above regimen, would most 
likely further prolong his life?
A. Amlodipine plus nitroglycerin
B. Dobutamine plus digoxin
C. Furosemide plus milrinone
D. Hydralazine plus isosorbide dinitrate
e. nesiritide plus dopamine

 21.9.7.  A 65‐year‐old male presenting with an ST‐eleva
tion acute coronary syndrome develops cardio
genic shock. He is given a positive inotrope to 
improve cardiac output. This inotrope is a substrate 
of monoamine oxidase. Which of the following 
drugs is most likely used?
A. Digoxin
B. Dobutamine
C. Dopamine
D. Milrinone
e. Serelaxin

 21.9.8.  A 72‐year‐old female with chronic systolic heart 
failure of 3 years of duration is being placed on 
spironolactone in addition to standard therapy to 
improve symptoms and prolong survival. What is 
the most likely mechanism of action for spirono
lactone to prolong this patient’s life?
A. Decreased cardiac remodeling
B. Decreased nitric oxide bioavailability
C. Increased diuresis
D. Inhibition of na+/K+‐ATPase
e. Positive inotropic effect

 21.9.9.  A 65‐year‐old male develops angioedema follow
ing a multidrug treatment regimen for his heart 
failure. Which of the following drugs is most likely 
responsible for causing his angioedema?
A. Carvedilol
B. Chlorthalidone
C. eplerenone
D. Irbesartan
e. Lisinopril

21.9.10.  A 62‐year‐old male with a history of myocardial 
infarction presents to his physician complaining of 
shortness of breath. on exanimation, his heart rate 
is 110 beats/min and respiratory rate is 22 min. He 
has rales in both lung fields, a normal sinus rhythm, 
and a mild pitting ankle edema. A chest X‐ray 
reveals cardiomegaly, and his ejection fraction on 
echocardiogram is 39%. Which of the following 
drugs would alleviate this patient’s symptoms by 
reducing both the preload and afterload on the 
heart without affecting its inotropic state?
A. Digoxin
B. Diltiazem
C. enalapril
D. Milrinone
e. Propranolol

references

1 Yancy, C.W., et al., 2013 ACCF/AHA guideline for the 
management of heart failure: a report of the American College 
of Cardiology Foundation/American Heart Association Task 



362 DRUgS FoR HeART FAILURe

Force on Practice guidelines. J Am Coll Cardiol, 2013. 
62(16): p. e147–239.

2 Zannad, F., et al., eplerenone in patients with systolic heart 
failure and mild symptoms. N Engl J Med, 2011. 364(1): 
p. 11–21.

3 Pitt, B., et al., The effect of spironolactone on morbidity and 
mortality in patients with severe heart failure. Randomized 
Aldactone evaluation Study Investigators. N Engl J Med, 
1999. 341(10): p. 709–17.

4 McMurray, J.J., et al., eSC guidelines for the diagnosis 
and treatment of acute and chronic heart failure 2012: the 
Task Force for the Diagnosis and Treatment of Acute and 
Chronic Heart Failure 2012 of the european Society of 
Cardiology. Developed in collaboration with the Heart 
Failure Association (HFA) of the eSC. Eur Heart J, 2012. 
33(14): p. 1787–847.

5 Bristow, M.R., Treatment of chronic heart failure with beta‐
adrenergic receptor antagonists: a convergence of receptor 
pharmacology and clinical cardiology. Circ Res, 2011. 
109(10): p. 1176–94.

6 Krum, H. and J.R. Teerlink, Medical therapy for chronic heart 
failure. Lancet, 2011. 378(9792): p. 713–21.

7 Lang, C.C. and A.D. Struthers, Targeting the renin‐angiotensin‐
aldosterone system in heart failure. Nat Rev Cardiol, 2013. 
10(3): p. 125–34.

8 Cohn, J.n., g. Tognoni, and Valsartan Heart Failure Trial 
Investigators, A randomized trial of the angiotensin‐receptor 
blocker valsartan in chronic heart failure. N Engl J Med, 2001. 
345(23): p. 1667–75.

9 Demers, C., et al., Impact of candesartan on nonfatal myocar
dial infarction and cardiovascular death in patients with heart 
failure. JAMA, 2005. 294(14): p. 1794–8.

10 Konstam, M.A., et al., effects of high‐dose versus low‐dose 
losartan on clinical outcomes in patients with heart failure 
(HeAAL study): a randomised, double‐blind trial. Lancet, 
2009. 374(9704): p. 1840–8.

11 Pitt, B., et al., eplerenone, a selective aldosterone blocker, in 
patients with left ventricular dysfunction after myocardial 
infarction. N Engl J Med, 2003. 348(14): p. 1309–21.

12 eschalier, R., et al., Safety and efficacy of eplerenone in 
patients at high risk for hyperkalemia and/or worsening renal 
function: analyses of the eMPHASIS‐HF study subgroups 
(eplerenone in Mild Patients Hospitalization and SurvIval 
Study in Heart Failure). J Am Coll Cardiol, 2013. 62(17): 
p. 1585–93.

13 gheorghiade, M., et al., effect of aliskiren on postdischarge 
mortality and heart failure readmissions among patients hospi
talized for heart failure: the ASTRonAUT randomized trial. 
JAMA, 2013. 309(11): p. 1125–35.

14 Maggioni, A.P., et al., effect of aliskiren on post‐discharge 
outcomes among diabetic and non‐diabetic patients hospital
ized for heart failure: insights from the ASTRonAUT trial. 
Eur Heart J, 2013. 34(40): p. 3117–27.

15 o’Connor, C.M., et al., effect of nesiritide in patients with 
acute decompensated heart failure. N Engl J Med, 2011. 
365(1): p. 32–43.

16 Chen, H.H., et al., Low‐dose dopamine or low‐dose nesiritide in 
acute heart failure with renal dysfunction: the RoSe acute heart 
failure randomized trial. JAMA, 2013. 310(23): p. 2533–43.

17 gupta, D., et al., nitrate therapy for heart failure: benefits and 
strategies to overcome tolerance. JACC Heart Fail, 2013. 1(3): 
p. 183–91.

18 Cohn, J.n., et al., effect of vasodilator therapy on mortality  
in chronic congestive heart failure. Results of a Veterans 
Administration Cooperative Study. N Engl J Med, 1986. 
314(24): p. 1547–52.

19 Taylor, A.L., et al., Combination of isosorbide dinitrate and 
hydralazine in blacks with heart failure. N Engl J Med, 2004. 
351(20): p. 2049–57.

20 Digitalis Investigation group, The effect of digoxin on 
mortality and morbidity in patients with heart failure. N Engl 
J Med, 1997. 336(8): p. 525–33.

21 Ambrosy, A.P., et al., The use of digoxin in patients with wors
ening chronic heart failure: reconsidering an old drug to 
reduce hospital admissions. J Am Coll Cardiol, 2014. 63(18): 
p. 1823–32.

22 gheorghiade, M., et al., effect of oral digoxin in high‐risk 
heart failure patients: a pre‐specified subgroup analysis of the 
DIg trial. Eur J Heart Fail, 2013. 15(5): p. 551–9.

23 Partovian, C., et al., Hospital patterns of use of positive ino
tropic agents in patients with heart failure. J Am Coll Cardiol, 
2012. 60(15): p. 1402–9.

24 Allen, L.A., et al., Hospital variation in intravenous inotrope 
use for patients hospitalized with heart failure: insights from 
get With The guidelines. Circ Heart Fail, 2014. 7(2): 
p. 251–60.

25 Cuffe, M.S., et al., Short‐term intravenous milrinone for acute 
exacerbation of chronic heart failure: a randomized controlled 
trial. JAMA, 2002. 287(12): p. 1541–7.

26 Felker, g.M., et al., Heart failure etiology and response to 
 milrinone in decompensated heart failure: results from the 
oPTIMe‐CHF study. J Am Coll Cardiol, 2003. 41(6): 
p. 997–1003.

27 Follath, F., et al., efficacy and safety of intravenous levosi
mendan compared with dobutamine in severe low‐output heart 
failure (the LIDo study): a randomised double‐blind trial. 
Lancet, 2002. 360(9328): p. 196–202.

28 Mebazaa, A., et al., Levosimendan vs dobutamine for patients 
with acute decompensated heart failure: the SURVIVe 
Randomized Trial. JAMA, 2007. 297(17): p. 1883–91.

29 Packer, M., et al., effect of levosimendan on the short‐term 
clinical course of patients with acutely decompensated heart 
failure. JACC Heart Fail, 2013. 1(2): p. 103–11.

30 Swedberg, K., et al., Ivabradine and outcomes in chronic heart 
failure (SHIFT): a randomised placebo‐controlled study. 
Lancet, 2010. 376(9744): p. 875–85.

31 Borer, J.S., et al., efficacy and safety of ivabradine in patients 
with severe chronic systolic heart failure (from the SHIFT 
study). Am J Cardiol, 2014. 113(3): p. 497–503.

32 Zhuang, X.D., et al., PDe5 inhibitor sildenafil in the treatment 
of heart failure: a meta‐analysis of randomized controlled 
trials. Int J Cardiol, 2014. 172(3): p. 581–7.



ReFeRenCeS 363

33 Wu, X., et al., Additional use of a phosphodiesterase 5 inhibitor 
in patients with pulmonary hypertension secondary to chronic 
systolic heart failure: a meta‐analysis. Eur J Heart Fail, 2014 
p. 16: 444–53.

34 Bathgate, R.A., et al., Relaxin family peptides and their recep
tors. Physiol Rev, 2013. 93(1): p. 405–80.

35 Teerlink, J.R., et al., Serelaxin, recombinant human relaxin‐2, 
for treatment of acute heart failure (ReLAX‐AHF): a ran
domised, placebo‐controlled trial. Lancet, 2013. 381(9860): 
p. 29–39.

36 Filippatos, g., et al., Serelaxin in acute heart failure patients 
with preserved left ventricular ejection fraction: results from the 
ReLAX‐AHF trial. Eur Heart J, 2014. 35(16): p. 1041–50.

37 Braunwald, e., Heart failure. JACC Heart Fail, 2013. 1(1): 
p. 1–20.

38 Pleger, S.T., et al., Heart failure gene therapy: the path to 
clinical practice. Circ Res, 2013. 113(6): p. 792–809.

39 Zsebo, K., et al., Long‐term effects of AAV1/SeRCA2a gene 
transfer in patients with severe heart failure: analysis of recur
rent cardiovascular events and mortality. Circ Res, 2014. 
114(1): p. 101–8.

40 Kho, C., A. Lee, and R.J. Hajjar, Altered sarcoplasmic retic
ulum calcium cycling—targets for heart failure therapy. Nat 
Rev Cardiol, 2012. 9(12): p. 717–33.

41 greenberg, B., et al., Design of a phase 2b trial of intracoronary 
administration of AAV1/SeRCA2a in patients with advanced 
heart failure: the CUPID 2 trial (calcium up‐regulation by per
cutaneous administration of gene therapy in cardiac disease 
phase 2b). JACC Heart Fail, 2014. 2(1): p. 84–92.



Cardiovascular Diseases: From Molecular Pharmacology to Evidence-Based Therapeutics, First Edition. Y. Robert Li. 
© 2015 John Wiley & Sons, Inc. Published 2015 by John Wiley & Sons, Inc.

364

22.1 Overview

As described in Chapter 20, heart failure (HF) is a clinical 
syndrome that can be manifested as acute and chronic HF, or 
HF with reduced ejection fraction (HF‐REF) and HF with 
preserved ejection fraction (HF‐PEF). HF‐REF and HF‐PEF 
are also loosely known as systolic HF and diastolic HF, 
respectively. In chronic HF, about half of the patients have 
HF‐REF, which is the best understood HF with regard to 
pathophysiology and treatment. This chapter thus focuses on 
the management of HF‐REF. It also covers the management 
of HF‐PEF and acute HF syndromes.

22.2 ManageMent Of Hf‐ref

HF‐REF is characterized by abnormalities in systolic function, 
that is, reduced left ventricular ejection fraction (LVEF) usually 
with progressive chamber dilation and eccentric remodeling. 
Because the dominant abnormality is with systolic function, this 
syndrome, as noted earlier, is also known as systolic heart failure 
(HF). As noted in Chapter 20, HF‐REF has been defined by a 
variety of LVEF partition values ranging from <35 to 50%. This 
book adopts the definition of the American College of Cardiology 
Foundation/American Heart Association (ACCF/AHA) [1], 
defining HF‐REF as the clinical diagnosis of HF with LVEF 
≤40%. This section first introduces current guidelines on the 
management of HF‐REF including those from both the United 
States and other nations. The section then considers the 2013 
ACCF/AHA guideline recommendations for the management 
of HF‐REF with a focus on pharmacological treatment.

22.2.1 introduction to Current guidelines  
on the Management of Hf‐ref

The fundamental goals of HF treatment are to improve 
symptoms (including risk of hospitalization), slow or reverse 
deterioration in myocardial function, and reduce mortality. 
Several major organizations have published extensive guide
lines for the management of HF (primarily HF‐REF). These 
include the 2013 ACCF/AHA guideline for the management 
of heart failure [1], the 2012 European Society of Cardiology 
(ESC) guideline for the diagnosis and treatment of acute and 
chronic heart failure [2], and the 2010 Heart Failure Society 
of America (HFSA) comprehensive heart failure practice 
guideline [3]. With few exceptions, these organizations make 
similar recommendations regarding the treatment of HF‐
REF. Notably, the 2013 ACCF/AHA guideline provides 
a detailed coverage of all key areas of HF management, and 
the document is divided into many sections, including 
(1) introduction, (2) definition of HF, (3) HF classifications, 
(4) epidemiology, (5) cardiac structural abnormalities and 
other causes of HF, (6) initial and serial evaluation of the HF 
patient, (7) treatment of stages A to D, (8) the hospitalized 
patient, (9) important comorbidities in HF, (10) surgical/ 
percutaneous/transcatheter interventional treatments of HF, 
(11) coordinating care for patients with chronic HF, (12) quality 
metrics/performance measures, (13) evidence gaps and future 
research directions, and (14) appendices and other online 
supplementary materials. The main document contains 924 
references. Section  2.2 focuses on describing the guideline 
recommendations for treatment of HF stages A to D. The reader 
is advised to refer to the full guideline document for details.

ManageMent Of Heart failure: PrinCiPles 
and guidelines

22
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22.2.2 the 2013 aCCf/aHa guideline 
recommendations for treatment of Hf stages a to d

22.2.2.1 Recommendations for Treatment of HF Stage A  
As discussed in Chapter  20, inclusion of stage A in HF 
classification by the ACC/AHA emphasizes the importance 
of treating the risk factors of HF, especially hypertension and 
dyslipidemias, to prevent or slow the subsequent development 
of HF. Table 22.1 summarizes the 2013 ACCF/AHA guide
line recommendations for treatment of stage A HF.

22.2.2.2 Recommendations for Treatment of HF Stage B  
Stage B HF patients have structural abnormalities and reduced 
LVEF, but do not have HF symptoms. These patients are most 
often identified during an evaluation for other disorders, such 
as abnormal heart sounds, abnormal electrocardiogram (ECg), 

abnormal chest X‐ray, hypertension or hypotension, arrhyth
mias, acute myocardial infarction (MI), or pulmonary or 
systemic thromboembolic events [1]. In general, all recom
mendations for patients with stage A HF also apply to those 
with stage B HF, particularly with respect to control of blood 
pressure in the patient with LV hypertrophy and the optimiza
tion of lipids with statins. CAD is a major risk factor for the 
development of symptomatic HF and a key target of evidence‐
based therapy for preventing the progression into clinical HF 
[1]. Table 22.2 outlines the 2013 ACCF/AHA guideline rec
ommendations for the treatment of stage B HF patients.

22.2.2.3 Recommendations for Treatment of HF Stage C  
Stage C HF patients have structural heart disease with prior 
or current signs or symptoms of HF. Treatment of these 
patients involves the implementation of a multicomponent 
approach that includes (i) nonpharmacological interventions 
(e.g., education, social support, sodium restriction, treatment 
of sleep disorders, weight loss, physical activity, exercise 
prescription, and cardiac rehabilitation), (ii) pharmacological 
treatment (e.g., diuretics, ACEIs, ARBs, β‐blockers, aldoste
rone receptor antagonists, combination of hydralazine and 
isosorbide dinitrate, digoxin, and others), and (iii) device 
therapy (e.g., implantable cardioverter‐defibrillator and 
cardiac resynchronization therapy). Notably, a number of 
evidence‐based drug therapies have become available for 
the treatment of patients with stage C HF‐REF. The 2013 
ACCF/AHA guideline recommendations on pharmacolog
ical treatment of stage C HF‐REF are given in Table 22.3. 

table 22.1 the 2013 aCCf/aHa guideline recommendations 
for treatment of stage a Hfa

CoR Recommendation LoE

I Hypertension and lipid disorders should be 
controlled in accordance with contemporary 
guidelines to lower the risk of HF

A

I other conditions that may lead to or contribute to HF, 
such as obesity, diabetes, tobacco use, and known 
cardiotoxic agents, should be controlled or avoided

C

CoR and LoE stand for class of recommendation and level of evidence, 
respectively (see Chapter 5 for description).
aRef. 1.

table 22.2 the 2013 aCCf/aHa guideline recommendations for treatment of stage b Hfa

CoR Recommendation LoE

I In all patients with a recent or remote history of MI or acute coronary syndromes (ACS) and reduced LVEF, 
angiotensin‐converting enzyme inhibitors (ACEIs) should be used to prevent symptomatic HF and reduce 
mortality. In patients intolerant of ACEIs, angiotensin receptor blockers (ARBs) are appropriate unless 
contraindicated

A

In all patients with a recent or remote history of MI or ACS and reduced LVEF, evidence‐based β‐blockers (e.g., 
carvedilol) should be used to reduce mortality

B

In all patients with a recent or remote history of MI or ACS, statins should be used to prevent symptomatic HF and 
cardiovascular events

A

In patients with structural cardiac abnormalities, including LV hypertrophy, in the absence of a history of MI or 
ACS, blood pressure should be controlled in accordance with clinical practice guidelines for hypertension to 
prevent symptomatic HF

A

ACEIs should be used in all patients with a reduced LVEF to prevent symptomatic HF, even if they do not have a 
history of MI

A

β‐Blockers should be used in all patients with a reduced LVEF to prevent symptomatic HF, even if they do not have 
a history of MI

C

IIa To prevent sudden death, placement of an implantable cardioverter defibrillator (ICD) is reasonable in patients with 
asymptomatic ischemic cardiomyopathy who are at least 40 days post‐MI, have an LVEF of ≤30%, are on 
appropriate medical therapy, and have reasonable expectation of survival with a good functional status for >1 year

B

III (harm) Nondihydropyridine calcium channel blockers (e.g., verapamil, diltiazem) with negative inotropic effects may be 
harmful in asymptomatic patients with low LVEF and no symptoms of HF after MI

C

CoR and LoE stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).
aRef. 1.
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table 22.3 the 2013 aCCf/aHa guideline recommendations for pharmacological treatment of stage C Hfa

Drug class Recommendation CoR LoE

Diuretics Diuretics are recommended in patients with HF‐REF who have evidence of fluid retention, unless 
contraindicated, to improve symptoms

I C

ACEIs ACEIs are recommended in patients with HF‐REF and current or prior symptoms, unless 
contraindicated, to reduce morbidity and mortality

I A

ARBs ARBs are recommended in patients with HF‐REF with current or prior symptoms who are ACEI 
intolerant, unless contraindicated, to reduce morbidity and mortality

I A

ARBs are reasonable to reduce morbidity and mortality as alternatives to ACEIs as first‐line therapy 
for patients with HF‐REF, especially for patients already taking ARBs for other indications, 
unless contraindicated

IIa A

Addition of an ARB may be considered in persistently symptomatic patients with HF‐REF who are 
already being treated with an ACE inhibitor and a β‐blocker in whom an aldosterone antagonist is 
not indicated or tolerated

IIb A

Routine combined use of an ACEI, ARB, and aldosterone receptor antagonist is potentially harmful 
for patients with HF‐REF

III (harm) C

β‐Blockers Use of 1 of the 3 β‐blockers proven to reduce mortality (e.g., bisoprolol, carvedilol, and sustained‐
release metoprolol succinate) is recommended for all patients with current or prior symptoms of 
HF‐REF, unless contraindicated, to reduce morbidity and mortality

I A

Aldosterone 
receptor 
antagonists

Aldosterone receptor antagonists are recommended in patients with NYHA class II–IV HF and who 
have LVEF ≤35%, unless contraindicated, to reduce morbidity and mortality. Patients with NYHA 
class II HF should have a history of prior cardiovascular hospitalization or elevated plasma 
natriuretic peptide levels to be considered for aldosterone receptor antagonists. Creatinine should 
be 2.5 mg/dl or less in men or 2.0 mg/dl or less in women (or estimated glomerular filtration rate 
>30 ml/min/1.73 m2), and potassium should be less than 5.0 mM. Careful monitoring of potassium, 
renal function, and diuretic dosing should be performed at initiation and closely followed 
thereafter to minimize risk of hyperkalemia and renal insufficiency

I A

Aldosterone receptor antagonists are recommended to reduce morbidity and mortality following an 
acute MI in patients who have LVEF ≤40% who develop symptoms of HF or who have a history 
of diabetes, unless contraindicated

I B

Inappropriate use of aldosterone receptor antagonists is potentially harmful because of life‐
threatening hyperkalemia or renal insufficiency when serum creatinine is greater than 2.5 mg/dl in 
men or greater than 2.0 mg/dl in women (or estimated glomerular filtration rate <30 ml/
min/1.73 m2) and/or potassium greater than 5.0 mM

III (harm) B

Hydralazine and 
isosorbide 
dinitrate

The combination of hydralazine and isosorbide dinitrate is recommended to reduce morbidity and 
mortality for patients self‐described as African Americans with NYHA class III–IV HF‐REF 
receiving optimal therapy with ACEIs and β‐blockers, unless contraindicated

I A

A combination of hydralazine and isosorbide dinitrate can be useful to reduce morbidity or mortality 
in patients with current or prior symptomatic HF‐REF who cannot be given an ACEI or ARB 
because of drug intolerance, hypotension, or renal insufficiency, unless contraindicated

IIa B

Digoxin Digoxin can be beneficial in patients with HF‐REF, unless contraindicated, to decrease 
hospitalizations for HF

IIa B

Anticoagulants Patients with chronic HF with permanent/persistent/paroxysmal atrial fibrillation (AF) and an 
additional risk factor for cardioembolic stroke (history of hypertension, diabetes, previous stroke 
or transient ischemic attack, or ≥75 years of age) should receive chronic anticoagulant therapy

I A

The selection of an anticoagulant agent (warfarin, dabigatran, apixaban, or rivaroxaban) for permanent/
persistent/paroxysmal AF should be individualized on the basis of risk factors, cost, tolerability, 
patient preference, potential for drug interactions, and other clinical characteristics, including time 
in the international normalized ratio therapeutic range if the patient has been taking warfarin

I C

Chronic anticoagulation is reasonable for patients with chronic HF who have permanent/persistent/
paroxysmal AF but are without an additional risk factor for cardioembolic stroke

IIa B

Anticoagulation is not recommended in patients with chronic HF‐REF without AF, a prior 
thromboembolic event, or a cardioembolic source

III (harm) B

Statinsb Statins are not beneficial as adjunctive therapy when prescribed solely for the diagnosis of HF in the 
absence of other indications for their use

III (no 
benefit)

A

omega‐3 fatty 
acid

omega‐3 polyunsaturated fatty acid supplementation is reasonable to use as adjunctive therapy 
in patients with NYHA class II–IV symptoms and HF‐REF (or HF‐PEF), unless contraindicated, 
to reduce mortality and cardiovascular hospitalizations

IIa B
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The reader is suggested to refer to the full guideline docu
ment for recommendations on nonpharmacological inter
ventions and device therapy in patients with stage C HF.

22.2.2.4 Recommendations for Treatment of HF Stage D  
Stage D HF is defined as patients with truly refractory HF 
who might be eligible for specialized, advanced treat ment 
strategies, such as mechanical circulatory support (MCS), 
procedures to facilitate fluid removal, continuous inotropic 
infusions, or cardiac transplantation or other inno vative or 
experimental surgical procedures, or for end‐of‐life care, 
such as hospice [6]. The 2013 ACCF/AHA guideline recom
mendations for treating stage D HF address issues including 

(i) thorough evaluation to ascertain the diagnosis of stage D, 
(ii) water restriction, (iii) inotropic support, (iv) MCS, and 
(v) cardiac transplantation. Table 22.4 summarizes the rec
ommendations for inotropic support of stage D HF.

22.3 ManageMent Of Hf‐Pef

22.3.1 general Considerations

HF‐PEF accounts for approximately 50% of HF cases and 
the prevalence is increasing (see Chapter 20). This syndrome 
is characterized by a normal or near normal (or “preserved”) 

Drug class Recommendation CoR LoE

Nutritional 
supplementsc

Nutritional supplements as treatment for HF are not recommended in patients with current or prior 
symptoms of HF‐REF

III (no 
benefit)

B

Hormonal 
therapies

Hormonal therapies other than to correct deficiencies are not recommended for patients with current 
or prior symptoms of HF‐REF

III (no 
benefit)

C

Positive 
inotropic 
agents

Long‐term use of infused positive inotropic drugs is potentially harmful for patients with HF‐REF, 
except as palliation for patients with end‐stage disease who cannot be stabilized with standard 
medical treatment

III (harm) C

others Drugs known to adversely affect the clinical status of patients with current or prior symptoms of 
HF‐REF are potentially harmful and should be avoided or withdrawn whenever possible. These 
include most antiarrhythmic drugs, most calcium channel‐blocking drugs (except for amlodipine), 
nonsteroidal anti‐inflammatory drugs, and thiazolidinediones

III (harm) B

CoR and LoE stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).
aRef. 1.
bA recent analysis of the CoRoNA trial reported, however, when repeat events were included, rosuvastatin was shown to reduce the risk of heart failure 
hospitalizations by approximately 15–20%, equating to approximately 76 fewer admissions per 1000 patients treated over a median follow‐up of 33 months [4].
cThis ACCF/AHA recommendation is further supported by a recent trial showing no effects of micronutrient supplementation on LVEF in patients with chronic 
stable HF [5].

table 22.3 (Continued)

table 22.4 the 2013 aCCf/aHa guideline recommendations for inotropic support of stage d Hfa

CoR Recommendation LoE

I Until definitive therapy (e.g., coronary revascularization, MCS, heart transplantation) or resolution of the acute 
precipitating problem, patients with cardiogenic shock should receive temporary intravenous inotropic support to 
maintain systemic perfusion and preserve end‐organ performance

C

IIa Continuous intravenous inotropic support is reasonable as “bridge therapy” in patients with stage D HF refractory to 
guideline‐directed medical therapy (gDMT) and device therapy who are eligible for and awaiting MCS or cardiac 
transplantation

B

IIb Short‐term, continuous intravenous inotropic support may be reasonable in those hospitalized patients presenting with 
documented severe systolic dysfunction who present with low blood pressure and significantly depressed cardiac 
output to maintain systemic perfusion and preserve end‐organ performance

B

Long‐term, continuous intravenous inotropic support may be considered as palliative therapy for symptom control 
in select patients with stage D HF despite optimal gDMT and device therapy who are not eligible for either MCS 
or cardiac transplantation

B

III (harm) Long‐term use of either continuous or intermittent, intravenous parenteral positive inotropic agents, in the absence 
of specific indications or for reasons other than palliative care, is potentially harmful in the patient with HF

B

Use of parenteral inotropic agents in hospitalized patients without documented severe systolic dysfunction, low blood 
pressure, or impaired perfusion and evidence of significantly depressed cardiac output, with or without congestion, 
is potentially harmful

B

CoR and LoE stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).
aRef. 1.
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LVEF, normal LV end‐diastolic volume, and abnormal 
diastolic function, usually with concentric remodeling or 
hypertrophy. Although the dominant abnormality resides in 
diastole, systolic dysfunction may also occur. In  patients 
with HF‐PEF, certain types of hemodynamic stress including 
atrial fibrillation, tachycardia, elevated blood pressure, and 
myocardial ischemia are associated with worsening of dia
stolic dysfunction and clinical symptoms.

In contrast to HF‐REF, currently, there are no specific 
therapies for HF‐PEF. Randomized trials using comparable 
and efficacious agents for HF‐REF have generally been 
 disappointing when used in patients with HF‐PEF [7–10]. 
Current treatment of HF‐REF remains largely empiric and 
focuses on control of symptoms and comorbidities as well 
as risk factor modifications, including (i) control of systolic 
and diastolic hypertension, (ii) control of ventricular rate in 
patients with atrial fibrillation, (iii) control of pulmonary 
congestion and peripheral edema with diuretics and nitrates, 
and (iv) treatment of myocardial ischemia (including coro
nary revascularization) and control of diabetes to prevent 
left ventricular remodeling that predisposes to diastolic 
dysfunction and increased ventricular stiffness [7, 11, 12].

22.3.2 guideline recommendations

Several guidelines have been developed to address the 
management of HF‐PEF, including the aforementioned 
2013 ACC/AHA [1], the 2012 ESC [2], and the 2010 HFSA 
[3] guidelines. The major recommendations of the 2013 
ACC/AHA and the 2010 HFSA guidelines for the treatment 
of patients with HF‐PEF are summarized in Tables  22.5 
and 22.6.

22.4 ManageMent Of aCute Heart 
failure syndrOMes

22.4.1 definition and Precipitating factors

The terms acute heart failure (AHF), acute decompensated 
heart failure (ADHF), and acute heart failure syndromes 
(AHFS) are frequently used interchangeably. Because patients 
with AHFS usually require hospitalization, the term “hospi
talized patient with HF” has been used in recent ACCF/AHA 
guidelines since 2009 [1, 13].

AHFS can be defined as new‐onset or gradual or rap
idly worsening HF signs and symptoms requiring urgent 
therapy [14]. Irrespective of the underlying cause or pre
cipitating factors, pulmonary and systemic congestion due 
to elevated ventricular filling pressures is a nearly universal 
finding in AHFS [14]. Common factors that precipitate 
AHFS include (i) nonadherence with medication regimen 
and sodium and/or fluid restriction, (ii) acute myocar
dial  ischemia (e.g., ACS), (iii) uncorrected high blood 
pressure, (iv) atrial fibrillation and other arrhythmias, (v) 
recent addition of negative inotropic drugs (e.g., verap
amil, nifedipine, diltiazem, β‐blockers), (vi) pulmonary 
embolus, (vii) initiation of drugs that increase salt reten
tion (e.g., steroids, thiazolidinediones, nonsteroidal anti‐
inflammatory drugs), (viii) excessive alcohol or illicit drug 
use, (ix) endocrine abnormalities (e.g., diabetes, hyper
thyroidism, hypothyroidism), and (x) concurrent infections 
(e.g., pneumonia) [1].

The majority of AHFS patients have worsening chronic 
HF. However, after initial management resulting in stabiliza
tion, these patients should no longer be considered acute but 
chronic HF [14].

table 22.5 the 2013 aCCf/aHa guideline recommendations for pharmacological treatment for stage C 
Hf‐Pefa

CoR Recommendation LoE

I Systolic and diastolic blood pressure should be controlled in patients with HF‐PEF in 
accordance with published clinical practice guidelines to prevent morbidity

B

Diuretics should be used for relief of symptoms due to volume overload in patients with 
HF‐PEF

C

IIb Coronary revascularization is reasonable in patients with CAD in whom symptoms (angina) 
or demonstrable myocardial ischemia is judged to be having an adverse effect on 
symptomatic HF‐PEF despite gDMT

C

Management of AF according to published clinical practice guidelines in patients with 
HF‐PEF is reasonable to improve symptomatic HF

C

The use of β‐blocking agents, ACEIs, and ARBs in patients with hypertension is reasonable 
to control blood pressure in patients with HF‐PEF

C

The use of ARBs might be considered to decrease hospitalizations for patients with HF‐PEF B
III (no benefit) Routine use of nutritional supplements is not recommended for patients with HF‐PEF C

CoR and LoE stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).
aRef. 1.



MANAgEMENT oF ACUTE HEART FAILURE SYNDRoMES 369

22.4.2 Principles of Management

22.4.2.1 General Considerations AHFS is a life‐threat
ening condition that requires immediate medical attention 
and usually leads to urgent admission to hospital. In most 
cases, AHF arises as a result of deterioration in patients with 
a previous diagnosis of HF (either HF‐REF or HF‐PEF), 
and all of the aspects of chronic management described 
earlier in this chapter apply to these patients.

Patients with AHFS may present with a spectrum of 
conditions ranging from life‐threatening pulmonary edema 
or cardiogenic shock to a condition characterized, pre
dominantly, by worsening peripheral edema. Diagnosis and 
treatment are usually carried out in parallel, especially in 
patients who are particularly unwell, and management must 
be initiated promptly.

22.4.2.2 Treatment Goals Although the immediate goals 
of treatment are to improve symptoms and stabilize the 
patient’s hemodynamic condition, longer‐term management, 
including postdischarge care, is also particularly important 
to prevent recurrences and improve prognosis in AHFS [2]. 
To help guide the management, the 2010 HFSA guideline 
recommends 12 treatment goals for patients admitted for 
AHFS [3]. These include (1) improve symptoms, especially 
congestion and low‐output symptoms; (2) restore normal 
oxygenation; (3) optimize volume status; (4) identify etiology; 
(5) identify and address precipitating factors; (6) optimize 
chronic oral therapy; (7) minimize side effects; (8) iden
tify  patients who might benefit from revascularization; 
(9)  identify patients who might benefit from device 
therapy; (10) identify risk of thromboembolism and need 

table 22.6 the Hfsa 2010 treatment recommendations for Hf‐Pefa

Recommendationb SoEc

Careful attention to differential diagnosis is recommended in patients with HF and preserved LVEF to distinguish 
among a variety of cardiac disorders, because treatments may differ. These various entities may be distinguished 
based on echocardiography, electrocardiography, and stress imaging (via exercise or pharmacological means, 
using myocardial perfusion or echocardiographic imaging) and cardiac catheterization

C

Evaluation for ischemic heart disease and inducible myocardial ischemia is recommended in patients with HF‐PEF C

Blood pressure monitoring is recommended in patients with HF‐PEF C

Counseling on the use of a low‐sodium diet is recommended for all patients with HF, including those with 
preserved LVEF

C

Diuretic treatment is recommended in all patients with HF and clinical evidence of volume overload, including 
those with preserved LVEF. Treatment may begin with either a thiazide or loop diuretic. In more severe volume 
overload or if response to a thiazide is inadequate, treatment with a loop diuretic should be implemented. 
Excessive diuresis, which may lead to orthostatic changes in blood pressure and worsening renal function, 
should be avoided

C

In the absence of other specific indications for these drugs, ARBs or ACEIs may be considered in patients 
with HF‐PEF

C

ACEIs should be considered in all patients with HF‐PEF who have symptomatic atherosclerotic 
cardiovascular disease or diabetes and one additional risk factor. In patients who meet these criteria but are 
intolerant to ACEIs, ARBs should be considered

C

β‐Blocker treatment is recommended in patients with HF‐PEF who have (i) prior myocardial infarction 
(SoE: A), (ii) hypertension (SoE: B), and (iii) atrial fibrillation requiring control of ventricular rate (SoE: B)

Calcium channel blockers should be considered in patients with HF‐PEF and (i) atrial fibrillation requiring 
control of ventricular rate and intolerance to β‐blockers (in these patients, diltiazem or verapamil should be 
considered) (SoE: C), (ii) symptom‐limiting angina (SoE: A), and (iii) hypertension (SoE: C)

Measures to restore and maintain sinus rhythm may be considered in patients who have symptomatic atrial 
flutter/fibrillation and preserved LVEF, but this decision should be individualized

C

aRef. 3.
bHFSA system for classifying the strength of recommendations: (i) “is recommended” (part of routine care and exceptions to therapy 
should be minimized), (ii) “should be considered” (majority of patients should receive the intervention and some discretion in appli
cation to individual patients should be allowed), (iii) “may be considered” (individualization of therapy is indicated), and (iv) “is not 
recommended” (therapeutic intervention should not be used).
cHFSA system for classifying the strength of evidence (SoE): (i) “level A,” randomized controlled clinical trials (may be assigned based 
on results of a single trial); (ii) “level B,” cohort and case control studies, post hoc analysis, subgroup analysis, and meta‐analysis, and 
prospective observational studies or registries; and (iii) “level C,” expert opinion, observational studies/epidemiological findings, and 
safety reporting from large‐scale use in practice.
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for anticoagulant therapy; (11) educate patients concerning 
medications and self‐management of HF; and (12) con
sider and, where possible, initiate a disease‐management 
program.

22.4.2.3 Key Medical Therapies Although not strictly 
“evidence based” in the same way as treatments for chronic 
HF‐REF described earlier, the key medical therapies for AHFS 
are oxygen, diuretics, and vasodilators. Positive inotropes are 
used more selectively for those with severely compromised 
cardiac output, and mechanical support of the circulation 
is  required only rarely [2]. In patients with hemodynamic 
instability, β‐blockers should not be used. However, β‐
blockers should be initiated or titrated upward later in stable 
patients.

22.4.3 guideline recommendations

Multiple guidelines have recently been published to pro
vide evidence‐based recommendations for the treatment of 
AHFS. In the 2013 ACCF/AHA guideline [1], management 
of AHFS is addressed in a separate section, entitled “The 
Hospitalized Patient,” which covers various aspects, includ ing 
recommendations on pharmacological therapies (Table 22.7). 
The 2012 ESC guideline provides recommendations for 
the treatment of AHFS under various settings, including 
(i)  patients with pulmonary congestion/edema without 
shock (Table 22.8); (ii) patients with hypotension, hypoper
fusion, or shock (Table  22.9); (iii) patients with an ACS 
(Table 22.10); (iv) patients with atrial fibrillation and a rapid 
ventricular rate (Table 22.11); and (v) patients with severe 
bradycardia or heart block (Table 22.11).

table 22.7 the 2013 aCCf/aHa guideline recommendations on drug therapies in patients with aHfsa

Drug therapy Recommendation CoR LoE

gDMT In patients with HF‐REF experiencing a symptomatic exacerbation of HF requiring hospitalization 
during chronic maintenance treatment with gDMT, it is recommended that gDMT be continued 
in the absence of hemodynamic instability or contraindications

I B

Initiation of β‐blocker therapy is recommended after optimization of volume status and successful 
discontinuation of intravenous diuretics, vasodilators, and inotropic agents. β‐Blocker therapy should 
be initiated at a low dose and only in stable patients. Caution should be used when initiating  
β‐blockers in patients who have required positive inotropes during their hospital course

I B

Diuretics Patients with HF admitted with evidence of significant fluid overload should be promptly treated with 
intravenous loop diuretics to reduce morbidity

I B

If patients are already receiving loop diuretic therapy, the initial intravenous dose should equal or 
exceed their chronic oral daily dose and should be given as either intermittent boluses or continuous 
infusion. Urine output and signs and symptoms of congestion should be serially assessed, and the 
diuretic dose should be adjusted accordingly to relieve symptoms, reduce volume excess, and avoid 
hypotension

I B

The effect of HF treatment should be monitored with careful measurement of fluid intake and output, 
vital signs, body weight that is determined at the same time each day, and clinical signs and symptoms 
of systemic perfusion and congestion. Daily serum electrolytes, urea nitrogen, and creatinine 
concentrations should be measured during the use of intravenous diuretics or active titration of 
HF medications

I C

When diuresis is inadequate to relieve symptoms, it is reasonable to intensify the diuretic regimen 
using either (i) higher doses of intravenous loop diuretics or (ii) addition of a second (e.g., thiazide) 
diuretic drug

IIa B

Low‐dose dopamine infusion may be considered in addition to loop diuretic therapy to improve diuresis 
and better preserve renal function and renal blood flow

IIb B

Vasodilators If symptomatic hypotension is absent, intravenous nitroglycerin, sodium nitroprusside, or nesiritide may 
be considered an adjuvant to diuretic therapy for relief of dyspnea in patients admitted with acutely 
decompensated HF

IIb A

Anticoagulants Patients admitted to the hospital with decompensated HF should receive venous thromboembolism 
prophylaxis with an anticoagulant medication if the risk–benefit ratio is favorable

I B

Arginine 
vasopressin 
antagonists

In patients hospitalized with volume overload, including HF, who have persistent severe hyponatremia 
and are at risk for or having active cognitive symptoms despite water restriction and maximization 
of gDMT, vasopressin antagonists may be considered in the short term to improve serum sodium 
concentration in hypervolemic, hyponatremic states with either a V

2
 receptor selective or a 

nonselective vasopressin antagonist

IIb B

CoR and LoE stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).
aRef. 1.
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table 22.9 the 2012 esC guideline recommendations for the treatment of aHfs patients with hypotension, hypoperfusion, 
or shocka

CoR Recommendation LoE

I Electrical cardioversion is recommended if an atrial or ventricular arrhythmia is thought to be contributing to the patient’s 
hemodynamic compromise in order to restore sinus rhythm and improve the patient’s clinical condition

C

IIa An iv infusion of an inotrope (e.g., dobutamine) should be considered in patients with hypotension (systolic blood pressure 
<85 mm Hg) and/or hypoperfusion to increase cardiac output, increase blood pressure, and improve peripheral perfusion. 
The ECg should be monitored continuously because inotropic agents can cause arrhythmias and myocardial ischemia

C

Short‐term mechanical circulatory support should be considered (as a “bridge to recovery”) in patients remaining severely 
hypoperfused despite inotropic therapy and with a potentially reversible cause (e.g., viral myocarditis) or a potentially 
surgically correctable cause (e.g., acute interventricular septal rupture)

C

IIb An iv infusion of levosimendan (or a phosphodiesterase inhibitor) may be considered to reverse the effect of β‐blockers if 
β‐blockade is thought to be contributing to hypoperfusion. The ECg should be monitored continuously because inotropic 
agents can cause arrhythmias and myocardial ischemia. Because these agents are also vasodilators, blood pressure should 
be monitored carefully

C

A vasopressor (e.g., dopamine or norepinephrine) may be considered in patients who have cardiogenic shock, despite 
treatment with an inotrope, to increase blood pressure and vital organ perfusion. The ECg should be monitored as these 
agents can cause arrhythmias and/or myocardial ischemia. Intra‐arterial blood pressure measurement should be considered

C

Short‐term mechanical circulatory support may be considered (as a “bridge to decision”) in patients deteriorating rapidly 
before a full diagnostic and clinical evaluation can be made

C

CoR and LoE stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).
aRef. 2.

table 22.8 the 2012 esC guideline recommendations for the treatment of aHfs patients with pulmonary congestion/edema, 
but without shocka

CoR Recommendation LoE

I An intravenous (iv) loop diuretic is recommended to improve breathlessness and relieve congestion. Symptoms, 
urine output, renal function, and electrolytes should be monitored regularly during use of iv diuretic

B

High‐flow oxygen is recommended in patients with a capillary oxygen saturation <90% or Pao
2
 <60 mm Hg (8.0 kPa) to 

correct hypoxemia
D

Thromboembolism prophylaxis (e.g., with low‐molecular‐weight heparin) is recommended in patients not already 
anticoagulated and with no contraindication to anticoagulation to reduce the risk of deep venous thrombosis and 
pulmonary embolism

A

IIa Noninvasive ventilation (e.g., continuous positive airway pressure) should be considered in dyspnea patients with 
pulmonary edema and a respiratory rate >20 breaths per minute to improve breathlessness and reduce hypercapnia and 
acidosis. Noninvasive ventilation can reduce blood pressure and should not generally be used in patients with a systolic 
blood pressure <85 mm Hg (and blood pressure should be monitored regularly when this treatment is used)

B

An iv opiate (along with an antiemetic) should be considered in particularly anxious, restless, or distressed patients to 
relieve these symptoms and improve breathlessness. Alertness and ventilatory effort should be monitored frequently 
after administration because opiates can depress respiration

C

An iv infusion of a nitrate should be considered in patients with pulmonary congestion/edema and a systolic blood 
pressure >110 mm Hg, who do not have severe mitral or aortic stenosis, to reduce pulmonary capillary wedge pressure 
and systemic vascular resistance. Nitrates may also relieve dyspnea and congestion. Symptoms and blood pressure 
should be monitored frequently during administration of iv nitrates

B

IIb An iv infusion of sodium nitroprusside may be considered in patients with pulmonary congestion/edema and a systolic 
blood pressure >110 mm Hg, who do not have severe mitral or aortic stenosis, to reduce pulmonary capillary wedge 
pressure and systemic vascular resistance. Caution is recommended in patients with acute myocardial infarction. Sodium 
nitroprusside may also relieve dyspnea and congestion. Symptoms and blood pressure should be monitored frequently 
during administration of iv sodium nitroprusside

B

III Inotropic agents are not recommended unless the patient is hypotensive (systolic blood pressure <85 mm Hg), 
hypoperfused, or shocked because of safety concerns (atrial and ventricular arrhythmias, myocardial ischemia, 
and death)

C

CoR and LoE stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).
aRef. 2.
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22.5 suMMary Of CHaPter Key POints

 • This chapter describes the general principles and guide
lines regarding management of HF‐REF, HF‐PEF, and 
AHFS.

 • The fundamental goals of treatment of HF are to 
improve symptoms (including risk of hospitalization), 
slow or reverse deterioration in myocardial function, 
and reduce mortality. Management of HF involves 

implementation of a multicomponent approach, and 
pharmacological therapy is an essential component of 
HF management, especially for treatment of HF‐REF.

 • Several major organizations have published detailed 
guidelines for the management of HF. These include the 
2013 ACCF/AHA guideline for the management of heart 
failure, the 2012 ESC guideline for the diagnosis and 
treatment of acute and chronic heart failure, and the 2010 
HFSA comprehensive heart failure practice guideline.

table 22.10 the 2012 esC guideline recommendations for the treatment of aHfs patients with an aCsa

CoR Recommendation LoE

I Immediate primary percutaneous coronary intervention (PCI) or coronary artery bypass grafting (CABg) in selected cases 
is recommended if there is an ST‐segment elevation or a new left bundle‐branch block (LBBB) ACS in order to reduce 
the extent of myocyte necrosis and reduce the risk of premature death

A

Alternative to PCI or CABg: intravenous thrombolytic therapy is recommended, if PCI/CABg cannot be performed, or if 
there is ST‐segment elevation or new LBBB, to reduce the extent of myocyte necrosis and the risk of premature death

A

Early PCI (or CABg in selected patients) is recommended if there is non‐ST‐segment elevation ACS in order to reduce 
the risk of recurrent ACS. Urgent revascularization is recommended if the patient is hemodynamically unstable

A

Eplerenone is recommended to reduce the risk of death and subsequent cardiovascular hospitalization in patients with 
an LVEF ≤40%

B

An ACEI (or ARB) is recommended in patients with an LVEF ≤40%, after stabilization, to reduce the risk of death, 
recurrent myocardial infarction, and hospitalization for HF

A

A β‐blocker is recommended in patients with an LVEF ≤40%, after stabilization, to reduce the risk of death and recurrent 
myocardial infarction

B

IIa An iv opiate (along with an antiemetic) should be considered in patients with ischemic chest pain to relieve this symptom 
(and improve breathlessness). Alertness and ventilatory effort should be monitored frequently after administration 
because opiates can depress respiration

C

CoR and LoE stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).
aRef. 2.

table 22.11 the 2012 esC guideline recommendations for the treatment of aHfs patients with atrial fibrillation  
and a rapid ventricular rate and patients with severe bradycardia or heart blocka

CoR Recommendation LoE

Patients with atrial fibrillation (AF)

I Patients should be fully anticoagulated (e.g., with iv heparin), if not already anticoagulated and with no contraindication to 
anticoagulation, as soon as AF is detected to reduce the risk of systemic arterial embolism and stroke

A

Electrical cardioversion is recommended in patients hemodynamically compromised by AF and in whom urgent restoration 
of sinus rhythm is required to improve the patient’s clinical condition rapidly

C

Electrical cardioversion or pharmacological cardioversion with amiodarone should be considered in patients when a decision 
is made to restore sinus rhythm nonurgently (“rhythm control” strategy). This strategy should only be employed in 
patients with a first episode of AF of <48 h duration (or in patients with no evidence of left atrial appendage thrombus on 
transesophageal echocardiography)

C

Intravenous administration of a cardiac glycoside should be considered for rapid control of the ventricular rate C
III Dronedarone is not recommended because of safety concerns (increased risk of hospital admission for cardiovascular causes 

and an increased risk of premature death), particularly in patients with an LVEF ≤40%
A

Class I antiarrhythmic agents are not recommended because of safety concerns (increased risk of premature death), 
particularly in patients with LV systolic dysfunction

A

Patients with bradycardia or heart block

I Pacing is recommended in patients hemodynamically compromised by severe bradycardia or heart block to improve the 
patient’s clinical condition

C

CoR and LoE stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).
aRef. 2.
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 • The above guidelines are essentially similar with 
regard to the general approach to treating HF‐REF. In 
this context, these guidelines recommend evidence‐
based specific pharmacological therapies, including 
β‐blockers and RAAS inhibitors to improve symp
toms, retard disease progression, and prolong survival 
in patients with HF‐REF. The 2013 ACCF/AHA guide
line’s flowchart (Fig. 22.1) summarizes the key steps of 
evidence‐based, guideline‐directed medical (pharma
cological) therapy of stage C HF‐REF, highlighting 
the critical importance of drug therapy in the manage
ment of HF‐REF.

 • In contrast to the gDMT for HF‐REF, treatment of 
HF‐PEF remains largely empiric and focuses on con
trol of symptoms and comorbidities as well as risk 
factor modifications. This represents an unmet area in 
cardiovascular medicine, which warrants more research 
to develop effective therapies.

 • AHFS can be defined as new‐onset or gradual or rap
idly worsening HF signs and symptoms requiring urgent 
therapy. Although the immediate goals of treatment are 
to improve symptoms and stabilize the patient’s hemo
dynamic condition, longer‐term management, including 
postdischarge care, is particularly important to prevent 
recurrences and improve prognosis in AHFS.

 • Although not strictly “evidence based” in the same way 
as treatments for chronic HF‐REF, the key medical 
therapies for AHFS are oxygen, diuretics, and vasodila
tors. Positive inotropes are used more selectively for 
those with severely compromised cardiac output and 
hypoperfusion.

22.6 self‐assessMent QuestiOns

22.6.1  The 2013 ACCF/AHA guideline for the man
agement of heart failure recommends use of 1 of 
the 3 β‐blockers proven to reduce mortality for all 
patients with current or prior symptoms of HF‐
REF, unless contraindicated, to reduce morbidity 
and mortality. Which of the following are the three 
recommended β‐blockers for treating HF‐REF?
A. Atenolol, carvedilol, and metoprolol
B. Bisoprolol, carvedilol, and metoprolol
C. Bisoprolol, carvedilol, and propranolol
D. Bisoprolol, labetalol, and metoprolol
E. Labetalol, metoprolol, and propranolol

22.6.2  The combination of hydralazine and isosorbide 
dinitrate is recommended by the 2013 ACCF/AHA 
guideline to reduce morbidity and mortality for 

ACEI (or ARB) plus β-blocker 

Class I–IV patients with
volume overload 

(e.g., pulmonary edema)

Class III–IV African 
American patients with 

persistent symptoms

Class III–IV patients with 
estimated CrCl > 30 ml/min 

and plasma K+ < 5.0 mM

Add

Loop diuretic drug 
(e.g., furosemide)

Hydralazine plus isosorbide
dinitrate (BiDil)

Aldosterone antagonist 
(e.g., eplerenone)

Add Add

Heart failure with reduced ejection fraction (HF-REF)
• ACC/AHA stage C
• NYHA class I–IV

fig 22.1 2013 ACCF/AHA guideline flowchart illustration of evidence‐based pharmacological therapies in the management of stage C 
HF‐REF. This scheme is based on the flowchart of the guideline document (Circulation 2013, 128:e240–e327) with modifications.
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patients self‐described as which of the following 
ethical groups with NYHA class III–IV HF‐REF 
receiving optimal therapy with ACEIs and 
β‐blockers?
A. African Americans
B. Asian Americans
C. Caucasians
D. Hispanic Americans

22.6.3  A 63‐year‐old female, with chronic systolic heart 
failure, has been managed with a multidrug treatment 
regimen. Which of the following agents is most 
likely able to prolong the survival of this patient?
A. Carvedilol
B. Digoxin
C. Dopamine
D. Milrinone
E. Nesiritide

22.6.4  A 65‐year‐old female has been admitted to the 
coronary care unit with an acute left ventricular 
myocardial infarction. She develops acute decom
pensated heart failure with marked pulmonary 
edema, but no evidence of peripheral edema or 
weight gain. Which of the following drugs would 
be most useful for alleviating her pulmonary 
congestion?
A. Digoxin
B. Furosemide
C. Metoprolol
D. Spironolactone
E. Verapamil

22.6.5  A 69‐year‐old female with chronic systolic heart 
failure is treated with a regimen that includes 
lisinopril. She subsequently develops persistent 
dry cough. Which of the following drugs is most 
suitable to replace lisinopril in the regimen?
A. Hydralazine
B. Hydrochlorothiazide
C. Losartan
D. Nesiritide
E. Nitroglycerin
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23.1 IntroductIon

The human heart is both a mechanical and an electronic organ, 
with the mechanical component pumping the blood and the 
electronic component controlling the rhythm of the pump. A 
cardiac arrhythmia is an abnormal rhythm of the heart and is 
caused by problems with the heart’s electrical system, also 
known as the conduction system. The electrical impulses may 
happen too fast, too slowly, or erratically, causing the heart to 
beat too fast, too slowly, or erratically. There are two broad 
classes of cardiac arrhythmias: bradycardias (also called brad
yarrhythmias) and tachycardias (also known as tachyarrhyth
mias). A bradycardia occurs when the heart rate is <60 beats/min, 
whereas a tachycardia happens when the heart rate is >100 beats/
min. Each class consists of  multiple disorders. This chapter 
 introduces the ICD10 classification of cardiac arrhythmias and 
describes the major types of cardiac arrhythmias and their epide
miology. The chapter also considers the pathophysiological 
mechanisms of cardiac arrhythmias so as to provide a basis for 
understanding the drug targeting. The major classes of antiar
rhythmic agents are covered in Chapter 24. Chapter 25 describes 
the general principles and current guidelines with regard to the 
management of the major types of cardiac arrhythmias.

23.2 defInItIon, classIfIcatIon, 
and epIdemIology

23.2.1 definition and general considerations

The term cardiac arrhythmia may be broadly defined as any 
abnormality or perturbation of the cardiac conduction system, 
including the sinoatrial (SA) node, atrioventricular (AV) node, 

bundle of His, and Purkinje fibers. The SA node, displaying 
properties of automaticity, spontaneously depolarizes, sending 
a depolarization wave in the form of cardiac action potential 
over the atrium, depolarizing the AV node, propagating over 
the His–Purkinje system, and depolarizing the ventricle in a 
systematic and coordinated fashion (Fig.  23.1). A cardiac 
arrhythmia arises when there is an abnormality in either the 
initiation or conduction of the electrical pulses.

There are many different types of cardiac arrhythmias, 
which are classified in various ways. Section 23.2.2 intro
duces the ICD10 classification of cardiac arrhythmias, 
which represents the most comprehensive classification of 
cardiac arrhythmias. The conventional classification of 
cardiac arrhythmias and the common forms of cardiac 
arrhythmias are described in Section 23.2.3.

The normal sinus rhythm of the heart can be disturbed 
through failure of automaticity, such as sick sinus syndrome, 
or through overactivity, such as inappropriate sinus tachy
cardia. Ectopic foci prematurely exciting the myocardium 
on a single or continuous basis result in premature atrial con
tractions and premature ventricular complexes. Sustained 
tachyarrhythmias in the atria, such as atrial fibrillation (AF), 
paroxysmal atrial tachycardia, and supraventricular tachy
cardia, originate because of micro or macroreentry. In 
general, the severity of cardiac arrhythmias depends on the 
presence or absence of structural heart diseases.

23.2.2 the Icd-10 classification

The ICD10 is the 10th revision of the International 
Statistical Classification of Diseases and Related Health 
Problems (ICD) (also see Chapter 1). The ICD10 defines 

overvIew of cardIac arrhythmIas 
and drug therapy

23
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the universe of diseases, disorders, injuries, and other 
related health conditions. These entities are listed in a 
comprehensive way so that everything is covered. ICD10 
organizes information into standard groupings of diseases. 
Cardiac arrhythmias are listed under Chapter IX of ICD
10—Diseases of the Circulatory System (I00–I99) within 
Other Forms of Heart Diseases (I30–I52)—and span from 
I44 to I49 (Table 23.1). As shown in the table, disorders 
within I44–I46 are all bradycardias except for I45.6 (pre
excitation syndrome). Likewise, disorders within I47–I49 
are all tachyarrhythmias except for I49.5 (sick sinus syn
drome), which is classified under bradycardia although 
over 50% patients with sick sinus syndrome have alter
ation of paroxysms of atrial tachyarrhythmias and periods 
of slow atrial and ventricular rates (also see Table 23.2).

23.2.3 conventional classification

The ICD10 is the most comprehensive scheme for classi
fying cardiac arrhythmias. while the ICD10 classification 
is used as the international standard, the detailed list 
oftentimes causes confusion, especially among the non
cardiologists. As such, cardiac arrhythmias are frequently 
classified in conventional ways. Based on the changes in 
heart rate, they are broadly classified into  bradyarrhythmias 
and tachyarrhythmias. Based on the origin, they are clas
sified into supraventricular arrhythmias and ventricular 

arrhythmias. Arrhythmias that start in the atria or AV 
node are supraventricular (above the ventricles) arrhyth
mias. Ventricular arrhythmias begin in the ventricles. 
Figure  23.2 illustrates a conventional classification 
scheme of cardiac arrhythmias, and some of the individual 
 disorders in each group are described in Tables 23.2, 23.3, 
and 23.4.

23.2.4 epidemiology

Cardiac arrhythmias are common disorders. It is estimated 
that over 5 million Americans have one or more forms of 
cardiac arrhythmias, most over the age of 50 years. Some 
also have CAD or other forms of cardiac disorders, but many 
don’t. The general risk factors for cardiac arrhythmias 
include CAD, hypertension, metabolic disorders, smoking, 
consumption of alcohol, and use of certain medications. 
genetic factors also contribute to certain arrhythmias, such 
as LQTS. while in the vast majority of cases cardiac arrhyth
mias themselves are not life threatening, some, such as AF, 
may predispose the individuals to more severe thromboem
bolic conditions, such as ischemic stroke. Lifethreatening 
cardiac arrhythmias include sustained VT and VF. The prev
alence of cardiac arrhythmias increases with age, even when 
there’s no clear sign of CAD. AF is the most common form 
of cardiac arrhythmias. The prevalence and incidence of 
common cardiac arrhythmias are summarized in Table 23.5.

Bypass track
(bundle of kent)

Internodal
pathways

Bundle of his

Left bundle branch

Right bundle branch

Perkinje �bers

Atrium

SA node

AV node

Ventricle

ECG

fIgure 23.1 Cardiac conduction system, action potential, and electrocardiogram (ECg). The cardiac conduction system consists of the 
sinoatrial (SA) node, atrial ventricular (AV) node, bundle of His, left and right Bundle branches, and Purkinje fibers. In addition, internodal 
pathways connect SA and AV nodes. Conduction fibers also travel from the SA node to the left ventricle. In some individual, a bypass track 
connects the right atrium to the right ventricle. This accessory pathway also known as bundle of Kent predisposes the individual to the 
development of wolff–Parkinson–white syndrome. For color details, please see color plate section.
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table 23.1 the Icd-10 classification of cardiac arrhythmiasa

ICD10 code ICD10 subcode and disorder of heart rhythm

I44: Atrioventricular and left bundlebranch block 144.0. Atrioventricular block, first degree
144.1. Atrioventricular block, second degree

Atrioventricular block, types I and II
mobitz block, types I and II
Seconddegree block, types I and II
wenckebach block

144.2. Atrioventricular block, complete
Complete heart block nOSb

Thirddegree block
144.3. Other and unspecified atrioventricular blocks

Atrioventricular block nOS
144.4. Left anterior fascicular block
144.5. Left posterior fascicular block
144.6. Other and unspecified fascicular blocks

Left bundlebranch hemiblock nOS
144.7. Left bundlebranch block, unspecified

I45: Other conduction disorders I45.0. Right fascicular block
I45.1. Other and unspecified right bundlebranch blocks

Right bundlebranch block nOS
I45.2. Bifascicular block
I45.3. Trifascicular block
I45.4. nonspecific intraventricular block

Bundlebranch block nOS
I45.5. Other specified heart blocks

Sinoatrial block
Sinoauricular block
Excl.c: Heart block nOS (I45.9)

I45.6. Preexcitation syndrome
Anomalous atrioventricular excitation
Atrioventricular conduction:
 • Accelerated
 • Accessory
 • Preexcitation

Lown–ganong–Levine syndrome
wolff–Parkinson–white syndrome

I45.8. Other specified conduction disorders
Atrioventricular [AV] dissociation
Interference dissociation
Long QT syndrome
Excl.: Prolongation of QT interval (R94.3)d

I45.9. Conduction disorder, unspecified
Heart block nOS
Stokes–Adams syndrome

I46: Cardiac arrest I46.0. Cardiac arrest with successful resuscitation
Excl.:
Cardiogenic shock (R57.0)
Complicating:
•	Abortion or ectopic or molar pregnancy (O00–O07, O08.8)
•	Obstetric surgery and procedures (O75.4)

I46.1. Sudden cardiac death, so described
Excl.: Sudden death:
•	nOS (R96.)
•	with:

Conduction disorder (I44–I45)
myocardial infarction (I21–I22)

I46.9. Cardiac arrest, unspecified

(Continued )
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23.3 pathophysIology and drug 
targetIng

23.3.1 pathophysiology

The cardiac conduction system is designed for electrical 
impulse creation and propagation. It allows for initiation of 
impulses in the atrium, slowed conduction in the AV node, 
and rapid propagation through the His–Purkinje system to 
allow synchronous contraction in the ventricles. Cardiac 
pacemaker cells have the inherent property of spontaneous 

depolarization, which creates the cardiac impulse. Cells 
within the sinus node have the fastest rate of spontaneous 
depolarization, and therefore, the sinus node is the main 
pacemaker region of the heart. The AV node has the second 
fastest rate of spontaneous depolarization, which allows it to 
create an escape rhythm if the sinus node is diseased. 
Abnormalities or disturbances of the cardiac conduction sys
tems result in a number of cardiac arrhythmias (Fig. 23.2).

The mechanisms of arrhythmias are generally divided 
into two categories: (1) abnormalities in impulse formation 
and (2) abnormalities in impulse conduction. As illustrated 

ICD10 code ICD10 subcode and disorder of heart rhythm

I47: Paroxysmal tachycardia 147.0. Reentry ventricular arrhythmia
Excl.: 147.1. Supraventricular tachycardia
Complicating:
•	Abortion or ectopic or molar pregnancy (O00–O07, O08.8)
•	Obstetric surgery and procedures (O75.4)
Tachycardia:
•	nOS (R00.0)e

•	 Sinoauricular nOS (R00.0)
•	 Sinus [sinusal] nOS (R00.0)

Paroxysmal tachycardia:
•	Atrial
•	Atrioventricular [AV]
•	 Junctional
•	nodal

147.2. Ventricular tachycardia
147.9. Paroxysmal tachycardia, unspecified

Bouveret(–Hoffmann) syndrome
I48: Atrial fibrillation and flutter
I49: Other cardiac arrhythmias 149.0. Ventricular fibrillation and flutter

Excl.:
Bradycardia:
•	nOS (R00.1) f

•	 Sinoatrial (R00.1)
•	 Sinus (R00.1)
•	Vagal (R00.1)
Complicating:
•	Abortion or ectopic or molar pregnancy (O00–O07, O08.8)
•	Obstetric surgery and procedures (O75.4)
neonatal cardiac dysrhythmia (P29.1)g

149.1. Atrial premature depolarization
Atrial premature beats

149.2. Junctional premature depolarization
149.3. Ventricular premature depolarization
149.4. Other and unspecified premature depolarization

Ectopic beats
Extrasystoles
Extrasystolic arrhythmias
Premature:
•	Beats nOS
•	Contractions

149.5. Sick sinus syndrome
Tachycardia–bradycardia syndrome

149.8. Other specified cardiac arrhythmias
Rhythm disorder:
•	Coronary sinus
•	Ectopic
•	nodal

149.9. Cardiac arrhythmia, unspecified
Arrhythmia (cardiac) nOS

a Adapted from http://apps.who.int/classifications/icd10/browse/2010/en.
b nOS, not otherwise specified. 
c Excl., excluding;
d R94.3: Abnormal results of cardiovascular function studies within “Abnormal Findings on Diagnostic Imaging and in Function Studies, without Diagnosis” 
under Chapter XVIII: Symptoms, Signs and Abnormal Clinical and Laboratory Findings, not Elsewhere Classified.
e R00.0: Tachycardia, unspecified.
f R00.1: Bradycardia, unspecified. Both R00.0 and R00.1 are under R00: Abnormalities of Heart Rate within the “Symptoms and Signs Involving the Circulatory 
and Respiratory Systems” under Chapter XVIII: Symptoms, Signs and Abnormal Clinical and Laboratory Findings, not Elsewhere Classified.
g P29.1: neonatal cardiac dysrhythmia within “Respiratory and Cardiovascular Disorders Specific to the Perinatal Period” under Chapter XVI: Certain 
Conditions Originating in the Perinatal Period.

table 23.1 (Continued)

http://apps.who.int/classifications/icd10/browse/2010/en
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in Figure 23.3, abnormalities in impulse formation include 
altered automaticity and triggered activity. Altered automa
ticity can be manifested as either depressed automaticity or 
enhanced automaticity. Triggered activity is caused by after
depolarization, which is further divided into early afterdepo
larization and delayed afterdepolarization. Abnormalities in 
impulse conduction include reentry and conduction blockage. 
This section briefly reviews the electrophysiology and elec
tropathophysiology of the cardiac conduction system to help 
the reader understand the pathophysiological mechanisms 
of cardiac arrhythmias and the basis of drug targeting in 
treating these disorders.

23.3.1.1 Altered Automaticity normal automaticity 
involves the slow, progressive depolarization of the mem
brane potential (spontaneous diastolic depolarization or 
phase 4 depolarization) until a threshold potential is reached, 
at which point an action potential is initiated. The spontaneous 
discharge rate of the SA nodal complex (70–80 beats/min 
under resting conditions) exceeds that of all other subsidiary 
or latent pacemakers in the AV node and His bundle (50–
60 beats/min), and Purkinje fibers (30–40 beats/min). As a 
result, the impulse initiated by the SA node depresses the 
activity of subsidiary pacemaker sites before they can spontane
ously depolarize to threshold. However, the lower pacemaker 

table 23.2 bradycardias

Bradycardia Description

SA node dysfunction (SnD) SnD and AV conduction block are the most common causes of pathological bradycardia. SnD can result 
from either extrinsic factors (e.g., drugs, hypothyroidism, sleet apnea) or intrinsic causes (e.g., sick sinus 
syndromea, coronary artery disease [CAD], inflammation)

AV conduction block AV conduction block is defined as a delay or interruption in the transmission of an impulse, either transient 
or permanent, from the atria to the ventricles due to an anatomic or functional impairment in the 
conduction system. The conduction can be delayed, intermittent, or absent. Conduction block from the 
atrium to the ventricle can occur for various reasons, including hypothyroidism, drugs, infections, 
inflammation, heritable/congenital diseases, and CAD. The AV conduction block can be classified based 
on the severity of block into first, second, and thirddegree block

Firstdegree AV block: PR interval >0.21 s with all atrial impulses conducted. In other words, firstdegree 
block is slowed conduction without missed beats

Seconddegree AV block: missed beats, often in a regular pattern, for example, 2:1, 3:2, or higher degrees 
of block

Thirddegree AV block: complete heart block, in which no supraventricular impulses are conducted to the 
ventricles

a Sick sinus syndrome: The term “sick sinus syndrome” was first used in 1967 to describe the sluggish return of SA nodal activity in some patients following 
electrical electroversion. It is now a term applied to a syndrome encompassing multiple sinus node abnormalities, including (i) persistent spontaneous sinus 
bradycardia not caused by drugs and inappropriate for the physiological circumstance, (ii) sinus arrest or exit block, (iii) combination of SA and AV conduction 
disturbances, and (iv) alteration of paroxysms of rapid regular or irregular atrial tachyarrhythmias and periods of slow atrial and ventricular rates, as part of the 
bradycardia–tachycardia syndrome (also known as tachycardia–bradycardia syndrome) (also see Table 23.1).

Tachyarrhythmias

Supraventricular
tachyarrhythmias

Bradyarrhythmias

Ventricular
tachyarrhythmias

SA node dysfunction

AV conduction block

Cardiac
arrhythmias

fIgure 23.2 Conventional classification scheme of cardiac arrhythmias. Based on the heart rate, cardiac arrhythmias are classified into 
bradyarrhythmias (heart rate <60 beats/min) and tachyarrhythmias (heart rate >100 beats/min). Based on the origin, cardiac arrhythmias are 
classified into (i) supraventricular arrhythmias, which originate in tissues above the ventricles, including the SA node, atria, and AV node, and 
(ii) ventricular arrhythmias, which originate in the ventricles. Bradyarrhythmias are primarily supraventricular, whereas tachyarrhythmias can 
be either supraventricular or ventricular.
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table 23.3 supraventricular tachyarrhythmias

Supraventricular 
tachyarrhythmia Description

Atrial premature 
complexes 
(APCs)

APCs, also known as atrial premature beats (APBs), atrial premature depolarizations (APDs), premature atrial beats 
(PABs), or premature atrial complexes (PACs), result from premature activation of the atria arising from a site other 
than the sinus node. They are observed on the surface electrocardiogram (ECg) as a P wave that occurs relatively 
early in the cardiac cycle (i.e., prematurely before the next sinus P wave should occur) and has a different 
morphology from the sinus P wave. APCs are the most common arrhythmia identified during extended ECg 
monitoring. APCs typically are asymptomatic although some patients experience palpitations or an irregularity of the 
pulse

Junctional 
premature 
complexes 
(JPCs)

JPCs, also known as junctional premature beats (JPBs) or junctional premature depolarizations (JPDs), arise within 
the AV junction (e.g., AV node and His bundle). JPCs are very uncommon. They may cause no symptoms or lead to 
symptoms, such as palpitations

Sinus tachycardia Sinus tachycardia is defined as an increase in sinus rate to >100 beats/min. Sinus tachycardia is classified into 
physiological sinus tachycardia and inappropriate sinus tachycardia (IST). Physiological sinus tachycardia occurs in 
keeping with the level of physical, emotional, pathological, or pharmacological stress. These include exercise, fever, 
and hyperthyroidism. IST, also called chronic nonparoxysmal sinus tachycardia, is an unusual condition that occurs 
in individuals without apparent heart disease or other causes for sinus tachycardia, such as hyperthyroidism or 
fever. Affected patients have an elevated resting heart rate and/or an exaggerated heart rate response to exercise; 
many patients have both

The underlying pathological basis for IST is likely to be multifactorial, but two main mechanisms have been 
proposed: (1) enhanced automaticity of the sinus node and (2) abnormal autonomic regulation of the sinus node 
with excess sympathetic and reduced parasympathetic tone. Sinus tachycardia is often asymptomatic, although the 
patient may complain of a rapid heartbeat

Atrial fibrillation 
(AF)

AF is the most common chronic arrhythmia, which is characterized by disorganized, rapid, and irregular atrial 
activation. The ventricular response to the rapid atrial activation is also irregular, and the ventricular rate in 
untreated patients also tends to be rapid. many patients with AF are asymptomatic. In some patients, it causes 
adverse consequences related to a reduction in cardiac output (e.g., palpitation, exercise intolerance, hypotension) 
and to atrial and atrial appendage thrombus formation (e.g., ischemic stroke and peripheral embolization)

Atrial flutter 
(AFL)

macroreentrant atrial tachycardias involving the atrial myocardium are collectively referred to as AFL. AFL and 
macroreentrant atrial tachycardia are frequently used interchangeably, with both denoting a nonfocal source of an 
atrial arrhythmia. There are two forms of AFL: typical and atypical. Typical (also known as counterclockwise) right 
AFL represents approximately 80% of all AFL. Typical right AFL has an atrial rate of 260–300 beats/min with a 
ventricular response that tends to be 2:1 or typically 130–150 beats/min. Typical AFL is caused by a macro
reentrant right atrial circuit around the tricuspid annulus, and as such, it is also known as cavotricuspid isthmus
dependent flutter. AFL is less common than AF. AFL occurs most often in patients with chronic obstructive 
pulmonary disease (COPD) but may be seen also in those with rheumatic or CAD, congestive heart failure, atrial 
septal defect, or surgically repaired congenital heart disease. AFL is often associated with palpitation (acute) and 
fatigue (chronic). Similar to AF, AFL also predisposes the individual to thromboembolism

Atrial 
tachycardias

multifocal atrial 
tachycardia 
(mAT)

mAT, also called chaotic atrial tachycardia, is characterized by at least three distinct P wave 
morphologies and often at least three different PR intervals, and the associated atrial and 
ventricular rates are typically between 100 and 150 beats/min. mAT is the signature tachycardia of 
patients with severe pulmonary diseases, such as COPD. It can also occur in the presence of 
coronary, valvular, hypertensive, and other types of heart diseases, particularly when associated 
with heart failure and/or underlying lung disease. In most cases, the clinical manifestations of 
mAT differ from those of other tachyarrhythmias in that symptoms predominantly relate to the 
underlying precipitating illness rather than the arrhythmia. Patients rarely present with symptoms, 
such as palpitations

Focal atrial 
tachycardias 
(FATs)

FATs are caused by regular atrial activation from atrial areas with centrifugal spread. FATs are 
usually manifest by atrial rates between 150 and 250 beats/min, with a P wave contour different 
from that of the sinus P wave. neither the sinus nor the AV node plays a role in the initiation or 
perpetuation of the tachycardia. FATs do not occur randomly throughout the atria, but rather 
cluster at predefined anatomic locations. most patients with FAT report palpitations associated 
with their episodes of tachycardia. Rarely, patients may present with syncope or exacerbation of an 
underlying cardiac condition (e.g., angina)

(Continued )
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may take over the pacemaking function of the heart if the 
faster pacemaker fails or slows.

Variations in autonomic tone may have a major effect on 
normal automaticity. The automaticity can also be either sup
pressed or enhanced under pathogenic conditions. under 
pathogenic conditions that depolarize cells, myocardial cells 
outside the specialized conduction system also may acquire 
automaticity, a phenomenon termed abnormal automaticity. 
Hence, the term enhanced cardiac automaticity refers to the 
accelerated generation of an action potential by either normal 
pacemaker tissue (enhanced normal automaticity) or by non
pacemaker tissue within the myocardium (abnormal automa
ticity). Enhanced normal automaticity accounts for the 
occurrence of sinus tachycardia, while abnormal automaticity 
may result in various atrial or ventricular tachyarrhythmias.

23.3.1.2 Triggered Activity Triggered activity refers to 
impulse initiation that is dependent on afterdepolarizations. 
Afterdepolarizations are membrane voltage oscillation dur
ing (early afterdepolarization) or after (delayed afterdepolar
ization) an action potential (Fig.  23.4). Hence, triggered 
activity or responses can be viewed as early depolarizations 

that reach threshold potential, depolarize cell membranes, 
and result in additional action potentials. Propagation of 
these triggered responses produces ventricular premature 
depolarizations that may initiate polymorphic VT, such 
as  TdP, in susceptible subjects. The development of 
 after depolarization is potentiated by bradycardia, hypoka
lemia,  hypomagnesemia, and many drugs, especially 
antiarrhythmic agents.

23.3.1.3 Conduction Block Conduction delay and block 
can result in bradyarrhythmias or tachyarrhythmias. 
Bradyarrhythmias occur when the propagating action poten
tial (impulse) is blocked and is followed by asystole or a slow 
escape rhythm. On the other hand, tachyarrhythmias occur 
when the delay and block produce reentrant excitation (see 
Section 23.3.1.4.). Conduction block usually is due to fibrosis 
or calcification of the AV node, His bundle, or right and left 
bundle branches. Conduction block also may result from ele
vated parasympathetic tone, as seen during sleep or in well
trained athletes, or may be due to agents that act on the AV 
node, such as digitalis, βblockers, or nondihydropyridine 
calcium channel blockers.

Supraventricular 
tachyarrhythmia Description

AV nodal 
tachycardias

AV nodal 
reentrant 
tachycardia 
(AVnRT)

AVnRT is the most common form of paroxysmal supraventricular tachycardias (PSVTs) and is more 
prevalent in females. AVnRT is associated with palpitations, dizziness, and neck pulsations. It is 
not usually associated with structural heart disease. Rates of tachycardia are often between 140 and 
250 beats/min. Although the reentrant circuit was initially thought to be confined to the compact 
AV node, a more contemporary view recognizes the usual participation of perinodal atrial tissue as 
the most common component of the reentrant circuit

AV junctional 
tachycardias

Junctional tachycardias are further classified into different forms, including focal junctional 
tachycardia and nonparoxysmal junctional tachycardia. Focal junctional tachycardia, also known 
as automatic or paroxysmal junctional tachycardia, is a very uncommon arrhythmia. It usually 
presents in young adulthood. nonparoxysmal junctional tachycardia is a benign arrhythmia that 
is characterized by a narrow complex tachycardia with rates of 70–120 beats/min. The 
arrhythmogenic mechanism is thought to be associated with an enhanced automaticity arising 
from a high junctional focus or in response to a triggered mechanism. It shows a typical 
“warmup” and “cooldown” pattern and cannot be terminated by pacing maneuvers. The most 
important feature about this tachycardia is that it may be a marker for a serious underlying 
condition, such as digitalis toxicity, postcardiac surgery, hypokalemia, or myocardial ischemia

Tachycardias 
associated with 
accessory AV 
pathways

They refer to reentrant tachycardias with an anatomically defined circuit that consists of two distinct pathways, the normal 
AV conduction system and an AV accessory pathway, linked by common proximal (the atria) and distal (the ventricles) 
tissues. If sufficient differences in conduction time and refractoriness exist between the normal conduction system and 
the accessory pathway, a properly timed premature impulse of atrial, junctional, or ventricular origin can initiate reentry

Two terms, distinguished by the presence or absence of arrhythmias, have been used to describe individuals with 
accessory pathways: (i) the wolff–Parkinson–white (wPw) pattern is applied to the patient with preexcitation 
manifest on an ECg in the absence of symptomatic arrhythmias, and (ii) the wPw syndrome is applied to the 
patient with both preexcitation manifest on an ECg and symptomatic arrhythmias (e.g., atrioventricular reentrant 
[or reciprocating] tachycardia [AVRT] and AF) involving the accessory pathway

The two major types of arrhythmias in persons with an AV accessory pathway are orthodromic AVRT (including 
permanent junctional reciprocating tachycardia [PJRT]) and antidromic AVRT

Orthodromic AVRT comprises 90–95% of the reentrant tachycardias associated with the wPw syndrome
The diagnosis of wPw syndrome is reserved for patients who have both preexcitation and tachyarrhythmias

table 23.3 (Continued)
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23.3.1.4 Reentry

Definition of Reentry Electric activity in the form of action 
potential during each normal cardiac cycle begins in the SA 
node and continues until the entire heart has been activated. 
Each cell becomes activated in turn, and the cardiac impulse 
dies out when all fibers have been discharged and are 
completely refractory. During this absolute refractory period, 
the cardiac impulse has no place to go. It must be extinguished 
and restarted by the next sinus impulse. However, this well
controlled conduction of impulses may be altered under 
pathogenic conditions, leading to a electropathophysiological 
process, namely, reentry. This term is alternatively known as 

reentrant excitation, circus movement, reciprocal beat, or 
echo beat. Reentry occurs when a propagating impulse fails 
to die out after normal activation of the heart and persists to 
reexcite the heart after the refractory period has ended.

Reentry as the Most Important Electropathophysiological 
Mechanism of Arrhythmias Reentry is the electropatho
physiological mechanism responsible for the majority of 
clinically important arrhythmias. These include AF, AFL, 
AVnRT, tachycardias associated with accessory AV pathways, 
VT after myocardial infarction with the presence of left 
ventricular scar, and VF. Patients who develop reentrant 
arrhythmias usually have an anatomic or electrical (functional) 

table 23.4 ventricular tachyarrhythmias

Ventricular 
tachyarrhythmia Description

Premature 
ventricular 
complexes 
(PVCs)

PVCs, also known as ventricular premature beats, ventricular premature complexes, premature ventricular beats, or 
ventricular extrasystoles, are triggered from the ventricular myocardium in a variety of situations. PVCs are common 
and occur in a broad spectrum of the population. This includes patients without structural heart disease and those with 
any form of cardiac disease, independent of severity. PVCs produce few or no symptoms in the vast majority of 
patients. Some patients may experience palpitations or dizziness

Ventricular 
tachycardia  
(VT)

nonsustained 
VT

VT is defined as a cardiac arrhythmia of three or more consecutive ventricular beats in duration at a rate 
of >100 beats/min (cycle length <600 ms). VT is further classified into nonsustained VT and sustained 
VT. As described below, torsades de pointes (TdP) is also a form of VT

nonsustained VT is defined as a VT terminating spontaneously in <30 s. nonsustained VT can be 
monomorphic (with a single QRS morphology) or polymorphic (with a changing QRS morphology at 
cycle length between 600 and 180 ms). nonsustained VT is often asymptomatic, but some patients 
experience palpitations, lightheadedness, presyncope, or dyspnea

Sustained VT Sustained VT is defined as a VT >30 s in duration and/or requiring termination due to hemodynamic 
compromise in <30 s. Sustained VT can be monomorphic or polymorphic. Sustained VT is potentially 
life threatening due to hemodynamic instability

TdP TdP is a form of polymorphic VT that occurs in the setting of acquired or congenital QT interval 
prolongation [1] (see long QT syndrome (LQTS)). In the specific case of TdP, these variations take 
the form of a progressive, sinusoidal, cyclic alteration of the QRS axis. The peaks of the QRS 
complexes appear to “twist” around the isoelectric line of the recording, hence the name torsades de 
pointes or “twisting of the points.” Typical features of TdP include an antecedent prolonged QT 
interval, particularly in the last sinus beat preceding the onset of the arrhythmia; a ventricular rate of 
160–250 beats/min; irregular RR intervals; and a cycling of the QRS axis through 180° every 
5–20 beats. TdP is usually shortlived and terminates spontaneously. However, most patients 
experience multiple episodes of the arrhythmia, and episodes can recur in rapid succession, 
potentially degenerating to ventricular fibrillation (VF) and sudden cardiac death

Ventricular 
flutter

Ventricular flutter is a regular (cycle length variability 30 ms or less) monomorphic VT that occurs at a very rapid rate of 
150–300 beats/min (usually around 200 beats/min). Often, no distinctive T waves are discernible. There is no isoelectric 
interval between QRS complexes. P waves or evidence of atrial activity is absent since the ventricular rate is rapid

VF Rapid, usually >300 beats/min, grossly irregular ventricular rhythm with marked variability in QRS cycle length, 
morphology, and amplitude. Both ventricular flutter and VF represent severe derangements of the heartbeat that 
usually terminate fatally within 3–5 min unless corrective measures are undertaken promptly

LQTS The LQTS is a disorder of myocardial repolarization characterized by a prolonged QT interval on the ECg [2]. 
As noted earlier, this syndrome is associated with an increased risk of TdP, a characteristic lifethreatening cardiac 
arrhythmia. The LQTS may be either congenital or acquired. Congenital LQTS consists of defects in cardiac ion 
channels that are responsible for cardiac depolarization. Defects that enhance sodium or calcium inward currents or 
inhibit outward potassium currents during the plateau phase of the action potential prolong action potential duration 
and hence the QT interval. Acquired LQTS usually results from drug therapy, hypokalemia, or hypomagnesemia. 
The primary symptoms in patients with LQTS include palpitations, syncope, seizures, and sudden cardiac death
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abnormality, which could be caused by an accessory pathway, 
by an abnormal separation of adjacent fibers that may form 
two limbs of a reentrant circuit, or by juxtaposed fibers that 
possess different electrophysiological characteristics, often 
resulting from abnormalities of the myocardium and Purkinje 
fibers as the result of a disease process.

Models of Reentry Several models of reentry have been 
proposed, and among them, the circus movement reentry model 
has been well described [14]. In the simplest form of the circus 

movement model, as illustrated in Figure 23.5, reentry requires 
the presence of a unidirectional block (anterograde conduction 
is blocked, and retrograde conduction is permitted but with 
slowed conduction velocity), in which the action potential can 
travel only in one direction, and a long enough circuit, in which 
recovery from refractoriness occurs before the approach of the 
leading edge of depolarization. The unidirectional block is 
usually caused by a disease processes, such as ischemia. 
Consequently, the retrograde conduction through the diseased 
tissue is also slowed, which promotes reentry.

table 23.5 prevalence and incidence of common cardiac arrhythmias

Cardiac arrhythmia Prevalence and/or incidence

SnD The prevalence of SnD has been estimated to be between 403 and 666 per million; this would translate into 
125,000–207,000 people in the united States. The estimated incidence rate for SnD is 63 per million per year [3]

AF Estimates of the prevalence of AF in the united States ranged from approximately 2.7 to 6.1 million in 2010, and 
the AF prevalence is expected to rise to between approximately 5.6 and 12 million by 2050 [3]. In a medicare 
sample, the incidence of AF was approximately 28 per 1000 personyears and did not change substantially 
between 1993 and 2007 [4]

Atrial tachycardias 
(ATs) (focal AT 
and multifocal AT)

Repetitive focal AT was estimated to account for between 5 and 15% of arrhythmias in adults undergoing study for 
PSVTs [5]. Early studies suggested that on the ECg multifocal AT occurred in 0.05–0.32% of electrocardiograms 
interpreted in general hospitals and in 0.37% of hospitalized patients [6]

AV nodal 
tachycardias 
(AVnRT)

AVnRT is categorized as one of the PSVTs and is the most common of these arrhythmias, accounting for nearly 
two thirds of all cases. The term PSVT is applied to intermittent supraventricular tachycardias with abrupt onset 
and offset other than AF, AFL, and multifocal AT. Because they have distinct clinical characteristics, these 
narrow complex tachycardias are usually considered separately. PSVT occurs with an incidence of 35 per 
100,000 personyears [7]

Tachycardias 
associated with 
accessory AV 
pathways

The prevalence of a wPw pattern on the surface ECg is estimated at 0.13–0.25% in the general population. The 
prevalence of the wPw syndrome (wPw pattern plus tachyarrhythmia) is substantially lower than that of the 
wPw pattern alone, perhaps as low as 2% of patients with the wPw pattern on surface ECg [8]

PVCs PVCs are one of the most common arrhythmias and can occur in individuals with or without heart diseases. The 
prevalence of PVCs varies greatly, with estimates of <3% to >60% in asymptomatic individuals

A crosssectional analysis of the 15,792 individuals (aged 45–65 years) from the four uS communities participating 
at visit 1 of the Atherosclerosis Risk In Communities (ARIC) study showed that based on a 2 min ECg, PVCs 
are present in >6% of middleaged adults. Increasing age, the presence of heart diseases, faster sinus rates, 
African American ethnicity, male sex, lower educational attainment, and lower serum magnesium or potassium 
levels are directly related to PVC prevalence. Independently of these factors, hypertension is associated with a 
23% increase in the prevalence of PVCs [9]

VT (nonsustained VT, 
sustained VT, and 
TdP)

The estimated prevalence of nonsustained VT in the general population (both with and without heart disease) is 
between 0 and 4%, although this is most likely an underestimate [10]. The prevalence of nonsustained VT 
becomes more common as age increases

The incidence of sustained VT in the united States is not well quantified because of the clinical overlap of VT with 
ventricular fibrillation (VF)

As many as 300,000 persons die annually in the united States of sudden cardiac death (SCD) [11, 12]. Along with 
VF, sustained VT is responsible for nearly all of the arrhythmic SCD

The true incidence and prevalence of druginduced TdP in the uS general population is largely unknown. By 
extrapolating data from nonuS registries, it has been estimated that 12,000 cases of druginduced TdP occur 
annually in the united States [3]

VF VF is the most commonly identified arrhythmia in cardiac arrest patients. SCD accounts for approximately 300,000 
deaths per year in the united States, of which 75–80% are due to VF. This represents an incidence of 0.08–0.16% 
per year in the adult population. VF is commonly the first expression of CAD and is responsible for 
approximately 50% of deaths from CAD, often within the first hour after the onset of an acute myocardial 
infarction

LQTS The prevalence of LQTS is difficult to estimate. However, given the currently increasing frequency of diagnosis, 
LQTS may be expected to occur in 1–4 in 10,000 individuals [13]
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fIgure 23.3 general mechanisms of cardiac arrhythmias. Cardiac arrhythmias stem from abnormalities in either impulse formation or 
impulse conduction or both.
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fIgure  23.4 Afterdepolarization. Afterdepolarizations occur when a normal action potential triggers abnormal depolarizations. The 
abnormal depolarizations may occur during the plateau or repolarizing phase of the normal action potential, which is known as early afterde
polarization (EAD), or shortly after depolarization of the normal action potential, which is called delayed afterdepolarization (DAD). EAD 
during the plateau phase (phase 2) results from an inward calcium ion current, and during the plateau phase, sodium ion channels are inacti
vated. On the other hand, EAD during depolarization phase (phase 3) results from an inward sodium ion current mediated by partially recov
ered sodium ion channels. EAD mainly occurs during phase 3, and if an EAD is sustained, it may cause torsades de pointes. In contrast to that 
of EAD, the mechanism of DAD remains to be elucidated. It has been suggested that DAD may be caused by intracellular calcium ion 
accumulation. The higher intracellular calcium ion concentrations lead to activation of na+/Ca2+ exchanges, and the resulting electrogenic 
influx of three sodium ions for each extruded calcium ion causes membrane depolarization. The significance of DAD in cardiac arrhythmias 
is less clear compared with that of EAD.
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Conditions That Affect Reentry Since the length of the 
pathway is fixed and determined by the anatomy, the 
conduction velocity of the action potential and the duration 
of the refractory periods are the two main factors that 
influence reentry. Conditions that depress the conduction 
velocity or abbreviate the refractory period promote the 
development of reentry (see previous explanation). On the 
other hand, conditions that speed conduction velocity and 
prolong the refractory period hinder reentry. Although the 
aforementioned notion is valid as a general rule, dramatic 
suppression of the already slowed retrograde conduction by 
antiarrhythmic drugs, such as the class I antiarrhythmic 
agents, may lead to complete extinguishment of the retrograde 

impulse, thereby the termination of the reentry. Indeed, 
blocking conduction velocity is one of the main mechanisms 
for terminating reentry by antiarrhythmic drugs, especially 
the class I agents (see Chapter 24).

23.3.2 drug targeting

23.3.2.1 General Considerations Drug therapy for cardiac 
arrhythmias has a long history. For example, digitalis has 
been used to treat patients with AF for >100 years, and the 
value of quinidine for terminating AF first became apparent 
at the beginning of the twentieth century. Drug therapy used 
to be the mainstay of treatment for both ventricular and 

Unidirectional block

Cardiac muscle �bers
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fIgure 23.5 normal and reentrant cardiac electrical pathways. Panel A shows a normal impulse (action potential) conduction through a 
bifurcating pathway to depolarize the different areas of myocardium. Panel B shows formation of a reentrant circuit (dashed lines) due to 
unidirectional block of one of the branch of the bifurcation pathway leading to tachyarrhythmias. As illustrated in panel A, a normal impulse 
arrives at point a, where it travels through the bifurcating pathway (branches I and II). when the impulses travel down branches I and II to 
arrive at points b and c, respectively, the impulses are able to once again travel in two opposite directions. The impulses between b and c can
celed each other, whereas as the rest travel to points d and e respectively, they cause excitation of the myocardium in different areas. As 
depicted in panel B, a unidirectional block occurs in branch II due to pathologic factors, such as ischemia. Hence, in branch II, the impulse 
from point a cannot travel to point c, whereas impulses are able to travel from point c to a. Because of this unidirectional block in branch II, 
when the impulse from branch I arrives at point b, it will travel in two directions: one is toward point d as in normal conduction (panel A), and 
the other toward point b1 because of no impulse from phase II to cancel it. when the impulse from point b1 arrives at point c, it will travel in 
two directions: one through the retrograde conduction along branch II toward point a (reentry), and the other continues toward point e. Once 
the reentered impulse arrives at point a, it will continue to travel along branch I to point b, forming a circuit. As illustrated, reentrant 
conduction results in extra beats, thereby tachyarrhythmias. For color details, please see color plate section.
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supraventricular arrhythmias. However, increasing 
knowledge about the potentially significant adverse effects 
of these medications, together with the emergence of new 
and effective nonpharmacological approaches to the 
treatment of arrhythmias, has led to rapidly diminished use 
of antiarrhythmic agents over the past two to three decades. 
Despite the decline in their use, antiarrhythmic agents are 
still useful for treating specific arrhythmic disorders and 
play a supporting role in many cases. Currently available 
antiarrhythmic drug options include roughly a dozen of 
rather old agents. These drugs have been traditionally classi
fied into four classes: I, II, III, and IV. These agents target on 
specific ion channels to interfere with the initiation and 
conduction of cardiac action potential to achieve the desired 
therapeutic effects. Due to the complex nature of the mem
brane ion channels and the nonselectivity of inhibition by the 
antiarrhythmic agents, use of the currently available antiar
rhythmic agents is associated with significant adverse 
effects, including the paradoxical capacity to induce 
arrhythmic disorders, a phenomenon known as proarrhyth
mic activity (see Chapter 24).

23.3.2.2 Drug Targeting on Reentry As discussed earlier, 
reentry is the most important electropathophysiological mech
anism for cardiac arrhythmias. many antiarrhythmic agents 
act via suppressing reentry. This occurs mainly via two 
mechanisms: (1) prolongation of refractory period and (2) 
decrease of conduction velocity. This notion seems to be 
contradictory with the earlier statement that conditions that 
depress the conduction velocity promote the development of 
reentry. How does slowing conduction velocity by antiar
rhythmic agents stop reentry? This is due to the further sup
pression of the already slowed conduction velocity of the 
retrograde conduction by antiarrhythmic drugs (especially 
the class I drugs) that leads to a complete extinguishment of 
the retrograde impulse and thereby the termination of the 
reentry. This would not affect significantly the impulse 
conduction in the normal pathway because the drugs prefer
entially act on the diseased tissue (see Chapter 24 for more 
discussion).

23.4 summary of chapter Key poInts

 • Cardiac arrhythmia is broadly defined as any abnor
mality or perturbation of the cardiac conduction system, 
including the SA node, AV node, bundle of His, and 
Purkinje fibers. A cardiac arrhythmia arises when there 
is an abnormality in either the initiation or conduction 
of the electrical pulses.

 • The ICD10 represents the most comprehensive 
classification scheme of cardiac arrhythmias. Cardiac 
arrhythmias are listed under Chapter IX of ICD10—
Diseases of the Circulatory System (I00–I99) within 

Other Forms of Heart Diseases (I30–I52)—and span 
from I44 to I49.

 • Conventionally, cardiac arrhythmias are broadly classi
fied into bradyarrhythmias and tachyarrhythmias based 
on the changes in heart rates. Based on the origin, they 
are classified into supraventricular arrhythmias and 
ventricular arrhythmias.

 • Bradycardias include SA node dysfunction and AV 
conduction block. Bradycardias are hence primarily 
supraventricular as the origin of the arrhythmias is 
above the ventricles. In contrast, tachyarrhythmias can 
be supraventricular or ventricular.

 • Supraventricular tachyarrhythmias include atrial pre
mature complexes, junctional premature complexes, 
sinus tachycardia, atrial fibrillation (AF), AFL, atrial 
tachycardias (multifocal atrial tachycardia and focal 
atrial tachycardia), AV nodal tachycardias (AVnRT 
and AV junctional tachycardias), and tachycardias 
associated with accessory AV pathways (e.g., wPw 
syndrome).

 • Ventricular tachyarrhythmias include PVCs, VT (non
sustained VT, sustained VT, and TdP), ventricular 
flutter, VF, and LQTS.

 • The term PSVT is applied to intermittent supraven
tricular tachycardias with abrupt onset and offset 
other than AF, AFL, and multifocal atrial tachycardia. 
Because they have distinct clinical characteristics, 
these narrow complex tachycardias are usually con
sidered separately.

 • while in the vast majority of cases the cardiac arrhythmia 
itself is not life threatening; some, such as AF, may pre
dispose the individual to more severe problems (e.g., 
ischemic stroke). Lifethreatening cardiac arrhythmias 
include sustained VT and VF.

 • The mechanisms of arrhythmias are generally divided 
into two categories: (1) abnormalities in impulse 
formation and (2) abnormalities in impulse conduction, 
including reentry.

 • The term reentry is alternatively known as reentrant 
excitation, circus movement, reciprocal beat, or echo 
beat. Reentry occurs when a propagating impulse fails 
to die out after normal activation of the heart and per
sists to reexcite the heart after the refractory period has 
ended.

 • Reentry is the electropathophysiological mechanism 
responsible for the majority of clinically important 
arrhythmias. These include AF, AFL, AVnRT, tachy
cardias associated with accessory AV pathways, VT 
after myocardial infarction with the presence of left 
ventricular scar, and VF.

 • Drug therapy used to be the mainstay of treatment for 
cardiac arrhythmias. However, use of antiarrhythmic 
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agents has declined over the past decades due to the 
serious adverse effects associated with their use as well 
as the availability of more effective nonpharmacologi
cal modalities.

 • many antiarrhythmic agents act via suppressing reentry. 
This occurs mainly through two mechanisms: (1) pro
longation of refractory period and (2) decrease of 
conduction velocity.

23.5 self-assessment QuestIons

23.5.1  A 28yearold woman suddenly has rapid palpitations 
accompanied by chest pain and dizziness while playing 
her cello. She is brought to an emergency department. 
She has a faint regular pulse of 190 beats/min. Her 
blood pressure is 82/54 mmHg. Cardiovascular 
examination reveals no signs of heart failure. An 
electrocardiogram shows a regular tachycardia with a 
narrow QRS complex and no apparent P waves (from 
Ref. [15]). Further electrophysiological studies sup
ported a diagnosis of AV nodal reentrant tachycardia. 
which of the following best describes the patient’s 
arrhythmia?
A.  The patient’s arrhythmia is also known as the 

wolff–Parkinson–white syndrome.
B.  The patient’s arrhythmia is an atypical type of 

atrial flutter.
C.  The patient’s arrhythmia is frequently associated 

with long QT syndrome.
D.  The patient’s arrhythmia is the most common 

form of PSVTs.
23.5.2  The long QT syndrome is a familial, usually auto

somal dominant disease characterized by an abnor
mally prolonged ventricular repolarization phase and 
a propensity toward polymorphic ventricular tachy
cardia (often termed torsades de pointes) and sudden 
cardiac death. At least 10 different forms of the long 
QT syndrome have been described, but in approxi
mately 45% of genotyped patients, the underlying 
causes are mutations in the KCnQ1 (also known as 
KVLQT1 or Kv7.1) gene, which encodes the pore
forming alpha subunits of the channels generating I

Ks
, an 

adrenergicsensitive, slow outward potassium current. 
This form of the long QT syndrome is designated as 
long QT syndrome type 1. In type 1 long QT syndrome, 
mutations in the KCnQ1 gene may result in which of 
the following?
A. Diminished early afterdepolarization
B. Increased conduction velocity of action potential
C.  Prolongation of the refractory period of action 

potential
D. Shortening of refractory period of action potential

23.5.3  After the sudden death of a 13yearold girl while she 
was playing basketball, her family comes to the clinic 
for medical evaluation. Her parents’ resting electro
cardiograms (ECgs) are normal, but her 9yearold 
sister’s ECg shows an abnormally long QT interval. 
There is a history of recurrent syncope in female rel
atives of the maternal grandmother, but there is no 
family history of other sudden deaths, the sudden 
infant death syndrome, drowning, or death from a 
motor vehicle accident (from Ref. [2]). If this 
13yearold girl had long QT syndrome, what would 
be the most likely cause of her death?
A. Atrial fibrillation
B. Premature ventricular complexes
C. Torsades de pointes
D. wolff–Parkinson–white syndrome

23.5.4  Recently published in the New England Journal of 
Medicine (from Ref. [16]), the Race Associated 
Cardiac Arrest Event Registry (RACER) study 
assessed the incidence, clinical profile, and outcomes 
of cardiac arrest in 10.9 million participants of mara
thons and half marathons held between 2000 and 
2010 in the united States. Findings from this large 
registry study indicate that marathons and half 
 marathons are associated with a low overall risk of 
cardiac arrest and sudden death. Cardiac arrest, most 
 commonly attributable to hypertrophic cardiomyop
athy or atherosclerotic coronary disease, occurs pri
marily among male marathon participants; the 
incidence rate in this group increased during the past 
decade. On the basis of their findings, the RACER 
investigators conclude that “the risk associated with 
long distance running events is equivalent to or lower 
than the risk associated with other vigorous physical 
activity.” which of the following dysrhythmias is the 
most common cause of sudden cardiac arrest and 
death in the marathon runners as well as the general 
public?
A. Atrial fibrillation
B. Torsades de pointes
C. Ventricular fibrillation
D. wolff–Parkinson–white syndrome

23.5.5  Postoperative atrial fibrillation or flutter is one of the 
most common complications of cardiac surgery and 
significantly increases morbidity and healthcare uti
lization. A recent largescale, doubleblind, placebo
controlled, randomized clinical trial involving a total 
of 1516 patients scheduled for cardiac surgery in 28 
centers in the united States, Italy, and Argentina 
 concluded that among patients undergoing cardiac 
surgery, perioperative supplementation with fish oil 
(omega3 fatty acids), compared with placebo, did 
not reduce the risk of postoperative atrial fibrillation 
(from Ref. [17]). which of the following is the primary 
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electropathophysiological mechanism of the arrhythmia 
investigated in the OPERA trial?
A. AV conduction block
B. Enhanced normal automaticity
C. Prolongation of refractory period
D. Reentry in the atrium
E. Triggered activity in the AV node
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24.1 Overview

Pharmacological therapy had traditionally been the mainstay of 
treatment for cardiac arrhythmias, including supraventricular 
and ventricular tachycardias. However, increasing knowledge 
about the potentially significant adverse effects of the antiar
rhythmic agents, together with the emergence of new and more 
effective nonpharmacological approaches of good safety pro
file to the treatment of cardiac arrhythmias, has led to a marked 
decline of antiarrhythmic drug therapy in the past two decades. 
Nevertheless, some of the available antiarrhythmic drugs when 
used appropriately are still effective options for the management 
of certain cardiac arrhythmic conditions. This chapter dis
cusses the molecular pharmacology of the classical antiar
rhythmic drugs with a focus on those whose efficacy is 
supported by recent clinical research. The chapter begins with 
a brief introduction to cardiac electrophysiology and the 
Vaughan–Williams classification of antiarrhythmic drugs into 
four classes and then focuses on discussing the molecular 
mechanisms of action for each of the drug classes and their 
clinical uses. The chapter also considers antiarrhythmic agents 
that do not fall into the above classification scheme as well as 
emerging drugs with promising results from randomized 
clinical trials.

24.2 ClassifiCatiOn Of antiarrhythmiC 
Drugs

As stated in Chapter 23, antiarrhythmic drugs act primarily 
by suppressing or preventing abnormal formation or 
conduction of cardiac action potential. Because sodium 

channels are involved in the spontaneous depolarization of 
phase 4 of action potential in nodal cells and in the phase 0 
depolarization of nonpacemaker cells, drugs that block 
sodium channels can reduce abnormal automaticity and slow 
conduction of the cardiac impulse. Also as noted in 
Chapter  23, the automaticity is determined by the rate of 
phase 4 spontaneous depolarization in pacemaker cells, 
whereas the conduction velocity of action potential in non
pacemaker cells is determined by the rate of phase 0 depolar
ization. Similarly, since calcium channels are involved in the 
phase 0 depolarization of pacemaker cells, calcium channel 
blockers (CCBs) inhibit the conduction of action potential 
through the nodal cells or tissues. Likewise, drugs that block 
repolarizing potassium channels can prolong repolarization 
and the action potential duration (APD) and thereby increase 
the refractory period of cardiac tissue and hinder reentry. 
Drugs that block β‐adrenergic receptors attenuate the 
sympathetic stimulation of cardiac automaticity and 
conduction velocity and thereby prevent the overstimulation 
of sympathetic tone that contributes to some forms of cardiac 
arrhythmias.

On the basis of the abovementioned mechanisms, E.M. 
Vaughan–Williams has divided the antiarrhythmic drugs 
into four main classes, with class I consisting of sodium 
channel blockers, class II consisting of β‐blockers, class III 
consisting of potassium channel blockers and other drugs 
that  prolong the APD, and class IV consisting of CCBs. The 
Vaughan–Williams classification has proven useful in 
helping understand the clinical effects of the antiar
rhythmic agents. However, it represents an oversimplifica
tion of the electrophysiological events that occur with each 
of the drug classes. In addition, a few drugs (e.g., adenosine) 

Drugs fOr CarDiaC arrhythmias
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do not fit into any of these categories, and some drugs (e.g., 
amiodarone) could be included in more than one category. 
Table 24.1 shows the Vaughan–Williams classification and 
the basic mechanism of action associated with each class of 
the antiarrhythmic drugs.

24.3 Class i antiarrhythmiC Drugs

24.3.1 general aspects of Class i Drugs

24.3.1.1 Sodium Channel‐Binding and Dissociation 
Properties Class I drugs act by blocking the sodium 
channels, thereby inhibiting phase 0 depolarization in non
pacemaker cells and phase 4 spontaneous depolarization in 
pacemaker cells. These drugs are positively charged and 
may interact with specific amino acid residues in the 
internal pore of the sodium channels to cause inhibition. 
As summarized in Table  24.1, class I drugs are further 
divided into three subgroups. This subclassification is 
based on their different effects on sodium channels, which 
in turn result from the different binding and dissociation 
properties. Table  24.2 summarizes the sodium channel‐
binding and dissociation properties of class I drugs. The 
effects of these drugs on action potential are illustrated in 
figure 24.1.

24.3.1.2 Use‐Dependent Blockage As shown in 
Table  24.2, antiarrhythmic drugs preferentially bind to 
sodium channels when the channels are at active (open) 
and/or inactive states, and consequently, dissociation 
occurs when the channels are at rest. During faster heart 
rates, less time exists for the drugs to dissociate from the 

channels due to less time for the channels to be at rest, 
thereby resulting in an increased number of blocked chan
nels and enhanced blockade. These pharmacological effects 
may cause a progressive decrease in conduction velocity of 
action potential and a widening of the QrS complex in 
electrocardiogram (ECg). This property is known as use‐
dependent blockage. This explains why antiarrhythmic 
drugs are more effective on tissue that is firing rapidly, that 
is, tachyarrhythmias.

table 24.1 vaughan–williams classification of antiarrhythmic drugs and overview of their major electrophysiological effects

Class Basic mechanisms Subclass and/or representative drugs Major electrophysiological effects

I Sodium channel 
blockage

IA—moderate sodium channel 
blockers; also cause 
potassium channel blockage

Disopyramide Moderate reduction in phase 0 slope; increase 
of action potential duration (APD); increase of 
effective refractory period (ErP)

Procainamide
Quinidine

IB—weak sodium channel 
blockers

Lidocaine Small reduction in phase 0 slope; decrease of 
APD; decrease of ErPMexiletine

IC—strong sodium channel 
blockers

flecainide Pronounced reduction in phase 0 slope; no effect 
on APD or ErPPropafenone

II β‐Adrenergic 
receptor 
blockage

Esmolol Blockage of sympathetic activity; decrease of 
cardiac automaticity and conduction; increase 
of ErP

Metoprolol
Propranolol
Other β‐blockers

III Potassium channel 
blockage

Amiodarone Delay of repolarization (phase 3) and increase 
of APD and ErPDofetilide

Dronedarone
Ibutilide
Sotalol

IV Calcium channel 
blockage

Diltiazem Blockage of L‐type calcium channels; most 
effective at SA and AV nodes; decrease of 
AV conduction velocity

Verapamil

table 24.2 sodium channel‐binding and dissociation 
properties of class i drugs

Subclass

Sodium 
channel 
blockage

Binding and 
dissociation from 
sodium channels

Affinity for sodium 
channels at open or 
inactivated state

IAa Moderate IA drugs are 
intermediate in 
terms of the 
rapidity of binding 
and dissociation

High affinity for 
open state

IB Weak IB drugs have the 
most rapid binding 
and dissociation 
from the receptor

High affinity for 
both open and 
inactivated states

IC Strong IC drugs have the 
slowest binding 
and dissociation 
from the receptor

High affinity for 
open state

aIA drugs also inhibit repolarizing potassium channels, leading to prolonga
tion of ErP.
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24.3.2 specific Class ia Drugs

 • Disopyramide (Norpace)

 • Procainamide (Pronestyl)

 • Quinidine

24.3.2.1 Chemistry and Pharmacokinetics The structures 
of the three class IA drugs are shown in figure  24.2. 
Table  24.3 summarizes the major pharmacokinetic prop
erties of these drugs.

24.3.2.2 Molecular Mechanisms and Pharmacological 
Effects 

Quinidine Quinidine depresses the rapid inward 
depolarizing sodium current, thereby slowing phase 0 
depolarization and reducing the amplitude of the action potential 
without affecting the resting potential. In pacemaker cells and 
Purkinje fibers, it reduces the slope of phase 4 depolarization 
and shifts the threshold voltage upward toward zero. The result 
is slowed conduction and reduced automaticity in all parts of 
the heart, with increase of the effective refractory period (ErP) 
relative to the duration of the action potential in the atria, 
ventricles, and Purkinje tissues. Quinidine also directly prolongs 
the refractory period by blocking potassium channels.

Quinidine increases the fibrillation thresholds of the atria 
and ventricles, and it raises the ventricular defibrillation 
threshold as well. By slowing conduction and prolonging 
the ErP, quinidine can interrupt or prevent reentrant arrhyth
mias and arrhythmias due to increased automaticity, including 
atrial flutter (AfL), atrial fibrillation (Af), and paroxysmal 
supraventricular tachycardia (PSVT). In patients with the 
sick sinus syndrome, quinidine can cause marked sinus node 
depression and bradycardia. In most patients, however, use 
of quinidine is associated with an increase in the sinus rate.

Quinidine prolongs the QT interval in a dose‐related 
fashion. This may lead to increased ventricular automaticity 
and polymorphic ventricular tachycardias, including torsades 
de pointes. In addition, quinidine has anticholinergic activity 

and negative inotropic activity, and it acts peripherally as an 
α‐adrenergic antagonist, causing vasodilation.

recently, the use of quinidine in treating cardiac arrhyth
mias has received renewed attention. Quinidine may be 
particularly effective for the management of ventricular 
arrhythmias in Brugada syndrome, a genetic disorder caused 
by abnormalities in sodium channels. However, quinidine is 
inaccessible in many countries due to its limited use in car
diovascular medicine and, consequently, a lack of incentives 
for drug manufacturing [1, 2].

Disopyramide and Procainamide Disopyramide and pro
cainamide are similar to quinidine with regard to electrophy
sio logical effects. The anticholinergic activity of diso pyramide 
is  more potent than that of quinidine. Among the IA drugs, 
procainamide has the weakest anticholinergic activity.

24.3.2.3 Clinical Uses and Therapeutic Dosages Listed 
below are the dosage forms and strengths of the three class 
IA drugs:

1. Disopyramide (Norpace): Oral, 100 and 150 mg 
 capsules; 150 mg extended‐release capsules

2. Procainamide (Pronestyl): Oral, 250, 375, and 500 mg 
tablets and capsules; 250, 500, 750, and 1000 mg 
sustained‐release tablets; injection, 100 mg/ml in 
 multiple‐dose 10 ml vials; 500 mg/ml in 2 ml vials

3. Quinidine: Oral, 200 and 300 mg quinidine sulfate 
 tablets; 300 mg extended‐release quinidine sulfate tab
lets; 324 mg extended‐release quinidine gluconate 
tablets; injection, 80 mg/ml in 10 ml multiple‐dose 
vials

The cardiovascular indications of class IA drugs and the 
 dosage regimens are given in Table 24.4.

24.3.2.4 Adverse Effects and Drug Interactions The 
major adverse effects and drug interactions for IA drugs 
are summarized in Table 24.5.
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figure 24.1 Effects of class I antiarrhythmic drugs on action potential of nonpacemaker cells. Of note is the ability of class IA drugs to 
prolong repolarization. Solid lines indicate normal action potentials and dashed lines show the drug effects.
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24.3.3 specific Class ib Drugs

 • Lidocaine (Xylocaine)

 • Mexiletine (Mexitil)

24.3.3.1 Chemistry and Pharmacokinetics Lidocaine 
and mexiletine are structurally related drugs (structures 
shown in fig. 24.2). The major pharmacokinetic properties 
of these two class IB drugs are summarized in Table 24.6.

24.3.3.2 Molecular Mechanisms and Pharmacological 
Effects Lidocaine and mexiletine inhibit the inward 
sodium current, thus reducing the rate of rise of the action 
potential (phase 0). They decrease the ErP in Purkinje 
fibers. The decrease in ErP is of lesser magnitude than the 
decrease in APD, with a resulting increase in the ErP/APD 
ratio. This increased ratio appears to be responsible for the 
inhibition of reentry and thereby raise the ventricular fibril
lation threshold.

table 24.3 major pharmacokinetic properties of class ia drugs

IA drug Oral bioavailability (%) Elimination half‐life (h) Metabolism and elimination

Disopyramide 100 4–10 CyP3A4; 50% eliminated unchanged and 30% 
as metabolites in the urine

Procainamide 85 3–4 Acetylation by N‐acetyltransferases; eliminated 
unchanged and as metabolites in the urine

Quinidine 70 (40–100) 6–8 CyP3A4; 20% eliminated unchanged in the urine
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figure 24.2 Structures of class I drugs. Disopyramide, procainamide, and quinidine are class IA drugs; lidocaine and mexiletine are class 
IIB drugs; and flecainide and propafenone are class IC drugs.
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table 24.4 indications and recommended dosage regimens of class ia drugs

IA drug Indication Dosage regimen

Disopyramide Suppression of life‐threatening ventricular arrhythmias 400–800 mg/day in divided doses
Procainamide 

(injection)
Suppression of life‐threatening ventricular arrhythmias Initial loading infusion: 20 mg/ml, 1 ml/min for up 

to 25–30 min
Maintenance infusion: 2 mg/ml, 1–3 ml/min

Quinidine sulfate 
(tablets)

Conversion of atrial fibrillation/flutter to sinus rhythm 400 mg every 6 h
reduction in the frequency of relapse into atrial 

fibrillation/flutter
200 mg every 6 h

Suppression of life‐threatening ventricular arrhythmias Not available
Quinidine gluconate 

(extended‐release 
tablets)

Conversion of atrial fibrillation/flutter to sinus rhythm 648 mg (two tablets) every 8 h
reduction in the frequency of relapse into atrial 

fibrillation/flutter
324 mg (one tablet) every 8–12 h

Suppression of life‐threatening ventricular arrhythmias Not available
Quinidine gluconate 

(injection)
Conversion of atrial fibrillation/flutter to sinus rhythm Infusion rate: no faster than 0.25 mg/kg/min. Most 

arrhythmias that will respond to intravenous quinidine 
will respond to a total dose of <5 mg/kg, but some 
patients may require as much as 10 mg/kg

Suppression of life‐threatening ventricular arrhythmias Not available

table 24.5 adverse effects and drug interactions for class ia drugs

IA drug Adverse effects Drug interactions Contraindications

Disopyramide The most serious adverse reactions are 
hypotension and congestive heart 
failure. The most common adverse 
reactions are associated with the 
anticholinergic properties of the 
drug. urinary retention is the most 
serious anticholinergic effect

Inhibitors of CyP3A4 may increase 
plasma levels of disopyramide

It is contraindicated in the presence 
of cardiogenic shock, preexisting 
second‐ or third‐degree AV block 
(if no pacemaker is present), 
congenital QT prolongation, or known 
hypersensitivity to the drug. The drug 
is in pregnancy category C

Procainamide Adverse effects include (i) hypotension 
and serious disturbances of cardiac 
rhythm, (ii) a lupus erythematosus‐
like syndrome, (iii) hematological 
toxicity, (iv) gut disturbances and 
liver injury, and (v) nervous system 
disturbances

Patients taking procainamide who 
require neuromuscular blocking 
agents, such as succinylcholine, 
may require less than usual doses 
of the latter, due to procainamide 
effects on reducing acetylcholine 
release

Contraindications include complete heart 
block, idiosyncratic hypersensitivity, 
lupus erythematosus, and torsades de 
pointes. The drug is in pregnancy 
category C

Quinidine Most common adverse effects are gut 
disturbances. The most serious 
adverse effects are proarrhythmic 
actions, including prolongation of 
QT interval, which can lead to 
torsades de pointes. Other effects 
include cinchonism (a syndrome that 
may include tinnitus, reversible 
high‐frequency hearing loss, 
deafness, vertigo, blurred vision, 
diplopia, photophobia, headache, 
confusion, and delirium), liver 
injury, and autoimmunity

Drug interactions are very significant. 
for example, quinidine levels are 
increased by coadministration of 
amiodarone or cimetidine. Drugs that 
affect CyP3A4 may affect quinidine 
metabolism. Quinidine inhibits the 
elimination of digoxin. It potentiates 
the anticoagulatory action of 
warfarin. Quinidine inhibits CyP2D6 
and, as such, affects the metabolism 
of drugs that are substrates of 
CyP2D6 (e.g., flecainide, codeine, 
hydrocodone)

Quinidine is contraindicated in 
patients who are known to be 
allergic to it or who have developed 
thrombocytopenic purpura during 
prior therapy with quinidine 
or quinine. In the absence of a 
functioning artificial pacemaker, 
quinidine is contraindicated in any 
patient whose cardiac rhythm is 
dependent upon a junctional or 
idioventricular pacemaker, including 
patients in complete atrioventricular 
block. Quinidine is contraindicated 
in patients who, like those with 
myasthenia gravis, might be adversely 
affected by an anticholinergic agent. 
The drug is in pregnancy category C
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Because lidocaine and mexiletine have greater affinity 
for  both open and inactivated states of sodium channels 
(Table 24.2), they are particularly effective in blocking rap
idly firing tissues, such as ischemic tissue, where there is a 
higher likelihood of sodium channels being in the open or 
inactivated state. This explains their efficacy in suppressing 
ventricular arrhythmias resulting from myocardial ischemia 
(e.g., myocardial infarction).

24.3.3.3 Clinical Uses and Therapeutic Dosages Listed 
below are the dosage forms and strengths of the two class IB 
drugs:

 • Lidocaine (Xylocaine): Intravenous (iv) injection, 
100 mg in 5 ml ampules

 • Mexiletine (Mexitil): Oral,150 mg capsules

The cardiovascular indications of class IB drugs and the 
 dosage regimens are given in Table 24.7.

24.3.3.4 Adverse Effects and Drug Interactions The 
major adverse effects and drug interactions for class IB 
drugs are summarized in Table 24.8.

24.3.4 specific Class iC Drugs

 • flecainide (Tambocor)

 • Propafenone (rythmol)

24.3.4.1 Chemistry and Pharmacokinetics Both fle
cainide and propafenone are oral antiarrhythmic agents 
(structures shown in fig. 24.2). Their major pharmacokinetic 
properties are summarized in Table 24.9.

24.3.4.2 Molecular Mechanisms and Pharmacological 
Effects Among class I antiarrhythmic drugs, class IC drugs 
are the most potent sodium channel blockers. Both flecainide 
and propafenone dramatically reduce the rate of phase 0 of 
action potential, thereby slowing conduction velocity and 
inhibiting reentry in all parts of the heart with the greatest 
effect on the His–Purkinje system. Blockage of sodium 
channels also slows down phase 4 depolarization in pace
maker cells, resulting in decreased spontaneous automa
ticity. Class IC drugs depress triggered activity likely due to 
inhibition of inward sodium ion current mediated by partially 
recovered sodium ion channels during depolarization 
phase (phase 3) (see Chapter 23). Class IB drugs, especially 
propafenone, exert cardiac depressing effects likely due to 
β‐blocking activity.

24.3.4.3 Clinical Uses and Therapeutic Dosages Listed 
below are the dosage forms and strengths of the two class 
IC drugs:

 • flecainide (Tambocor): 50, 100, and 150 mg tablets

 • Propafenone (rythmol): Oral, 150, 225, and 300 mg 
tablets; 225, 325, and 425 mg extended‐release capsules

The cardiovascular indications of class IC drugs and the 
 recommended dosage regimens are given in Table 24.10.

table 24.6 major pharmacokinetic properties of class ib 
drugs

IB drug
Oral 
bioavailability (%)

Elimination 
half‐life (h)

Metabolism 
and elimination

Lidocaine 
(iv)

1.5–2 CyP1A2 (major); 
CyP3A4; 
eliminated in the 
urine

Mexiletine 90 10–12 CyP2D6 (major); 
CyP1A2; 
eliminated in 
the urine

table 24.7 indications and recommended dosage regimens of class ib drugs

IB drug Indication Dosage regimen

Lidocainea Intravenous administration for acute management of 
(i) ventricular arrhythmias occurring during cardiac 
manipulation such as cardiac surgery and (ii) life‐
threatening arrhythmias, particularly those that are 
ventricular in origin, such as those that occur during 
acute myocardial infarction

The usual dose is 50–100 mg administered intravenously under ECg 
monitoring. This dose may be administered at the rate of 
approximately 25 mg/min. If the initial injection of 50–100 mg does 
not produce a desired response, a second dose may be repeated after 
5 min. No >200–300 mg should be administered during a 1 h period. 
following bolus administration, intravenous infusions of lidocaine 
may be initiated at the rate of 1–4 mg/min

Mexiletine Life‐threatening ventricular arrhythmias 200–300 mg given every 8 h

a The role of lidocaine in preventing life‐threatening ventricular arrhythmias in myocardial infarction has recently been questioned due to mixed results in 
clinical trials. The majority of the evidence suggests that prophylactic use of lidocaine in this clinical setting is not associated with improved clinical outcomes, 
and as such, the prophylactic use of lidocaine is not currently recommended by the American College of Cardiology foundation/American Heart Association 
(ACCf/AHA) [3, 4]. Most physicians administer iv lidocaine only to patients with life‐threatening arrhythmias secondary to acute myocardial infarction. It 
may be considered as an important drug for termination of ventricular tachycardia and prevention of ventricular fibrillation after cardioversion in the setting of 
acute coronary syndromes (ACS).
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table 24.8 major adverse effects and drug interactions of class ib drugs

IB drug Adverse effect Drug interaction Contraindication

Lidocaine The major adverse effects are related to the 
central nervous system (CNS) and 
cardiovascular system. CNS reactions 
are excitatory and/or depressant and may 
be characterized by light‐headedness, 
nervousness, apprehension, euphoria, 
confusion, dizziness, drowsiness, tinnitus, 
and blurred or double vision. 
Cardiovascular reactions may include 
bradycardia, hypotension, and 
cardiovascular collapse, which may lead to 
cardiac arrest

Lidocaine should be used with 
caution in patients with 
digitalis toxicity 
accompanied by 
atrioventricular (AV) block

Lidocaine is contraindicated in patients 
with a known history of hypersensitivity 
to local anesthetics of the amide type. 
It should not be used in patients with 
Stokes–Adams syndrome, with Wolff–
Parkinson–White syndrome, or with 
severe degrees of sinoatrial, AV, or 
intraventricular block in the absence 
of an artificial pacemaker. The drug is 
in pregnancy category B

Mexiletine The drug is relatively well tolerated. The most 
common adverse effects are related to gut 
disturbance. The drug may also affect the 
cardiovascular system (e.g., syncope and 
hypotension) and CNS (e.g., short‐term 
memory loss and psychological changes)

Since mexiletine is a substrate 
for the metabolic pathways 
involving CyP2D6 and 
CyP1A2 enzymes, inhibition 
or induction of either of these 
enzymes would be expected 
to alter mexiletine plasma 
concentrations

It is contraindicated in the presence 
of cardiogenic shock or preexisting 
second‐ or third‐degree AV block 
(if no pacemaker is present). The drug 
is in pregnancy category C

table 24.9 major pharmacokinetic properties of class iC drugs

IC drug Oral bioavailability (%) Elimination half‐life (h) Metabolism and elimination

flecainide ~100 12–27 CyP2D6; eliminated in unchanged form and metabolites in the urine
Propafenone 3–21 (dose dependent) 2–10 CyP2D6, CyP3A4, and CyP1A2; eliminated in the urine and feces

table 24.10 Cardiovascular indications and dosage regimens of class iC drugs

IC drug Indication Dosage regimen

flecainide In patients without structural heart disease, flecainide 
is indicated for the prevention of (i) paroxysmal 
supraventricular tachycardias (PSVT), including 
atrioventricular (AV) nodal reentrant tachycardia, AV 
reentrant tachycardia, and other supraventricular 
tachycardias of unspecified mechanism associated with 
disabling symptoms; and (ii) paroxysmal atrial 
fibrillation/flutter (PAf) associated with disabling 
symptoms

for patients with PSVT and patients with PAf, the 
recommended starting dose is 50 mg every 12 h. The 
doses may be increased in increments of 50 mg b.i.d. 
every 4 days until efficacy is achieved. The maximum 
recommended dose for patients with paroxysmal 
supraventricular arrhythmias is 300 mg/day

Prevention of documented ventricular arrhythmias, such 
as sustained ventricular tachycardia (VT), that are life‐
threatening. It should not be used in patients with recent 
myocardial infarction due to increased mortality

for sustained VT, the recommended starting dose is 100 mg 
every 12 h. This dose may be increased in increments of 
50 mg b.i.d. every 4 days until efficacy is achieved. The 
maximum dose recommended is 400 mg/day

Propafenone In patients without structural heart disease, propafenone 
is indicated to prolong the time to recurrence of (i) PAf 
associated with disabling symptoms and (ii) PSVT 
associated with disabling symptoms

It is recommended that therapy be initiated with 150 mg 
propafenone given every 8 h (450 mg/day). Dosage may 
be increased at a minimum of 3–4‐day intervals to 225 mg 
every 8 h (675 mg/day) and, if necessary, to 300 mg every 
8 h (900 mg/day)Treatment of documented ventricular arrhythmias, such as 

sustained VT, that are life‐threatening



398 DrugS fOr CArDIAC ArrHyTHMIAS

24.3.4.4 Adverse Effects and Drug Interactions As with 
other antiarrhythmic drugs, use of class IC drugs may be asso
ciated with a number of significant adverse effects. Table 24.11 
summarizes the major adverse effects, drug interactions, and 
contraindications of flecainide and propafenone.

24.4 Class ii antiarrhythmiC Drugs

24.4.1 general aspects

Class II antiarrhythmic drugs are β‐blockers (see Chapter 8). 
These drugs block the proarrhythmic effects of β

1
‐adrenergic 

receptor activation resulting from sympathetic stimulation. 
Sympathetic activation of β

1
‐adrenergic receptors in sino

atrial (SA) nodal cells accelerates phase 4 depolarization, 
thereby increasing automaticity. Activation of β

1
‐adrenergic 

receptors in atrioventricular (AV) nodal cells augments 
phase 0 Ca2+ currents, resulting in increased conduction 

velocity and elevated risk of reentry. Activation of  
β

1
‐adrenergic receptors in AV nodal cells also increases 

phase 3 K+ currents, leading to shortened refractory period. 
These β

1
‐adrenergic receptor‐mediated effects collectively 

contribute to the development of cardiac arrhythmias asso
ciated with sympathetic hyperactivation.

By blocking the aforementioned β
1
‐adrenergic receptor‐

mediated actions, class II antiarrhythmic drugs reduce heart 
rate, slow AV conduction velocity, and prolong AV refractory 
period. Slowing AV nodal conduction velocity and prolonga
tion of AV nodal refractory period result in decreased reentry. 
As noted in Chapter 23, AV nodal reentry is a fundamental 
mechanism of supraventricular tachyarrhythmias.

24.4.2 β‐blockers Commonly used for treating 
arrhythmias

Although many β‐blockers have been approved for use 
in  the united States, metoprolol, carvedilol, atenolol, 

table 24.11 major adverse effects, drug interactions, and contraindications of class iC drugs

IC drug Adverse effect Drug interaction Contraindication

flecainidea In post‐myocardial infarction patients 
with asymptomatic premature 
ventricular complexes and 
nonsustained ventricular tachycardia, 
flecainide therapy was found to be 
associated with a 5.1% rate of death 
and nonfatal cardiac arrest, compared 
with a 2.3% rate in a matched 
placebo group. This is largely due to 
its proarrhythmic effects. Common 
noncardiovascular effects may 
include dizziness, visual disturbance, 
headache, nausea, and malaise

Drugs that inhibit CyP2D6, such as 
quinidine, might increase the plasma 
concentrations of flecainide in 
patients that are on chronic flecainide 
therapy, especially if these patients 
are extensive metabolizers (i.e., 
patients with high CyP2D6 activity). 
When amiodarone is added to 
flecainide therapy, plasma flecainide 
levels may increase at least twofold

flecainide is contraindicated in patients 
with preexisting second‐ or third‐
degree atrioventricular (AV) block or 
with right bundle branch block when 
associated with a left hemiblock 
(bifascicular block), unless a pacemaker 
is present to sustain the cardiac rhythm 
should complete heart block occur. 
flecainide is also contraindicated in the 
presence of cardiogenic shock or known 
hypersensitivity to the drug. This drug 
is in pregnancy category C

Propafenone Adverse reactions associated with 
propafenone occur most frequently in 
the gastrointestinal, cardiovascular, 
and central nervous systems. Most 
common events are unusual taste, 
dizziness, first‐degree AV block, 
intraventricular conduction delay, 
nausea and/or vomiting, and 
constipation

Propafenone increases plasma levels of 
drugs, including digoxin and 
warfarin, if coadministrated

It is contraindicated in the presence 
of uncontrolled congestive heart 
failure; cardiogenic shock; sinoatrial, 
AV, and intraventricular disorders 
of impulse generation and/or 
conduction (e.g., sick sinus node 
syndrome, AV block) in the absence 
of an artificial pacemaker; 
bradycardia; marked hypotension; 
bronchospastic disorders; manifest 
electrolyte imbalance; and known 
hypersensitivity to the drug. It is 
a pregnancy category C drug

Drugs that inhibit CyP2D6, CyP1A2, 
and CyP3A4 might lead to increased 
plasma levels of propafenone

aflecainide was included in the National Heart, Lung, and Blood Institute’s Cardiac Arrhythmia Suppression Trial (CAST), a long‐term, multicenter, 
randomized, double‐blind study in patients with asymptomatic non‐life‐threatening ventricular arrhythmias who had a myocardial infarction >6 days but <2 
years previously. An excessive mortality or nonfatal cardiac arrest rate was seen in patients treated with flecainide compared with that seen in patients assigned 
to a carefully matched placebo‐treated group. This rate was 16/315 (5.1%) for flecainide and 7/309 (2.3%) for the matched placebo. The average duration of 
treatment with flecainide in this study was 10 months. The applicability of the CAST results to other populations (e.g., those without recent myocardial infarc
tion) is uncertain, but at present, it is prudent to consider the risks of class IC agents (including flecainide), coupled with the lack of any evidence of improved 
survival, generally unacceptable in patients without life‐threatening ventricular arrhythmias, even if the patients are experiencing unpleasant, but not life‐
threatening, symptoms or signs.
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propranolol, and esmolol have been most widely used to treat 
cardiac arrhythmias. It is generally considered that β‐blockers 
possess class effects and that if titrated to the proper dose, all 
can be used effectively to treat cardiac arrhythmias as well 
as other cardiovascular diseases. However, differences in 
pharmacokinetic or pharmacodynamic properties influence 
the choice of the particular β‐blockers (see Chapter 8).

24.5 Class iii antiarrhythmiC Drugs

Listed below are the uS food and Drug Administration 
(fDA)‐approved class III antiarrhythmic drugs. Among 
them, dronedarone is the newest member of this drug class. 
Sotalol is a β‐blocker that also blocks potassium channels 
to  prolong ErP, and as such, it is usually classified as a 
class III drug. It is sometimes also classified as a class II drug:

 • Amiodarone (Cordarone)

 • Dronedarone (Multaq)

 • Dofetilide (Tikosyn)

 • Ibutilide (Corvert)

 • Sotalol (Betapace)

24.5.1 general aspects

Class III drugs block the repolarizing potassium channels, 
thereby prolonging repolarization and ErP. Prolongation 
of ErP reduces reentry. On the other hand, blockage of ven
tricular potassium currents results in prolongation of the 

QT interval on ECg. Prolongation of QT interval may pre
dispose to torsades de pointes, a polymorphic ventricular 
tachycardia.

In addition to the blockage of potassium channels, ami
odarone and dronedarone also inhibit sodium channels in 
depolarized tissues, a characteristic effect of class IB drugs. 
Amiodarone and dronedarone also block calcium channels 
as well as β‐adrenergic receptors.

24.5.2 specific Class iii Drugs

24.5.2.1 Amiodarone and Dronedarone

Chemistry and Pharmacokinetics Both amiodarone and 
dronedarone are benzofuran derivatives (structures shown in 
fig.  24.3), which are chemically described as 2‐butyl‐3‐
benzofuranyl 4‐[2‐(diethylamino)‐ethoxy]‐3,5‐diiodophenyl 
ketone and N‐{2‐butyl‐3‐[4‐(3‐dibutylaminopropoxy)benzoyl]
benzofuran‐5‐yl} methanesulfonamide, respectively. In 
contrast to amiodarone, dronedarone does not contain 
the iodine moiety and, as such, lacks thyroid effects (see the 
following text). The major pharmacokinetic properties of 
amiodarone and dronedarone are summarized in Table 24.12.

Molecular Mechanisms and Pharmacological Effects  
Amiodarone is generally considered a class III antiarrhythmic 
drug, but it possesses electrophysiological characteristics 
of  all four classes of antiarrhythmics, including blockage 
of  sodium channels, β‐adrenergic receptors (as well as  
α‐adrenergic receptors), potassium channels, and calcium 
channels.

table 24.12 major pharmacokinetic properties of amiodarone and dronedarone

Drug Oral bioavailability (%) Elimination half‐life Metabolism and elimination

Amiodarone 50 2.5–10 days (initial phase); 40–55 days 
(terminal phase)

CyP3A4, CyP2C8; eliminated in the feces via biliary 
excretion

Dronedarone 4–15 13–19 h CyP3A4; eliminated in the feces via biliary excretion 
(major) and also in the urine (minor)
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figure 24.3 Effects of class III antiarrhythmic drugs on action potential of nonpacemaker cells. Of note is the ability of amiodarone (also 
dronedarone) to inhibit phase 0 upstroke. Solid lines indicate normal action potentials and dashed lines show the drug effects.
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Like class I drugs, amiodarone blocks sodium channels 
at rapid pacing frequencies, and like class II drugs, it exerts 
a noncompetitive antisympathetic action (blockage of both 
β‐ and α‐adrenergic receptors). One of its main effects is to 
lengthen the cardiac action potential, a class III effect. This 
results in prolongation of ErP. The negative chronotropic 
effect of amiodarone in nodal tissues is similar to the effect 
of class IV drugs. The antisympathetic action and the block 
of calcium and potassium channels are responsible for the 
negative dromotropic effects on the sinus node and for the 
slowing of conduction and prolongation of ErP in the AV 
node. Its vasodilatory action can decrease cardiac workload 
and consequently myocardial oxygen consumption.

As an amiodarone derivative, dronedarone is believed to 
possess similar mechanisms of actions of amiodarone, that 
is, dronedarone has antiarrhythmic properties belonging to 
all four Vaughan–Williams classes. However, the contribu
tion of each of these activities to the clinical effect is not 
clear.

Clinical Uses and Therapeutic Dosages The dosage forms 
and strengths of amiodarone and dronedarone are listed 
below. The clinical indications and dosage regimens of these 
two drugs are summarized in Table 24.13:

 • Amiodarone (Cordarone): Oral, 200 and 400 mg tab
lets; iv, 50 mg/ml in 3 ml (150 mg) single‐dose vials; 
450 mg/9 ml and 900 mg/18 ml in multiple‐dose vials

 • Dronedarone (Multaq): Oral, 400 mg tablets

Adverse Effects and Drug Interactions Both amiodarone 
and dronedarone can cause significant adverse effects, 
including pulmonary toxicity and cardiovascular adverse 

reactions. Because they are metabolized by CyP enzymes, 
especially CyP3A4, drug interactions are also remarkable. 
Table  24.14 summarizes the major adverse effects, drug 
interactions, and contraindications of these two drugs.

24.5.2.2 Ibutilide and Dofetilide

Chemistry and Pharmacokinetics Ibutilide and dofetilide are 
sulfanilide derivatives (structures shown in fig.  24.4). Their 
major pharmacokinetic properties are given in Table 24.15.

Molecular Mechanisms and Pharmacological Effects  
Ibutilide and dofetilide, like other class III drugs, are 
traditionally thought to block outward potassium currents, 
thereby resulting in prolongation of action potential and 
ErP. While dofetilide at clinically relevant concentrations is 
known to block the cardiac ion channel carrying the rapid 
component of the delayed rectifier potassium current and 
have no effects on sodium channels, ibutilide may primarily 
affect sodium channels. In this regard, voltage clamp studies 
indicate that ibutilide, at nanomolar concentrations, delays 
repolarization mainly by activation of a slow, inward current 
(predominantly sodium), rather than by blocking outward 
potassium currents. This also leads to prolongation of atrial 
and ventricular APD and refractoriness.

Ibutilide produces mild slowing of the sinus rate and AV 
conduction. In contrast, dofetilide does not influence cardiac 
conduction velocity and sinus node function. Like other class 
III drugs, ibutilide and dofetilide cause prolongation of the QT 
interval, which may be associated with torsades de pointes.

Clinical Uses and Therapeutic Dosages Listed below are 
the dosage forms and strengths of ibutilide and dofetilide. 

table 24.13 Clinical indications and dosage regimens of amiodarone and dronedarone

Drug Indication Dosage regimen

Amiodarone (iv) Amiodarone injection is indicated for initiation of 
treatment and prophylaxis of frequently recurring 
ventricular fibrillation (Vf) and hemodynamically 
unstable ventricular tachycardia (VT) in patients 
refractory to other therapy. Amiodarone (iv) also can 
be used to treat patients with VT/Vf for whom oral 
amiodarone is indicated but who are unable to take 
oral medication

The recommended starting dose of amiodarone is about 
1000 mg over the first 24 h of therapy, delivered by the 
following infusion regimen: (i) loading infusions, 50 mg 
over the first 10 min (15 mg/min), followed by 360 mg 
over the next 6 h (1 mg/min), and (ii) maintenance 
infusion, 540 mg over the remaining 18 h (0.5 mg/min). 
After the first 24 h, continue the maintenance infusion 
rate of 0.5 mg/min (720 mg/24 h) utilizing a concentration 
of 1–6 mg/ml. The rate of the maintenance infusion may 
be increased to achieve effective arrhythmia suppression

Amiodarone (tablet) Treatment of recurrent Vf and recurrent 
hemodynamically unstable VT

The recommended oral dosage regimen is as follows: 
(i) loading doses of 800–1600 mg/day for 1–3 weeks, 
(ii) adjusted doses of 600–800 mg/day for 1 month, and 
(iii) maintenance dose of 400 mg/day

Dronedarone It is indicated to reduce the risk of hospitalization for 
atrial fibrillation (Af) in patients in sinus rhythm with 
a history of paroxysmal or persistent Af

The recommended dosage is 400 mg twice daily. It 
should be taken as one tablet with the morning meal 
and one tablet with the evening meal
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Their clinical indications and dosage regimens are 
summarized in Table 24.16:

 • Dofetilide (Tikosyn): Oral, 0.125, 0.25, and 0.5 mg 
capsules

 • Ibutilide (Corvert): Injection, 0.1 mg/ml in 10 ml 
(1 mg/10 ml) single‐dose vials

Adverse Effects and Drug Interactions Although both 
dofetilide and ibutilide can be associated with increased risk 
of cardiac arrhythmias, including torsades de pointes, ibutilide 
is generally considered well tolerated. While ibutilide appears to be 
free of drug interactions, drug interactions for dofeti lide are extensive. 
The adverse effects, drug interactions, and contrain dications 
of dofetilide and ibutilide are summarized in Table 24.17.

table 24.14 adverse effects, drug interactions, and contraindications of amiodarone and dronedarone

Drug Adverse effect Drug interaction Contraindication

Amiodarone The most serious adverse effects of amiodarone 
include pulmonary toxicity (e.g., pulmonary 
fibrosis), arrhythmias, and severe liver injury. 
Common adverse effects include gut 
disturbances, solar dermatitis/photosensitivity, 
visual and neurological disturbances, elevated 
liver enzymes, and pulmonary inflammation 
or fibrosis. Amiodarone may also cause 
thyroid abnormalities (hypothyroidism or 
hyperthyroidism) and congestive heart failure. 
The adverse reactions most frequently 
requiring discontinuation of amiodarone 
include pulmonary infiltrates or fibrosis, 
paroxysmal ventricular tachycardia, congestive 
heart failure, and elevation of liver enzymes. 
Other symptoms causing drug discontinuations 
less often include visual disturbances, solar 
dermatitis, blue skin discoloration, 
hyperthyroidism, and hypothyroidism

Since amiodarone is a substrate 
for CyP3A4, drugs/substances 
that inhibit CyP3A4 may 
decrease the metabolism and 
increase plasma concentrations 
of amiodarone. Amiodarone 
inhibits P‐glycoprotein and 
certain CyP enzymes, 
including CyP1A2, CyP2C9, 
CyP2D6, and CyP3A4. This 
inhibition can result in 
unexpectedly high plasma 
levels of other drugs that are 
metabolized by those CyP 
enzymes or are substrates of 
P‐glycoprotein

It is contraindicated in patients with 
cardiogenic shock; severe sinus 
node dysfunction, causing marked 
sinus bradycardia; second‐ or 
third‐degree atrioventricular 
(AV) block; and when episodes 
of bradycardia have caused 
syncope (except when used in 
conjunction with a pacemaker). 
It is also contraindicated in 
patients with a known 
hypersensitivity to the drug or 
to any of its components, 
including iodine. Amiodarone  
is in pregnancy category D

Dronedarone The most common adverse effects of dronedarone 
are gut disturbances. The drug can also cause 
new or worsening heart failure, liver injury, 
pulmonary toxicity, and electrolyte 
disturbances. Dronedarone may increase 
cardiovascular mortality in patients with 
permanent atrial fibrillation who are at risk for 
major vascular events

Dronedarone is metabolized by 
CyP3A4 and is a moderate 
inhibitor of CyP3A4 and 
CyP2D6, as well as P‐
glycoprotein, and has 
potentially important drug 
interactions when 
coadministered with drugs that 
are substrates, inhibitors, or 
inducers of the above enzymes. 
Dronedarone may also have 
significant pharmacodynamics 
interactions. for example, 
digoxin can potentiate the 
electrophysiological effects of 
dronedarone. Coadministration 
of drugs prolonging the QT 
interval (such as certain 
phenothiazines, tricyclic 
antidepressants, certain 
macrolide antibiotics, and class 
I and class III antiarrhythmics) 
is contraindicated because of 
the potential risk of torsades de 
pointes‐type ventricular 
tachycardia

Dronedarone has a number of 
contraindications, including 
permanent Af, recently 
decompensated heart failure 
requiring hospitalization or 
NyHA class IV heart failure, 
second‐ or third‐degree AV block 
or sick sinus syndrome (except 
when used in conjunction with a 
functioning pacemaker), 
bradycardia <50 beats/min, 
concomitant use of a strong 
CyP3A inhibitor, concomitant use 
of drugs or herbal products that 
prolong the QT interval and may 
induce torsades de pointes, liver 
or lung toxicity related to the 
previous use of amiodarone, 
severe hepatic impairment, QTc 
Bazett interval ≥500 ms, and 
hypersensitivity to the drug 
product

Dronedarone is also 
contraindicated in pregnancy 
and nursing mothers
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24.5.2.3 Sotalol

Chemistry and Pharmacokinetics Sotalol, a sulfanilide 
compound (structure shown in fig. 24.4), is an antiarrhythmic 
drug with class II (β‐adrenoreceptor blocking) and class III 

(cardiac APD prolongation) properties. following oral 
administration, sotalol is readily absorbed with an oral 
bioavailability of 90–100%. Sotalol does not undergo significant 
metabolism and is excreted predominantly via the kidney in the 
unchanged form with a mean elimination half‐life of 12 h.
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figure 24.4 Structure of class III drugs. Notably, dronedarone is devoid of iodine, which accounts for its inability to cause thyroid 
abnormalities.

table 24.15 major pharmacokinetic properties of ibutilide and dofetilide

Drug Oral bioavailability (%) Elimination half‐life (h) Metabolism and elimination

Ibutilide (iv) 6 (2–12) Oxidation of the heptyl side chain; eliminated in the urine (major) 
and feces (minor)

Dofetilide >90 10 Weak metabolism by CyP3A4; eliminated in the urine in unchanged 
form (~80% of administered dose)

table 24.16 indications and dosage regimens of dofetilide and ibutilide

Drug Indication Dosage regimen

Dofetilide The drug is indicated for (i) maintenance of normal sinus 
rhythm (delay in time to recurrence of atrial fibrillation/
atrial flutter) in patients with atrial fibrillation/atrial flutter 
of >1‐week duration who have been converted to normal 
sinus rhythm and (ii) the conversion of atrial fibrillation 
and atrial flutter to normal sinus rhythm

The usual recommended dose is 0.5 mg twice daily. The dosage 
must be individualized according to calculated creatinine 
clearance and QTc

Ibutilide Ibutilide injection is indicated for the rapid conversion 
of atrial fibrillation or atrial flutter of recent onset to 
sinus rhythm

for patients whose body weight ≥60 kg, initial infusion of 
1 mg over 10 min. for patients whose body weight <60 kg, 
initial infusion of 0.01 mg/kg over 10 min. for either 
regimen, if the arrhythmia does not terminate within 10 min 
after the end of the initial infusion, a second 10 min infusion 
of equal strength may be administered 10 min after 
completion of the first infusion
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Molecular Mechanisms and Pharmacological 
Effects Sotalol blocks both β‐androgenic receptors and 
repolarizing potassium channels and thus has both class 
II  and class III antiarrhythmic properties. The class II  
(β‐blockade) electrophysiological effects of sotalol are 
manifested by increased sinus cycle length (slowed heart 
rate), decreased AV nodal conduction, and increased AV 
nodal refractoriness. The class III electrophysiological effects 
include prolongation of the atrial and ventricular monophasic 
action potentials and ErP prolongation of atrial muscle, 
ventricular muscle, and AV accessory pathways (where 
present) in both the anterograde and retrograde directions.

Clinical Uses and Therapeutic Dosages Listed below are 
the dosage forms and strengths of sotalol. The clinical 
indications and dosage regimens are provided in Table 24.18:

 • Sotalol (Betapace): Oral, 80, 120, and 160 mg tablets; 
injection, 150 mg in 10 ml (15 mg/ml) vials

Adverse Effects and Drug Interactions Adverse reactions 
that are clearly related to sotalol are those that are typical of 
its class II (β‐blocking) and class III (cardiac APD 
prolongation) effects. The common documented β‐blocking 
adverse reactions (e.g., bradycardia, dyspnea, and fatigue) 
and class III effects (e.g., QT interval prolongation) are dose 
dependent. Sotalol can cause serious ventricular arrhythmias, 
including torsades de pointes. factors, such as reduced 
creatinine clearance, gender (female), and larger doses, 
increase the risk of torsades de pointes.

Since sotalol is primarily eliminated by renal excretion in 
unchanged form, drugs that are metabolized by CyP enzymes 
do not alter the pharmacokinetics of sotalol. However, sotalol 
may interact pharmacodynamically with some drugs. for 
example, sotalol should be administered with caution in 
conjunction with nondihydropyridine CCBs because of pos
sible additive effects on AV conduction or ventricular function. 
Additionally, concomitant use of these drugs may have additive 
effects on blood pressure, possibly leading to hypotension.

table 24.17 adverse effects, drug interactions, and contraindications of dofetilide and ibutilide

Drug Adverse effect Drug interaction Contraindication

Dofetilide The most frequent adverse 
events include headache, 
chest pain, and dizziness. 
Dofetilide can cause 
torsades de pointes in a 
dose‐dependent manner

Clinical studies show that coadministration 
of a number of drugs can significantly 
increase dofetilide exposure. These 
include cimetidine, verapamil, 
ketoconazole, trimethoprim alone or in 
combination with sulfamethoxazole, and 
hydrochlorothiazide alone or in 
combination with triamterene. Dofetilide 
is eliminated in the kidney by cationic 
secretion. Inhibitors of renal cationic 
secretion can increase its plasma 
concentration. In addition, drugs that are 
actively secreted via this route (e.g., 
triamterene, metformin, and amiloride) 
should be coadministered with care as 
they might increase dofetilide levels. In 
addition, dofetilide is metabolized, to a 
small extent, by the CyP3A4. Inhibitors 
of the CyP3A4 could increase systemic 
dofetilide exposure

Dofetilide is contraindicated in patients with 
congenital or acquired long QT syndromes. 
It is also contraindicated in patients with 
severe renal impairment (calculated 
creatinine clearance <20 ml/min)

The concomitant use of verapamil or the 
cation transport system inhibitors 
cimetidine, trimethoprim (alone or in 
combination with sulfamethoxazole), and 
ketoconazole with dofetilide is 
contraindicated as each of these drugs 
causes a substantial increase in dofetilide 
plasma concentrations. In addition, other 
known inhibitors of the renal cation 
transport system such as prochlorperazine, 
dolutegravir, and megestrol should not be 
used in patients on dofetilide

The concomitant use of hydrochlorothiazide 
(alone or in combination such as with 
triamterene) with dofetilide is 
contraindicated because this has been shown 
to significantly increase dofetilide plasma 
concentrations and QT interval prolongation

Dofetilide is contraindicated in patients with a 
known hypersensitivity to the drug. 
Dofetilide belongs to pregnancy category C

Ibutilide Ibutilide is generally well 
tolerated and the major 
adverse effects are related 
to cardiac arrhythmias, 
including torsades de 
pointes. Nausea is another 
adverse reaction

Drug interactions of ibutilide have not been 
systemically studied. Ibutilide appears to 
have no significant interactions with 
drugs, including calcium channel 
blockers, digoxin, and β‐blockers

Ibutilide is contraindicated in patients who 
have previously demonstrated 
hypersensitivity to the drug product. 
Ibutilide belongs to pregnancy category C
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Sotalol is contraindicated in patients with sinus brady
cardia, sick sinus syndrome or second‐ and third‐degree AV 
block (unless a functioning pacemaker is present), congen
ital or acquired long QT syndromes, baseline QT interval 
>450 ms, cardiogenic shock, uncontrolled heart failure, 
hypokalemia (<4 mM), creatinine clearance <40 ml/min, 
asthma, and previous evidence of hypersensitivity to sotalol. 
Sotalol is a pregnancy category B drug.

24.6 Class iv antiarrhythmiC Drugs

 • Diltiazem (Cardizem)

 • Verapamil (Calan, Isoptin)

24.6.1 general aspects

Class IV drugs are nondihydropyridine CCBs and include 
diltiazem and verapamil (also see Chapter 10). By blocking 
L‐type calcium channels, class IV drugs can slow the sinus 
rate, increase the refractoriness of and prolong conduction 
through the AV node, and depress left ventricular contrac
tility. Verapamil has a more pronounced effect on SA and AV 
nodes than diltiazem.

24.6.2 Chemistry and Pharmacokinetics

Diltiazem is a benzothiazepine derivative, whereas verapamil 
is a phenethylamine compound. The major pharmacokinetic 
properties of diltiazem and verapamil are given in Table 24.19.

24.6.3 molecular mechanisms and Pharmacological 
effects

Diltiazem and verapamil inhibit the influx of calcium ions 
during membrane depolarization of cardiac and vascular 
smooth muscle. The therapeutic efficacy of the drugs in 
 supraventricular tachycardias is related to their ability to 
slow AV nodal conduction time and prolong AV nodal refrac
toriness. Diltiazem and verapamil exhibit frequency (use)‐
dependent effects on AV nodal conduction such that they 
may selectively reduce the heart rate during tachycardias 
involving the AV node with little or no effect on normal AV 
nodal conduction at normal heart rates. These drugs slow the 
ventricular rate in patients with a rapid ventricular response 

table 24.18 Clinical indications and dosage regimens of sotalol

Drug dosage form Indication Dosage regimen

Sotalol (tablet) Maintenance of normal sinus rhythm (delay in time to 
recurrence of atrial fibrillation/atrial flutter [Af/AfL]) 
in patients with symptomatic Af/AfL who are 
currently in sinus rhythm

The dose of sotalol must be individualized according to 
calculated creatinine clearance. The recommended 
initial dose of sotalol is 80 mg twice daily

Treatment of documented ventricular arrhythmias, such as 
sustained ventricular tachycardia, that are life‐threatening

The recommended initial dose is 80 mg twice daily. This 
dose may be increased, if necessary, after appropriate 
evaluation to 240 or 320 mg/day (120–160 mg twice daily)

Sotalol (iv) Sotalol (iv) can substitute for oral sotalol in patients who 
are unable to take sotalol orally

The bioavailability of oral sotalol is between 90 and 
100%. The corresponding dose of iv sotalol is, 
therefore, slightly less than that of the oral dose. The 
starting dose of iv sotalol is 75 mg infused over 5 h 
once or twice daily based on the creatinine clearance

Sotalol (iv) is indicated for the maintenance of normal 
sinus rhythm (delay in time to recurrence of Af/AfL) 
in patients with symptomatic Af/AfL who are 
currently in sinus rhythm

The recommended initial dose is 112.5 mg iv sotalol twice 
a day. It may be increased to 150 mg once or twice a day

Sotalol (iv) is indicated for the treatment of documented 
life‐threatening ventricular arrhythmias

The recommended initial dose of iv sotalol is 75 mg 
infused over 5 h once or twice daily based on 
creatinine clearance. The dose may be increased in 
increments of 75 mg/day every 3 days

table 24.19 major pharmacokinetic properties of 
diltiazem and verapamil

Drug

Oral 
bioavailability  
(%)

Elimination 
half‐life (h)

Metabolism and 
elimination

Diltiazema 40 3.0–4.5 CyP3A4; eliminated 
in the feces via 
biliary excretion 
and in the urine

Verapamil 20–35 4.5–12 CyP3A4; 
eliminated in 
the urine 
(major) and 
feces (minor)

a Diltiazem is also an inhibitor of CyP3A4.
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during Af or AfL. They convert PSVT to normal sinus 
rhythm by interrupting the reentry circuit in AV nodal reen
trant tachycardias.

Like other CCBs, because of their effect on vascular 
smooth muscle, diltiazem and verapamil reduce peripheral 
resistance, thereby decreasing blood pressure. These drugs 
relax coronary artery and prevent coronary artery spasm and 
reduce myocardial oxygen demand. As such, they are used 
to treat angina (see Chapters 14 and 15).

24.6.4 Clinical uses and therapeutic Dosages

The dosage forms and strengths of diltiazem and verap
amil for cardiac arrhythmias are listed below. Diltiazem 

and verapamil can be administered both orally and 
 parenterally. Both oral and injection dosage forms of 
verapamil are  indicated for treating arrhythmias, whereas 
only diltiazem injection is used for treating arrhythmias. 
The use of these drugs in treating arrhythmias and the 
corresponding dosage regimens are summarized in 
Table 24.20:

 • Diltiazem (Cardizem): Injection, 0.5% (5 mg/ml) in 5, 
10, and 25 ml single‐use vials

 • Verapamil (Calan, Isoptin): Oral, 40, 80, and 120 mg 
tablets; injection, 2.5 mg/ml in 2 ml (5 mg/ml) single‐
dose vials

table 24.20 indications and dosage regimens of diltiazem and verapamil in treating cardiac arrhythmias

Drug Indication Dosage regimen

Diltiazem (intravenous (iv)) Temporary control of rapid ventricular rate in 
Af or AfL. It should not be used in patients 
with Af or AfL associated with an 
accessory bypass tract such as in Wolff–
Parkinson–White (WPW) syndrome or short 
Pr syndrome

for iv bolus injection, the initial dose of diltiazem should be 
0.25 mg/kg body weight as a bolus administered over 2 min 
(20 mg is a reasonable dose for the average patient). If 
response is inadequate, a second dose may be administered 
after 15 min. The second bolus dose of diltiazem should be 
0.35 mg/kg administered over 2 min (25 mg is a reasonable 
dose for the average patient). Subsequent iv bolus doses 
should be individualized for each patient

for continued reduction of the heart rate (up to 24 h) in 
patients with Af or AfL, an iv infusion of diltiazem may 
be administered. Immediately following bolus 
administration of diltiazem and reduction of heart rate, 
begin an iv infusion of diltiazem. The recommended 
initial infusion rate of diltiazem is 10 mg/h. Some 
patients may maintain response to an initial rate of 
5 mg/h. The infusion rate may be increased in 5 mg/h 
increments up to 15 mg/h as needed, if further reduction 
in heart rate is required. The infusion may be maintained 
for up to 24 h. Infusion duration exceeding 24 h and 
infusion rates exceeding 15 mg/h are not recommended

rapid conversion of PSVT to sinus rhythm. 
This includes AV nodal reentrant tachycardias 
and reciprocating tachycardias associated 
with an extranodal accessory pathway such 
as the WPW syndrome or short Pr syndrome

use the same bolus iv injection as described above for 
temporary control of rapid ventricular rate in Af or AfL. 
Typically, PSVT can be converted to normal sinus 
rhythm in most patients within 3 min of the first or 
second bolus dose

Verapamil (tablet) Oral verapamil is indicated for (i) treatment of 
arrhythmias in association with digitalis for the 
control of ventricular rate at rest and during 
stress in patients with chronic Af and/or AfL 
and (ii) prophylaxis of repetitive PSVT

The dosage in digitalized patients with chronic Af ranges 
from 240 to 320 mg/day in divided (t.i.d. or q.i.d.) doses. 
The dosage for prophylaxis of PSVT (nondigitalized 
patients) ranges from 240 to 480 mg/day in divided (t.i.d. 
or q.i.d.) doses. In general, maximum effects for any given 
dosage will be apparent during the first 48 h of therapy

Verapamil (iv) Temporary control of rapid ventricular rate in 
Af or AfL except when the Af and/or AfL 
are associated with accessory bypass tracts 
such as in WPW and Lown–ganong–Levine 
(LgL) syndromes

The initial dose can be 5–10 mg (0.075–0.15 mg/kg body 
weight) given as an iv bolus over at least 2 min. If the 
initial response is not adequate, a repeat dose of 10 mg 
(0.15 mg/kg) can be given 30 min after the first dose

rapid conversion to sinus rhythm of PSVT, 
including those associated with accessory 
bypass tracts such as in WPW and LgL 
syndromes
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24.6.5 adverse effects and Drug interactions

24.6.5.1 Diltiazem The adverse effects of diltiazem are 
generally mild and transient. Hypotension is the most com
monly reported adverse event. Other adverse effects include 
injection site reactions, flushing, junctional rhythm or iso
rhythmic dissociation, and AV block.

Diltiazem is both a substrate and an inhibitor of CyP3A4. 
Other drugs that are specific substrates, inhibitors, or 
inducers of this enzyme may have a significant impact on the 
efficacy and adverse effect profile of diltiazem. Patients tak
ing other drugs that are substrates of CyP3A4, especially 
patients with renal and/or hepatic impairment, may require 
dosage adjustment when starting or stopping concomitantly 
administered diltiazem in order to maintain optimum 
therapeutic blood levels.

Diltiazem is contraindicated in patients (i) with sick sinus 
syndrome except in the presence of a functioning ventricular 
pacemaker, (ii) with second‐ or third‐degree AV block except 
in the presence of a functioning ventricular pacemaker, (iii) 
with severe hypotension or cardiogenic shock, and (iv) who 
have demonstrated hypersensitivity to the drug. In addition, 
iv diltiazem and iv β‐blockers should not be administered 
together or in close proximity (within a few hours) due to 
synergistic cardiac suppression. The drug is also contraindi
cated in patients with Af or AfL associated with an accessory 
bypass tract, such as in Wolff–Parkinson–White (WPW) syn
drome or short Pr syndrome. As with other agents that slow 
AV nodal conduction and do not prolong the refractoriness of 
the accessory pathway (e.g., verapamil, digoxin), in rare 
instances, patients in Af or AfL associated with an accessory 
bypass tract may experience a potentially life‐threatening 
increase in heart rate accompanied by hypotension when 
treated with diltiazem. Diltiazem is also contraindicated in 
patients with wide complex ventricular tachycardia because 
of increased risk of hemodynamic deterioration and ventric
ular fibrillation. Hence, it is important to distinguish wide 
complex QrS tachycardia of supraventricular origin from 
that of ventricular origin prior to administration of diltiazem. 
Diltiazem is a drug in pregnancy category C.

24.6.5.2 Verapamil Serious adverse effects of verapamil 
are uncommon when treatment follows the recommended 
dosage regimens. Adverse reactions are related to (i) cardio
vascular effects (e.g., symptomatic hypotension, brady
cardia, severe tachycardia), (ii) central nervous system 
(CNS) effects (e.g., dizziness, headache), and (iii) gastroin
testinal disturbances (e.g., nausea, abdominal discomfort). 
Constipation is the most common adverse effect of oral 
verapamil therapy.

Clinically significant drug interactions have been reported 
with CyP3A4 inhibitors (e.g., erythromycin, ritonavir) or 
CyP3A4 inducers (e.g., rifampin). The use of statin drugs 
that are CyP3A4 substrates (e.g., atorvastatin, simvastatin) 

in combination with verapamil may increase the risk of 
statin‐induced myopathy (see Chapter 4).

Verapamil is contraindicated in (i) severe left ventricular 
dysfunction, (ii) hypotension or cardiogenic shock, (iii) sick 
sinus syndrome (except in patients with a functioning 
artificial ventricular pacemaker), (iv) second‐ or third‐degree 
AV block (except in patients with a functioning artificial ven
tricular pacemaker), (v) patients with Af or AfL and an 
accessory bypass tract (e.g., WPW and Lown–ganong–
Levine (LgL) syndromes) due to increased risk of devel
oping ventricular tachyarrhythmia including ventricular 
fibrillation, and (vi) patients with known hypersensitivity to 
verapamil. In addition, verapamil injection is also contraindi
cated in patients receiving iv β‐adrenergic blocking drugs 
(e.g., propranolol) since both may have a depressant effect on 
myocardial contractility and AV conduction. Administration 
of iv verapamil to patients with wide complex ventricular 
tachycardia can result in marked hemodynamic deterioration 
and ventricular fibrillation and as such should be avoided. 
Verapamil is a drug in pregnancy category C.

24.7 Other antiarrhythmiC Drugs

 • Adenosine (Adenocard)

 • Digoxin (Digox) (see Chapter 21)

 • Magnesium

 • Vernakalant (Brinavess)

24.7.1 adenosine

24.7.1.1 Chemistry and Pharmacokinetics Adenosine 
(structure shown in fig. 24.5) is an endogenous nucleoside 
occurring in all cells of the body. Intravenously administered 
adenosine is rapidly cleared from the circulation via cellular 
uptake, primarily by erythrocytes and vascular endothelial 
cells. Intracellular adenosine is rapidly metabolized either 
via phosphorylation to adenosine monophosphate by 
adenosine kinase or via deamination to inosine by adenosine 
deaminase in the cytosol. The plasma elimination half‐life of 
adenosine is only about 10 s.

24.7.1.2 Molecular Mechanisms and Pharmacological 
Effects The antiarrhythmic effects of adenosine are medi
ated by specific g‐protein‐coupled receptor signaling 
(fig.  24.5). Adenosine activates acetylcholine (Ach)‐
sensitive potassium channels in the atrium and SA and AV 
nodes, resulting in membrane hyperpolarization and the 
subsequent inhibition of voltage‐dependent calcium chan
nels. Adenosine slows AV conduction time and inhibits 
reentry pathways through the AV node. The drug can restore 
normal sinus rhythm in patients with PSVT, including PSVT 
associated with WPW syndrome.
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24.7.1.3 Clinical Uses and Therapeutic Dosages Listed 
below are the dosage form and strengths of adenosine in 
treating cardiac arrhythmias:

 • Adenosine (Adenocard): iv, 6 mg/2 ml (3 mg/ml) in 
2 ml (fill volume) syringe; 12 mg/4 ml (3 mg/ml) in 4 ml 
(fill volume) syringe

iv adenosine is indicated for the conversion to sinus rhythm 
of PSVT, including that associated with accessory bypass 
tracts (WPW syndrome). Adenosine does not convert Af, 
AfL, or ventricular tachycardia to normal sinus rhythm.

Adenosine should be given as a rapid bolus by the 
peripheral iv route. The recommended dosage regimens for 
adults and pediatric patients are given in Table 24.21.

24.7.1.4 Adverse Effects and Drug Interactions The 
adverse effects are usually transient as adenosine is rapidly 
metabolized. The adverse reactions are related to (i) vasodi
lation (e.g., facial flushing, headache, sweating, palpitations, 
chest pain, hypotension), (ii) respiratory effects (e.g., short
ness of breath/dyspnea, chest pressure, hyperventilation), 
(iii) CNS reactions (e.g., light‐headedness, dizziness, 
 tingling in arms, numbness), and (iv) gastrointestinal distur
bances (e.g., nausea).

Adenosine is relatively free of pharmacokinetic drug 
 interactions. Pharmacodynamic drug interactions may occur. 
for example, the effects of adenosine are antagonized by 
methylxanthines, such as caffeine and theophylline. In the 
presence of these methylxanthines, larger doses of adenosine 
may be required or adenosine may not be effective. Adenosine 
effects are potentiated by dipyridamole. Thus, smaller doses of 
adenosine may be effective in the presence of dipyridamole.

Adenosine is contraindicated in patients with (i) second‐ 
or third‐degree AV block (except in patients with a func
tioning artificial pacemaker); (ii) sinus node disease, such as 
sick sinus syndrome or symptomatic bradycardia (except in 
patients with a functioning artificial pacemaker); and (iii) 
known hypersensitivity to adenosine. Adenosine is in preg
nancy category C.

24.7.2 magnesium

Magnesium ion is the fourth most abundant cation in the human 
body. It is involved in multiple essential physiological, 
biochemical, and cellular processes regulating cardiovascular 
function. Magnesium plays a critical role in modulating vascular 
smooth muscle tone, endothelial cell function, and myocardial 
excitability, and as such, dysregulation of magnesium may 
play an important part in the pathogenesis of cardiovascular 
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figure 24.5 Molecular mechanism of action of adenosine in suppressing paroxysmal supraventricular tachycardias (PSVT). Adenosine 
via activating its receptor (g‐protein‐coupled receptor) causes activation of acetylcholine (Ach)‐sensitive potassium channels, thereby leading 
to membrane hyperpolarization. As a result, voltage‐dependent calcium channels are inhibited, leading to decreased atrioventricular (AV) 
conduction and reduced reentry, key mechanisms responsible for PSVT.
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disorders including hypertension, atherosclerosis, coronary 
artery disease, congestive heart failure, and cardiac arrhythmias 
[5]. Probably the most widely accepted and practiced use of 
magnesium in cardiovascular medicine is for the prevention 
and/or treatment of cardiac arrhythmias. Multiple randomized 
clinical trials and/or meta‐analyses of the randomized trials sug
gest a role for magnesium supplementation in the management 
of postoperative arrhythmias, Af, and ventricular arrhythmias 
(including torsades de pointes) [5–7]. However, the exact effi
cacy of magnesium in the prevention and treatment of cardiac 
arrhythmias remains to be established in large‐scale, randomized 
controlled trials. Likewise, basic research is warranted to further 
elucidate the underlying molecular mechanisms of magnesium‐
mediated antiarrhythmic activity.

24.7.3 vernakalant

Vernakalant is a novel and relatively atrium‐selective drug, 
which inhibits atrium‐selective potassium ion currents with 
only a small inhibitory effect on the rapidly activating 
delayed rectifier potassium ion current in the ventricle. This 
results in prolongation of atrial refractoriness and slowing of 
atrial impulse conduction. The drug has been recently 
approved in Europe as an iv therapy for rapid conversion of 
recent‐onset Af to sinus rhythm in adults [8, 9]. Vernakalant 
is currently not a uS fDA‐approved drug for clinical use.

24.8 summary Of ChaPter Key POints

 • Antiarrhythmic drugs are conventionally classified into 
four classes with class I consisting of sodium channel 
blockers, class II consisting of β‐blockers, class III con
sisting of potassium channel blockers and other drugs 
that prolong the APD, and class IV consisting of CCBs.

 • Class I drugs act by blocking the sodium channels, thereby 
inhibiting phase 0 depolarization in nonpacemaker cells 
and phase 4 spontaneous depolarization in pacemaker 
cells. These drugs are further classified into three sub

classes (IA, IB, IC) based on their sodium channel‐binding 
and dissociation properties. Class I drugs are used for 
treating both supraventricular and ventricular arrhyth
mias, including life‐threatening ventricular tachycardias.

 • Class II antiarrhythmic drugs are β‐blockers (see 
Chapter 8). These drugs block the proarrhythmic effects 
of β

1
‐adrenergic receptor activation resulting from 

sympathetic stimulation. By blocking β
1
‐adrenergic 

receptor‐mediated actions, class II antiarrhythmic 
drugs reduce heart rate, slow AV conduction velocity, 
and prolong AV refractory period. Slowing AV nodal 
conduction velocity and prolongation of AV nodal 
refractory period collectively result in decreased 
reentry, a fundamental mechanism of supraventricular 
arrhythmias. Class II drugs are useful in treating supra
ventricular and ventricular arrhythmias.

 • Class III drugs block the potassium channels, thereby 
prolonging repolarization and the refractory period. 
Prolongation of refractory period reduces reentry. On 
the other hand, blockage of ventricular potassium cur
rents results in prolongation of the QT interval on ECg. 
Prolongation of QT interval may predispose to torsades 
de pointes, a polymorphic ventricular tachycardia. In 
addition to the blockage of potassium channels, amio
darone and dronedarone also block sodium channels in 
depolarized tissues, a characteristic effect of class IB 
drugs. Amiodarone and dronedarone block calcium 
channels, as well as β‐adrenergic receptors. Sotalol is 
also a β‐blocker. Class III drugs are effective in treating 
supraventricular and ventricular arrhythmias, including 
life‐threatening ventricular tachycardias.

 • Class IV drugs are nondihydropyridine CCBs and 
include diltiazem and verapamil (also see Chapter 10). 
By blocking L‐type calcium channels, class IV drugs 
can slow the sinus rate, increase the refractoriness of 
and prolong conduction through the AV node, and 
depress left ventricular contractility. Class IV drugs are 
used for rapid conversion of PSVT to sinus rhythm and 

table 24.21 Dosage regimens of adenosine in converting Psvt to sinus rhythm in adult and pediatric patients

Patient Dosage regimen

Adult •	 Initial dose: 6 mg given as a rapid iv bolus (administered over a 1–2 s period)
•	repeated administration: If the first dose does not result in elimination of the PSVT within 1–2 min, 12 mg should 

be given as a rapid iv bolus. This 12 mg dose may be repeated a second time if required
Pediatric •	The dosages used in neonates, infants, children, and adolescents were equivalent to those administered to adults 

on a weight basis. for pediatric patients with a body weight ≥50 kg, administer the adult dose
•	 for pediatric patients with a body weight <50 kg, initial dose: give 0.05–0.1 mg/kg as a rapid iv bolus given either 

centrally or peripherally. A saline flush should follow
•	 for pediatric patients with a body weight <50 kg, repeat administration: If conversion of PSVT does not occur 

within 1–2 min, additional bolus injections of adenosine can be administered at incrementally higher doses, 
increasing the amount given by 0.05–0.1 mg/kg. follow each bolus with a saline flush. This process should 
continue until sinus rhythm is established or a maximum single dose of 0.3 mg/kg is used
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for temporary control of rapid ventricular rate in atrial 
fibrillation (Af) or AfL.

 • In addition to the above four classes of drugs, intrave
nous adenosine is indicated for the conversion to sinus 
rhythm of PSVT. Digoxin is used for controlling ven
tricular responses in patients with chronic Af. Clinical 
studies suggest a role for magnesium supplementation 
in the management of postoperative arrhythmias, Af, 
and ventricular arrhythmias (including torsades de 
pointes). Vernakalant, a novel atrium‐selective drug 
recently approved in Europe, represents a new therapy 
for rapid conversion of recent‐onset Af to sinus rhythm 
in adults. These drugs along with those in the Vaughan–
Williams classes, when used appropriately, are effec
tive options for the management of cardiac arrhythmic 
conditions. Chapter 25 considers the current guideline 
recommendations on cardiac arrhythmia management, 
including drug therapy.

24.9 self‐assessment QuestiOns

24.9.1 A 25‐year‐old hospitalized patient develops parox
ysmal supraventricular tachycardia (PSVT). A 
calcium channel blocker is given as a bolus adminis
tered over 2 min. Immediately after the injection, the 
patient’s PSVT is converted to sinus rhythm. Which 
of the following drugs is most likely prescribed?
A. Amlodipine
B. Clevidipine
C. Diltiazem
D. Nifedipine
E. Nisoldipine

24.9.2 A 58‐year‐old female with cardiac arrhythmia is 
being treated with a sodium channel blocker in a 
rural clinic. After a few weeks of treatment, she 
develops a lupus‐like syndrome. She was previously 
identified as a “slow acetylator.” Which of the fol
lowing drugs has been most likely prescribed to treat 
the arrhythmia in this patient?
A. Amiodarone
B. Metoprolol
C. Procainamide
D. Quinidine
E. Verapamil

24.9.3 A 20‐year‐old female is admitted to the emergency 
room because of palpitations and syncopal episodes. 
She is found to be hypotensive and her ECg shows a 
very rapid AV nodal reentrant tachycardia. Which of 
the following drugs would be most appropriate as a 
rapid iv bolus for her condition?
A. Adenosine
B. Bethanechol
C. Dobutamine

D. Metoprolol
E. Procainamide

24.9.4 A 60‐year‐old female, diagnosed with dilated cardiomy
opathy with atrial fibrillation and a rapid ventricular 
rate, is treated with a drug to control her ventricular 
rate. The drug also affects cardiac contractility, 
placing the patient in pulmonary edema. Which of 
the following drugs is most likely used?
A. Amiodarone
B. Digoxin
C. Lidocaine
D. Nifedipine
E. Verapamil

24.9.5 After beginning drug therapy to suppress ventricular 
tachycardia, a man complains of cold intolerance and 
of being tired all the time. His thyroid‐stimulating 
hormone is found to be elevated. Which of the fol
lowing drugs is most likely responsible for the 
patient’s complaints?
A. Adenosine
B. Amiodarone
C. Dronedarone
D. Procainamide
E. Verapamil

24.9.6 A 35‐year‐old female with a history of poorly con
trolled thyrotoxicosis has recurrent episodes of 
tachycardia with severe short of breath. When she is 
admitted to the emergency department with one of 
these episodes, which of the following drugs would 
be most suitable for treating her condition?
A. Amiodarone
B. Diltiazem
C. Disopyramide
D. Esmolol
E. Quinidine

24.9.7 A 60‐year‐old male is admitted to the emergency 
department because of an acute myocardial infarction. 
Which of the following would be the most appropriate 
prophylactic antiarrhythmic therapy for this patient?
A. Diltiazem
B. Lidocaine
C. Metoprolol
D. Procainamide
E. Quinidine

24.9.8 A 55‐year‐old male living in a rural area is being 
treated for atrial fibrillation. He complains of headache, 
dizziness, and tinnitus during the treatment. Which 
of the following antiarrhythmic drugs is the patient 
most likely taking?
A. Amiodarone
B. Dronedarone
C. Propranolol
D. Quinidine
E. Verapamil
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24.9.9 A 19‐year‐old female presents to the 
emergency department with a racing heart that 
began while she was playing football 45 min ago. 
Her ECg shows a rapid and regular heart rate. She 
is given an intravenous bolus of a drug that activates 
g‐protein‐coupled receptors, and her heart rate is 
converted back to the sinus rhythm. Which of the 
following best explains the mechanism of action of 
this drug in terminating her tachyarrhythmia?
A. Increased potassium ion efflux
B. Increased sodium ion efflux
C. Inhibition of Ach‐sensitive K+ channel
D. Inhibition of membrane Na+/K+‐ATPase
E. Inhibition of Na+/Ca2+ exchanger

24.9.10  A 55‐year‐old male with atrial fibrillation accom
panied by a rapid ventricular rate has been managed 
successfully with a drug that exerts a positive ino
tropic effect. Which of the following is most likely 
the primary molecular target of the drug?
A. Acetylcholine‐sensitive K+ channel
B. β

1
‐Adrenergic receptor

C. Na+/Ca2+ exchanger
D. Na+/K+‐ATPase
E. Voltage‐dependent Na+ channel
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25.1 Overview

Most arrhythmias are considered harmless and are left 
untreated. Some arrhythmias, such as ventricular tachy
cardias, can be life‐threatening medical emergencies and 
may result in cardiac arrest and sudden cardiac death. 
Some others, such as atrial fibrillation (AF), may not be 
associated with any significant symptoms, but may 
dispose the patients to potentially life‐threatening stroke 
or embolism.

Treatment of arrhythmias has been evolving from the 
primary use of drugs to the use of nondrug devices in 
combination with drug therapy when necessary. This 
chapter discusses the general principles and guidelines 
for  the management of arrhythmias with an emphasis on 
pharmacological therapy. Since arrhythmias are a large 
group of disorders, the chapter focuses on those that have 
the most significant clinical and public health impact, 
including atrial fibrillation and certain forms of ventricular 
tachyarrhythmias.

25.2 General PrinciPles Of ManaGeMent

The fundamental goal of therapy for cardiac arrhythmias is 
twofold: (1) to improve symptoms of the patients and (2) to 
prevent potentially serious outcomes, especially life‐threat
ening ventricular arrhythmias and sudden death. Stroke pre
vention in patients with AF and atrial flutter (AFL) is also an 
important treatment objective. Hence, selection of the 
treatment approach (including therapeutic modality and 

duration of treatment) should take into consideration both 
the severity and frequency of arrhythmia‐related symptoms 
and the risks associated with the therapy itself, no matter if it 
is a device‐ or drug‐based modality.

25.3 ManaGeMent Of suPraventricular 
arrhythMias

As described in Chapter  23, supraventricular arrhythmias 
comprise a wide spectrum of disorders including, in descend
ing order of frequency, AF, AFL, atrial tachycardias, 
atrioventricular (AV) nodal tachycardias, and Wolff–Parkinson–
White (WPW) syndrome, among others. While being not life 
threatening in most cases, they may cause important symp
toms, such as palpitations, chest discomfort, breathless
ness, anxiety, and syncope, which significantly impair 
quality of life. Medical therapy has variable efficacy, and 
most patients are not rendered free of symptoms. Research 
over the past several decades has revealed fundamental 
mechanisms involved in the initiation and maintenance of 
supraventricular arrhythmias. Knowledge of mechanisms 
has in turn led to the development of highly effective sur
gical and catheter‐based treatments. Nevertheless, drug 
therapy is still an effective option for patients under certain 
conditions [1–4].

Due to the high prevalence of AF and its role in ischemic 
stroke, management of this particular supraventricular 
arrhythmia is often addressed separately. Hence, this section 
is divided into guidelines on supraventricular arrhythmias 
excluding AF and guidelines specifically on AF.

ManaGeMent Of cardiac arrhythMias: 
PrinciPles and Guidelines

25
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25.3.1 Guidelines on supraventricular arrhythmias 
excluding af

The 2003 American College of Cardiology/American Heart 
Association/european Society of Cardiology (ACC/AHA/
eSC) guideline for the management of patients with supra
ventricular arrhythmias is the most comprehensive guidance 
that provides treatment recommendations for various forms 
of supraventricular arrhythmias (excluding AF) [5]. These 
include (i) sinus tachyarrhythmias (physiological sinus 
 tachycardia and inappropriate sinus tachycardia), (ii) AV 
nodal reciprocating tachycardia, (iii) focal and nonparoxys
mal junctional tachycardia, (iv) AV reciprocating tachycardia 
(extranodal accessory pathways), (v) focal atrial tachycardias, 
and (vi) macro‐ reentrant atrial tachycardias (isthmus‐
dependent AFL and noncavo tricuspid isthmus‐dependent 
AFL). The major guideline  recommendations are summa
rized in Table 25.1.

25.3.2 current Guidelines on the Management of af

25.3.2.1 General Considerations

25.3.2.1.1 Definition and Classification AF is a 
supraventricular tachyarrhythmia characterized by 
uncoordinated atrial activation with consequent deterioration 
of atrial mechanical function. on the electrocardiogram (eCg), 
AF is characterized by the replacement of consistent P waves by 
rapid oscillations or fibrillatory waves that vary in amplitude, 
shape, and timing, associated with an irregular, frequently rapid 
ventricular response when AV conduction is intact [6].

Traditionally, the terms acute AF and chronic AF have 
been used to describe the temporal nature of a patient’s AF. 
These two terms have been largely replaced with a 
classification scheme proposed by the American Heart 
Association/American College of Cardiology/Heart Rhythm 
Society (AHA/ACC/HRS) [7] (Table 25.2).

table 25.1 the 2003 acc/aha/esc recommendations on the management of supraventricular arrhythmias [5]

Supraventricular arrhythmia Management

Sinus tachyarrhythmias 
(physiological and 
inappropriate sinus 
tachycardia)

β‐Blockers may be considered as first‐line therapy; nondihydropyridine calcium channel blockers (CCBs), 
such as verapamil and diltiazem, may also be used if β‐blockers are contraindicated

Atrioventricular nodal 
reciprocating tachycardia 
(AVNRT)

Acute management: (i) the most effective and rapid means of terminating any hemodynamically unstable narrow 
or wide QRS complex tachycardia is direct‐current (DC) cardioversion; (ii) iv adenosine or DC cardioversion 
for acute management of regular narrow QRS complex tachycardia (the nondihydropyridine CCBs verapamil/
diltiazem or β‐blocker metoprolol may be used if adenosine is contraindicated); (iii) DC cardioversion is the 
first choice for unstable wide QRS complex tachycardia; (iv) for pharmacologic termination of a stable wide 
QRS complex tachycardia, iv procainamide and/or sotalol is recommended. Amiodarone is also acceptable

Chronic management: (i) catheter ablation is recommended for poorly tolerated AVNRT with 
hemodynamic intolerance; (ii) for patients with frequent, recurrent sustained episodes of AVNRT who 
prefer long‐term oral therapy instead of catheter ablation, a spectrum of antiarrhythmic agents is 
available. Standard therapy includes nondihydropyridine CCBs, β‐blockers, and digoxin. in patients 
without structural heart disease who do not respond to AV nodal‐blocking agents, the class iC drugs 
flecainide and propafenone have become the preferred choice

Focal and nonparoxysmal 
junctional tachycardia

For focal junctional tachycardia, drug therapy (β‐blocker, flecainide) is only variably successful, and 
ablative techniques have been introduced to cure tachycardia. Catheter ablation can be curative

The mainstay of managing nonparoxysmal junctional tachycardia is to correct the underlying abnormality. 
β‐Blockers and CCBs may be used

Atrioventricular (AV) 
reciprocating tachycardia 
(extranodal accessory 
pathways)

Acute management: for patients with wide complex (preexcited) tachycardias, adenosine should be used 
with caution because it may produce AF with a rapid ventricular rate in preexcited tachycardias. 
ibutilide, procainamide, and flecainide, which are capable of slowing the conduction through the 
pathway, are preferred

Chronic management: antiarrhythmic drugs represent one therapeutic option for the management of 
accessory pathway‐mediated arrhythmias, but they have been increasingly replaced by catheter ablation. 
Antiarrhythmic drugs that primarily modify conduction through the AV node include digoxin, 
verapamil, β‐blockers, adenosine, and diltiazem. Antiarrhythmic drugs that depress conduction across 
the accessory pathway include class i drugs, such as procainamide, disopyramide, propafenone, and 
flecainide, as well as class iii antiarrhythmic drugs, such as ibutilide, sotalol, and amiodarone

Focal atrial tachycardias (AT) Catheter ablation: regardless of whether the arrhythmia is due to abnormal automaticity, triggering, or 
micro‐reentry, focal AT is ablated by targeting the site of origin of the AT

Focal AT is difficult to treat with drugs
AFL and macro‐re‐entrant AT Acute treatment of AFL might include the initial use of electrical pacing, DC or chemical cardioversion 

(iv ibutilide), or AV nodal‐blocking agents (β‐blockers, verapamil, or diltiazem)
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Epidemiology and Pathophysiology AF is the most 
common pathological supraventricular tachycardia. in 
the united States, estimates of the prevalence of AF 
ranged from approximately 2.7 to 6.1 million in 2010, 
and AF prevalence is expected to rise to between 
approximately 5.6 and 12 million in 2050 [8]. in 2010, 
AF was mentioned on 107,335 uS death certificates and 
was the underlying cause in 16,454 of those deaths. AF is 
associated with a four‐ to fivefold increased risk of 
ischemic stroke. it is also an independent risk factor for 
ischemic stroke severity, recurrence, and mortality. 
individuals with AF have a twofold increased risk of 
dementia. Notably, AF and heart failure share many 
antecedent risk factors, and approximately 40% 
individuals with either AF or heart failure will develop 
the other condition [8].

Risk factors for AF include advancing age, european 
ancestry, body size (greater height and body mass index), 
electrocardiography features (left ventricular hypertrophy, 
left atrial enlargement), diabetes, hypertension, and presence 
of coronary heart disease, heart failure, and valvular heart 
disease. Additional risk factors for AF include clinical and 
subclinical hyperthyroidism, chronic kidney disease (CKD), 
and heavy alcohol consumption, as well as family history 
and genetic variations [3, 8].

AF is caused by multiple electrical wavelets appearing 
in the atria simultaneously, resembling the waves that 
would be produced if one dropped several pebbles in a 
bucket of water at the same time [3]. Available data 
support a “focal” triggering mechanism involving auto
maticity or multiple reentrant wavelets, but these mecha
nisms are not mutually exclusive and may coexist. The 
important observation that a focal source for AF could be 
identified and ablation of this source could extinguish AF 
supported a focal origin. While pulmonary veins are the 
most frequent source of these rapidly atrial impulses, foci 
have also been found in the superior vena cava, ligament 
of Marshall, left posterior free wall, crista terminalis, and 
coronary sinus [7].

25.3.2.2 General Principles of Management of AF

Management Goals Management of patients with AF 
involves three goals: (1) prevention of thromboembolism, 
(2) heart rate control, and (3) correction of the rhythm 
disturbance. These three goals are not mutually exclusive.

once prevention of thromboembolism is addressed, the 
initial management decision involves primarily a rate‐control 
or rhythm‐control strategy. under the rate‐control strategy, the 
ventricular rate is controlled with no commitment to restore or 
maintain sinus rhythm. on the other hand, the rhythm‐control 
strategy attempts restoration and/or maintenance of sinus 
rhythm, and it also requires attention to rate control.

Depending on the patient’s course, the strategy initially 
chosen may prove unsuccessful and the alternate strategy is 
then adopted. Regardless of whether the rate‐control or 
rhythm‐control strategy is pursued, attention must also be 
directed to antithrombotic therapy for prevention of thrombo
embolism [7].

Determinants of Management Strategy At the initial 
encounter, an overall management strategy should be 
discussed with the patient, considering multiple factors [7]. 
These include the following:

1. Type and duration of AF

2. Severity and type of symptoms

3. Associated cardiovascular disease

4. Patient age

5. Associated medical conditions

6. Short‐term and long‐term treatment goals

7. Pharmacological and nonpharmacological therapeutic 
options

25.3.2.3 Current Guidelines New guidelines for the 
management of AF have recently been published by the 
ACCF/AHA/HRS [6, 7], the Canadian Cardiovascular Society 
(CCS) [9], and the eSC [10, 11]. in general, these guidelines 

table 25.2 the aha/acc/hrs classification scheme of af [7]

Classification Definition

Paroxysmal AF AF that terminates spontaneously or with intervention within 7 days of onset. episodes may recur with 
variable frequency

Persistent AF Continuous AF that is sustained for >7 days
Long‐standing persistent AF Continuous AF of >12 months of duration
Permanent AF Permanent AF is used when there has been a joint decision by the patient and clinician to cease further 

attempts to restore and/or maintain sinus rhythm. Acceptance of AF represents a therapeutic attitude on 
the part of the patient and clinician rather than an inherent pathophysiological attribute of the AF. 
Acceptance of AF may change as symptoms, the efficacy of therapeutic interventions, and patient and 
clinician preferences evolve

Nonvalvular AF it refers to AF in the absence of rheumatic mitral stenosis, a mechanical or bioprosthetic heart valve, or 
mitral valve repair
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are similar with regard to management goals and evidence‐based 
recommendations. This section focuses on describing the 
major treatment recommendations from the 2014 AHA/ACC/
HRS guideline for the management of AF [7].

The 2014 AHA/ACC/HRS guideline for the management 
of AF is a comprehensive document that consists of eight sec
tions: (1) introduction, (2) background and pathophysiology, 
(3) clinical evaluation, (4) prevention of thromboembolism, 
(5) rate control, (6) rhythm control, (7) specific patient groups 
and AF, and (8) evidence gaps and future research directions. 
Summarized in the following text are the major guideline 
recommendations on the prevention of thromboembolism, 
rate control, and rhythm control. The reader is advised to 
refer to the full document for other aspects.

Recommendations on Prevention of Thromboembolism As 
noted earlier, AF is associated with a four‐ to fivefold 
increased risk of ischemic stroke. Hence, prevention of 
thromboembolism and ischemic stroke is a top priority in 
the management of AF. Summarized in Table 25.3 are the 
key recommendations on prevention of thromboembolism 
in patients with AF.

Recommendations on Rate Control Rate control in AF is an 
important component of AF management. it impacts quality 
of life, reduces morbidity, and decreases the potential for 
developing tachycardia‐induced cardiomyopathy. Multiple 
drugs, including β‐blockers, nondihydropyridine CCBs (e.g., 
diltiazem, verapamil), digoxin, and certain antiarrhythmic 
drugs (e.g., amiodarone, sotalol), have been evaluated with 
regard to efficacy in attaining rate control in patients with AF. 
in general, β‐blockers are the most common agents utilized 
for rate control, followed by nondihydropyridine CCBs, 
digoxin, and amiodarone. For effective rate control, patient 
comorbidities must be understood in order to avoid medications 
that may precipitate adverse events, such as decompensation 
of HF, exacerbation of chronic obstructive pulmonary disease 
(CoPD), or acceleration of conduction in patients with 
preexcitation [7]. Table 25.4 summarizes the major guideline 
recommendations on rate control of AF.

Recommendations on Rhythm Control The last goal of 
AF  management is to restore and maintain sinus rhythm. 
This is  typically achieved by utilizing a combination of 
approaches, including cardioversion, antiarrhythmic drugs, 
and radiofrequency catheter ablation in the setting of 
appropriate anticoagulation and rate control. Although an 
initial rate‐control strategy is reasonable for many patients, 
several considerations favor pursuing a rhythm‐control 
strategy. Successful sinus rhythm maintenance is associated 
with improvements in symptoms and quality of life for some 
patients. Persistent symptoms associated with AF remain the 
most compelling indication for a rhythm‐control strategy. 
other factors that may favor attempts at rhythm control 

include difficulty in achieving adequate rate control, younger 
patient age, tachycardia‐mediated cardiomyopathy, first 
episode of AF, AF that is precipitated by an acute illness, and 
patient preference [7]. With regard to rhythm control, the 
2014 AHA/ACC/HRS guideline covers five areas, including 
(1) electrical and pharmacological conversion of AF and 
AFL, (2) pharmacological agents for preventing AF and 
maintaining sinus rhythm, (3) AF catheter ablation to 
maintain sinus rhythm, (4) pacemaker and implantable 
cardioverter defibrillators (iCDs) for the prevention of AF, 
and (5) surgery maze procedures. This section only considers 
recommendations on pharmacological cardioversion 
(Table 25.5) and antiarrhythmic drugs for maintaining sinus 
rhythms (Table 25.6).

Management of AF in Specific Patient Groups AF occurs 
frequently in patients with other concomitant disorders, either 
as a consequence of the comorbidity or as an accompanying 
disorder. These include hypertrophic cardiomyopathy, acute 
coronary syndromes (ACS), hyperthyroidism, pulmonary 
diseases (e.g., CoPD), WPW and preexcitation syndromes, 
heart failure, and postoperative cardiac and thoracic surgery. 
Table 25.7 summarizes the major guideline recommendations 
for the management of AF in patients with the above 
concomitant disorders.

25.4 ManaGeMent Of ventricular 
arrhythMias

25.4.1 General considerations

The term “ventricular arrhythmias” encompasses a wide 
spectrum of dysrhythmias, ranging from single premature 
ventricular complexes (PVCs) to nonsustained ventricular 
tachycardia (VT), sustained VT, ventricular flutter, and ven
tricular fibrillation (VF). These arrhythmias predominantly 
occur in patients with structural heart diseases, such as ischemic 
and dilated cardiomyopathies. However, benign forms of VT 
can also occur among individuals without evidence of cardiac 
diseases. Sustained VTs/VF are an important cause of mor
bidity and the most common cause of sudden cardiac death 
(SCD), accounting for 75–80% of cases [15, 16].

Sudden cardiac arrest (SCA) and SCD refer to the sudden 
cessation of cardiac activity with hemodynamic collapse, typi
cally due to sustained VT/VF. These events mostly occur in 
patients with structural heart diseases (which may not have 
been previously diagnosed), particularly coronary heart dis
ease. The event is referred to as SCA (or aborted SCD) if an 
intervention (e.g., defibrillation) or spontaneous reversion 
restores circulation. The event is called SCD if the patient dies.

The geographic incidence of SCD varies as a function of 
coronary heart disease prevalence in different regions. estimates 
for the united States range from <200,000 to >450,000 SCDs 
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table 25.3 the 2014 aha/acc/hrs guideline recommendations on prevention of thromboembolism in patients with af [7]

CoR Recommendation Loe

i in patients with AF, antithrombotic therapy should be individualized based on shared decision making after 
discussion of the absolute and relative risks of stroke and bleeding and the patient’s values and preferences

C

Selection of antithrombotic therapy should be based on the risk of thromboembolism irrespective of whether 
the AF pattern is paroxysmal, persistent, or permanent

B

in patients with nonvalvular AF, the CHA
2
DS

2
‐VASc scorea is recommended for assessment of stroke risk B

For patients with AF who have mechanical heart valves, warfarin is recommended and the target international 
normalized ratio (iNR) intensity (2.0–3.0 or 2.5–3.5) should be based on the type and location of the 
prosthesis

B

For patients with nonvalvular AF with prior stroke, transient ischemic attack (TiA), or a CHA
2
DS

2
‐VASc 

score of ≥2, oral anticoagulants are recommended. options include warfarin (iNR, 2.0–3.0) (Loe, A), 
dabigatran (Loe, B), rivaroxaban (Loe, B), or apixaban (Loe, B)

Among patients treated with warfarin, the iNR should be determined at least weekly during initiation of 
antithrombotic therapy and at least monthly when anticoagulation (iNR in range) is stable

A

For patients with nonvalvular AF unable to maintain a therapeutic iNR level with warfarin, use of a direct 
thrombin or factor Xa inhibitor (dabigatran, rivaroxaban, or apixaban) is recommended

C

Reevaluation of the need for and choice of antithrombotic therapy at periodic intervals is recommended to 
reassess stroke and bleeding risks

C

Bridging therapy with unfractionated heparin (uFH) or low‐molecular‐weight heparin (LMWH) is 
recommended for patients with AF and a mechanical heart valve undergoing procedures that require 
interruption of warfarin. Decisions regarding bridging therapy should balance the risks of stroke and 
bleeding

C

For patients with AF without mechanical heart valves who require interruption of warfarin or newer 
anticoagulants for procedures, decisions about bridging therapy (LMWH or uFH) should balance the risks 
of stroke and bleeding and the duration of time a patient will not be anticoagulated

C

Renal function should be evaluated prior to initiation of direct thrombin or factor Xa inhibitors and should be 
reevaluated when clinically indicated and at least annually

B

For patients with atrial flutter, antithrombotic therapy is recommended according to the same risk profile 
used for AF

C

iia For patients with nonvalvular AF and a CHA
2
DS

2
‐VASc score of 0, it is reasonable to omit antithrombotic 

therapy
B

For patients with nonvalvular AF with a CHA
2
DS

2
‐VASc score of ≥2 and who have end‐stage CKD 

(creatinine clearance [CrCl] <15 ml/min) or are on hemodialysis, it is reasonable to prescribe warfarin 
(iNR, 2.0–3.0) for oral anticoagulation

B

iib For patients with nonvalvular AF and a CHA
2
DS

2
‐VASc score of 1, no antithrombotic therapy or treatment 

with an oral anticoagulant or aspirin may be considered
C

For patients with nonvalvular AF and moderate‐to‐severe CKD with CHA
2
DS

2
‐VASc scores of ≥2, treatment 

with reduced doses of direct thrombin or factor Xa inhibitors may be considered (e.g., dabigatran, 
rivaroxaban, or apixaban), but safety and efficacy have not been established

C

in patients with AF undergoing percutaneous coronary intervention, bare‐metal stents may be considered to 
minimize the required duration of dual antiplatelet therapy. Anticoagulation may be interrupted at the time 
of the procedure to reduce the risk of bleeding at the site of peripheral arterial puncture

C

Following coronary revascularization (percutaneous or surgical) in patients with AF and a CHA
2
DS

2
‐VASc 

score of ≥2, it may be reasonable to use clopidogrel (75 mg once daily) concurrently with oral 
anticoagulants but without aspirin

B

iii (no benefit) The direct thrombin inhibitor dabigatran and the factor Xa inhibitor rivaroxaban are not recommended in 
patients with AF and end‐stage CKD or on hemodialysis because of the lack of evidence from clinical trials 
regarding the balance of risks and benefits

C

iii (harm) The direct thrombin inhibitor dabigatran should not be used in patients with AF and a mechanical heart valve 
due to increased risk of thromboembolic and bleeding events in such setting

B

a CHA2DS2‐VASc score is a commonly used score system for estimating the risk of stroke by considering the risk factors of stroke including congestive heart 
failure/left ventricular dysfunction, hypertension, age ≥75 (doubled), diabetes, stroke (doubled)–vascular disease, age 65–74, and sex category (female) [12].
CoR and Loe stand for class of recommendation and level of evidence, respectively (see Chapter 5 for definitions).
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annually, with the most widely used estimates in the range of 
300,000–350,000 SCDs annually. The variation is due, in 
part, to the inclusion criteria used in individual studies. 
overall, event rates in europe are similar to those in the 
united States, also with significant geographic variations 
reported [17, 18].

25.4.2 General Principles of Management of ventricular 
arrhythmias

25.4.2.1 Selection of Management Strategies The selection 
of appropriate therapy for the management of ventricular 
arrhythmias (e.g., PVCs, nonsustained VT, sustained mono
morphic and polymorphic VT, and ventricular flutter/VF) 

requires an understanding of the etiology and mechanism of 
the arrhythmias, an appreciation of the associated medical 
conditions that may contribute to and/or exacerbate the arrhyth
mias, the risk posed by the arrhythmias, and risk‐to‐benefit 
aspects of the selected therapy. Management of symptomatic 
ventricular arrhythmias may involve (i) discontinuation of 
offending proarrhythmic drugs and other eliciting agents, 
(ii) pharmacological therapy with antiarrhythmic agents, and 
(iii) nonpharmacological approaches, such as implantable 
devices, ablation, and surgery. Due to the limited efficacy as 
well as significant adverse effects of antiarrhythmic drugs, in 
recent years, the nonpharmacological approaches have been 
becoming the mainstay of therapy, especially for severe forms 
of ventricular arrhythmias.

table 25.4 the 2014 aha/acc/hrs guideline recommendations on rate control in patients with af [7]

CoR Recommendation Loe

i Control of the ventricular rate using a β‐blocker or nondihydropyridine CCB is recommended for patients with 
paroxysmal, persistent, or permanent AF

B

intravenous administration of a β‐blocker or nondihydropyridine CCB is recommended to slow the ventricular heart 
rate in the acute setting in patients without preexcitation. in hemodynamically unstable patients, electrical 
cardioversion is indicated

B

in patients who experience AF‐related symptoms during activity, the adequacy of heart rate control should be 
assessed during exertion, adjusting pharmacological treatment as necessary to keep the ventricular rate within the 
physiological range

C

iia A heart rate control (resting heart rate <80 beats/min) strategy is reasonable for symptomatic management of AF B
intravenous amiodarone can be useful for rate control in critically ill patients without preexcitation B
AV nodal ablation with permanent ventricular pacing is reasonable to control the heart rate when pharmacological 

therapy is inadequate and rhythm control is not achievable
B

iib A lenient rate‐control strategy (resting heart rate <110 beats/min) may be reasonable as long as patients remain 
asymptomatic and left ventricular (LV) systolic function is preserved

B

oral amiodarone may be useful for ventricular rate control when other measures are unsuccessful or contraindicated C
iii (harm) AV nodal ablation with permanent ventricular pacing should not be performed to improve rate control without prior 

attempts to achieve rate control with medications
C

Nondihydropyridine CCBs should not be used in patients with decompensated HF as these may lead to further 
hemodynamic compromise

C

in patients with preexcitation and AF, digoxin, nondihydropyridine CCBs, or intravenous amiodarone should not be 
administered as they may increase the ventricular response and may result in ventricular fibrillation

B

Dronedarone should not be used to control the ventricular rate in patients with permanent AF as it increases the risk 
of the combined endpoint of stroke, myocardial infarction, systemic embolism, or cardiovascular death

B

CoR and Loe stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).

table 25.5 the 2014 aha/acc/hrs guideline recommendations on pharmacological cardioversion in patients with af [7]

CoR Recommendation Loe

i Flecainide, dofetilide, propafenone, and intravenous ibutilide are useful for pharmacological cardioversion of AF or 
AFL provided contraindications to the selected drug are absent

A

iia Administration of oral amiodarone is a reasonable option for pharmacological cardioversion of AF A
Propafenone or flecainide (“pill in the pocket”) in addition to a β‐blocker or nondihydropyridine CCB is reasonable to 

terminate AF outside the hospital once this treatment has been observed to be safe in a monitored setting for 
selected patients

B

iii (harm) Dofetilide therapy should not be initiated out of hospital owing to the risk of excessive QT prolongation that can cause 
torsades de pointes

B

CoR and Loe stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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25.4.2.2 General Principles of Antiarrhythmic Drug 
Therapy

25.4.2.2.1 Potential Proarrhythmic Activity of 
Antiarrhythmic Drugs With the exception of β‐blockers, 
the currently available antiarrhythmic drugs have not been 
shown in randomized clinical trials to be effective in the 
primary management of patients with life‐threatening 
ventricular arrhythmias or in the prevention of SCD. As a 
general rule, antiarrhythmic agents may be effective as 
adjunctive therapy in the management of arrhythmia‐prone 
patients under special circumstances. Because of potential 
adverse effects (proarrhythmic activity) of the available 
antiarrhythmic drugs, these agents must be used with 
caution. in this context, as discussed in Chapter 24, many of 
the antiarrhythmic agents have the potential to precipitate 
life‐threatening ventricular tachyarrhythmias.

β‐Blockers as Effective Antiarrhythmic Drugs β‐Blockers 
are effective in suppressing ventricular ectopic beats and 
arrhythmias as well as in reducing SCD in a spectrum of 
cardiac disorders in patients with and without HF. in patients 
with acute myocardial infarction, early (within 24 h of 
presentation) administration of β‐blockers is associated with 
a reduction in the incidence of VF and is recommended for 
all patients without contraindications [19]. β‐Blockers are 
safe and effective antiarrhythmic agents that can be 
considered the mainstay of antiarrhythmic drug therapy. The 

mechanism of antiarrhythmic efficacy of this class of drugs 
involves competitive inhibition of β‐adrenergic receptor 
activation‐induced increases in automaticity and conduction 
velocity, as well as shortening of refractory period, thereby 
leading to reduced reentry (see Chapters 8 and 24).

Amiodarone as a Major Antiarrhythmic Drug Amiodarone 
has a spectrum of actions that include blockage of potassium 
repolarization currents that can inhibit or terminate ventricular 
arrhythmias by suppressing reentry. The overall long‐term 
survival benefit from amiodarone is controversial, with most 
studies showing no clear advantage over placebo. Chronic 
administration of amiodarone is associated with complex 
drug interactions and a number of adverse effects involving 
the lung, liver, thyroid, and skin. As a general rule, the longer 
the therapy and the higher dose of amiodarone, the greater is 
the likelihood that adverse effects will require discontinuance 
of the drug. A meta‐analysis of 15 randomized controlled 
trials involving 8522 patients suggests that amiodarone 
reduces the risk of SCD by 29% and may represent a viable 
alternative in patients who are not eligible for or who do not 
have access to iCD therapy for the prevention of SCD. 
However, the meta‐analysis also reveals that amiodarone 
therapy is neutral with respect to all‐cause mortality and is 
associated with a two‐ and fivefold increased risk of 
pulmonary and thyroid toxicity, respectively [20]. 
Nevertheless, amiodarone is still a viable option for the 
management of life‐threatening VTs and cardiac arrest [21].

table 25.6 the 2014 aha/acc/hrs guideline recommendations on antiarrhythmic drugs to maintain sinus rhythms in patients 
with af [7]

CoR Recommendation Loe

i Before initiating antiarrhythmic drug therapy, treatment of precipitating or reversible causes of AF is recommended C
The following antiarrhythmic drugs are recommended in patients with AF to maintain sinus rhythm, depending on 

underlying heart disease and comorbidities:
1. Amiodarone
2. Dofetilide
3. Dronedarone
4. Flecainide
5. Propafenone
6. Sotalol

A

The risks of the antiarrhythmic drug, including proarrhythmias, should be considered before initiating therapy with 
each drug

C

owing to its potential toxicities, amiodarone should only be used after consideration of risks and when other agents 
have failed or are contraindicated

C

iia A rhythm‐control strategy with pharmacological therapy can be useful in patients with AF for the treatment of 
tachycardia‐induced cardiomyopathy

C

iib it may be reasonable to continue current antiarrhythmic drug therapy in the setting of infrequent, well‐tolerated 
recurrences of AF, when the drug has reduced the frequency or symptoms of AF

C

iii (harm) Antiarrhythmic drugs for rhythm control should not be continued when AF becomes permanent (Loe, C), including 
dronedarone (Loe, B)

Dronedarone should not be used for treatment of AF in patients with New york Heart Association (NyHA) class iii 
and iV HF or patients who have had an episode of decompensated HF in the past 4 weeks

B

CoR and Loe stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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table 25.7 the 2014 aha/acc/hrs guideline recommendations on the management of af in patients with additional specific 
conditions [7]

CoR Recommendation Loe

Patients with hypertrophic cardiomyopathy (HCM)
i Anticoagulation is indicated in patients with HCM with AF independent of the CHA

2
DS

2
‐VASc scorea B

iia Antiarrhythmic medications can be useful to prevent recurrent AF in patients with HCM. Amiodarone or 
disopyramide combined with a β‐blocker or an nondihydropyridine CCB is a reasonable therapy

C

AF catheter ablation can be beneficial in patients with HCM in whom a rhythm‐control strategy is desired 
when antiarrhythmic drugs fail or are not tolerated

B

iib Sotalol, dofetilide, and dronedarone may be considered for a rhythm‐control strategy in patients with HCM C
Patients with ACS
i urgent direct‐current cardioversion of new‐onset AF in the setting of ACS is recommended for patients with 

hemodynamic compromise, ongoing ischemia, or inadequate rate control
C

intravenous β‐blockers are recommended to slow a rapid ventricular response to AF in patients with ACS 
who do not display HF, hemodynamic instability, or bronchospasm

C

For patients with ACS and AF with CHA
2
DS

2
‐VASc score of ≥2, anticoagulation with warfarin is 

recommended unless contraindicated
C

iib Administration of amiodarone or digoxin may be considered to slow a rapid ventricular response in patients 
with ACS and AF associated with severe LV dysfunction and heart failure (HF) or hemodynamic 
instability

C

Administration of nondihydropyridine CCBs might be considered to slow a rapid ventricular response in 
patients with ACS and AF only in the absence of significant HF or hemodynamic instability

C

Patients with hyperthyroidism
i β‐Blockers are recommended to control ventricular rate in patients with AF complicating thyrotoxicosis 

unless contraindicated
C

in circumstances in which a β‐blocker cannot be used, a nondihydropyridine CCB is recommended to 
control the ventricular rate

C

Patients with pulmonary diseases
i A nondihydropyridine CCB is recommended to control the ventricular rate in patients with AF and chronic 

obstructive pulmonary disease
C

Direct‐current cardioversion should be attempted in patients with pulmonary disease who become 
hemodynamically unstable as a consequence of new‐onset AF

C

Patients with WPW and preexcitation syndromes
i Prompt direct‐current cardioversion is recommended for patients with AF, WPW, and rapid ventricular 

response who are hemodynamically compromised
C

intravenous procainamide or ibutilide to restore sinus rhythm or slow the ventricular rate is recommended 
for patients with preexcited AF and rapid ventricular response who are not hemodynamically 
compromised

C

Catheter ablation of the accessory pathway is recommended in symptomatic patients with preexcited 
AF, especially if the accessory pathway has a short refractory period that allows rapid antegrade 
conduction

C

iii (harm) Administration of intravenous amiodarone, adenosine, digoxin (oral or intravenous), or nondihydropyridine 
CCBs (oral or intravenous) in patients with WPW syndrome who have preexcited AF is potentially 
harmful as they accelerate the ventricular rate

B

Patients with HF
i Control of resting heart rate using either a β‐blocker or a nondihydropyridine CCB is recommended 

for patients with persistent or permanent AF and compensated HF with preserved ejection fraction 
(HF‐PeF)

B

in the absence of preexcitation, intravenous β‐blocker administration (or a nondihydropyridine CCB in 
patients with HF‐PeF) is recommended to slow the ventricular response to AF in the acute setting, with 
caution needed in patients with overt congestion, hypotension, or HF with reduced ejection fraction 
(HF‐ReF)

B

in the absence of preexcitation, intravenous digoxin or amiodarone is recommended to control heart rate 
acutely in patients with HF

B

Assessment of heart rate control during exercise and adjustment of pharmacological treatment to keep the 
rate in the physiological range is useful in symptomatic patients during activity

C

Digoxin is effective to control resting heart rate in patients with HF‐ReF C
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Indications for Antiarrhythmic Drug Therapy Antiarrhythmic 
drugs may be indicated under various conditions, including (i) 
patients with ventricular tachyarrhythmias who do not meet 
criteria for an iCD, (ii) patients with iCDs who have recurrent 
VT/VF with frequent appropriate iCD firing, and (iii) patients 
with iCDs who have paroxysmal or chronic AF with rapid 
rates and inappropriate iCD [17].

For patients with ventricular tachyarrhythmias who do 
not meet criteria for an iCD, β‐blockers are the first‐line 
therapy. if the β‐blocker therapy at full therapeutic dose is 
not effective, amiodarone or sotalol can be selected with 
monitoring for adverse effects during administration.

For patients with iCDs who have recurrent VT/VF with fre
quent appropriate iCD firing, if the condition is in its extreme 

(also known as defibrillator storm or tachycardia storm), it 
requires the addition of antiarrhythmic drugs and/or catheter 
ablation for control of the recurrent VT and associated iCD 
shocks. The class iii agent sotalol is effective in suppressing 
atrial and ventricular arrhythmias. The combination of β‐
blockers and amiodarone is an alternative approach. Because 
many such patients have low LVeF and poor renal function, 
amiodarone and β‐blockers rather than sotalol can be the first‐
line therapy for defibrillator storm. Sotalol should be avoided 
in patients with severely depressed LV function or significant 
HF due to its negative inotropic effect.

For patients with iCDs who have paroxysmal or chronic 
AF with rapid rates and inappropriate iCD, it is essential 
to  control the rapid ventricular response to atrial 

CoR Recommendation Loe

iia A combination of digoxin and a β‐blocker (or a nondihydropyridine CCB for patients with HF‐PeF) is 
reasonable to control resting and exercise heart rate in patients with AF

B

it is reasonable to perform AV node ablation with ventricular pacing to control heart rate when 
pharmacological therapy is insufficient or not tolerated

B

intravenous amiodarone can be useful to control the heart rate in patients with AF when other measures are 
unsuccessful or contraindicated

C

For patients with AF and rapid ventricular response causing or suspected of causing tachycardia‐induced 
cardiomyopathy, it is reasonable to achieve rate control by either AV nodal blockade or a rhythm‐control strategy

B

For patients with chronic HF who remain symptomatic from AF despite a rate‐control strategy, it is 
reasonable to use a rhythm‐control strategy

C

iib oral amiodarone may be considered when resting and exercise heart rate cannot be adequately controlled using 
a β‐blocker (or a nondihydropyridine CCB in patients with HF‐PeF) or digoxin, alone or in combination

C

AV node ablation may be considered when the rate cannot be controlled and tachycardia‐mediated 
cardiomyopathy is suspected

C

iii (harm) AV node ablation should not be performed without a pharmacological trial to achieve ventricular rate control C
For rate control, intravenous nondihydropyridine CCBs, intravenous β‐blockers, and dronedarone should not 

be administered to patients with decompensated HF
C

Patients of postoperative cardiac and thoracic surgery
i Treating patients who develop AF after cardiac surgery with a β‐blocker is recommended unless contraindicated A

A nondihydropyridine CCB is recommended when a β‐blocker is inadequate to achieve rate control in 
patients with postoperative AF

B

iia Preoperative administration of amiodarone reduces the incidence of AF in patients undergoing cardiac 
surgery and is reasonable as prophylactic therapy for patients at high risk for postoperative AF

A

it is reasonable to restore sinus rhythm pharmacologically with ibutilide or direct‐current cardioversion in 
patients who develop postoperative AF, as advised for nonsurgical patients

B

it is reasonable to administer antiarrhythmic medications in an attempt to maintain sinus rhythm in patients 
with recurrent or refractory postoperative AF, as advised for other patients who develop AF

B

it is reasonable to administer antithrombotic medication in patients who develop postoperative AF, as 
advised for nonsurgical patients

B

it is reasonable to manage well‐tolerated, new‐onset postoperative AF with rate control and anticoagulation 
with cardioversion if AF does not revert spontaneously to sinus rhythm during follow‐up

C

iib Prophylactic administration of sotalol may be considered for patients at risk of developing AF following 
cardiac surgery

B

Administration of colchicinea may be considered for patients postoperatively to reduce AF following cardiac 
surgery

B

a CHA2DS2‐VASc score: see note to Table 25.3.
b A randomized controlled trial suggested an efficacy for colchicine in reducing postoperative atrial fibrillation likely due to its anti‐inflammatory activity [13]. 
in this regard, inflammation plays an important role in the pathogenesis of postoperative atrial fibrillation [14].
CoR and Loe stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).

table 25.7 (Continued)
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tachyarrhythmias. To this end, combination therapy with a 
β‐blocker and a nondihydropyridine CCB is useful. 
Amiodarone can be used for rate control if other therapies are 
contraindicated, not tolerated, or ineffective. Ablation of the 
AV node may be required when pharmacological therapy fails.

25.4.3 Guideline recommendations for 
the Management of ventricular arrhythmias

The ACC/AHA/eSC 2006 guideline for the management of 
patients with ventricular arrhythmias and the prevention of 
SCD provides a comprehensive coverage on the management 
of various forms of ventricular arrhythmias. in particular, the 
guideline addresses acute management of specific ventricular 
arrhythmias, including (i) ventricular tachyarrhythmias (e.g., 
sustained monomorphic VT, repetitive monomorphic VT, 

polymorphic VT, incessant VT, and torsades de pointes) and 
(ii) VF/SCA. in addition, the guideline also addresses general 
management of ventricular arrhythmias associated with specific 
diseases and conditions, including cardiomyopathies, HF, 
genetic disorders, and drug toxicities. This section considers 
primarily the guideline recommendations on drug therapy for 
the above conditions. it is worth repeating that nonpharmaco
logical approaches take a more important part in the management 
of cardiac arrhythmias, including ventricular dysrhythmias.

25.4.3.1 Acute Management of Specific Ventricular 
Arrhythmias

25.4.3.1.1 Acute Management of Ventricular 
Tachyarrhythmias The guideline recommendations on drug 
therapy in the acute management of various forms of 

table 25.8 the 2006 acc/aha/esc guideline recommendations on drug therapy in the acute management of various forms 
of ventricular tachyarrhythmias [17]

CoR Recommendation Loe

Sustained monomorphic VT
iia intravenous procainamide is reasonable for initial treatment of patients with stable sustained monomorphic VT B

intravenous amiodarone is reasonable in patients with sustained monomorphic VT that is hemodynamically unstable, 
refractory to conversion with countershock, or recurrent despite treatment with procainamide or other agents

C

iib intravenous lidocaine might be reasonable for the initial treatment of patients with stable sustained monomorphic VT 
specifically associated with acute myocardial ischemia or infarction

C

iii CCBs, such as verapamil and diltiazem, should not be used in patients to terminate wide QRS complex tachycardia of 
unknown origin, especially in patients with a history of myocardial dysfunction

C

Repetitive monomorphic VT
iia intravenous amiodarone, β‐blockers, and intravenous procainamide can be useful for treating repetitive monomorphic  

VT in the context of coronary artery disease and idiopathic VT
C

Polymorphic VT
i intravenous β‐blockers are useful for patients with recurrent polymorphic VT, especially if ischemia is suspected or cannot 

be excluded
B

intravenous loading with amiodarone is useful for patients with recurrent polymorphic VT in the absence of abnormal 
repolarization related to congenital or acquired long QT syndrome (LQTS)

C

iib intravenous lidocaine may be reasonable for treatment of polymorphic VT specifically associated with acute myocardial 
ischemia or infarction

C

incessant VT
i Revascularization and β‐blockade followed by intravenous antiarrhythmic drugs, such as procainamide or amiodarone, are 

recommended for patients with recurrent or incessant polymorphic VT due to acute myocardial ischemia
C

iia intravenous amiodarone or procainamide followed by VT ablation can be effective in the management of patients with 
frequently recurring or incessant monomorphic VT

B

iib intravenous amiodarone and intravenous β‐blockers separately or together may be reasonable in patients with VT storm C
Torsades de pointes
iia Management with intravenous magnesium sulfate is reasonable for patients who present with LQTS and few episodes of 

torsades de pointes. Magnesium is not likely to be effective in patients with a normal QT interval
B

β‐Blockade combined with pacing is reasonable acute therapy for patients who present with torsades de pointes and sinus 
bradycardia

C

isoproterenol is reasonable as temporary treatment in acute patients who present with recurrent pause‐dependent torsades 
de pointes who do not have congenital LQTS

B

iib Potassium repletion to 4.5–5 mM may be considered for patients who present with torsades de pointes B
intravenous lidocaine or oral mexiletine may be considered in patients who present with LQT3 and torsades de pointes. 

LQT3 is one of the three most common forms of LQTS (LQT1, LQT2, and LQT3)
C

CoR and Loe stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).
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ventricular tachyarrhythmias are summarized in Table 25.8. 
The reader is advised to refer to the full guideline document 
for details on nonpharmacological treatment approaches [17].

Acute Management of SCA Cardiac arrest can be caused by 
VF, pulseless VT, pulseless electric activity, and ventricular 
asystole, with VF and pulseless VT being the most common 
causes. Survival from these cardiac arrest rhythms requires both 
basic life support and a system of advanced cardiovascular life 
support (ACLS) with integrated post‐cardiac arrest care. The 
foundation of successful ACLS is high‐quality cardiopulmonary 
resuscitation (CPR) and, for VF/pulseless VT, attempted 
defibrillation within minutes of collapse. For victims of 
witnessed VF arrest, early CPR and rapid defibrillation can 
significantly increase the chance for survival to hospital 
discharge. on the other hand, other ACLS therapies, such as 
drug therapy and advanced airway management, although 
associated with an increased rate of return of spontaneous 
circulation (RoSC), have not been conclusively shown to 
increase the rate of survival to hospital discharge [22].

To facilitate evidence‐based management of cardiac 
arrest, the AHA has published its 2010 guideline for CPR 
and emergency cardiovascular care [22]. As compared with 
the 2005 ACLS guideline [23], the 2010 guideline incorpo
rates several key changes, including that (i) continuous 
quantitative waveform capnography is recommended for 
confirmation and monitoring of endotracheal tube placement; 
(ii) cardiac arrest algorithms are simplified and redesigned 
to emphasize the importance of high‐quality CPR (including 
chest compressions of adequate rate and depth, allowing 
complete chest recoil after each compression, minimizing 
interruptions in chest compressions, and avoiding excessive 
ventilation); (iii) atropine is no longer recommended for rou
tine use in the management of pulseless electrical activity and 
ventricular asystole; (iv) there is an increased emphasis on 
physiologic monitoring to optimize CPR quality and detect 
RoSC; (v) chronotropic drug (e.g., epinephrine) infusions 
are recommended as an alternative to pacing in symptomatic 
and unstable bradycardia; and (vi) adenosine is recommended 
as a safe and potentially effective therapy in the initial 
management of stable undifferentiated regular monomorphic 
wide complex tachycardia [22].

This section considers primarily the guideline recommenda
tions on drug therapy in VF/pulseless VT. in this context, the 
2010 AHA guideline recommendations include that (i) when 
VF/pulseless VT persists after at least 1 shock and a 2 min CPR 
period, a vasopressor can be given with the primary goal of 
increasing myocardial blood flow during CPR and achieving 
RoSC (class iib; Loe, A); (ii) amiodarone is the first‐line anti
arrhythmic agent given during cardiac arrest because it has been 
clinically demonstrated to improve the rate of RoSC and 
hospital admission in adults with refractory VF/pulseless VT—
amiodarone may be considered when VF/VT is unresponsive to 
CPR, defibrillation, and vasopressor therapy (class iib; Loe, A); 

(iii) if amiodarone is unavailable, lidocaine may be considered, 
but in clinical studies, lidocaine has not been demonstrated to 
improve rates of RoSC and hospital admission compared with 
amiodarone (class iib; Loe, B); and (iv) magnesium sulfate 
should be considered only for torsades de pointes associated 
with a long QT interval (class iib; Loe, B) [23].

25.4.3.2 Management of Ventricular Arrhythmias Associated 
with Specific Diseases and Conditions in addition to the acute 
management of ventricular arrhythmias, the ACC/AHA/
eSC 2006 guideline also provides recommendations on the 
management of ventricular arrhythmias associated with car
diomyopathies (e.g., nonischemic dilated, hypertrophic, and 
arrhythmogenic right ventricular cardiomyopathies), heart 
failure, genetic syndromes (e.g., LQTS, Brugada syndrome, and 
catecholaminergic polymorphic VT), idiopathic VT, and drug 
toxicities (e.g., digitalis toxicity, drug‐induced LQTS, and 
sodium channel blocker‐related toxicity). The major guideline 
recommendations on drug therapy for the above diseases and 
conditions are summarized in Table 25.9.

25.5 suMMary Of chaPter Key POints

 • Treatment of arrhythmias has been evolving from the pri
mary use of drugs to the use of nonpharmacological 
devices in combination with drug therapy when necessary.

 • The fundamental goal of therapy for cardiac arrhythmias is 
twofold: to improve symptoms of the patients and to prevent 
potentially serious outcomes, especially life‐threatening 
ventricular arrhythmias and sudden death.

 • Stroke prevention in patients with AF and AFL is an 
important treatment objective.

 • The 2003 ACC/AHA/eSC guideline for the management 
of patients with supraventricular arrhythmias is the most 
comprehensive guidance that provides treatment recom
mendations for various forms of supraventricular arrhyth
mias (excluding AF).

 • Due to the high prevalence of AF and its role in ischemic 
stroke, management of this particular supraventricular 
arrhythmia is often addressed separately.

 • Management of patients with AF involves three goals: 
prevention of thromboembolism, heart rate control, and 
correction of the rhythm disturbance. These three goals 
are not mutually exclusive.

 • The 2014 AHA/ACC/HRS guideline on the management 
of AF is a comprehensive document that provides evi
dence‐based recommendations for prevention of throm
boembolism, rate control, and rhythm control. it also 
addresses management of AF in specific patient groups, 
including HCM, ACS, hyperthyroidism, CoPD, WPW 
syndrome, heart failure, and postoperative cardiac and 
thoracic surgery.
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table 25.9 the acc/aha/esc 2006 guideline recommendations on drug therapy of ventricular arrhythmias associated with 
specific diseases and conditions [16]

CoR Recommendation Loe

Dilated cardiomyopathy (nonischemic)
iib Amiodarone may be considered for sustained ventricular tachycardia (VT) or VF in patients with nonischemic 

cardiomyopathy
C

Hypertrophic cardiomyopathy (HCM)
iia Amiodarone therapy can be effective for treatment in patients with HCM with a history of sustained VT and/or VF when an 

iCD is not feasible
C

iib Amiodarone may be considered for primary prophylaxis against SCD in patients with HCM who have 1 or more major risk 
factor for SCD if iCD implantation is not feasible. The major risk factors for SCD include cardiac arrest, spontaneous 
sustained VT, family history of premature sudden death, unexplained syncope, left ventricular thickness ≥30 mm, 
abnormal exercise blood pressure, and nonsustained spontaneous VT

C

Arrhythmogenic right ventricular cardiomyopathy (ARVC)
iia Amiodarone or sotalol can be effective for treatment of sustained VT or VF in patients with ARVC when iCD implantation 

is not feasible
C

Heart failure (HF)
i Amiodarone, sotalol, and/or other β‐blockers are recommended pharmacological adjuncts to iCD therapy to suppress 

symptomatic ventricular tachyarrhythmias (both sustained and nonsustained) in otherwise optimally treated patients with 
HF

C

Amiodarone is indicated for the suppression of acute hemodynamically compromising ventricular or supraventricular 
tachyarrhythmias when cardioversion and/or correction of reversible causes has failed to terminate the arrhythmia or 
prevent its early recurrence

B

iib Amiodarone, sotalol, and/or β‐blockers may be considered as pharmacological alternatives to iCD therapy to suppress 
symptomatic ventricular tachyarrhythmias (both sustained and nonsustained) in optimally treated patients with HF for 
whom iCD therapy is not feasible

C

Long QT syndrome (LQTS)
i β‐Blockers are recommended for patients with an LQTS clinical diagnosis (i.e., in the presence of prolonged QT interval) B

implantation of an iCD along with the use of β‐blockers is recommended for LQTS patients with previous cardiac arrest 
and who have reasonable expectation of survival with a good functional status or >1 year

B

iia β‐Blockers can be effective to reduce SCD in patients with a molecular LQTS analysis and normal QT interval B
implantation of an iCD with continued use of β‐blockers can be effective to reduce SCD in LQTS patients experiencing 

syncope and/or VT while receiving β‐blockers and who have reasonable expectation of survival with a good functional 
status for >1 year

b

iib implantation of an iCD with the use of β‐blockers may be considered for prophylaxis of SCD for patients in categories 
possibly associated with higher risk of cardiac arrest such as LQT2 and LQT3 and who have reasonable expectation of 
survival with a good functional status for >1 year

B

Brugada syndrome
iib Quinidine might be reasonable for the treatment of electrical storm in patients with Brugada syndrome C
Catecholaminergic polymorphic ventricular tachycardia (CPVT)
i β‐Blockers are indicated for patients who are clinically diagnosed with CPVT on the basis of the presence of spontaneous 

or documented stress‐induced ventricular arrhythmias
C

implantation of an iCD with the use of β‐blockers is indicated for patients with CPVT who are survivors of cardiac arrest 
and who have reasonable expectation of survival with a good functional status for >1 year

C

iia β‐Blockers can be effective in patients without clinical manifestations when the diagnosis of CPVT is established during 
childhood based on genetic analysis

C

implantation of an iCD with the use of β‐blockers can be effective for affected patients with CPVT with syncope and/or 
documented sustained VT while receiving β‐blockers and who have reasonable expectation of survival with a good 
functional status for >1 year

C

iib β‐Blockers may be considered for patients with CPVT who were genetically diagnosed in adulthood and never manifested 
clinical symptoms of tachyarrhythmias

C

idiopathic VT
iia Drug therapy with β‐blockers and/or calcium channel blockers (and/or iC agents in right ventricular outflow tract VT) can 

be useful in patients with structurally normal hearts with symptomatic VT arising from the right ventricle
C

Digitalis toxicity
i An antidigitalis antibody is recommended for patients who present with sustained ventricular arrhythmias, advanced AV 

block, and/or asystole that are considered due to digitalis toxicity
A
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 • Management of symptomatic ventricular arrhythmias may 
involve discontinuation of offending proarrhythmic drugs 
and other eliciting agents, pharmacological therapy with 
antiarrhythmic agents, and nonpharmacological approaches, 
such as implantable devices, ablation, and surgery.

 • Due to the limited efficacy in treating ventricular arrhyth
mias as well as significant adverse effects of antiar
rhythmic drugs, in recent years, the nonpharmacological 
approaches have been becoming the mainstay of therapy, 
especially for severe forms of ventricular arrhythmias.

 • With the exception of β‐blockers, the currently avail
able antiarrhythmic drugs have not been shown in 
randomized clinical trials to be effective in the primary 
management of patients with life‐threatening ventric
ular arrhythmias or in the prevention of SCD. As a gen
eral rule, antiarrhythmic agents may be effective as 
adjunctive therapy in the management of arrhythmia‐
prone patients under special circumstances.

 • β‐Blockers are effective in suppressing ventricular 
ectopic beats and arrhythmias as well as in reducing 
SCD in a spectrum of cardiac disorders in patients with 
and without HF. in patients with acute myocardial 
infarction, early (within 24 h of presentation) 
administration of β‐blockers is associated with a 
reduction in the incidence of VF and is thus recom
mended for all patients without contraindications.

 • Amiodarone reduces the risk of SCD and may represent a 
viable alternative in patients who are not eligible for or 
who do not have access to iCD therapy for the prevention 

of SCD. The 2010 AHA guideline for CPR and emergency 
cardiovascular care suggests that amiodarone be used 
when VF/VT is unresponsive to CPR, defibrillation, and 
vasopressor therapy. Amiodarone may also be useful for 
other forms of ventricular arrhythmias associated with 
specific diseases and conditions.

25.6 self‐assessMent QuestiOns

25.6.1.  A 46‐year‐old male is brought to the emergency 
department because of palpitation. Physical exam 
reveals a heart rate of 105 beats/min. electrocar
diography indicates that he is having atrial fibrillation. 
He is otherwise healthy. Which of the following 
electrophysiological changes is most likely responsible 
for his condition?
A. early and late afterdepolarization in AV node
B. QT prolongation in atrial tissue
C. Focal triggering and reentry in the atrial tissue
D. Reentry in the AV node
e. Reentry in the ventricular tissue

25.6.2. A 66‐year‐old diabetic female is diagnosed with per
sistent atrial fibrillation (AF). This diagnosis is based 
on which of the following criteria?
A. Continuous AF that is sustained for over 12 h
B. Continuous AF that is sustained for over 24 h
C. Continuous AF that is sustained for over 3 days
D. Continuous AF that is sustained for over 5 days
e. Continuous AF that is sustained for over 7 days

CoR Recommendation Loe

iia Magnesium or pacing is reasonable for patients who take digitalis and present with severe toxicity (sustained ventricular 
arrhythmias, advanced AV block, and/or asystole)

C

iii Management by lidocaine or phenytoin is not recommended for patients taking digitalis and who present with severe 
toxicity (sustained ventricular arrhythmias, advanced AV block, and/or asystole)

C

Drug‐induced LQTS
i in patients with drug‐induced LQTS, removal of the offending agent is indicated A
iia Management with intravenous magnesium sulfate is reasonable for patients who take QT‐prolonging drugs and present 

with few episodes of torsades de pointes in which the QT remains long
B

Atrial or ventricular pacing or isoproterenol is reasonable for patients taking QT‐prolonging drugs who present with 
recurrent torsades de pointes

B

iib Potassium ion repletion to 4.5–5 mM may be reasonable for patients who take QT‐prolonging drugs and present with few 
episodes of torsades de pointes in whom the QT remains long

C

Sodium channel blocker‐related toxicity
i in patients with sodium channel blocker‐related toxicity, removal of the offending agent is indicated A
iia Stopping the drug, reprogramming the pacemaker, or repositioning leads can be useful in patients taking sodium channel 

blockers who present with elevated defibrillation thresholds or pacing requirement
C

in patients taking sodium channel blockers who present with atrial flutter with 1:1 AV conduction, withdrawal of the 
offending agent is reasonable. if the drug needs to be continued, additional AV nodal blockade with diltiazem, verapamil, 
or β‐blocker or AFL ablation can be effective

C

iib Administration of a β‐blocker and a sodium bolus may be considered for patients taking sodium channel blockers if the 
tachycardia becomes more frequent or more difficult to cardiovert

C

CoR and Loe stand for class of recommendation and level of evidence, respectively (see Chapter 5 for description).

table 25.9 (Continued)
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25.6.3. A 70‐year‐old female presents to the physician’s 
office complaining of frequent episodes of palpita
tions. History reveals that she has hypertension and 
chronic kidney disease of 10 and 6 years of duration, 
respectively. She is diagnosed with paroxysmal 
atrial fibrillation with a CHA

2
DS

2
‐VASc score of 2. 

Which of the following drugs would be most appro
priately prescribed to prevent stroke in this patient?
A. Amodarine
B. Aspirin
C. Digoxin
D. Diltiazem
e. Warfarin

25.6.4. A 58‐year‐old patient with a mechanical heart valve 
and atrial fibrillation requires anticoagulation 
therapy to prevent thromboembolism. Which of the 
following drugs would be most suitable?
A. Aspirin
B. Clopidogrel
C. Dabigatran
D. unfractionated heparin
e. Warfarin

25.6.5. A 54‐year‐old male develops ventricular fibrillation 
following an acute myocardial infarction. He is 
unresponsive to cardiopulmonary resuscitation, 
defibrillation, and vasopressor therapy. Which of the 
following drugs would be most suitable for treating 
his condition?
A. Amiodarone
B. Diltiazem
C. ibutilide
D. Lidocaine
e. Quinidine
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26.1 IntroductIon

Stroke, also known as cerebrovascular accident, is arguably the 
most feared cardiovascular event among healthy subjects and 
those with cardiovascular diseases. Stroke as one of the major 
causes of mortality, morbidity, and long‐term disability imposes 
an enormous economic burden both in the United States and 
worldwide. Since stroke is part of cerebrovascular diseases, this 
chapter first defines cerebrovascular diseases and introduces 
the ICD‐10 classification scheme of cerebrovascular diseases. 
The chapter then examines the definition and classification of 
stroke. This chapter also considers the epidemiology and risk 
factors of stroke, which provide a rationale for evidence‐based 
management of this dread cardiovascular disorder. The chapter 
ends with a brief overview of the pathophysiology of ischemic 
stroke (the predominant form of stroke) and the pathophysio
logical basis of drug  targeting in ischemic stroke. Summary of 
the key points of the chapter and case‐based self‐assessment 
questions are provided to facilitate the reader’s understanding 
of the topic and knowledge retention as well as critical thinking.

26.2 defInItIon and classIfIcatIon 
of cerebrovascular dIseases

26.2.1 definition of cerebrovascular diseases

The term cerebrovascular diseases refers to a group of disor
ders of the vasculature that affect the circulation of blood to 
the brain, causing limited or no blood flow to affected areas 
of the brain. As described next, the ICD‐10 classifies cere
brovascular diseases into 10 subgroups: ICD‐10 I60–I69.

26.2.2 the Icd‐10 classification  
of cerebrovascular diseases

The ICD‐10 is the 10th revision of the International 
Statistical Classification of Diseases and Related Health 
Problems (ICD) (also see Chapter 1). The ICD‐10 defines 
the universe of diseases, disorders, injuries, and other 
related health conditions. These entities are listed in a com
prehensive way so that everything is covered. The ICD‐10 
organizes information into standard groupings of diseases. 
Cerebrovascular diseases are listed under Chapter  9 of 
ICD‐10: Diseases of the circulatory system (I00–I99) and 
span from I60 to I69 (Table 26.1).

26.3 defInItIon and classIfIcatIon 
of stroke

A stroke or cerebrovascular accident is defined as an abrupt 
onset of a neurological deficit that occurs as a result of either 
inadequate focal blood flow (ischemic stroke) or hemorrhage 
into the brain tissue (parenchymal or intracerebral hemor
rhage) or surrounding subarachnoid space (subarachnoid 
hemorrhage) (Table 26.1). Focal ischemic stroke is usually 
caused by thrombosis of the cerebral vessels themselves or 
by emboli from a proximal arterial source or the heart. Focal 
ischemic stroke (often simply referred to as ischemic stroke) 
accounts for 87% of all cases. A generalized reduction in 
cerebral blood flow due to systemic hypotension (e.g., car
diogenic shock) usually produces syncope and, in more 
severe instances, results in hypoxic–ischemic encephalop
athy. This condition is, however, not classified as stroke. 

overvIew of IschemIc stroke and 
drug therapy

26
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Another condition related to cerebral ischemia is transient 
ischemic attack (TIA). A TIA is a transient episode of neuro
logical dysfunction caused by focal brain, spinal cord, or ret
inal ischemia, without acute infarction [1]. Although TIA is 
not classified as stroke, patients with TIAs are at high risk of 
early stroke [2]. Because of this, TIA and stroke are fre
quently considered together in treatment guidelines from 
professional organizations, such as the American Heart 
Association/American Stroke Association [3].

26.4 epIdemIology of stroke

Based on the American Heart Association Heart Disease and 
Stroke Statistics, 2013 Update [4], an estimated 6,800,000 
Americans at the age of 20 and over have had a stroke, and 
each year, about 790,500 Americans experience a new or 
recurrent stroke. Approximately 610,000 of these are first 
attacks and 185,000 are recurrent attacks. when considered 
separately from other cardiovascular diseases, stroke ranks 
no. 4 among all causes of death, behind diseases of the heart, 
cancer, and chronic lower respiratory diseases in the United 
States. Stroke mortality as an underlying cause of death in 
2009 was 128,824; any‐mention mortality in 2009 was 
215,864, and the death rate was 38.9 per 100,000. In the 
United States, as with other industrialized countries, stroke 
rates, adjusted for age, declined over the last 30 years. 
However, the aging population implies that absolute num
bers of stroke may stabilize or increase over the next two 
decades. Indeed, assuming no changes in current trends, by 
2030, the prevalence of stroke is projected to increase by 

25%, and the economic costs of stroke will nearly triple [5]. 
Because improvements in medical care are reducing stroke 
mortality even further, the prevalence of adult stroke‐related 
disability is also likely to increase [6]. Additional statistics 
on stroke in the United States are listed in Box 26.1.

In global perspective, continuing industrialization of Asia 
and other regions is increasing unhealthy lifestyles, which 
promote stroke and other cardiovascular diseases. As a result, 
the highest rates of stroke mortality and disability‐adjusted 
life years lost occur in Asia, Russia, and eastern europe. 
Stroke is increasing rapidly in eastern europe and Central 
Asia compared with western europe and the United States. In 
China and other developing countries, rates of stroke and 
other cardiovascular diseases are projected to increase dra
matically due to combination of an aging population and the 
high prevalence of smoking and hypertension. The types of 
stroke are also changing in rapidly developing Asian countries 
such as China, with an increase in ischemic stroke and a 
decline in hemorrhagic stroke to approach patterns seen in 
industrialized countries [7]. worldwide, approximately 16 
million first‐ever strokes occur annually, with a death toll of 
approximately 5.7 million people per year. Due to the 
increasing prevalence of stroke as a result of poorly controlled 
risk factors in low‐ and middle‐income countries, the global 
death toll from stroke is projected to reach approximately 8 
million per year by 2030 [8]. The increasing global burden of 
stroke due to medical care costs and disability warrants 
continued efforts to implement systematic approaches 
including community education on risk factors for stroke and 
their reduction. The next section describes common and 
emerging risk factors for stroke. Understanding stroke risk 

table 26.1 Icd‐10 classification of cerebrovascular 
diseasesa

ICD‐10 code grouping of diseases

I60 Subarachnoid hemorrhage
I61 Intracerebral hemorrhage
I62 Other nontraumatic intracranial hemorrhage
I63 Cerebral infarction
I64 Stroke, not specified as hemorrhage or infarction
I65 Occlusion and stenosis of precerebral arteries, 

not resulting in cerebral infarction
I66 Occlusion and stenosis of cerebral arteries, not 

resulting in cerebral infarction
I67 Other cerebrovascular diseases
I68 Cerebrovascular disorders in diseases classified 

elsewhere
I69 Sequelae of cerebrovascular disease
a ICD‐10 cerebrovascular diseases do not include transient cerebral ischemic 
attacks and related syndromes, traumatic intracranial hemorrhage, and 
vascular dementia. These disorders are classified into other disease groups. 
For example, transient cerebral ischemic attack is included in g45 
“Transient cerebral ischemic attacks and related syndromes” under 
“episodic and paroxysmal disorders” of ICD‐10 Chapter 6—“Diseases of 
the nervous system” (g00–g99).

box 26.1  statIstIcs on stroke In the 
unIted states [4]

•	 On average, a stroke occurs every 40 s.

•	 Stroke is currently the no. 4 cause of death, accounting 
for one of every 19 deaths.

•	 On average, every 4 min, someone dies of stroke.

•	 encouragingly, from 1999 to 2009, the annual stroke 
death rate decreased 36.9% and the actual number of 
stroke deaths declined 22.9%.

•	 Approximately 56% of stroke deaths occur out of the 
hospital.

•	 more women than men die of stroke each year because 
of the large number of elderly women. women 
accounted for almost 60% of stroke deaths in 2009.

•	 Stroke patients >85 years of age (the very elderly) 
make up 17% of all stroke patients.

•	 The direct and indirect cost of stroke in 2009 was $38.6 
billion.



table 26.2 risk factors for stroke

Risk factor Description

modifiable Hypertension Hypertension is by far the most potent risk factor for stroke including both ischemic and 
hemorrhagic strokes. Hypertension causes a two‐ to fourfold increase in the risk of stroke 
before age 80. Of note, prehypertension is also associated with incident stroke

Cigarette smoking Cigarette smoking causes about a twofold increase in the risk of ischemic stroke and up to 
a fourfold increase in the risk of subarachnoid hemorrhagic stroke. Smoking is perhaps 
the most important modifiable risk factor in preventing subarachnoid hemorrhagic 
stroke. Discontinuation of smoking reduces stroke risk across sex, race, and age groups

Heart diseases Common heart disorders such as coronary artery disease, valve defects, irregular heart 
beat (atrial fibrillation), and enlargement of one of the heart’s chambers can result in 
blood clots that may break loose and block vessels in or leading to the brain. Atrial 
fibrillation is a powerful risk factor for stroke, independently increasing risk 
approximately fivefold throughout all ages. Atrial fibrillation, which is more prevalent 
in older people, is responsible for one in four strokes after age 80 and is associated with 
higher mortality and disability

warning signs or history 
of TIA or stroke

If you’ve previously had a TIA or stroke, your risk of having a stroke is many times 
greater than someone who has never had one. The prevalence of TIA in the United 
States is estimated to be at least 5 million people. Approximately 15% of all strokes are 
heralded by a TIA. The short‐term risk of stroke after TIA is approximately 3–10% at 2 
days and 9–17% at 90 days

Diabetes In terms of stroke and cardiovascular diseases, having diabetes is the equivalent of aging 
15 years. Diabetes increases ischemic stroke incidence at all ages. In people with a 
history of TIA or minor stroke, impaired glucose tolerance nearly doubles the stroke 
risk compared with those with normal glucose levels and triples the risks for those with 
diabetes

Cholesterol imbalance People with high blood cholesterol have an increased risk for stroke. Also, it appears that 
a low level of high‐density lipoprotein (HDL) cholesterol is a risk factor for stroke in 
men, but more data are needed to verify its effect in women

Physical inactivity and 
obesity

Obesity and inactivity are associated with hypertension, diabetes, and heart disease. waist 
circumference to hip circumference ratio equal to or above the midvalue for the 
population increases the risk of ischemic stroke threefold. moderate to vigorous 
physical activity is associated with an overall 35% reduction in risk of ischemic stroke 
compared with no physical activity

Chronic kidney disease People with creatinine ≥1.5 mg/dl show an increased risk for stroke. A meta‐analysis of 
>280,000 patients showed a 43% increased incident stroke risk among patients with a 
glomerular filtration rate (gFR) <60 ml/min/1.73 m2 [9]

Sleep apnea Sleep apnea is an independent risk factor for stroke, increasing the risk of stroke or stroke 
mortality twofold

Depression A meta‐analysis of 28 prospective cohort studies (comprising 317,540 participants) 
showed that depression is associated with a 45% increase for total stroke and 55% 
increase for fatal stroke [10]

Air pollution exposure to ambient air pollution, including airborne particulate matter, has been shown 
to be associated with increased mortality of stroke [11]

nonmodifiable Age Stroke occurs in all age groups. The risk of stroke doubles for each decade between the 
ages of 55 and 85. But strokes also can occur in childhood or adolescence

gender men have a higher risk for stroke, but more women die from stroke. men generally do not 
live as long as women, so men are usually younger when they have their strokes and 
therefore have a higher rate of survival

Race People from certain ethnic groups have a higher risk of stroke. For African Americans, 
stroke is more common and more deadly, even in young and middle‐aged adults, than 
for any ethnic or other racial groups in the United States. The age‐adjusted incidence of 
stroke is about twice as high in African Americans and Hispanic Americans as in 
Caucasians

Family history of stroke Stroke seems to run in some families. Several factors may contribute to familial stroke. 
members of a family might have a genetic tendency for stroke risk factors, such as an 
inherited predisposition for hypertension or diabetes. The influence of a common 
lifestyle among family members also could contribute to familial stroke

genetic loci genome‐wide association studies have revealed the association of certain genetic loci 
with an increased risk of stroke [12, 13]
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factors provides a rationale for “stroke systems of care,” a 
comprehensive approach to the care of patients with stroke or 
at high risk of developing stroke (see Chapter 28 for discussion 
of “stroke systems of care”).

26.5 rIsk factors of stroke

The main risk factors for ischemic and hemorrhagic stroke, 
respectively, are well known and can be differentiated into 
nonmodifiable (age, sex, genetic predisposition, ethnicity) 
and modifiable ones (smoking, hypertension, lifestyle factors, 
diabetes) with variations in the impact of specific risk factors 
between hemorrhagic stroke and ischemic stroke [4]. For 
example, atrial fibrillation (AF) is a risk factor for ischemic 
stroke but not for hemorrhagic stroke. The risk factors for 
stroke are similar to those for coronary heart disease. 
Hypertension is by far the most potent risk factor for stroke. 
Table 26.2 summarizes the major risk factors for stroke as 
well as the emerging conditions associated with stroke, such 
as depression [10] and air pollution [14].

26.6 pathophysIology of IschemIc 
stroke and drug targetIng

26.6.1 pathophysiology of Ischemic stroke

Acute occlusion of an intracranial vessel causes reduction of 
blood flow to the brain region that it supplies. A complete 
blockage of blood flow to the region causes cell death within 
a few minutes. If blood flow is restored before significant cell 
death occurs, the patients may experience only transient 
symptoms (i.e., a TIA). Conversely, infarction occurs upon 
prolonged occlusion. Tissue surrounding the core region of 
infarction is ischemic but without irreversible cell injury and 
is referred to as ischemic penumbra. This region is functionally 
impaired but potentially salvageable. The penumbra may be 
detected by magnetic resonance imaging [15]. The ischemic 
penumbra will progress into infarction unless reperfusion is 
improved or cells made relatively more resistant to injury. 

with time, the infarct core expands into the entire ischemic 
penumbra, and the therapeutic opportunity to prevent cell 
death is lost. Therefore, detecting a penumbra in patients can 
help identify those who might benefit most from acute treat
ments that restore blood flow (e.g., thrombolytic therapy) or 
treatments for the future that render viable brain cells more 
resistant to ischemic injury [16, 17] (Fig. 26.1).

Several modes of cell death occur during ischemia. In the 
area of severely limited blood supply, adenosine triphosphate 
(ATP) depletion leads to acidosis and loss of ionic homeo
stasis. As a consequence, cells swell and membrane ruptures, 
and necrosis occurs. within the ischemic penumbra, mul
tiple  mechanisms have been identified to contribute to the 
 irreversible injury of the cells, which usually die of apoptosis. 
These pathophysiological mechanisms include excitotoxicity, 
calcium dysregulation, mitochondrial dysfunction, formation 
of reactive oxygen/nitrogen species (ROS/RnS), and inflam
mation [16, 17]. It should be mentioned that these mechanisms 
are not mutually exclusive, and oxidative stress appears to play 
a significant role as the other mechanistic pathways all lead to 
the increased formation of ROS/RnS. Although restoration of 
blood flow is essential for salvage of the ischemic penumbra, 
reperfusion also causes additional tissue injury beyond that 
generated by ischemia alone. Reperfusion results in produc
tion of a much larger amount of ROS/RnS than ischemia, and 
as such, oxidative stress plays a more pronounced part in 
reperfusion injury (Fig. 26.2). The oxidative stress mechanism 
of ischemic stroke provides a basis for developing antioxidant‐
based modalities for stroke intervention.

26.6.2 drug targeting in Ischemic stroke

The current framework of therapeutic options for the preven
tion and treatment of stroke comprises a spectrum of five fields 
of management: (1) primary prevention, (2) recanalization and 
thrombolysis, (3) neuroprotection, (4) secondary prevention, 
and (5) neurorepair [18]. As illustrated in Figure 26.3, pharma
cological therapies are a major component of stroke interven
tion. The pharmacological agents used in the prevention and 
treatment of ischemic stroke are discussed in Chapter 27.

Ischemic 
stroke (87%)

Hemorrhagic 
stroke (13%)

Cerebral thrombosis

Cerebral embolism

Intracerebral hemorrhage (10%)

Subarachnoid hemorrhage (3%)

fIgure 26.1 Classification of stroke. Stroke is conventionally classified into two groups, ischemic stroke and hemorrhagic stroke, with 
the former accounting for 87% of all stroke cases.
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fIgure 26.2 Pathophysiology of ischemic stroke. Prolonged cerebral ischemia leads to infarction due to necrotic cell death of brain tissue 
as a result of adenosine triphosphate (ATP) depletion. Cells in the penumbra primarily die of apoptosis due to less severe ischemia. multiple 
pathways are implicated in cell death in penumbra, including excitotoxicity, mitochondrial dysfunction, calcium ion dysregulation, oxidative 
stress, and inflammation. Restoration of blood flow through the use of thrombolytic agents is essential for salvage of the cells in penumbra 
and thereby preventing the growth of the cerebral infarction. Although recanalization is crucial for acute management of ischemic stroke, 
restoration of blood flow also causes reperfusion injury with oxidative stress and inflammation as an important mechanism.

Primary prevention
• Antihypertensives
• Statins
• Other drugs

Neuroprotection
• Edaravone
• Other neuroprotectants

Neurorepair
• Stem cell therapy
• Other novel therapies

Long-term 
neuroprotection

• Novel neuroprotectants

Acute treatment
• Thrombolytics
• Other drugs

Secondary prevention
• Aspirin
• Other drugs

fIgure 26.3 management options for the preventive and therapeutic intervention of ischemic stroke. As depicted, pharmacological ther
apies play an important part in the overall management of ischemic stroke. Of note is the fact that at present neuroprotection and neurorepair 
are largely experimental approaches whose clinical efficacy remains to be established. edaravone (structure shown in Fig. 27.1) is a free 
radical scavenging agent that is approved for treating ischemic stroke in Japan. For color details, please see color plate section.
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26.7 summary of chapter key poInts

 • The term cerebrovascular diseases refers to a group of 
disorders of the vasculature that affect the circulation of 
blood to the brain, causing limited or no blood flow to 
affected areas of the brain. Stroke is the most important 
form of cerebrovascular diseases.

 • A stroke or cerebrovascular accident is defined as an 
abrupt onset of a neurological deficit that occurs 
as  a result of either inadequate focal blood flow 
(ischemic stroke) or hemorrhage into the brain 
tissue (parenchymal or intracerebral hemorrhage) or 
 surrounding subarachnoid space (subarachnoid 
hemorrhage). Ischemic stroke and hemorrhagic 
stroke account for 87 and 13% of all stroke cases, 
respectively.

 • Transient ischemic attack (TIA) is another condition 
related to cerebral ischemia. It is defined as a transient 
episode of neurological dysfunction caused by focal 
brain, spinal cord, or retinal ischemia, without acute 
infarction. TIA is not stroke, but a risk factor for stroke.

 • Stroke as one of the major causes of mortality, mor
bidity, and long‐term disability imposes an enormous 
economic burden both in the United States and world
wide. Although the stroke rates, adjusted for age, 
declined over the past three decades in the United 
States and other developed countries, in low‐ and mid
dle‐income nations, rates of stroke are projected to 
increase dramatically due to combination of an aging 
population and the high prevalence of smoking, hyper
tension, diabetes, and dyslipidemias.

 • The major modifiable risk factors for stroke include 
hypertension, smoking, diabetes, and dyslipidemias. 
Risk factors for stroke also include atrial fibrillation, 
TIA, physical inactivity, obesity, chronic kidney dis
ease, and sleep apnea. Depression and air pollution 
are emerging risk factors for stroke. Control of stroke 
risk factors is an essential component of stroke 
management.

 • Two critical pathophysiological processes of ischemic 
stroke are cerebral infarction due to prolonged 
 occlusion and ischemic penumbra, a region that is 
functionally impaired but potentially salvageable 
upon restoration of blood flow via using thrombolytic 
agents.

 • Current framework of stroke intervention comprises 
a spectrum of five fields of management, including 
primary prevention, acute treatment with throm
bolytic agents, neuroprotection, secondary preven
tion, and neurorepair. Among these five fields, 
neuroprotection and neurorepair are largely at the 
experimental stage although they show great promise 
(Chapter 27).

26.8 self‐assessment QuestIons

26.8.1.  The United States is required to use the ICD for the 
classification of diseases and injuries under an 
agreement with the world Health Organization 
(wHO). By using the ICD, the United States col
lects, processes, and presents mortality data in a 
similar way to other countries around the world. 
This permits comparison of data across countries. 
Periodically, new revisions are developed to reflect 
advances in medical science. According to the 
ICD‐10, which of the following is not classified as a 
cerebrovascular disease?
A. Cerebral infarction
B. Intracerebral hemorrhage
C. Parenchymal hemorrhage
D. Subarachnoid hemorrhage
e. Transient cerebral ischemic attack

26.8.2.  A 65‐year‐old patient with atrial fibrillation is pre
scribed aspirin (81 mg, once daily) by a cardiologist. 
what is the purpose of treating the patient with 
aspirin?
A. To augment neurorepair
B. To prevent ischemic stroke
C. To prevent myocardial infarction
D. To reduce fever associated with atrial fibrillation
e. To stop atrial fibrillation

26.8.3.  Transient ischemic attack (TIA) is also known as 
mini stroke. This notion implies that:
A. The cerebral infarction in TIA is much smaller 

than that in regular stroke.
B. The infarction in TIA is much smaller than the 

penumbra in typical stroke.
C. The penumbra is much smaller than infarction in 

TIA.
D. TIA is a minor form of stroke caused by 

moderate cerebral ischemia.
e. TIA is not stroke, but an independent risk factor 

for stroke.
26.8.4.  m.A. Ikram and associates recently carried out an anal

ysis of genome‐wide association data generated from 
four large cohorts composing the Cohorts for Heart and 
Aging Research in genomic epidemiology con
sortium, including 19,602 white persons (mean [+/−
SD] age, 63+/−8 years) in whom 1544 incident strokes 
(1164 ischemic strokes) developed over an average 
follow‐up of 11 years [12]. The main purpose of such 
genome‐wide association studies of stroke is to:
A. Delineate the family pedigree of stroke patients
B. Figure out the molecular basis of stroke 

pathology
C. Find out the family history of stroke patients
D. Study the impact of aging on stroke
e. Understand the genetic component of stroke



ReFeRenCeS 435

26.8.5.  Despite the increase in the global burden of stroke, 
advances are being made. In 2008, after years of 
being the third leading cause of death in the United 
States, stroke dropped to fourth. which of the fol
lowing is currently the third leading cause of death 
in the United States?
A. Accidents (unintentional injuries)
B. Cancer
C. Chronic lower respiratory diseases
D. Diabetes
e. Heart diseases
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27.1 Overview

As described in Chapter 26, the preventive and therapeutic 
intervention of ischemic stroke involves five areas of 
management: (1) primary prevention, (2) early treatment of 
acute ischemic stroke, (3) neuroprotection, (4) secondary 
prevention, and (5) neurorepair. Although neuroprotection 
and neurorepair are promising strategies, presently, they are 
primarily experimental approaches. Drug therapies remain 
as a major component of the effective intervention of 
ischemic stroke. This chapter discusses the major classes of 
drugs that are used in each of the above areas. Since most of 
the drugs discussed in this chapter are covered in the pre
ceding chapters, this chapter summarizes the current evi
dence‐based consensus statements on their clinical efficacy 
in preventive and therapeutic intervention of ischemic stroke.

27.2 Drugs fOr Primary PreventiOn 
Of ischemic strOke

Primary prevention of stroke refers to the treatment of indi
viduals with no previous history of stroke. The goal of pri
mary prevention by pharmacological therapies is to treat the 
modifiable risk factors of ischemic stroke. As described in 
Chapter 26, hypertension, dyslipidemias, obesity, diabetes, 
and atrial fibrillation (AF) are among the chief modifi
able risk factors of ischemic stroke that are relatively 
 amenable to drug therapy [1–3]. As such, the pharmacolog
ical approaches to stroke risk reduction include the use of 

(i) antihypertensive medications to control high blood 
pressure (see Chapter  12), (ii) statins (and other lipid‐ 
lowering drugs) to treat dyslipidemias (see Chapter 4), (iii) 
drugs to treat comoribund conditions in diabetic patients, and 
(iv) anticoagulants and antiplatelet agents (see Chapter 17) to 
reduce the risk of ischemic stroke in patients with AF.

27.2.1 treatment of hypertension

27.2.1.1 Hypertension Hypertension remains the most 
important well‐documented, modifiable risk factor for stroke, 
and treatment of hypertension is among the most effective 
strategies for preventing both ischemic and hemorrhagic 
stroke [1, 4, 5]. In a meta‐analysis of 23 randomized trials on 
antihypertensive medication compared with no drug therapy, 
a 32% reduction in stroke risk was found with pharmacolog
ical treatment [6]. The benefit of hypertension treatment in 
preventing stroke is well established across the spectrum 
of age groups, including adults of ≥80 years of age [7]. 
Reduction in blood pressure is generally more important than 
the specific agents used to achieve this goal. The management 
of hypertension is covered in Chapter 12.

27.2.1.2 Prehypertension As noted in Chapter  26, 
 prehypertension (blood pressure levels: 120–139/80–
89 mm Hg) is also a risk factor of stroke. A recent meta‐
analysis of 16 randomized trials involving 70,664 individuals 
with prehypertension showed that antihypertensive therapy in 
cohorts with prehypertensive blood pressure levels reduced 
the risk of stroke by 22% compared with placebo [8]. 

Drugs fOr ischemic strOke

27
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This finding can have important clinical and public health 
implications as nearly 30% of American adults of ≥20 
years of age have prehypertension [9]. The global preva
lence of prehypertension is estimated to be >30% of the 
adult population, and over 40% of adults and 15% of 
 children in some areas of Asian countries including 
China [10, 11].

27.2.2 treatment of Dyslipidemias with statins

27.2.2.1 Statins for Ischemic Stroke Statins lower 
LDL cholesterol by 30–50%, depending on the formula
tion and dosage (see Chapter  4). Treatment with statins 
reduces the risk of stroke in patients with atherosclerosis 
or at high risk for atherosclerosis [1]. one meta‐analysis of 
26 trials that included >90,000 patients found that statins 
reduced the risk of all strokes by approximately 21% [12]. 
The most likely mechanism underlying stroke prevention 
by statins is the retardation or regression of atheroscle
rosis. In this context, a meta‐analysis of randomized trials 
of statins in combination with other preventive strategies, 
involving 165,792 individuals, showed that each 1 mm 
(39 mg/dl) decrease in LDL cholesterol equated to a 
reduction in relative risk for stroke of 21.1% [13]. Although 
statin therapy conclusively reduces the risk of ischemic 
stroke, the efficacy of lipid‐modifying therapies other 
than statins on the risk of ischemic stroke has not been 
well established.

27.2.2.2 Statins and Intracerebral Hemorrhagic Stroke  
The efficacy of statins in hemorrhagic stroke is controver
sial, and current evidence suggests that statin therapy 
 neither decreases nor increases the risk of intracerebral 
hemorrhagic stroke. early studies reported an increased 
risk of intracerebral hemorrhagic stroke associated with 
statin therapy. A recent meta‐analysis of 31 randomized 
trials involving 91,588 subjects showed that active statin 
therapy was not associated with significant increase in 
intracerebral hemorrhage [14]. Likewise, a meta‐analysis 
of 42 trials involving 121,000 patients did not show a pre
ventive effect for statin therapy in hemorrhagic stroke 
either [15].

27.2.3 treatment of comoribund conditions 
of Diabetics: antihypertensives and statins

Persons with diabetes have both an elevated suscepti
bility to atherosclerosis and an increased prevalence of 
 proatherogenic risk factors, notably hypertension and 
 dyslipidemias [1]. A comprehensive program that includes 
tight control of hypertension with angiotensin‐converting 
enzyme (ACe) inhibitors or angiotensin receptor blockers 
treatment reduces risk of stroke in persons with diabetes. 

glycemic control reduces microvascular complications, but 
there is no evidence that improved glycemic control reduces 
the risk of incident stroke. Adequately powered studies and 
meta‐analyses show that statin treatment of patients with 
diabetes but not with cardiovascular diseases decreases risk 
of a first stroke as well as other cardiovascular events [16, 
17]. It is necessary also to mention that multiple meta‐
analyses of randomized trials show an increased risk of 
new‐onset diabetes associated with statin therapy, espe
cially intensive dose statin therapy [18, 19]. This finding 
should not discourage the use of statin therapy in stroke 
prevention in diabetic patients considering the well‐
established benefit of statin therapy in reducing stroke risk 
in diabetics.

27.2.4 treatment of af with anticoagulants 
and antiplatelet agents

27.2.4.1 Anticoagulants Worldwide, AF is the most 
common arrhythmia with a 25% lifetime risk in adults [20]. 
AF, even in the absence of cardiac valvular disease, is asso
ciated with a four‐ to fivefold increased risk of ischemic 
stroke due to embolism of stasis‐induced thrombus formation 
in the left atrial appendage. AF is responsible for approxi
mately 15% of all ischemic stroke cases.

Warfarin, the standard oral anticoagulation therapy for 
patients with AF, is highly efficacious in reducing stroke and 
death in high‐risk patients with this condition [1]. novel oral 
anticoagulants, including apixaban, dabigatran, and rivarox
aban, have been developed as alternatives to warfarin [21]. 
These new oral anticoagulants are as efficacious as warfarin 
for the prevention of stroke and systemic embolism in 
patients with AF. With a decreased risk for intracranial 
bleeding, they appear to have a favorable safety profile, 
making them promising alternatives to warfarin [22–25]. A 
recent (2012) Scientific Advisory for Health Professionals 
from the American Heart Association/American Stroke 
Association recommends that the novel oral anticoagulants 
dabigatran and apixaban be efficacious alternatives to war
farin for the primary prevention of ischemic stroke in patient 
with nonvalvular AF [26].

27.2.4.2 Antiplatelet Agents The antiplatelet agent 
aspirin is effective for the prevention of stroke in patients 
with AF but less effective than warfarin and the new oral 
anticoagulants [27]. Dual antiplatelet therapy (aspirin plus 
clopidogrel) is more effective than aspirin alone for prevent
ing stroke in patients with AF, but the risk of bleeding is also 
augmented [1]. Antiplatelet therapy with aspirin is recom
mended for low‐risk and some moderate‐risk patients with 
AF, based on patient preference, estimated bleeding risk if 
anticoagulated, and access to high‐quality anticoagulation 
monitoring [1].
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27.3 Drugs fOr early treatment 
Of acute ischemic strOke

27.3.1 thrombolytic Drugs

27.3.1.1 Intravenous Tissue Plasminogen Activator  
Intravenous administration of recombinant tissue plasmino
gen activator (tPA) remains the only uS Food and Drug 
Administration (FDA)‐approved pharmacological therapy 
for the treatment of patients with acute ischemic stroke [28] 
(also see Chapter 17). As discussed in Chapter 17, there 
are currently three forms of recombinant tPA: (1) alteplase 
(synthesized using the cDnA for natural human tPA),  
(2) reteplase (genetically altered), and (3) tenecteplase 
(genetically altered). Among the three forms, only alteplase 
is approved by the uS FDA for treating ischemic stroke. As 
such, in this chapter, the term tPA, if not specified, refers to 
only alteplase.

The use of intravenous tPA is associated with improved 
outcomes for a broad spectrum of patients who can be treated 
within 3 h of the last known well time before symptom onset 
and a mildly more selective spectrum of patients who can be 
treated between 3 and 4.5 h of the last known well time [29, 
30]. most importantly, earlier treatment is more likely to result 
in a favorable outcome. Patients within 3 h of onset with major 
strokes (nIHSS score >22) (see Box 27.1 for nIHSS score) 
have a very poor prognosis, but some positive treatment effect 
with intravenous tPA remains [28]. Treatment with intrave
nous tPA is associated with increased rates of intracranial 
hemorrhage, which may be fatal. However, the benefit of 
intravenous tPA outweighs this risk in acute ischemic patients.

Although current guidelines recommend use of intravenous 
tPA within 4.5 h of stroke onset, evidence suggests that the 
benefit of tPA treatment may probably extend beyond 
4.5 h. In this context, an updated systemic review and meta‐
analysis showed that the benefit of intravenous tPA may 
extend up to 6 h after stroke onset in some patients [31].

27.3.1.2 Endovascular Intervention: Intra‐arterial tPA  
The term endovascular intervention deals with endovascular 
techniques that were originally pioneered for diagnostic pur
poses by radiologists. Basic techniques involve the introduc
tion of a catheter percutaneously into a large blood vessel. 
endovascular intervention has become an important 
approach to disease management. The number of options for 
endovascular treatment of ischemic stroke has increased 
substantially over the past decade to include intra‐arterial 
fibrinolysis, mechanical clot retrieval with the mechanical 
embolus Removal in Cerebral Ischemia (merci) Retrieval 
System (Concentric medical, Inc., mountain view, CA), 
mechanical clot aspiration with the Penumbra System 
(Penumbra, Inc., Alameda, CA), and acute angioplasty and 
stenting [28]. However, the clinical efficacy of these endo
vascular interventions remains to be established [32–35]. In 
this context, a recent randomized trial studied 362 patients 
with acute ischemic stroke randomly assigned, within 4.5 h 
after onset, to endovascular therapy (intra‐arterial thrombol
ysis with tPA, mechanical clot disruption or retrieval, or a 
combination of these approaches) or intravenous tPA. 
Treatments were given as soon as possible after randomiza
tion. The results of this trial in patients with acute ischemic 
stroke indicate that endovascular therapy is not superior to 
standard treatment with intravenous tPA [33].

27.3.1.3 Combination of Intravenous tPA and Intra‐
arterial tPA endovascular therapy is increasingly used 
after the administration of intravenous tPA for patients with 
moderate‐to‐severe acute ischemic stroke. However, such a 
combination approach may not produce better outcomes 
than intravenous tPA. Indeed, J.P. Broderick and associates 
recently reported a randomized trial involving 656 patients 
with ischemic stroke who had received intravenous tPA 
within 3 h after symptom onset. The patients were randomized 
to receive additional endovascular therapy (intra‐arterial 
tPA) or intravenous tPA alone. The trial showed similar 
safety outcomes and no significant difference in functional 
independence with endovascular therapy after intravenous 
tPA, as compared with intravenous tPA alone [34].

27.3.1.4 Intravenous tPA for Warfarin‐Treated Patients  
Intravenous tPA is known to improve outcomes in ischemic 
stroke; however, patients receiving long‐term chronic war
farin therapy may face an increased risk for intracranial 
hemorrhage when treated with tPA. Although early studies 

BOx 27.1  the natiOnal institutes 
Of health strOke scale

The national Institutes of Health Stroke Scale (nIHSS) 
is a standardized method used by physicians and other 
healthcare professionals to measure the level of impair
ment caused by a stroke. The nIHSS measures several 
aspects of brain function, including consciousness, 
vision, sensation, movement, speech, and language. A 
certain number of points are given for each impairment 
uncovered during a focused neurological examination. A 
maximal score of 42 represents the most severe and 
 devastating stroke:

•	 0: no stroke

•	 1–4: minor stroke

•	 5–15: moderate stroke

•	 16–20: moderate/severe stroke

•	 21–42: Severe stroke
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suggested an increased risk, a recent large observational 
study using data from the American Heart Association get 
With The guidelines‐Stroke Registry, of 23,437 patients 
with ischemic stroke and with international normalized ratio 
(InR) ≤1.7, treated with intravenous tPA in 1203 registry 
hospitals from April 2009 through June 2011 didn’t show an 
increased risk of intracranial hemorrhage associated with 
intravenous tPA in warfarin‐treated patients (InR ≤1.7) as 
compared with non‐warfarin‐treated patients [36]. Although 
the true risk of intracranial hemorrhage associated with 
intravenous tPA in warfarin‐treated patients (InR ≤1.7) 
remains controversial, current guidelines endorse adminis
tering intravenous tPA to warfarin‐treated patients if their 
InR is ≤1.7. This guideline is consistent with the notion that 
intravenous tPA remains substantially underutilized in the 
united States for patients with stroke; with few if any 
alternate therapies, medical professionals should ensure that 
eligible patients receive this important therapy and keep in 
mind that the real risk is in not treating otherwise eligible 
patients, who may then have prolonged morbidity from their 
stroke [37].

27.3.1.5 Intravenous Tenecteplase As noted earlier, 
among the various forms of tPA (e.g., alteplase, reteplase, 
tenecteplase), intravenous alteplase is the only uS FDA‐
approved treatment for acute ischemic stroke (also see 
Table  17.16 of Chapter  17). Tenecteplase, a genetically 
engineered mutant of human tPA, is an alternative thrombo
lytic agent. A recent phase 2B trial involved 75 patients 
randomized to receive alteplase (0.9 mg/kg body weight) or 
tenecteplase (0.1 or 0.25 mg/kg body weight) <6 h after the 
onset of ischemic stroke. The trial showed that tenecteplase 
was associated with significantly better reperfusion and 
clinical outcomes than alteplase in patients with stroke who 
were selected on the basis of computed tomography (CT) 
perfusion imaging [38]. The clinical efficacy of tenecteplase 
remains to be established by large‐scale trials.

27.3.2 antiplatelet agents

Currently available data demonstrate a small but statistically 
significant decline in mortality and unfavorable outcomes 
with the administration of aspirin within 48 h after stroke. It 
appears that the primary effects of aspirin are attributable to 
a reduction in early recurrent stroke. Data regarding the 
utility of other antiplatelet agents, including clopidogrel or 
dipyridamole alone or in combination with aspirin, for the 
treatment of acute ischemic stroke are not well established. 
In addition, data on the safety of antiplatelet agents when 
given within 24 h of intravenous fibrinolysis are lacking 
[28]. nevertheless, a meta‐analysis of 12 randomized trials 
involving 3766 patients with acute cerebral ischemia (≤3 
days) reported that dual antiplatelet therapy (aspirin +  
dipyridamole and aspirin + clopidogrel) appeared to be safe 

and effective in reducing stroke recurrence and combined 
vascular events in patients with acute ischemic stroke or 
transient ischemic attack (TIA) as compared with monother
apy [39].

Due to relatively small numbers of outcome events 
included in the aforementioned meta‐analysis, the clinical 
efficacy and safety of dual antiplatelet therapy in early 
management of acute ischemic stroke remain unclear. The 
ongoing Platelet‐oriented Inhibition in new TIA and minor 
Ischemic Stroke (PoInT; www.pointtrial.org) trial, which is 
comparing aspirin plus clopidogrel versus aspirin alone, will 
add more data to this question. moreover, the ongoing Triple 
Antiplatelets for Reducing Dependency after Ischemic 
Stroke (TARDIS; www.tardistrial.org/) trial further addresses 
the question by comparing the efficacy of more intensive 
antiplatelet therapy (aspirin + clopidogrel + dipyridamole) 
with that of the guideline‐based dual antiplatelet therapy 
(aspirin + dipyridamole).

27.3.3 anticoagulants

The results of several clinical trials demonstrate an increased 
risk of bleeding complications with early administration  
of either unfractionated heparin (uFH) or low‐molecular‐
weight heparin (LmWH). early administration of anticoagu
lants does not lessen the risk of early neurological worsening. 
Data indicate that early administration of uFH or LmWH 
does not lower the risk of early recurrent stroke, including 
among people with cardioembolic sources [28]. The useful
ness of the new oral anticoagulants in the early management 
of acute ischemic stroke has not been established.

27.4 Drugs fOr neurOPrOtectiOn

27.4.1 Definition of neuroprotection

neuroprotection refers to the concept of applying a therapy 
that directly affects the brain tissue to salvage or delay the 
infarction of the still‐viable ischemic penumbra, rather than 
reperfusing the tissue. Because many potential neuroprotec
tive therapies are likely safe and potentially efficacious in 
hemorrhagic as well as ischemic stroke, the ideal neuropro
tective therapy would be initiated as early as possible in the 
course of therapy, including in the prehospital setting, and be 
continued while other measures are instituted, such as brain 
imaging followed by fibrinolytic or endovascular revascular
ization [28].

Pharmacological agents that limit the cellular effects of 
acute ischemia or reperfusion may limit neurological injury 
after stroke. Potential therapeutic strategies include curbing 
the effects of excitatory amino acids, such as glutamate, 
transmembrane fluxes of calcium, intracellular activation of 
proteases, apoptosis, free radical damage, and inflammatory 

http://www.pointtrial.org
http://www.tardistrial.org/
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responses. more than one thousand published reports of 
 various experimental neuroprotective treatments for acute 
stroke exist, culminating in well over one hundred clinical 
trials. Although most clinical trials testing these therapies 
have produced disappointing outcomes [28], some have 
shown potentially promising results.

27.4.2 edaravone

Due to favorable clinical outcomes, the free radical scavenger 
edaravone (structure shown in Fig. 27.1) has been approved 
by the regulatory authority in Japan for the treatment of 
acute ischemic stroke in that country [40–42]. However, it 
should be mentioned that the regulatory process for drugs in 
Japan is different from that in the united States and europe, 
and the development of this compound outside Japan is 
unclear.

27.4.3 citicoline

Citicoline (structure shown in Fig.  27.1) is an exogenous 
form of cytidine‐5′‐diphosphocholine (CDP‐choline) used 
in membrane biosynthesis. Citicoline may reduce ischemic 
injury by stabilizing cell membranes and decreasing free 
radical formation in experimental models. early clinical 
studies also showed a clinical efficacy in treating acute 

ischemic stroke [43, 44]. However, the clinical efficacy of 
citicoline in the treatment of acute ischemic stroke was not 
supported by a recent large‐scale international, randomized, 
multicenter, placebo‐controlled study [45]. This trial 
involved 2298 patients with moderate‐to‐severe ischemic 
stroke who all received stroke care according to local 
treatment practice, including tPA for eligible patients 
 presenting within 4.5 h after the onset of the stroke. Patients 
were randomly assigned in a 1:1 ratio to receive citicoline or 
placebo within 24 h after the onset of symptoms (1000 mg 
every 12 h intravenously during the first 3 days and orally 
thereafter for a total of 6 weeks [2 × 500 mg oral tablets given 
every 12 h]). global recovery was similar in both groups, 
and no significant differences were reported in the safety 
variables or in the rate of adverse events. The trial concluded 
that citicoline is not efficacious in the treatment of moderate‐
to‐severe acute ischemic stroke [45].

27.4.4 statins

As stated earlier, the benefit of statins in primary prevention 
of ischemic stroke has been well established [14, 15]. 
Because of their pluripotent effects, statins have also been 
tested for their efficacy in the management of acute ischemic 
stroke. A meta‐analysis of 27 studies (largely observational 
studies) involving 113,148 subjects showed that statin 
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figure 27.1 Structures of edaravone and citicoline. edaravone and citicoline are potential neuroprotectants. edaravone, a free radical 
scavenging compound, has been approved for clinical use in the treatment of ischemic stroke in Japan.
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therapy at stroke onset was associated with improved 
 outcome [46]. A recent multicenter study on prospectively 
collected data of 2,072 stroke patients treated with intrave
nous thrombolysis indicated that statin use in the acute 
phase was associated with neurological improvement, favor
able functional outcome, and a reduced risk of neurological 
 deterioration and death [47]. However, insufficient data were 
available from randomized trials to establish if statins are 
safe and effective in cases of acute ischemic stroke and 
TIA [48].

27.5 Drugs fOr secOnDary PreventiOn 
Of ischemic strOke

Stroke is the leading cause of death and disability world
wide. In the united States, nearly 800,000 strokes occur 
annually, with almost one in four being a recurrent event [9]. 
Hence, prevention of recurrence, that is, secondary preven
tion, is crucial. Indeed, secondary prevention can reduce risk 
of recurrent stroke by 80–90% [49, 50]. As illustrated in 
Figure 27.2, secondary prevention of stroke involves (i) gen
eral risk factor reduction (hypertension, diabetes, smoking, 
and dyslipidemias, among others), (ii) medical treatments for 
patients with cardiogenic embolism, and (iii) antithrombotic 
therapy for noncardiogenic stroke or TIA [49–51]. Secondary 
preventive strategies may also include carotid revasculari
zation for high‐grade carotid stenosis [49, 50].

27.5.1 Drugs for general risk factor reduction

The risk of recurrent stroke can be reduced greatly with the 
implementation of secondary stroke preventive measures to con
trol the risk factors of stroke. These include (i) pharmacological 

treatment of hypertension, diabetes, and dyslipidemias, 
(ii) smoking cessation, (iii) dietary modifications, (iv) weight 
 control, and (v) regular exercise [49, 52].

27.5.2 Drugs for Patients with cardiogenic embolism

Cardiogenic cerebral embolism is responsible for approxi
mately 20% of ischemic strokes [52]. There is a history of 
nonvalvular AF in about one half of the cases, valvular heart 
disease in one fourth, and left ventricular mural thrombus in 
almost one third. Both persistent and paroxysmal AF are 
potent predictors of first as well as recurrent stroke. In the 
united States, >75,000 cases of stroke per year are attributed 
to AF. It has been estimated that AF affects over 2 million 
Americans and becomes more frequent with age, ranking as 
the leading cardiac arrhythmia in the elderly (see Chapter 25). 
of all AF patients, those with a prior stroke or TIA have the 
highest relative risk of stroke.

Anticoagulants are preferred medications for secondary 
prevention of stroke in patients with AF or other cardiogenic 
embolism conditions (e.g., acute myocardial infarction and 
left ventricular thrombus, native valvular heart disease, and 
prosthetic heart valves). Although warfarin is the anticoagu
lant of choice in many current guidelines, recent studies also 
support the clinical efficacy of the new oral anticoagulants 
in the secondary prevention of stroke in patients with 
 cardiogenic embolism [53]. In this regard, a recent (2012) 
Scientific Advisory for Health Professionals from the 
American Heart Association/American Stroke Association 
recommends the novel oral anticoagulant dabigatran as an 
efficacious alternative to warfarin for the prevention of 
recurrent ischemic stroke in patients with nonvalvular AF 
[26]. evidence supporting the efficacy for the antiplatelet 
drug aspirin in AF is weaker than for anticoagulants [52].

Secondary prevention

Recurrence

• General risk reduction

• Medical treatment of cardiogenic embolism

• Antithrombotic therapy of noncardiogenic stroke or TIA

• Carotid revascularization for high-grade carotid stenosis

figure 27.2 Secondary prevention of ischemic stroke. As illustrated, secondary prevention of ischemic stroke involves multiple strat
egies, ranging from treating risk factors of stroke to antithrombotic therapy. Secondary prevention may also include carotid revascularization 
for high‐grade carotid stenosis.
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27.5.3 antithrombotic therapy for noncardioembolic 
stroke (specifically atherosclerotic, lacunar, 
or cryptogenic infarcts) and tia

27.5.3.1 Antiplatelet Agents Four antiplatelet drugs 
have been approved by the uS FDA for prevention of 
vascular events among patients with a stroke or TIA:  
(i) aspirin, (ii) combination aspirin/dipyridamole, (iii) 
 clopidogrel, and (iv) ticlopidine. on average, these agents 
reduce the relative risk of stroke, myocardial infarction, or 
death by about 22%, but important differences exist between 
agents that have direct implications for therapeutic selection. 
Selection among these four agents should be based on 
relative effectiveness, safety, cost, patient characteristics, 
and patient preference [52, 54].

notably, a recent double‐blind, multicenter trial involving 
3020 patients with recent symptomatic lacunar infarcts iden
tified by magnetic resonance imaging showed that among 
patients with recent lacunar strokes, the addition of clopido
grel to aspirin did not significantly reduce the risk of recur
rent stroke and did significantly increase the risk of bleeding 
and death [55]. It is also worth mentioning that patients who 
present with a first or recurrent stroke are commonly already 
on antiplatelet therapy. unfortunately, up to now, there have 
been no clinical trials to indicate that switching antiplatelet 
agents reduces the risk for subsequent events.

27.5.3.2 Oral Anticoagulants Randomized trials have 
addressed the use of oral anticoagulants to prevent recurrent 
stroke among patients with noncardioembolic stroke. 
overall, they do not show a favorable effect for anticoagu
lants in the secondary prevention of noncardioembolic 
ischemic stroke [52, 54, 56]. Current guidelines do not rec
ommend the use of anticoagulants in the secondary preven
tion of noncardioembolic ischemic stroke [52].

27.6 stem cell theraPy fOr neurOrePair

over the past two decades, stem cell‐based neurorepair has 
emerged as a promising therapeutic option for ischemic 
stroke. Studies in animal models show that stem cell trans
plantation can improve function by replacing neurons or by 
trophic actions, modulation of inflammation, promotion of 
angiogenesis, remyelination and axonal plasticity, and neu
roprotection. endogenous neural stem cells are also poten
tial therapeutic targets because they produce new neurons 
after stroke [57].

Despite the supposed immunoprivileged status of the 
brain, allogeneic grafts of stem cell‐derived neurons and glia 
remain susceptible to rejection. A novel alternative strategy 
to avoid graft rejection and immunosuppression is to gen
erate induced pluripotent stem cells (iPSCs) from somatic 
cells [58]. In this context, k. oki and associates transplanted 

long‐term self‐renewing neuroepithelial‐like stem cells, 
 generated from adult human fibroblast‐derived iPSCs, into 
stroke‐damaged mouse and rat striatum or cortex [59]. The 
transplanted cells stopped proliferating, could survive 
without forming tumors for at least 4 months, and differenti
ated into morphologically mature neurons. grafted cells 
exhibited electrophysiological properties of mature neurons 
and received synaptic input from host neurons. most impor
tantly, recovery of forepaw movements was observed by 1 
week after transplantation. This study provides the first evi
dence that transplantation of human iPSC‐derived cells may 
be a safe and efficient approach to promoting repair and 
recovery after stroke [58, 59].

Clinical trials of stem cell therapy in stroke patients are 
still in their infancy. There have been a number of recent 
phase I/II trials, primarily investigating the role in ischemic 
stroke patients [60–62]. The completed trials have in general 
demonstrated the safety and feasibility of stem cell therapy 
in patients with stroke. ongoing and future trials need to 
define the best stem cell type, route of delivery, and timing 
of therapy [58, 60, 63]. In this context, the close collabora
tions among the uS FDA, national Institutes of Health 
(nIH), industries, and academia are crucial for the advance
ment of stem cell therapy of ischemic stroke [64].

27.7 summary Of chaPter key POints

 • Intervention of ischemic stroke involves primary pre
vention, early treatment of acute stroke, neuroprotec
tion, secondary prevention, and neurorepair. At present, 
neuroprotection and neurorepair are largely experi
mental approaches, and their clinical efficacy remains 
to be established.

 • Drug therapies remain as a major component of the 
effective intervention of ischemic stroke.

 • Primary prevention of stroke refers to the treatment of 
individuals with no previous history of stroke. The goal 
of primary prevention by pharmacological therapies is 
to treat the modifiable risk factors of ischemic stroke, 
including hypertension, dyslipidemias, diabetes, and 
AF. Treatment of these risk factors greatly reduces the 
risk of ischemic stroke.

 • Drugs for early treatment of acute ischemic stroke 
include intravenous tPA for recanalization and use of 
antiplatelet agents for possibly reducing early recurrent 
stroke.

 • tPA remains the only uS FDA‐approved pharmacolog
ical therapy for treatment of patients with acute 
ischemic stroke.

 • neuroprotection refers to the concept of applying a 
therapy that directly affects the brain tissue to salvage or 
delay the infarction of the still‐viable ischemic penumbra, 



SeLF‐ASSeSSmenT QueSTIonS 443

rather than reperfusing the tissue. The potential phar
macological neuroprotectants include edaravone, citi
coline, and statins; however, their clinical efficacy in 
treating acute ischemic stroke remains controversial.

 • Secondary prevention of ischemic stroke, that is, pre
vention of stroke recurrence, can reduce the risk of 
stroke recurrence by 80–90%. The pharmacological 
measures for secondary prevention include drugs for 
treating general risk factors (hypertension, dyslipid
emias, and diabetes), anticoagulants for treating 
patients with cardiogenic embolism, and antiplatelet 
agents for treating noncardioembolic stroke and 
transient ischemic attack.

 • Stem cell therapy has emerged as a promising therapeutic 
option for ischemic stroke. Although studies in animal 
models show great promise, the clinical efficacy of stem 
cell therapy remains to be established via large‐scale 
clinical trials.

27.8 self‐assessment QuestiOns

27.8.1.  An 81‐year‐old man arrived at the emergency 
department at 9:15 a.m. with speech difficulty and 
weakness on the right side. He had awakened that 
morning without symptoms. During breakfast at 
8 a.m., his wife saw him slumped over and fell from 
the chair to the floor. He was unable to speak and 
could not move his right arm or leg. She called 911, 
and he was transported to the emergency department. 
He made a few attempts to speak, but his speech was 
unintelligible. He could move his right arm and leg 
but could not lift either limb off the bed. Computed 
tomography (CT) of the brain showed no hemor
rhage and no early ischemic changes. Blood pressure 
was 160/90 mm Hg. His platelet count, glucose 
level, and prothrombin time were all normal. After 
the patient returned from imaging at 10 a.m., a neu
rologist was consulted, who confirmed the presump
tive diagnosis of acute ischemic stroke and 
recommended immediate initiation of intravenous 
thrombolytic therapy (from Ref. [65]). Which of the 
following was most likely given for the thrombo
lytic therapy as recommended by the neurologist?
A. Intravenous dabigatran
B. Intravenous heparin
C. Intravenous tenecteplase
D. Intravenous alteplase
e. Intravenous warfarin

27.8.2.  Which of the following scenarios would not justify 
recanalization by intravenous thrombolytic therapy 
in the patient described in 27.8.1?
A. If everything remained the same except that 

patient was treated with warfarin (InR ≤ 1.7)

B. If the patient arrived at 10:45 a.m. and the 
 presumptive diagnosis of acute ischemic stroke 
was confirmed at 11:00 a.m.

C. If the patient arrived at 11:45 a.m. and the pre
sumptive diagnosis of acute ischemic stroke was 
confirmed at 12:00 p.m.

D. If the patient arrived at 2:45 p.m. and the pre
sumptive diagnosis of acute ischemic stroke was 
confirmed at 3:00 p.m.

27.8.3.  A 77‐year‐old woman with a history of hyper
tension treated with metoprolol presents for her 
annual examination. She reports no new symp
toms. The examination is remarkable only for an 
irregular heart rate. electrocardiographic testing 
reveals atrial fibrillation at an average rate of 
75 beats/min. She has no history of arrhythmia, 
coronary disease, valvular disease, diabetes, 
alcohol abuse, or transient ischemic attack or 
stroke. She reports a family history of ischemic 
stroke (modified from Ref. [66]). Which of the fol
lowing should be recommended to prevent stroke 
in this patient?
A. Intra‐arterial tPA
B. Intravenous warfarin
C. oral atorvastatin
D. oral dabigatran
e. oral lisinopril

27.8.4.  A 62‐year‐old woman is seen 1 week after an 
ischemic stroke. She had presented to another 
hospital with dysphasia and right‐sided weakness; 
magnetic resonance imaging (mRI) showed a recent 
infarction in the left parietal cortex, and computed 
tomographic angiography (CTA) showed a high‐
grade stenosis in the left proximal internal carotid 
artery with normal intracranial vessels. She was 
treated with intravenous recombinant tissue 
plasminogen activator and discharged home, taking 
aspirin and a statin. She stopped smoking 12 years 
ago. on examination, the blood pressure is 
145/90 mm Hg. She reports some mild residual 
clumsiness of her right hand (from Ref. [67]). 
Which of the following is an inappropriate recom
mendation for preventing stroke recurrence?
A. Continuing her statin therapy and providing 

low‐dose aspirin (e.g., 81 mg daily)
B. Informing the patient about lifestyle factors and 

the importance of avoiding smoking and obesity 
and exercising regularly

C. Lowering her blood pressure with an angiotensin‐
converting enzyme (ACe) inhibitor and a thia
zide diuretic

D. Referring this patient for prompt carotid endar
terectomy, although carotid stenting would also 
be reasonable, given her age
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e. Treating the patient with a novel oral anticoagu
lant to prevent the recurrence of the noncardio
embolic ischemic stroke

27.8.5.  mr. v, a man with severe coronary, aortic, and 
peripheral artery disease, had an episode of brain 
ischemia caused by severe preocclusive carotid 
artery disease in the neck. The major treatment 
options for his symptomatic carotid artery disease 
are optimizing medical treatment, carotid endarter
ectomy, and carotid artery stenting. Selection of 
treatment must take into consideration his severe 
symptomatic coronary artery disease as well as  
mr. v’s concerns about surgery (from Ref. [68]). 
Which of the following drug therapies is appropriate 
for preventing an ischemic stroke in this patient?
A. Aspirin
B. Citicoline
C. Dabigatran
D. Warfarin
e. tPA
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28.1 Overview

As noted in Chapter  1, to focus on reducing mortality 
attributable to cardiovascular diseases, including stroke, 
and improving overall cardiovascular health, including 
brain health, the American Heart Association/American 
Stroke Association (AHA/ASA) established a 2020 Health 
Impact Goal to improve the cardiovascular health of all 
Americans by 20% while reducing deaths related to cardio
vascular diseases and stroke by 20%. Similarly, the US 
Department of Health and Human Services (DHHS) has 
established a Healthy People 2020 target of reducing the 
rate of death attributable to stroke by 20% from a 2007 
baseline [1]. Achieving the above goals relies on under
standing and implementation of a comprehensive “stroke 
systems of care” consisting of primary prevention, community 
education, acute management, secondary prevention, and 
rehabilitation, among others. This chapter first introduces 
the concept of stroke systems of care and then describes the 
current guidelines on the early management of acute 
ischemic stroke. The chapter focuses on the principles of 
pharmacological management of acute ischemic stroke. 
The primary and secondary prevention of ischemic stroke 
are discussed in Chapter 27.

28.2 intrOductiOn tO StrOke SyStemS 
Of care

The Institute of Medicine of the US National Academy of 
Sciences has concluded that the fragmentation of the delivery 

of healthcare services frequently results in suboptimal 
treatment, safety concerns, and inefficient use of healthcare 
resources. To ensure that scientific knowledge is translated 
into practice, the Institute of Medicine has recommended the 
establishment of coordinated systems of care that integrate 
preventive and treatment services and promote patient access 
to evidence‐based care [2]. In general, the fragmented 
approach to stroke care that exists in most regions of the 
United States has failed to provide an effective integrated 
system for stroke prevention, treatment, and rehabilitation 
because of inadequate linkages and coordination among the 
fundamental components of stroke care. Although individual 
components of a stroke system may be well developed, these 
components often operate in isolation. The problem of 
access to coordinated stroke care may be exacerbated in 
rural or neurologically underserved (inadequate access to 
neurological expertise) areas [3].

In view of the aforementioned considerations and in line 
with the recommendations by the Institute of Medicine [2], 
the American Stroke Association (ASA) in 2005 proposed a 
systems approach known as “stroke systems of care” and 
recommended that a stroke system should coordinate and 
promote patient access to the full range of activities and ser
vices associated with stroke prevention, treatment, and reha
bilitation. The ASA “stroke systems of care” includes the 
following seven key components (Fig. 28.1) [3]:

1. Primordial and primary prevention: Primordial preven
tion refers to strategies designed to decrease the 
development of disease risk factors (e.g., efforts to 
decrease the development of obesity, increase exercise, 

management Of iSchemic StrOke: PrinciPleS 
and guidelineS

28
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and provide a well‐balanced diet). Thus, primordial pre
vention encompasses the entire population and is not 
limited to individuals with recognized risk factors for 
stroke or other cardiovascular diseases. Primary preven
tion refers to the treatment of established disease risk 
factors.

2. Community education: Despite numerous efforts to 
increase awareness, overall knowledge among the 
public remains poor with regard to stroke risk factors, 
the signs and symptoms of stroke, and the avail
ability of a time‐sensitive therapy, especially among 
groups at the highest risk for stroke. Improving the 
public’s knowledge of the risk factors, signs, and 
symptoms of stroke is critical to improving the 
quality of stroke care.

3. Notification and response of emergency medical ser
vices (eMS): The effective notification and response 
of eMS for stroke involve a complex interaction 
among the public, the applicable eMS programs, and 
the relevant hospital emergency departments. Stroke 
patients or a bystander witnessing a stroke must recog
nize the signs and symptoms of stroke and the impor
tance of calling an emergency response telephone 
number immediately to help initiate effective therapy 
as rapidly as possible.

4. Acute stroke treatment, including the hyperacute and 
emergency department phases: one critical element 
of the multidisciplinary stroke system is the hospital‐
based acute stroke team. This is the component of the 
stroke system that is prepared to handle the hyper
acute phase of diagnosis and treatment of acute stroke 
events.

5. Subacute stroke treatment and secondary prevention: 
The treatment of stroke patients during the subacute 
phase, including the early implementation of secondary 
prevention regimens, is critical to optimizing patient 
outcomes.

6. rehabilitation: Stroke rehabilitation involves a 
combined and coordinated use of medical, social, 
educational, and vocational measures for retraining 
individuals to reach their maximal physical, 
psychological, social, vocational, and avocational 
potential.

7. Continuous quality improvement (CQI) activities: A 
critical function of a systems approach to stroke care 
is the use of CQI strategies to ascertain whether and 
to what extent various efforts are succeeding in 
improving patient care. CQI relies on data accessi
bility and transfer among all appropriate facilities 
and providers.

EMS response 
Secondary Prevention

Rehabilitation

Community education

CQI activities

Acute treatment

Secondary prevention

Primordial and primary 
prevention

figure 28.1 Schematic illustration of the American Stroke Association “stroke systems of care.” As illustrated, the “stroke systems of 
care” consists of seven interrelated components of care, ranging from primary prevention to acute management and secondary prevention and 
finally to rehabilitation and continued quality improvement (CQI) activities. Hence, the “stroke systems of care” emphasizes the holistic 
approach to preventing and treating stroke.
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The “stroke systems of care” represents the complete spec
trum of stroke management in the United States. Multiple 
 evidence‐based guidelines have been published over the past 
few years to address the various components of the stroke sys
tems of care [4–9] (Table 28.1). In addition, guidelines from 
europe and Canada and other countries are also available 
[10–14] (Table 28.2). This chapter focuses on the recommen
dations from the current AHA/ASA guidelines on the early 
management of acute ischemic stroke, a crucial component of 
stroke intervention and stroke systems of care.

28.3 current aha/aSa guidelineS On 
early management Of acute iSchemic 
StrOke

28.3.1 general Principles of early management 
of acute ischemic Stroke

28.3.1.1 Main Goals of Early Management of Acute 
Ischemic Stroke There are four main goals in the initial 
phase of acute stroke management. They are (i) to ensure 
medical stability, (ii) to quickly reverse conditions that are 
contributing to the patient’s problem, (iii) to determine if 
patients with acute ischemic stroke are candidates for throm
bolytic therapy and screen for potential contraindications to 
thrombolysis, and (iv) to begin to uncover the pathophysio
logical basis of the neurological symptoms.

28.3.1.2 Components of Early Management of Acute 
Ischemic Stroke The early management of acute ischemic 
stroke involves multiple areas of care, which are intimately 
linked in a timely manner. The 2010 AHA guidelines on 
advanced cardiac life support stroke chain of survival describe 
the critical links to the process of moving a patient from stroke 
ictus through recognition, transport, triage, early diagnosis and 
treatment, and finally hospital disposition (Fig. 28.2) [15]. The 
2013 AHA/ASA guidelines draw on the above stroke chain of 
survival and recommend 12 components of the early management 
of acute ischemic stroke [4]. These 12 components are outlined 
in the following text, and the reader may refer to the full guide
lines [4] for detailed description of each of the 12 components:

1. Prehospital stroke management

2. emergency evaluation and diagnosis of acute ischemic 
stroke

3. General supportive care and treatment of acute 
complications

4. Intravenous fibrinolysis

5. endovascular interventions

6. Anticoagulants

7. Antiplatelet agents

8. Volume expansion, vasodilators, and induced 
hypertension

9. Neuroprotective modalities

table 28.1 aha/aSa current guidelines on the management of ischemic stroke

Title of guideline (note) year Journal of publication

Guidelines for the early management of patients with acute 
ischemic stroke: A guideline for healthcare professionals from 
the American Heart Association/American Stroke Association 
(early management of acute ischemic stroke)

2013 Stroke 2013; 44:870–947

Guidelines for the primary prevention of stroke: A guideline for 
healthcare professionals from the American Heart Association/
American Stroke Association (primary prevention of stroke)

2011 Stroke 2011; 42:517–584

Guidelines for the prevention of stroke in patients with stroke or 
transient ischemic attack: A guideline for healthcare 
professionals from the American Heart Association/American 
Stroke Association (secondary prevention of stroke)

2011 Stroke 2011; 42:227–276

table 28.2 international guidelines on the management of ischemic stroke

Country/organization Title of guideline year Publication

european Stroke organisation (eSo) Guidelines for the management of 
ischemic stroke and transient ischemic 
attack 2008

2008 Cerebrovasc Dis 2008; 25:457–507

National Institute for Health and 
Care excellence (NICe) (United 
kingdom)

Diagnosis and initial management of 
acute stroke and transient ischemic 
attack (TIA)

2008 http://www.nice.org.uk/CG68

Canadian Stroke Network (Canada) Canadian best practice recommendations 
for stroke care

2010 update http://www.strokebestpractices.ca/

http://www.nice.org.uk/CG68
http://www.strokebestpractices.ca/
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10. Surgical intervention

11.  Admission to hospital and general acute treatment 
(after hospitalization)

12.  Treatment of acute neurological complications 
(ischemic brain edema, hemorrhagic transformation)

28.3.2 current aha/aSa guidelines on early 
management of acute ischemic Stroke

This section focuses on describing the 2013 AHA/ASA 
guideline recommendations related to pharmacological 
therapy, which are mainly included in components (3–9) 
listed in Section  28.3.1.2. The recommendations and the 
corresponding class and level of evidence for each of the 
components (3–9) are summarized in Tables  28.3, 28.4, 
28.5, 28.6, 28.7, 28.8, and 28.9. The reader may 
refer  to  the  full guidelines [4] for recommendations on 
other  components of the early management of acute 
ischemic stroke.

28.4 Summary Of chaPter key POintS

 • The current framework for the management of stroke is 
conceptualized in the “stroke systems of care,” which 
specifies seven domains of care: primary prevention, 
community education, notification and response of 
emergency medical services, acute stroke treatment, 
subacute stroke treatment and secondary prevention, reha
bilitation, and continuous quality improvement activities.

 • Multiple evidence‐based guidelines have been pub
lished over the past few years to address the various 
components of the stroke systems of care. Most notably, 
among them are the guidelines from the American 
Heart Association/American Stroke Association (AHA/
ASA).

 • The AHA/ASA recently released the 2013 guidelines 
for the early management of patients with acute 
ischemic stroke: A guideline for health professionals 
from the American Heart Association/American Stroke 
Association.

 • The above 2013 AHA/ASA guideline provides recom
mendations on 12 areas of early management of acute 
ischemic stroke, ranging from prehospital stroke 
management, emergency evaluation and diagnosis, and 
intravenous thrombolysis to surgical intervention and 
treatment of acute neurological complications.

 • Intravenous administration of tPA is the only US FDA‐
approved pharmacological therapy for the treatment of 
patients with acute ischemic stroke within 4.5 h after 
stroke onset. Intravenous tPA for acute ischemic stroke 
is now widely accepted and recommended (class I, 
level of evidence A) by the AHA/ASA and many other 
international organizations.

 • According to the 2013 AHA/ASA guideline, intra‐
arterial fibrinolysis is beneficial for treatment of care
fully selected patients with major ischemic strokes of 
<6 h duration caused by occlusions of the MCA who 
are not otherwise candidates for intravenous tPA.

Door

Dispatch

Detection

Delivery

Decision

Data

Drug

Disposition

Rapid recognition of stroke symptoms

Early activation and dispatch of emergency 
medical services (EMS) system by calling 911

Rapid EMS identi�cation, management, and transport

Appropriate triage to stroke center

Rapid triage, evaluation, and management 
within the emergency department

Stroke expertise and therapy selection

Fibrinolytic therapy, intra-arterial strategies

Rapid admission to stroke unit, critical-care unit

figure 28.2 Schematic illustration of the American Heart Association (AHA) “stroke chain of survival.” effective management of acute 
stroke depends on the timely diagnosis and treatment. The AHA “7 D’s of Stroke Care” remains the major steps in diagnosis and treatment 
of stroke and identifies the key points at which delays can occur [15].
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table 28.3 the 2013 aha/aSa recommendations on general supportive care and treatment of acute complications [4]

Cor recommendation (explanation) loe

I Cardiac monitoring is recommended to screen for atrial fibrillation and other potentially serious cardiac 
arrhythmias that would necessitate emergency cardiac interventions. Cardiac monitoring should be 
performed for at least the first 24 h

B

Patients who have elevated blood pressure and are otherwise eligible for treatment with intravenous 
recombinant tissue plasminogen activator (tPA) should have their blood pressure carefully lowered so 
that their systolic blood pressure is <185 mm Hg and their diastolic blood pressure is <110 mm Hg 
before fibrinolytic therapy is initiated. If medications are given to lower blood pressure, the clinician 
should be sure that the blood pressure is stabilized at the lower level before beginning treatment with 
intravenous tPA and maintained below 180/105 mm Hg for at least the first 24 h after intravenous tPA 
treatment (blood pressure is usually elevated in acute ischemic stroke)

B

Airway support and ventilatory assistance are recommended for the treatment of patients with acute 
stroke who have decreased consciousness or who have bulbar dysfunction that causes compromise of 
the airway

C

Supplemental oxygen should be provided to maintain oxygen saturation >94% C
Sources of hyperthermia (temperature >38°C) should be identified and treated, and antipyretic 

medications should be administered to lower temperature in hyperthermic patients with stroke
C

Until other data become available, consensus exists that the previously described blood pressure 
recommendations should be followed in patients undergoing other acute interventions to recanalize 
occluded vessels, including intra‐arterial fibrinolysis

C

In patients with markedly elevated blood pressure who do not receive fibrinolysis, a reasonable goal is 
to lower blood pressure by 15% during the first 24 h after onset of stroke. The level of blood 
pressure that would mandate such treatment is not known, but consensus exists that medications 
should be withheld unless the systolic blood pressure is >220 mm Hg or the diastolic blood pressure 
is >120 mm Hg

C

Hypovolemia should be corrected with intravenous normal saline, and cardiac arrhythmias that might 
be reducing cardiac output should be corrected

C

Hypoglycemia (blood glucose <60 mg/dl) should be treated in patients with acute ischemic stroke. The 
goal is to achieve normoglycemia

C

IIa evidence from one clinical trial indicates that initiation of antihypertensive therapy within 24 h of stroke 
is relatively safe. restarting antihypertensive medications is reasonable after the first 24 h for patients 
who have preexisting hypertension and are neurologically stable unless a specific contraindication to 
restarting treatment is known

B

No data are available to guide selection of medications for the lowering of blood pressure in the setting 
of acute ischemic stroke. The antihypertensive medications and doses described in the full guidelines 
[4] are reasonable choices based on general consensus

C

evidence indicates that persistent in‐hospital hyperglycemia during the first 24 h after stroke is associated 
with worse outcomes than normoglycemia, and thus, it is reasonable to treat hyperglycemia to achieve 
blood glucose levels in a range of 140–180 mg/dl and to closely monitor to prevent hypoglycemia in 
patients with acute ischemic stroke

C

IIb The management of arterial hypertension in patients not undergoing reperfusion strategies remains 
challenging. Data to guide recommendations for treatment are inconclusive or conflicting. Many 
patients have spontaneous declines in blood pressure during the first 24 h after onset of stroke. Until 
more definitive data are available, the benefit of treating arterial hypertension in the setting of acute 
ischemic stroke is not well established. Patients who have malignant hypertension or other medical 
indications for aggressive treatment of blood pressure should be treated accordingly

C

III Supplemental oxygen is not recommended in nonhypoxic patients with acute ischemic stroke B

Cor and loe denote class of recommendation and level of evidence, respectively; see Chapter 5 for description.
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table 28.4 the 2013 aha/aSa recommendations on intravenous fibrinolysisa

Cor recommendation loe

I Intravenous tPA (0.9 mg/kg, maximum dose 90 mg) is recommended for selected patients who may be 
treated within 3 h of onset of ischemic stroke. Physicians should review the criteria outlined in the full 
guidelines [4] to determine the eligibility of the patient. A recommended regimen for observation and 
treatment of patients who receive intravenous tPA is described in the full guidelines [4]

A

In patients eligible for intravenous tPA, benefit of therapy is time dependent, and treatment should be 
initiated as quickly as possible. The door‐to‐needle time (time of bolus administration) should be within 
60 min from hospital arrival

A

Intravenous tPA (0.9 mg/kg, maximum dose 90 mg) is recommended for administration to eligible 
patients who can be treated in the time period of 3–4.5 h after stroke onset. The eligibility criteria for 
treatment in this time period are similar to those for people treated at earlier time periods within 3 h, 
with the following additional exclusion criteria: patients >80 years old, those taking oral anticoagulants 
regardless of international normalized ratio (INr), those with a baseline National Institutes of Health 
Stroke Scale (NIHSS) score >25, those with imaging evidence of ischemic injury involving more than 
one third of the middle cerebral artery (MCA) territory, or those with a history of both stroke and 
diabetes mellitus

B

Intravenous tPA is reasonable in patients whose blood pressure can be lowered safely (to below 
185/110 mm Hg) with antihypertensive agents, with the physician assessing the stability of the blood 
pressure before starting intravenous tPA

B

In patients undergoing fibrinolytic therapy, physicians should be aware of and prepared to emergently treat 
potential side effects, including bleeding complications and angioedema that may cause partial airway 
obstruction

B

IIa Intravenous tPA is reasonable in patients with a seizure at the time of onset of stroke if evidence suggests 
that residual impairments are secondary to stroke and not a postictal phenomenon

C

IIb The effectiveness of sonothrombolysis for treatment of patients with acute stroke is not well established B
The usefulness of the intravenous administration of tenecteplase, reteplase, desmoteplase, urokinase, or 

other fibrinolytic agents and the intravenous administration of ancrod or other defibrinogenating agents 
is not well established, and they should only be used in the setting of a clinical trial

B

The effectiveness of intravenous treatment with tPA is not well established and requires further study for 
patients who can be treated in the time period of 3–4.5 h after stroke but have one or more of the 
following exclusion criteria: (i) patients >80 years old; (ii) those taking oral anticoagulants, even with 
INr ≤1.7; (iii) those with a baseline NIHSS score >25; or (iv) those with a history of both stroke and 
diabetes mellitus

C

Use of intravenous fibrinolysis in patients with conditions of mild stroke deficits, rapidly improving stroke 
symptoms, major surgery in the preceding 3 months, and recent myocardial infarction may be 
considered, and potential increased risk should be weighed against the anticipated benefits. These 
circumstances require further study

C

III The intravenous administration of streptokinase for treatment of stroke is not recommended A
The use of intravenous tPA in patients taking direct thrombin inhibitors or direct factor Xa inhibitors may be 

harmful and is not recommended unless sensitive laboratory tests such as activated partial thromboplastin 
time (aPTT), INr, platelet count, ecarin clotting time (eCT), and thrombin time or appropriate direct 
factor Xa activity assays are normal or the patient has not received a dose of these agents for >2 days 
(assuming normal renal metabolizing function). Similar consideration should be given to patients being 
considered for intra‐arterial tPA. Further study is required

C

aref. 4.
Cor and loe denote class of recommendation and level of evidence, respectively; see Chapter 5 for description.
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table 28.5 the 2013 aha/aSa recommendations on endovascular interventionsa

Cor recommendation loe

I Patients eligible for intravenous tPA should receive intravenous tPA even if intra‐arterial treatments are being 
considered

A

Intra‐arterial fibrinolysis is beneficial for the treatment of carefully selected patients with major ischemic strokes of 
<6 h duration caused by occlusions of the MCA who are not otherwise candidates for intravenous tPA. The 
optimal dose of intra‐arterial tPA is not well established, and tPA does not have US Food and Drug Administration 
(FDA) approval for intra‐arterial use

B

As with intravenous fibrinolytic therapy, reduced time from symptom onset to reperfusion with intra‐arterial 
therapies is highly correlated with better clinical outcomes, and all efforts must be undertaken to minimize delays 
to definitive therapy

B

Intra‐arterial treatment requires the patient to be at an experienced stroke center with rapid access to cerebral 
angiography and qualified interventionalists. An emphasis on expeditious assessment and treatment should be 
made. Facilities are encouraged to define criteria that can be used to credential individuals who can perform intra‐
arterial revascularization procedures. outcomes on all patients should be tracked

C

When mechanical thrombectomy is pursued, stent retrievers such as Solitaire Fr and Trevo are generally preferred to 
coil retrievers such as Merci. The relative effectiveness of the Penumbra System versus stent retrievers is not yet 
characterized

A

IIa The Merci, Penumbra System, Solitaire Fr, and Trevo thrombectomy devices can be useful in achieving 
recanalization alone or in combination with pharmacological fibrinolysis in carefully selected patients. Their 
ability to improve patient outcomes has not yet been established. These devices should continue to be studied in 
randomized controlled trials to determine the efficacy of such treatments in improving patient outcomes

B

Intra‐arterial fibrinolysis or mechanical thrombectomy is reasonable in patients who have contraindications to the 
use of intravenous fibrinolysis

C

IIb rescue intra‐arterial fibrinolysis or mechanical thrombectomy may be reasonable approaches to recanalization in 
patients with large‐artery occlusion who have not responded to intravenous fibrinolysis. Additional randomized 
trial data are needed

B

The usefulness of mechanical thrombectomy devices other than the Merci retriever, the Penumbra System, Solitaire 
Fr, and Trevo is not well established. These devices should be used in the setting of clinical trials

C

The usefulness of emergent intracranial angioplasty and/or stenting is not well established. These procedures should 
be used in the setting of clinical trials

C

The usefulness of emergent angioplasty and/or stenting of the extracranial carotid or vertebral arteries in unselected 
patients is not well established. Use of these techniques may be considered in certain circumstances, such as in the 
treatment of acute ischemic stroke resulting from cervical atherosclerosis or dissection. Additional randomized 
trial data are needed

C

aref. 4.
Cor and loe denote class of recommendation and level of evidence, respectively; see Chapter 5 for description.

table 28.6 the 2013 aha/aSa recommendations on treatment with anticoagulantsa

Cor recommendation loe

IIb At present, the usefulness of argatroban or other thrombin inhibitors for treatment of patients with acute ischemic 
stroke is not well established. These agents should be used in the setting of clinical trials

B

The usefulness of urgent anticoagulation in patients with severe stenosis of an internal carotid artery ipsilateral to 
an ischemic stroke is not well established

B

III Urgent anticoagulation, with the goal of preventing early recurrent stroke, halting neurological worsening, or 
improving outcomes after acute ischemic stroke, is not recommended for treatment of patients with acute 
ischemic stroke

A

Urgent anticoagulation for the management of noncerebrovascular conditions is not recommended for patients 
with moderate‐to‐severe strokes because of an increased risk of serious intracranial hemorrhagic complications

A

Initiation of anticoagulant therapy within 24 h of treatment with intravenous tPA is not recommended B
aref. 4.
Cor and loe denote class of recommendation and level of evidence, respectively; see Chapter 5 for description.
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table 28.8 the 2013 aha/aSa recommendations on interventions involving volume expansion, use of vasodilators, and induced 
hypertensiona

Cor recommendation loe

I In exceptional cases with systemic hypotension producing neurological sequelae, a physician may prescribe 
vasopressors to improve cerebral blood flow. If drug‐induced hypertension is used, close neurological and 
cardiac monitoring is recommended

C

IIb The administration of high‐dose albumin is not well established as a treatment for most patients with acute 
ischemic stroke until further definitive evidence regarding efficacy becomes available

B

At present, use of devices to augment cerebral blood flow for the treatment of patients with acute ischemic stroke 
is not well established. These devices should be used in the setting of clinical trials

B

The usefulness of drug‐induced hypertension in patients with acute ischemic stroke is not well established. 
Induced hypertension should be performed in the setting of clinical trials

B

III Hemodilution by volume expansion is not recommended for treatment of patients with acute ischemic stroke A
The administration of vasodilatory agents, such as pentoxifylline, is not recommended for treatment of patients 

with acute ischemic stroke
A

aref. 4.
Cor and loe denote class of recommendation and level of evidence, respectively; see Chapter 5 for description.

table 28.7 the 2013 aha/aSa recommendations on treatment with antiplatelet agentsa

Cor recommendation (explanation) loe

I oral administration of aspirin (initial dose is 325 mg) within 24–48 h after stroke onset is recommended for 
treatment of most patients

A

IIb The usefulness of clopidogrel for the treatment of acute ischemic stroke is not well established. Further research 
testing the usefulness of the emergency administration of clopidogrel in the treatment of patients with acute 
stroke is required

C

The efficacy of intravenous tirofiban and eptifibatide is not well established, and these agents should be used only 
in the setting of clinical trials

C

III Aspirin is not recommended as a substitute for other acute interventions for treatment of stroke, including 
intravenous tPA

B

The administration of other intravenous antiplatelet agents that inhibit the glycoprotein IIb/IIIa receptor is not 
recommended. Further research testing the usefulness of emergency administration of these medications as a 
treatment option in patients with acute ischemic stroke is required

B

The administration of aspirin (or other antiplatelet agents) as an adjunctive therapy within 24 h of intravenous 
fibrinolysis is not recommended (due to increased intracranial hemorrhage)

C

aref. 4.
Cor and loe denote class of recommendation and level of evidence, respectively; see Chapter 5 for description.

table 28.9 the 2013 aha/aSa recommendations on neuroprotective modalitiesa

Cor recommendation loe

IIa Among patients already taking statins at the time of onset of ischemic stroke, continuation of statin therapy during 
the acute period is reasonable

B

IIb The utility of induced hypothermia for the treatment of patients with ischemic stroke is not well established, and 
further trials are recommended

B

At present, transcranial near‐infrared laser therapy is not well established for the treatment of acute ischemic stroke, 
and further trials are recommended

B

III At present, no pharmacological agents with putative neuroprotective actions have demonstrated efficacy in 
improving outcomes after ischemic stroke, and therefore, other neuroprotective agents are not recommended

A

Data on the utility of hyperbaric oxygen are inconclusive, and some data imply that the intervention may be 
harmful. Thus, with the exception of stroke secondary to air embolization, this intervention is not recommended 
for treatment of patients with acute ischemic stroke

B

aref. 4.
Cor and loe denote class of recommendation and level of evidence, respectively; see Chapter 5 for description.
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 • Urgent anticoagulation, with the goal of preventing 
early recurrent stroke, halting neurological worsening, 
or improving outcomes after acute ischemic stroke, is 
not recommended for treatment of patients with acute 
ischemic stroke based on the 2013 AHA/ASA 
guideline.

 • oral administration of aspirin (initial dose is 325 mg) 
within 24–48 h after stroke onset is recommended for 
treatment of most patients by the 2013 AHA/ASA 
guideline. The administration of aspirin (or other anti
platelet agents) as an adjunctive therapy within 24 h of 
intravenous fibrinolysis is not recommended (due to 
increased intracranial hemorrhage).

 • At present, no pharmacological agents with putative 
neuroprotective actions have demonstrated efficacy in 
improving outcomes after ischemic stroke, and there
fore, pharmacological neuroprotective agents are not 
recommended by the 2013 AHA/ASA guideline.

28.5 Self‐aSSeSSment QueStiOnS

28.5.1.  In his recent article on a modern history of stroke, 
M.A. kelly stated that “Prevention and treatment of 
stroke has changed substantially since the time of 
Franklin Delano roosevelt who died of an intracere
bral hemorrhage in 1945. As the understanding of 
stroke pathophysiology advanced, the beneficial 
effects of antiplatelet and anticoagulant drugs were 
recognized. Imaging of blood vessels by angiography 
made surgical therapies possible. later noninvasive 
computerized tomography and magnetic resonance 
imaging distinguished hemorrhagic from ischemic 
stroke and gave new insight into stroke mechanisms. 
Stroke prevention became possible by selective 
management of stroke risk factors. Thrombolytics 
introduced in 1996 provided the first actual treatment 
of ischemic stroke. The field of stroke continues to 
advance as medical and surgical treatments are 
refined and indications made clear, organized sys
tems of care become standard, and new imaging 
 techniques and endovascular therapies are devel
oped” ([16]). According to the 2013 AHA/ASA 
guidelines on the early management of acute ischemic 
stroke, which of the following is a class I (loe: A) 
recommendation on thrombolytic therapy in patients 
with acute ischemic stroke?
A.  In patients eligible for intravenous tPA, benefit 

of therapy is time dependent, and treatment 
should be initiated as quickly as possible. 
The  door‐to‐needle time (time of bolus 
administration) should be within 60 min from 
hospital arrival.

B. Intra‐arterial fibrinolysis is beneficial for 
treatment of carefully selected patients with 
major ischemic strokes of <6 h duration caused by 
occlusions of the MCA who are not otherwise 
candidates for intravenous tPA.

C. Intravenous tPA (0.9 mg/kg, maximum dose 
90 mg) is recommended for selected patients 
who may be treated within 4.5 h of onset of 
ischemic stroke.

D. The intravenous administration of streptokinase 
for treatment of stroke is recommended.

28.5.2.  Which of the following is a class I (loe: A) recom
mendation on endovascular interventions from the 
2013 AHA/ASA guidelines on early management of 
acute ischemic stroke?
A. As with intravenous fibrinolytic therapy, reduced 

time from symptom onset to reperfusion with intra‐
arterial therapies is highly correlated with better 
clinical outcomes, and all efforts must be under
taken to minimize delays to definitive therapy.

B. Intra‐arterial fibrinolysis or mechanical thrombec
tomy is reasonable in patients who have contrain
dications to the use of intravenous fibrinolysis.

C. Patients eligible for intravenous tPA should 
receive intravenous tPA even if intra‐arterial 
treatments are being considered.

D. The usefulness of emergent intracranial angio
plasty and/or stenting is not well established. 
These procedures should be used in the setting of 
clinical trials.

28.5.3.  A 42‐year‐old woman with a history of exertional 
dyspnea, severe mitral stenosis (mitral valve area, 
0.9 cm2) secondary to rheumatic heart disease, and 
atrial fibrillation was admitted for percutaneous 
mitral balloon valvotomy to be performed with the 
MUlTI‐TrACk (NuMeD) single‐wire, double‐
balloon device. After the patient underwent trans
septal puncture during cardiac catheterization, 
consciousness became impaired, vertigo developed, 
and binocular visual loss occurred. The doctors 
become concerned about a possible acute stroke, and 
cerebral angiography was performed, revealing total 
occlusion of the distal basilar artery, which suggested 
acute thromboembolism. Selective intra‐arterial 
thrombolysis was initiated 40 min after the ictus. 
Follow‐up cerebral angiography was performed and 
showed resolution of the occlusion. Within 12 h of 
the event, all neurologic abnormalities had resolved. 
The patient underwent mitral valve replacement at a 
later date (slightly modified from [17]). Which of the 
following was most likely used for the intra‐arterial 
thrombolysis in this patient?
A. Alteplase
B. Desmoteplase
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C. reteplase
D. Tenecteplase
e. Urokinase

28.5.4.  An 18‐year‐old man was transferred to the hospital 
because of blurred vision, dysarthria, and ataxia, 
which had reportedly progressed to coma. Upon 
analyzing the clinical and radiological findings as 
well as the patient’s history, the patient was diag
nosed with ischemic stroke from occlusion of the 
midbasilar artery (although it seems surprising that 
such a young and previously healthy person can 
have a stroke, up to 14% of all strokes occur in chil
dren and young adults). Intravenous thrombolysis 
with tissue plasminogen activator appears safe in 
young patients with stroke, but unfortunately, this 
young man’s stroke was diagnosed 5 h after onset 
(modified from [18]). Which of the following would 
be recommended?
A. Hemodilution by volume expansion
B. Immediate oral administration of aspirin
C. Intra‐arterial tPA
D. Urgent anticoagulation

28.5.5.  For the patient described in 5.4, which of the follow
ing would be a reasonable recommendation?
A. Initiation of warfarin therapy within 12 h of 

stroke onset
B. oral administration of aspirin (initial dose is 

325 mg) within 24–48 h after stroke onset
C. Supplementation of oxygen even the patient was 

nonhypoxic
D. The administration of pentoxifylline
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Note: f: figure; t: table; b: box

Abciximab, see Glycoprotein IIb/IIIa antagonists
ACE inhibitors (ACEIs), see Angiotensin-converting enzyme 

(ACE) inhibitors
Acetazolamide, see Carbonic anhydrase inhibitors
ACS, see Acute coronary syndromes
Acute coronary syndromes (ACS), see also Unstable angina, 

NSTEMI, STEMI
definition of, 277, 278f
drug targeting of, 279–80
global burden of, 278
pathophysiology of, 278–9

Acute decompensated heart failure, see Acute heart failure 
syndromes

Acute heart failure syndromes (AHFS), see also Heart  
failure

definition of, 368
management of, 368–72

Adenosine, 406–7, see also Antiarrhythmics (others)
adverse effects and drug interactions of, 407
chemistry and pharmacokinetics of, 406, 407f
clinical uses of, 407
mechanisms and pharmacological effects of, 406, 407f
therapeutic dosages of, 406, 407t

AHFS, see Acute heart failure syndromes
Aliskiren, see Direct renin inhibitors
Allopurinol, for stable angina, 259
Alpha-Adrenergic receptor antagonists, 150, see also 

Sympatholytics
Alpha-Linolenic acid (ALA), see Omega-3 Fatty acids
Alteplase, see Thrombolytic agents
Ambrisentan, see Endothelin receptor antagonists
Amiloride, see Potassium-sparing diuretics

Amiodarone, 399–400, see also Antiarrhythmics (class III)
adverse effects and drug interactions of, 400, 401t
chemistry and pharmacokinetics of, 399, 399t, 402f
clinical uses of, 400, 400t
mechanisms and pharmacological effects of, 399–400, 399f
therapeutic dosages of, 400, 400t

Amlodipine, see Calcium channel blockers
Angina

classification of, 250, 250t
definition of, 250, 250t
pathophysiology of, 251–2

Angiotensin-converting enzyme (ACE) inhibitors, 166–74
adverse effects and drug interactions of, 171–3
chemistry and pharmacokinetics of, 167, 167t, 168f
clinical uses of, 168–70

for treating acute coronary syndromes, 169, see also Acute 
coronary syndromes

for treating atrial fibrillation, 170
for treating heart failure, 169–70, see also Heart failure
for treating high CAD risk, 170
for treating hypertension, 168–9, see also Hypertension

comparison of ACEIs with direct renin inhibitors and ARBs, 
179–80

mechanisms and pharmacological effects of, 167–8, 169f, 176f
therapeutic dosages of, 170–171, 172t

Angiotensin receptor blockers (ARBs), 174–8
adverse effects and drug interactions of, 178
chemistry and pharmacokinetics of, 174, 175f, 175t
clinical uses of, 176–8

for treating diabetic nephropathy, 177
for treating heart failure, 177, see also Heart failure
for treating hypertension, 176–7

Index
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Angiotensin receptor blockers (ARBs) (cont’d )
for treating ischemic heart disease, 177
for treating stroke, 177

comparison of ARBs with direct renin inhibitors and ACEIs, 
179–180

mechanisms and pharmacological effects of, 174–6, 176f
therapeutic dosages of, 178, 179t

Anistreplase, see Thrombolytic agents
Antiarrhythmic agents, see Antiarrhythmics
Antiarrhythmics, 391–408

class IA, 393–5
adverse effects and drug interactions of, 393, 395t
chemistry and pharmacokinetics of, 393, 394f, 394t
clinical uses of, 393
mechanisms and pharmacological effects of, 393, 393f
therapeutic dosages of, 393, 395t

class IB, 394–7
adverse effects and drug interactions of, 396, 397t
chemistry and pharmacokinetics of, 394, 394f, 396t
clinical uses of, 396, 396t
mechanisms and pharmacological effects of, 393f, 394
therapeutic dosages of, 396, 396t

class IC, 396–8
adverse effects and drug interactions of, 398, 398t
chemistry and pharmacokinetics of, 394f, 396, 397t
clinical uses of, 396, 397t
mechanisms and pharmacological effects of, 396, 397t
therapeutic dosages of, 396, 397t

class II (beta-blockers), 398–9, see also Beta-Adrenergic 
receptor antagonists

class III, 399–404
amiodarone, see Amiodarone
dofetilide, see Dofetilide
dronedarone, see Dronedarone
ibutilide, see Ibutilide
sotalol, see Sotalol

class IV (CCBs), 404–6, see also Calcium channel blockers
classification of, 391–392, 392t
others, 406–8

adenosine, see Adenosine
Anticoagulants, 285–95

classification of, 285
direct thrombin inhibitors, see Direct thrombin (factor IIa) 

inhibitors
heparins, see Heparins
selective factor xa inhibitors, see Selective factor  

xa (SFxa) inhibitors
vitamin K antagonist, see Vitamin K antagonists

Antidiuretic hormone antagonists, 142t
Antiplatelet agent, see Platelet inhibitors
Apixaban, see Selective factor xa inhibitors
ApoB-100, antisense oligonucleotides to, 88–9, see also 

Mipomersen
Apolipoproteins, see Lipoproteins
ARBs, see Angiotensin receptor blockers
Argatroban, see Direct thrombin inhibitors
Arrhythmias, see Cardiac arrhythmias
Aspirin, see Cyclooxygenase inhibitors

Atenolol, see Beta-Adrenergic receptor antagonists
Atorvastatin, see Statins
ATP III guideline, 104–7, 105t–7t, see also Dyslipidemias 

(management guidelines)
ATP-sensitive potassium channel openers, see K+ATP  

channel openers
Atrial fibrillation, see also Cardiac arrhythmias

classification of, 412, 413t
definition of, 412
drug therapy for, 413–14
epidemiology of, 413

Avanafil, see Phosphodiesterase 5 inhibitors
Azilsartan, see Angiotensin receptor blockers

Benazepril, see ACE inhibitors
Beta-Adrenergic receptor antagonists, 150–157, see also 

Sympatholytics
adverse effects and drug interactions of, 157
chemistry and pharmacokinetics of, 152, 153f, 153t
classification of, 151, 151t
clinical uses of, 155–7

for treating heart failure, 156
for treating hypertension, 156
for treating ischemic heart disease, 156

mechanisms and pharmacological effects of, 152–5, 155f
therapeutic dosages of, 156t, 157

Beta-Blockers, see Beta-Adrenergic receptor antagonists
Bile acid sequestrants, 64–9

adverse effects and drug interactions of, 68
chemistry and pharmacokinetics of, 65, 65f
clinical uses of, 67

for treating dyslipidemias, 67
mechanisms and pharmacological effects of, 65–7, 66f
therapeutic dosages of, 68

Bisoprolol, see Beta-Adrenergic receptor antagonists
Bivalirudin, see Direct thrombin inhibitors
Bosentan, see Endothelin receptor antagonists
Brugada syndrome, drug therapy for, 422t
Bumetanide, see Loop diuretics

Calcium channel blockers (CCBs), 185–92
adverse effects and drug interactions of, 190, 192
chemistry and pharmacokinetics of, 186, 187f, 187t
classification of, 186
clinical uses of, 188–90

for treating acute coronary syndromes, 189
for treating cardiac arrhythmias, 190
for treating heart failure, 190
for treating hypertension, 189
for treating stable angina, 189, see also  

Stable angina
mechanisms and pharmacological effects of, 186–8, 188f
therapeutic dosages of, 190, 191t

Calcium-sensitizing agents, for treating heart failure, 359,  
see also Positive inotropic agents

Campestanol, see Phytosterols and phytostanols
Campesterol, see Phytosterols and phytostanols
Candesartan, see Angiotensin receptor blockers
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Captopril, see ACE inhibitors
Carbonic anhydrase inhibitors, 142t
Cardiac arrest, sudden

definition of, 414
epidemiology of, 414, 416
management of, 420–421

Cardiac arrhythmias
classification of, 377–8, 379t, 380t, 381f
definition of, 377, 378f
drug targeting of, 387–8
drugs for, 391–408

class I, 393–98, see also Antiarrhythmics
class II, 398–9, see also Antiarrhythmics
class III, 399–404, see also Antiarrhythmics
class IV, 404–6, see also Antiarrhythmics
others, 406–8, see also Antiarrhythmics

epidemiology of, 378, 385t
management guidelines of, 411–21

atrial fibrillation, 412–14, 413t, 415t–19t
principles, 411
supraventricular arrhythmias, 411–12, 412t
ventricular arrhythmias, 414, 416–417, 419–21, 420t

pathophysiology of, 380–381, 381f, 381t–5t, 383–5,  
386f, 387, 387f

Cardiovascular diseases
classification of, 4–5, 4f, 5f
epidemiology and statistics of, 5–9, 9f
prevention and control of, 10–15

Cardiovascular pharmacology, see also Pharmacology 
definition of, 32, 34t
developments of, 32
genetics and genomics of, 32

Cardiovascular risk factors
classification of, 9, 9t, 10t
major, 9–11, 9t–11t

Carvedilol, see Beta-Adrenergic receptor antagonists 
CCBs, see Calcium channel blockers
Centrally acting sympathyolitics, 157–8, 158f, see also 

Sympatholytics
for treating hypertension, 158

Cerebrovascular diseases, see also Stroke
classification of, 430
definition of, 429

Chlorthalidone, see Thiazide diuretics
Cholesterol absorption inhibitors, 69–72

adverse effects and drug interactions of, 72
chemistry and pharmacokinetics of, 69, 70f
clinical uses of, 70–72

for treating hypercholesterolemia, 70–71
for treating sitosterolemia, 70–71

mechanisms and pharmacological effects of,  
69–70, 70f

therapeutic dosages of, 72
Cholesterol ester transfer protein (CETP)

biochemistry of, 48f, 50
inhibitors of, 91–2, 91f

Cholestipol, see Bile acid sequestrants
Cholestyramine, see Bile acid sequestrants

Chylomicron (CM), see Lipoproteins
Cilostazol, for treating claudication, 304
Clevidipine, see Calcium channel blockers 
Clonidine, see Centrally acting sympatholytics
Clopidogrel, see P2Y12 ADP-receptor antagonists
Colesevelam, see Bile acid sequestrants
Conivaptan, see Antidiuretic hormone antagonists
COx inhibitors, see Cyclooxygenase inhibitors
Cyclooxygenase (COx) inhibitors, 296–7

adverse effects and drug interactions of, 297
chemistry and pharmacokinetics of, 296, 296f
clinical uses of, 297, 297t
mechanisms and pharmacological effects of, 296–7, 296f
therapeutic dosages of, 297

Dabigatran, see Direct thrombin inhibitors 
Dalteparin, see Heparins
Desirudin, see Direct thrombin inhibitors
Dichlorphenamide, see Carbonic anhydrase inhibitors
Digitalis, 355–57

adverse effects and drug interactions of, 357
chemistry and pharmacokinetics of, 355, 355f
clinical uses of, 356

for treating atrial fibrillation, 356
for treating heart failure, 356

mechanisms and pharmacological effects of, 355–6, 356f
therapeutic dosages of, 356–7, 357t

Digoxin, see Digitalis
Diltiazem, 404–6, see also Antiarrhythmics (class IV), Calcium 

channel blockers
adverse effects and drug interactions of, 406
chemistry and pharmacokinetics of, 404, 404t
clinical uses of, 405, 405t
mechanisms and pharmacological effects of, 404–5
therapeutic dosages of, 405t

Dipyridamole, for treating thromboembolic conditions, 304
Direct renin inhibitors, 162–6, see also RAAS inhibitors

adverse effects and drug interactions of, 166
chemistry and pharmacokinetics of, 163, 164f
clinical uses of, 165–6

for treating coronary artery disease, 165–6
for treating hypertension 165
for treating prehypertension, 165–6

mechanisms and pharmacological effects of, 164–165, 164f
therapeutic dosages of, 166

Direct thrombin (factor IIa) inhibitors, 293–5
adverse effects and drug interactions of, 294–5
chemistry and pharmacokinetics of, 293, 293f, 293t
clinical uses of, 294, 294t
mechanisms and pharmacological effects of, 293–4
therapeutic dosages of, 294, 295t

Disopyramide, see Antiarrhythmics (class IA)
Diuretics, 127–43

classification of, 128, 129f
definition of, 127

Dobutamine, 357–9, see also Positive inotropic agents
adverse effects and drug interactions of, 358–9
chemistry and pharmacokinetics of, 357, 357t
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Dobutamine (cont’d )
clinical uses of, 358

for treating heart failure, 358
mechanisms and pharmacological effects of, 357–8
therapeutic dosages of, 358, 358t

Docosahexaenoic acid (DHA), see Omega-3 Fatty acids
Dofetilide, see also Antiarrhythmics (class III)
Dopamine, 357–9, see also Dobutamine
Dorzolamide, see Carbonic anhydrase inhibitors
Dronedarone, 399–400, see also Amiodarone
Drug

definition of, 22t
discovery, development, and regulation of, 31–2, 31f, 33t
dosage forms of, 26, 26t, 27t
FDA pregnancy category ratings of, 29, 29t
names of, 24, 25t
routes of administration of, 26, 27t
sources of, 24, 26, 26t
toxicity of, 28–9

Dyslipidemias
classification of, 51–3, 52t, 53t
drugs for, 56–93
emerging therapeutic strategies for, 88–93
management guidelines for, 102–13

2013 ACC/AHA, 107–13, 109t–11t
ATP III, 104–7, 105t–7t
comparison of 2013 ACC/AHA with ATP III, 111–12
comparison of 2013 ACC/AHA with 2011 ESC/EAS, 112
comparison, of 2013 ACC/AHA with 2014 NICE, 112
principles, 99–102

molecular etiology of, 51–3

Eicosapentaenoic acid (EPA), see Omega-3 Fatty acids
Enalapril, see ACE inhibitors
Enalaprilat, see ACE inhibitors
Endothelin receptor antagonists, 201–4, see also  

Vasodilators
adverse effects and drug interactions of, 203–204
chemistry and pharmacokinetics of, 202, 202f, 202t
clinical uses of, 203

for treating pulmonary arterial hypertension, 203
mechanisms and pharmacological effects of, 202, 203f
therapeutic dosages of, 203, 204t

Endothelin receptors
biochemistry of, 201, 203f
inhibitors, see Endothelin receptor antagonists

Enoxaparin, see Heparins
Eplerenone, see Potassium-sparing diuretics
Eprosartan, see Angiotensin receptor blockers 
Eptifibatide, see Glycoprotein IIb/IIIa antagonists
Esmolol, see Beta-Adrenergic receptor antagonists 
ETA, see Endothelin receptors
ETA/ETB antagonists, see Endothelin receptor antagonists
ETA-selective antagonists, see Endothelin  

receptor antagonists
ETB, see Endothelin receptors
Ethacrynic acid, see Loop diuretics
Ezetimibe, see Cholesterol absorption inhibitors

Felodipine, see Calcium channel blockers 
Fenofibrate, see Fibrates
Fenoldopam, 211–12, see also Vasodilators

adverse effects and drug interactions of, 212
chemistry and pharmacokinetics of, 209f, 211
clinical uses of, 212

for treating hypertension, 212
mechanisms and pharmacological effects of, 212
therapeutic dosages of, 212

Fibrates, 72–5
adverse effects and drug interactions of, 75
chemistry and pharmacokinetics of, 73, 73f
clinical uses of, 74

for treating hypertriglyceridemia, 74
mechanisms and pharmacological effects of, 73–4, 73f
therapeutic dosages of, 75

Fibrinolytic agents, see Thrombolytic agents
Flecainide, see Antiarrhythmics (class IC)
Fluvastatin, see Statins
Fondaparinux, see Selective factor xa inhibitors
Fosinopril, see ACE inhibitors
Framingham heart study, historical overview, 17b
Furosemide, see Loop diuretics

Gemfibrozil, see Fibrates
Gene therapy

approaches of, 35
for cardiovascular diseases, 36
classification of, 36
definition of, 35
history of, 35

Global burden of disease (GBD)
GBD 1990 Study, 6b
GBD 2010 Study, 6b

Glycerol, see Osmotic diuretics
Glycoprotein (GP) IIb/IIIa antagonists, 302–4

adverse effects and drug interactions of, 304
chemistry and pharmacokinetics of, 302, 302f, 303t
clinical uses of, 303, 303t
mechanisms and pharmacological effects of, 302f, 303
therapeutic dosages of, 303–4

Guanabenz, see Centrally acting sympathyolitics, 158
Guanfacine, see Centrally acting sympathyolitics, 158
Guidelines

classes of recommendations of, 102–4, 103t, 104t
level of evidence of, 102–4, 103t, 104t

HDL-elevating agents
ApoA-I Milano, 92
CETP inhibitors, 91–2, 91f
fibrates, see Fibrates
niacin, see Niacin
RVx-208, 92, 93

Heart failure
classification of, 345, 346t, 347, 347t
definition of, 345
drug targeting of, 348–9, 348f
drugs for, 352–60
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aldosterone receptor antagonists, 353, see also  
Potassium-sparing diuretics

ARBs, 353, see Angiotensin receptor blockers
beta-blockers, 352–3, see also Beta-Adrenergic receptor 

antagonists
direct renin inhibitors, 354, see also RAAS inhibitors
diuretics, 352, see also Diuretics
inotropes, 354–60, see also Positive inotropic agents
RAAS inhibitors, 353, see also RAAS inhibitors
vasodilators, 354, see also Vasodilators

epidemiology of, 347
management guidelines of, 364–73

for AHFS, 368–70, 369t–72t
for HF-PEF, 367–368, 369t
for HF-REF, 364–5, 365t–7t, 367, 373f

pathophysiology of, 348–349, 348f
with preserved ejection fraction (HF-PEF), 346t
with reduced ejection fraction (HF-REF), 346t

Hemostasis
definition of, 283
physiology of, 283–5, 284f

Heparins, 287–90, see also Anticoagulants
adverse effects and drug interactions of, 289–90

heparin-induced thrombocytopenia (HIT), 289–90
chemistry and pharmacokinetics of, 287–8
clinical uses of, 288–9, 289t
mechanisms and pharmacological effects of, 288, 288f
therapeutic dosages of, 289, 289t

HF, see Heart failure
HF-PEF, see also Heart failure

definition of, 346t
management of, 367–368, 369t

HF-REF, see also Heart failure
definition of, 346t
management of, 364–367

High-density lipoprotein (HDL), see Lipoproteins
Homozygous familial hypercholesterolemia (HoFH)

etiology of, 52t
new drugs for, 80

Hydralazine, 209f, 210–211, see also Vasodilators
adverse effects and drug interactions of, 211
chemistry and pharmacokinetics of, 210–211
clinical uses of, 211

for treating hypertension, 211
mechanisms and pharmacological effects of, 211
therapeutic dosages of, 211, 211t

Hydrochlorothiazide, see Thiazide diuretics
Hypercholesterolemia, 51, 52t, see also Dyslipidemias
Hypertension

classification of, 119–20, 120t
definition of, 119–20
diuretics for treating, 223–4, see also Diuretics
drug classes for, 123, 123t, 124f, 124t, see also Diuretics, 

Sympatholytics, RAAS inhibitors, Calcium channel 
blockers, Nitrates

epidemiology of, 120–121
drug therapy for specific situations of, 226–33

hypertension emergencies and urgencies, 232–3, 233t

hypertension in children, 229–30, 229t
hypertension in elderly, 228, 229
hypertension in pregnancy, 230–231, 230t, 231t
hypertension with chronic kidney disease, 228, 228t
hypertensives of African heritage, 231–2
hypertensives with diabetes, 226
hypertensives with ischemic heart disease, 226
prehypertension, 234–5
pulmonary hypertension, 235–7, 236t, 237t
resistant hypertension, 232

lifestyle modifications for, 221–3
management guidelines of, 215–38

2014 AHA/ACC/CDC, 216, 219, 219t
AHA 2007, 216–219, 218t
ASH/ISH, 216
BHS, 216
ESH/ESC, 217
JNC7, 215–17
JNC8, 219, 220t
NICE 216
principles 215

pathophysiology of, 121–2, 121f
RAAS inhibitors for treating, 225, see also RAAS inhibitors
sympatholytics for treating, 224–5, see also Sympatholytics
vasodilators for treating, 225–226, see also Vasodilators

Hypertriglyceridemia, 51, 52t, see also Dyslipidemias
Hypoalphalipoproteinemia, 51, 52t, see also Dyslipidemias

Ibutilide, 400–403, see also Antiarrhythmics (class III)
adverse effects and drug interactions of, 401, 403t
chemistry and pharmacokinetics of, 400, 402f, 402t
clinical uses of, 400, 402t
mechanisms and pharmacological effects of, 399f, 400
therapeutic dosages of, 400–401, 402t

Ideal cardiovascular health
definition of, 13, 13t
the simple 7 of, 13, 13t

Inamrinone, see Phosphodiesterase 3 inhibitors
Indapamide, see Thiazide diuretics
Intermediate-density lipoprotein (IDL), see Lipoproteins
Irbesartan, see Angiotensin receptor blockers 
Ischemic heart disease

classification of, 245, 246t–8t, 248f
epidemiology of, 249, 249t
pathophysiology of, 249–50

Ischemic stroke, see also Stroke
drug targeting of, 433f
drugs for, 436–42

anticoagulants, 439, see also Anticoagulants
antiplatelet agents, 439, see also Platelet inhibitors
thrombolytic drugs, 438–9, see also Thrombolytic agents

management guidelines of, 447–55
2013 AHA/ASA, 449–50, 449t, 50f, 451t–4t
stroke systems of care, 447–9, 448f

management options of, 432, 433f
pathophysiology of, 432, 433f
prevention, primary, of, 436–7
prevention, secondary, of, 441, 441f
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Isosorbide, see Osmotic diuretics
Isosorbide dinitrate, see Nitrates
Isosorbide mononitrate, see Nitrates
Isradipine, see Calcium channel blockers
Ivabradine

for treating heart failure, 359
for treating stable angina, 258–9
structure of, 256f

JNC7, 119, 120t, 217, see also Hypertension  
(management guidelines)

JNC8, 219, 220, see also Hypertension (management  
guidelines)

K+
ATP

 channel openers, 209–10, see also Vasodilators
adverse effects and drug interactions of, 210
chemistry and pharmacokinetics of, 209f, 210
clinical uses of, 210

for treating hypertension, 210
mechanisms and pharmacological effects of, 210
therapeutic dosages of, 210

Labetalol, see Beta-Adrenergic receptor antagonists
Lepirudin, see Direct thrombin inhibitors
Levosimendan, for treating heart failure, 359, see also  

Calcium-sensitizing agents
Lidocaine, see Antiarrhythmics (class IB)
Lipoproteins, 45–51

classification of, 46–47, 46t
definition of, 45
enterohepatic circulation of, 48
metabolism, 47–51, 47f, 48f
reverse cholesterol transport of, 48–51, 48f
structure of, 45–6, 46f, 46t

Lisinopril, see ACE inhibitors
Lomitapide, for treating HoFH, 80–82, 81f
Long-QT syndrome, drug therapy for, 422t
Loop diuretics, 134–8

adverse effects and drug interactions of, 137
chemistry and pharmacokinetics of, 134, 135f, 135t
clinical uses of, 136, 137

for treating heart failure, 136, see also Heart failure  
(drugs for)

mechanisms and pharmacological effects of, 134,  
135f, 136

therapeutic dosages of, 137, 137t
Losartan, see Angiotensin receptor blockers
Lovastatin, see Statins
Lovaza (Omega-3-acid ethyl esters), see Omega-3 Fatty acids
Low-density lipoprotein (LDL), see Lipoproteins
Low-molecular-weight heparins (LMWHs), see Heparins
LQTS, see Long-QT syndrome

Macitentan, see Endothelin receptor antagonists
Magnesium, for treating arrhythmias, 407–8
Mannitol, see Osmotic diuretics
Methazolamide, see Carbonic anhydrase inhibitors
Methyldopa, see Centrally acting sympathyolitics

Metolazone, see Thiazide diuretics
Metoprolol, see Beta-Adrenergic receptor antagonists
Mexiletine, see Antiarrhythmics (class IB)
Microsomal triglyceride transfer protein (MTP)

biochemistry of, 89
inhibitors of, 89

Microvascular angina, see Stable angina
Million Hearts initiative

goals of, 14, 15t
strategies of, 14

Milrinone, see Phosphodiesterase 3 inhibitors
Minoxidil, see K+

ATP
 channel openers

Mipomersen, for treating HoFH, 82–3, 81f
Mixed hyperlipidemia, 51, 52t, see also Dyslipidemias
Moexipril, see ACE inhibitors
Myocardial infarction, see NSTEMI, STEMI

n-3 Fatty acids, see Omega-3 Fatty acids
Nebivolol, see Beta-Adrenergic receptor antagonists
Neuroprotection

definition of, 439
drugs for, 439–41, 440f

Neurorepair, for stroke, 442
Niacin, 75–80

activation of GPR 109A, 76f, 77
adverse effects and drug interactions of, 78–9
chemistry and pharmacokinetics of, 76
clinical uses of, 77–8

for treating hypertriglyceridemia, 77
for treating low HDL cholesterol, 77–8

mechanisms and pharmacological effects of, 76–7, 76f
therapeutic dosages of, 78

Nicardipine, see Calcium channel blockers
Niemann-Pick C1-Like 1 (NPCILI), 69, 70f
Nifedipine, see Calcium channel blockers
Nimodipine, see Calcium channel blockers
Nisoldipine, see Calcium channel blockers
Nitrates, 194–201, see also Vasodilators

adverse effects and drug interactions of, 200, 201
chemistry and pharmacokinetics of, 196–7, 196f, 197t
clinical uses of, 199

for treating acute coronary syndromes, 199
for treating heart failure, 199
for treating stable angina, 199

mechanisms and pharmacological effects of, 197–8, 198f
therapeutic dosages of, 200, 200t

Nitroglycerin, see Nitrates
Nitroprusside, 196–201, see also Vasodilators

adverse effects and drug interactions of, 201
chemistry and pharmacokinetics of, 196–7, 196f, 197t
clinical uses of, 199

for treating heart failure, 199
for treating hypertension emergency, 199

mechanisms and pharmacological effects of,198, 198f
therapeutic dosages of, 200, 200t

Noncommunicable diseases (NCD)
definition of, 7b
global status of, 7, 7f, 9f
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Non-ST-elevation myocardial infarction (NSTEMI)
definition of, 277, 278f, see also Acute coronary syndromes
management guidelines of, 310–324, see also Unstable  

angina 
NSTEMI, see Non-ST-elevation myocardial infarction

Olmesartan, see Angiotensin receptor blockers
Omega-3 fatty acids, 86–8

adverse effects and drug interactions of, 88
cardiovascular effects of, 87
chemical structures of, 86f
clinical uses of, 87

for treating hypertriglyceridemia, 87
definition of, 86
mechanisms and pharmacological effects of, 87, 87f
preparations of, 86–7
therapeutic dosages of, 88

Organic nitrates, see Nitrates
Osmotic diuretics, 142t

PCSK9, see Proprotein convertase subtilisin/kexin type 9
PDE3 inhibitors, see Phosphodiesterase 3 inhibitors
PDE5 inhibitors, see Phosphodiesterase 5 inhibitors
Perhexiline

for stable angina, 258
structure of, 256

Perindopril, see ACE inhibitors 
Peroxisome proliferator-activated receptor-alpha (PPAR-α), 73f, 74
Phamacogenetics/Pharmacogenomics

definition of, 29, 30b
mechanisms of, 29, 30f

Pharmacology
definition of, 21–2, 22t
historical figures of, 22, 23f, 23t, 24t
history of, 22–4, 23t, 24t
paradigm of, 24, 25f
specialties of, 32, 34t

Phosphodiesterase 3 (PDE3) inhibitors, 359, see also Positive 
inotropic agents

adverse effects and drug interactions of, 359
chemistry and pharmacokinetics of, 355f, 359
clinical uses of, 359

for treating heart failure, 359
mechanisms and pharmacological effects of, 359
therapeutic dosages of, 359

Phosphodiesterase 5 (PDE5) inhibitors, 204–7, see also 
Vasodilators

adverse effects and drug interactions of, 206–7
chemistry and pharmacokinetics of, 205, 206f, 206t
clinical uses of, 205–6

for treating erectile dysfunction, 205–6
for treating pulmonary arterial hypertension, 206

mechanisms and pharmacological effects of, 205, 206f
therapeutic dosages of, 206, 206t

Phytosterols and phytostanols, 83–6
adverse effects and drug interactions of, 85
clinical uses of, 84–5

for reducing LDL cholesterol 84

definition and chemistry of, 83, 84f
dietary supplementation of, 83
historical overview of, 83
mechanisms and pharmacological effects of, 83–4, 85f
therapeutic dosages of, 85

Pitavastatin, see Statins
Platelet inhibitors, 295–304

classification of, 295–6
cyclooxygenase inhibitors, see Cyclooxygenase inhibitors
GP IIb/IIIa antagonist, see Glycoprotein (GP) IIb/IIIa 

antagonists
P2Y

12
 ADP-receptor antagonists, see P2Y

12
 ADP-receptor 

antagonists
thrombin receptor antagonists, see Thrombin receptor 

antagonists
Polypill

for cardiovascular diseases, 35
definition of, 35

Positive inotropic agents, 354–60
classification of, 354–5
for treating heart failure, see Heart failure

Potassium-sparing diuretics, 138–42
adverse effects and drug interactions of, 141
chemistry and pharmacokinetics of, 138, 138f, 139t
clinical uses of,140–141

for treating heart failure, 140
for treating hyperaldosteronism, 141
for treating hypertension, 140

mechanisms and pharmacological effects of,  
139–40, 139f

therapeutic dosages of, 141, 141t
Prasugrel, see P2Y

12
 ADP-receptor antagonists

Pravastatin, see Statins
Prehypertension

definition of, 120t
management of, 234–5

Procainamide, see Antiarrhythmics (class IA)
Propafenone, see Antiarrhythmics (class IC)
Propranolol, see Beta-Adrenergic receptor antagonists 
Proprotein convertase subtilisin/kexin type 9 (PCSK9)

biochemistry of, 89–90, 90f
inhibitors of, 89–90

Protein therapeutics
for cardiovascular diseases, 35
definition of, 35

Pulmonary hypertension, 235–7
classification of, 236t
pathophysiology of, 235
pharmacological management of, 235–7, 237t

P2Y
12

 ADP-receptor antagonists, 297–300
adverse effects and drug interactions of, 300
chemistry and pharmacokinetics of, 298, 298f, 299t
clinical uses of, 298, 299t
mechanisms and pharmacological effects of, 298, 298f
therapeutic dosages of, 298, 299t

Quinapril, see ACE inhibitors 
Quinidine, see Antiarrhythmics (class IA)
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RAAS Inhibitors, 161–81
classification of, 162, 164t
drug targeting of, 162, 164t

Ramipril, see ACE inhibitors 
Ranolazine, 255–258

adverse effects and drug interactions of, 257–8
chemistry and pharmacokinetics of, 255, 256f
clinical uses of, 257

for treating stable angina, 257
mechanisms and pharmacological effects of, 255–7, 257f
therapeutic dosages of, 257

Reentry
definition of, 384
electrophysiology of, 384–5, 386f, 387, 387f

Refractory angina, see Stable angina
Renin-angiotensin-aldosterone system (RAAS)

biochemistry of, 162, 162f, 163f
historical overview of, 161
inhibitors, see RAAS inhibitors

Resistant hypertension
definition of, 232
management of, 232

Reteplase, see Thrombolytic agents
Riociguat, see Soluble guanylate cyclase stimulators
Risk prediction, 15–16, 101

Framingham risk score of, 15–16, 16f, 17f
Rivaroxaban, see Selective factor xa inhibitors
Rosuvastatin, see Statins

SCD, see Cardiac arrest, sudden
Selective factor xa (SFxa) inhibitors, 290–292

adverse effects and drug interactions of, 292
chemistry and pharmacokinetics of, 290, 291f, 291t
clinical uses of, 290, 291t
mechanisms and pharmacological effects of, 290
therapeutic dosages of, 290, 292, 292t

Serelaxin, for treating heart failure, 359
SFxa inhibitors, see Selective factor xa inhibitors
sGC stimulators, see Soluble guanylate cyclase  

stimulators
Sildenafil, see also Phosphodiesterase 5 inhibitors

for treating heart failure 359
for treating pulmonary arterial hypertension, see Pulmonary 

hypertension
Simvastatin, see Statins
Sitostanol, see Phytosterols and phytostanols
Sitosterol, see Phytosterols and phytostanols
Sodium nitroprusside, see Nitroprusside
Soluble guanylate cyclase (sGC) stimulators, 207–9, see also 

Vasodilators
adverse effects and drug interactions of, 208–9
chemistry and pharmacokinetics of, 207, 208f
clinical uses of, 207

for treating chronic thromboembolic pulmonary 
hypertension, 207

for treating pulmonary arterial hypertension, 207
mechanisms and pharmacological effects of, 207, 208f
therapeutic dosages of, 207–8

Sotalol, 402–404 see also Antiarrhythmics (class III)
adverse effects and drug interactions of, 403–4
chemistry and pharmacokinetics of, 402, 402f
clinical uses of, 403, 404t
mechanisms and pharmacological effects of, 399f, 403
therapeutic dosages of, 403, 404t

Spironolactone, see Potassium-sparing diuretics
Squalene synthase

biochemistry of, 59f
inhibitors of, 89

Stable angina, see also Angina
definition of, 250
drugs for, 254–9

allopurinol, 259, see also Allopurinol
beta-blockers, 254, see also Beta-Adrenergic receptor 

antagonists
calcium channel blockers, 255, see also Calcium channel 

blockers
fatty acid oxidation inhibitors, 258, see also Trimetazidine, 

Perhexiline
inhibitors of sinus node pacemaker current, 258–9, see also 

Ivabradine
nitrates, 255, see also Nitrates
ranolazine, 255–8, see also Ranolazine

management guidelines, 262–73
drug therapy for mortality prevention, 267–9, 268t, 269t, 272f
drug therapy for symptom relief, 266–7, 266t, 267t, 272f
microvascular, 271, 271t
overview of, 262–5, 263t
principles of, 265–6, 272f
refractory, 272
revascularization, 269, 269t, 270t
vasospastic, 271

Stable coronary artery disease, see Stable angina
Stable ischemic heart disease, see Stable angina
Statins, 56–64

adverse effects and drug interactions of, 63–4
chemistry and pharmacokinetics of, 57–8, 57f
clinical uses of, 61–2

for treating dyslipidemia, 61–2
for treating others, 62

history of discovery of, 56–57
mechanisms and pharmacological effects of, 58–61,  

59f, 60f
nomenclature of, 56
therapeutic dosages of, 62–3, 63t

ST-elevation myocardial infarction (STEMI)
definition of, 277, 278f, see also Acute coronary syndromes
epidemiology of, 327, 328b
management guidelines of, 327–39

2013 ACCF/AHA, 330–331, 333–4, 331t–9t, 338–9
overview, 328, 329t
principles, 329–30

Stem cell therapy
concept of, 36–8, 37f
for heart failure, 360
for stable angina, 259
for stroke, 442
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STEMI, see ST-elevation myocardial infarction
Streptokinase, see Thrombolytic agents
Stroke, see also Cerebrovascular diseases, Ischemic stroke

definition and classification of, 429–30, 430t, 432f
epidemiology of, 430, 430b, 431t, 432

Sympathetic nervous system
inhibitors of, see Sympatholytics
overview of, 147–8, 148f, 149f

Sympatholytics, 147–59
classification of, 148, 149f, 150

Systems pharmacology, definition of, 34

Tadalafil, see Phosphodiesterase 5 inhibitors
Telmisartan, see Angiotensin receptor blockers
Tenecteplase, see Thrombolytic agents
Thiazide diuretics, 129–34

adverse effects and drug interactions of, 133–4
chemistry and pharmacokinetics of, 129–30, 130f, 130t
clinical uses of,131–2

for treating heart failure, 132
for treating hypertension, 132
for treating other conditions, 132

mechanisms and pharmacological effects of, 130–131, 131f
therapeutic dosages of, 132, 132t

Thrombin receptor antagonists, 300–301
adverse effects and drug interactions of, 301
chemistry and pharmacokinetics of, 300, 301f
clinical uses of, 301
mechanisms and pharmacological effects of, 300–301, 301f
therapeutic dosages of, 301

Thrombolytic agents, 304–7
adverse effects and drug interactions of, 307
chemistry and pharmacokinetics of, 305–6, 305t
classification of, 304
clinical uses of, 306–7
mechanisms and pharmacological effects of, 305f, 306
therapeutic dosages of, 306t, 307

Thyroid hormone analogs, for reducing LDL cholesterol, 89
Ticagrelor, see P2Y

12
 ADP-receptor antagonists

Tinzaparin, see Heparins
Tirofiban, see Glycoprotein IIb/IIIa antagonists
Tolvaptan, see Antidiuretic hormone antagonists
Torsemide, see Loop diuretics
Tosades de pointes, drug therapy of, 420t

Total cardiovascular diseases, 4–5, 5f
tPA, recombinant human, see Thrombolytic agents
Trandolapril, see ACE inhibitors
Triamterene, see Potassium-sparing diuretics
Trimetazidine

for stable angina, 258
structure of, 256

UA, see Unstable angina
Unfractionated heparins (UFH), see Heparins
Unstable angina, see also Angina

definition of, 250t, see also Acute coronary syndromes
management guidelines of, 310–324

analgesic therapy, 312
anticoagulant therapy, 312, 316t, see also Anticoagulants
anti-ischemic therapy, 312, 313t, 314t
antiplatelet therapy, 312, 314t–16t, see also  

Platelet inhibitors
coronary revascularization, 318, 318t, 319t
long-term management, 323–4
overview, 310–311
principles, 311
specific patient groups, 318–23, 320t–323t

Urea, see Osmotic diuretics
Urokinase, see Thrombolytic agents

Valsartan, see Angiotensin receptor blockers
Vardenafil, see Phosphodiesterase 5 inhibitors
Vascepa (Icosapent), see Omega-3 Fatty acids
Vascular tone, regulation of, 194–6
Vasodilators, classification of, 194
Vasospastic angina, see Stable angina
Verapamil, 404–6, see also Calcium channel blockers; Diltiazem
Vernakalant, for treating arrhythmias, 408
Very low-density lipoprotein (VLDL), see Lipoproteins
Vitamin K antagonists, 285–7, see also Anticoagulants

adverse effects and drug interactions of, 286–7
chemistry and pharmacokinetics of, 285, 286f
clinical uses of, 286
mechanisms and pharmacological effects of, 285–6, 286f
therapeutic dosages of, 286

Vorapaxar, see Thrombin receptor antagonists

Warfarin, see Vitamin K antagonists
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Figure 3.2 Endogenous and exogenous pathways of lipoprotein metabolism. See text (Sections 3.2.2.1 and 3.2.2.2) for description. CM, 
chylomicron; CMR, chylomicron remnant; HL, hepatic lipase; IDL, intermediate‐density lipoprotein; LDL, low‐density lipoprotein; LDLR, 
LDL receptor; FFA, free fatty acid; LPL, lipoprotein lipase; VLDL, very‐low‐density lipoprotein.
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Figure 4.2 Molecular mechanism by which statins inhibit cholesterol synthesis. Statins competitively inhibit HMG‐CoA reductase, a 
key  enzyme in cholesterol biosynthesis. Inhibition of HMG‐CoA reductase by statins also decreases protein prenylation, a process that 
leads to inflammation, reactive oxygen species (ROS) formation, cell proliferation, and tissue remodeling. These events play an important 
part  in   atherosclerosis. Decreased protein prenylation of small G proteins, including Ras, Rho, and Rac, may hence account for the   
lipid‐lowering‐independent beneficial effects of statin therapy. On the other hand, statin drugs decrease ubiquinone formation, which might 
partly be responsible for the development of myopathy associated with statin treatment. FPP denotes farnesyl pyrophosphate.
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Figure 4.3 Molecular mechanism by which statins reduce LDL cholesterol. Statin‐induced decreases in cholesterol concentration in hepa-
tocytes result in protease activation. Protease activation causes the activation and nuclear translocation of sterol regulatory element‐binding 
protein (SREBP), which binds to the sterol regulatory element of the LDL receptor (LDLR) gene, leading to increased expression of LDLR. 
Increased LDLR expression on the surface of hepatocytes promotes LDL uptake from plasma, thereby reducing plasma LDL cholesterol.
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Figure 4.5 Molecular mechanism by which bile acid sequestrants reduce cholesterol. A significant portion of bile acids (bile salts) 
secreted into the intestine is reabsorbed and delivered into the liver via portal vein, hence forming enterohepatic circulation of bile acids (BA). 
Bile acid sequestrants (BAS) bind BA forming complexes that are eliminated in feces. The decreased return of BA to the liver causes upregu-
lation of cholesterol (CH) 7‐α‐hydroxylase, the key enzyme in BA synthesis, thereby leading to decreases in CH concentration in hepatocytes. 
As described in Figure 4.3 legend, decreased cholesterol causes increased expression of LDL receptors on the surface of hepatocytes and the 
subsequent reduction in plasma LDL cholesterol.
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Figure 7.8 Molecular mechanisms of action of potassium‐sparing diuretics. Amiloride and triamterene block the activity of the Na+ channels 
in the apical membranes of the principal cells, whereas eplerenone and spironolactone decrease the biosynthesis of new Na+ channels in these cells 
via blocking the aldosterone receptors (AR). As illustrated, aldosterone–AR complex binds to the hormone response element (HRE) of the gene 
encoding the Na+ channel protein, thereby leading to enhanced expression of the Na+ channels. Eplerenone and spironolactone competitively block 
the binding of aldosterone to AR, thereby inhibiting the transcription of the Na+ channel‐encoding gene. Since Na+ reabsorption in the principal 
cells is coupled with K+ secretion, inhibition of the Na+ reabsorption by these diuretic drugs causes decreased K+ excretion.
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Figure 9.2 The contemporary view of the RAAS. The contemporary view emphasizes multiple aspects of the RAAS not recognized in the 
classical view. For example, the catalytic activity of renin increases when bound to the (pro)renin receptors (P/R‐R), and the otherwise inactive 
prorenin becomes catalytically active when bound to P/R‐R. Angiotensin II can be catabolized by angiotensin‐converting enzyme 2 (ACE2) to 
form angiotensin‐(1–7), another active peptide of this system, which typically opposes the actions of angiotensin II. Angiotensin‐(1–7) can also 
be derived from angiotensin I with angiotensin‐(1–9) as the intermediate. Angiotensin II is cleaved into smaller fragments, such as angiotensin‐
(2–8) (also called angiotensin III) and angiotensin‐(3–8) (also called angiotensin IV) by aminopeptidases. Most effects of angiotensin II are 
mediated by the angiotensin receptor type 1 (AT

1
 receptor); however, angiotensin II can also bind to the angiotensin receptor type 2 (AT

2
 

receptor), whose activation generally exhibits opposing effects on the responses caused by the activation of AT
1
 receptors and may result in 

cardiovascular protection. Angiotensin‐(1–7) acts via its putative MAS receptor to elicit responses that may also counteract those caused by 
activation of AT

1
 receptors by angiotensin II. MAS is a proto‐oncogene encoding a G‐protein‐coupled receptor, which has been recently iden-

tified as a putative receptor for angiotensin‐(1–7). The ACE2/angiotensin‐(1–7)/MAS receptor axis may represent new possibilities for devel-
oping novel therapeutic strategies for the treatment of cardiovascular diseases. As shown in the scheme, in addition to angiotensin II, angiotensin 
III also activates AT

1
 receptors. Angiotensin IV activates AT

4
 receptors; however, the physiological significance of this receptor activation 

remains unclear. Likewise, the nomenclature and existence of the AT
3
 receptor and its relationship to MAS receptor remain controversial.
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Figure 15.1 Schematic illustration of guideline‐based management of stable angina/stable ischemic heart disease (SIHD). As illustrated, 
effective management of stable angina/SIHD requires multiple intertwined efforts, including drug therapy, nonpharmacological approach, 
lifestyle/risk factor modifications, and patient education. These efforts are aimed to relieve the patients’ symptoms and prevent cardiovascular 
events and mortality, with the latter being the highest priority. ACEIs/ARBs, angiotensin‐converting enzyme inhibitors/angiotensin receptor 
blockers; CCBs, calcium channel blockers.
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Figure 17.2 Blood coagulation cascades and anticoagulants. As illustrated, the intrinsic and extrinsic pathways of coagulation converge 
with the activation of factor X and the subsequent formation of thrombin (factor IIa), which in turn catalyzes the formation of fibrin, leading 
to the fibrin clot formation. Vitamin K antagonists inhibit the functional maturation of factors II, VII, IX, and X. On the other hand, heparins, 
selective factor Xa, and direct thrombin inhibitors either indirectly or directly inhibit factor Xa and/or thrombin.
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Figure 23.1 Cardiac conduction system, action potential, and electrocardiogram (ECG). The cardiac conduction system consists of the 
sinoatrial (SA) node, atrial ventricular (AV) node, bundle of His, left and right Bundle branches, and Purkinje fibers. In addition, internodal 
pathways connect SA and AV nodes. Conduction fibers also travel from the SA node to the left ventricle. In some individual, a bypass track 
connects the right atrium to the right ventricle. This accessory pathway also known as bundle of Kent predisposes the individual to the 
development of Wolff–Parkinson–White syndrome.
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Figure 23.5 Normal and reentrant cardiac electrical pathways. Panel A shows a normal impulse (action potential) conduction through a 
bifurcating pathway to depolarize the different areas of myocardium. Panel B shows formation of a reentrant circuit (dashed lines) due to 
unidirectional block of one of the branch of the bifurcation pathway leading to tachyarrhythmias. As illustrated in panel A, a normal impulse 
arrives at point a, where it travels through the bifurcating pathway (branches I and II). When the impulses travel down branches I and II to 
arrive at points b and c, respectively, the impulses are able to once again travel in two opposite directions. The impulses between b and c can-
celed each other, whereas as the rest travel to points d and e respectively, they cause excitation of the myocardium in different areas. As 
depicted in panel B, a unidirectional block occurs in branch II due to pathologic factors, such as ischemia. Hence, in branch II, the impulse 
from point a cannot travel to point c, whereas impulses are able to travel from point c to a. Because of this unidirectional block in branch II, 
when the impulse from branch I arrives at point b, it will travel in two directions: one is toward point d as in normal conduction (panel A), and 
the other toward point b1 because of no impulse from phase II to cancel it. When the impulse from point b1 arrives at point c, it will travel in 
two directions: one through the retrograde conduction along branch II toward point a (reentry), and the other continues toward point e. Once 
the reentered impulse arrives at point a, it will continue to travel along branch I to point b, forming a circuit. As illustrated, reentrant 
conduction results in extra beats, thereby tachyarrhythmias.



Primary prevention
• Antihypertensives
• Statins
• Other drugs

Neuroprotection
• Edaravone
• Other neuroprotectants

Neurorepair
• Stem cell therapy
• Other novel therapies

Long-term 
neuroprotection

• Novel neuroprotectants

Acute treatment
• Thrombolytics
• Other drugs

Secondary prevention
• Aspirin
• Other drugs

Figure 26.3 Management options for the preventive and therapeutic intervention of ischemic stroke. As depicted, pharmacological ther-
apies play an important part in the overall management of ischemic stroke. Of note is the fact that at present neuroprotection and neurorepair 
are largely experimental approaches whose clinical efficacy remains to be established. Edaravone (structure shown in Fig. 27.1) is a free 
radical scavenging agent that is approved for treating ischemic stroke in Japan.
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