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HEART FAILURE

DEFINITION

Despite repeated attempts to develop a mechanistic definition that encompasses the heterogeneity and
complexity of heart failure (HF), no single conceptual paradigm has withstood the test of time. The current
American College of Cardiology Foundation (ACCF)/American Heart Association (AHA) guidelines define HF as
a complex clinical syndrome that results from structural or functional impairment of ventricular filling or
ejection of blood, which in turn leads to the cardinal clinical symptoms of dyspnea and fatigue and signs of
HF, namely edema and rales. Because many patients present without signs or symptoms of volume overload,
the term “heart failure” is preferred over the older term “congestive heart failure.”

EPIDEMIOLOGY

 HF is a burgeoning problem worldwide, with >20 million people a�ected. The overall prevalence of HF in
the adult population in developed countries is 2%. HF prevalence follows an exponential pattern, rising with
age, and a�ects 6–10% of people aged >65. Although the relative incidence of HF is lower in women than in
men, women constitute at least one-half the cases of HF because of their longer life expectancy. In North
America and Europe, the lifetime risk of developing HF is approximately one in five for a 40-year-old. The
overall prevalence of HF is thought to be increasing, in part because current therapies for cardiac disorders,
such as myocardial infarction (MI), valvular heart disease, and arrhythmias, are allowing patients to survive
longer. The prevalence of HF in emerging nations is uncertain because of the lack of population-based
studies in those countries. HF was once thought to arise primarily in the setting of a depressed le�
ventricular (LV) ejection fraction (EF); however, epidemiologic studies have shown that approximately one-
half of patients who develop HF have a normal or preserved EF (EF ≥50%). Accordingly, the historical terms
“systolic” and “diastolic” HF have been abandoned, and HF patients are now broadly categorized into HF
with a reduced EF (HFrEF; formerly systolic failure) or HF with a preserved EF (HRpEF; formerly diastolic
failure). Patients with a LV EF between 40 and 50% have been considered as having a borderline or mid-range
EF. At the time of this writing, the epidemiology of these patients is unclear.

ETIOLOGY
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As shown in Table 252-1, any condition that leads to an alteration in LV structure or function can predispose a
patient to developing HF. Although the etiology of HF in patients with a preserved EF di�ers from that of
patients with depressed EF, there is considerable overlap between the etiologies of these two conditions. In
industrialized countries, coronary artery disease (CAD) has become the predominant cause in men and
women and is responsible for 60–75% of cases of HF. Hypertension contributes to the development of HF in
75% of patients, including most patients with CAD. Both CAD and hypertension interact to augment the risk
of HF, as does diabetes mellitus.
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aIndicates conditions that can also lead to heart failure with a preserved ejection fraction.

TABLE 252-1

Etiologies of Heart Failure

Depressed Ejection Fraction (<40%)

Coronary artery disease

 Myocardial infarctiona

 Myocardial ischemiaa

Chronic pressure overload

 Hypertensiona

 Obstructive valvular diseasea

Chronic volume overload

 Regurgitant valvular disease

 Intracardiac (le�-to-right) shunting

 Extracardiac shunting

Chronic lung disease

 Cor pulmonale

 Pulmonary vascular disorders

Nonischemic dilated cardiomyopathy

 Familial/genetic disorders

 Infiltrative disordersa

Toxic/drug-induced damage

 Metabolic disordera

 Viral

Chagas’ disease

Disorders of rate and rhythm

 Chronic bradyarrhythmias

 Chronic tachyarrhythmias

 

 

 

Preserved Ejection Fraction (>40–50%)

Pathologic hypertrophy

 Primary (hypertrophic cardiomyopathies)

 Secondary (hypertension)

Aging

Endomyocardial disorders

Restrictive cardiomyopathy

 Infiltrative disorders (amyloidosis, sarcoidosis)

 Storage diseases (hemochromatosis)

Fibrosis

High-Output States

Metabolic disorders

 Thyrotoxicosis

Nutritional disorders (beriberi)

Excessive blood flow requirements

 Systemic arteriovenous shunting

 Chronic anemia

In 20–30% of the cases of HF with a depressed EF, the exact etiologic basis is not known. These patients are
referred to as having nonischemic, dilated, or idiopathic cardiomyopathy if the cause is unknown (Chap.
254). Prior viral infection or toxin exposure (e.g., alcoholic or chemotherapeutic) also may lead to a dilated
cardiomyopathy. Moreover, it is becoming increasingly clear that a large number of cases of dilatedLoading [Contrib]/a11y/accessibility-menu.js
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cardiomyopathy are secondary to specific genetic defects, most notably those in the cytoskeleton. Most
forms of familial dilated cardiomyopathy are inherited in an autosomal dominant fashion. Mutations of
genes that encode cytoskeletal proteins (desmin, cardiac myosin, vinculin) and nuclear membrane proteins
(laminin) have been identified thus far. Dilated cardiomyopathy also is associated with Duchenne’s, Becker’s,
and limb-girdle muscular dystrophies. Conditions that lead to a high cardiac output (e.g., arteriovenous
fistula, anemia) are seldom responsible for the development of HF in a normal heart; however, in the
presence of underlying structural heart disease, these conditions can lead to overt HF.

GLOBAL CONSIDERATIONS

 Rheumatic heart disease remains a major cause of HF in Africa and Asia, especially in the young.
Hypertension is an important cause of HF in the African and African-American populations. Chagas’ disease is
still a major cause of HF in South America. Not surprisingly, anemia is a frequent concomitant factor in HF in
many developing nations. As developing nations undergo socioeconomic development, the epidemiology of
HF is becoming similar to that of Western Europe and North America, with CAD emerging as the single most
common cause of HF. Although the contribution of diabetes mellitus to HF is not well understood, diabetes
accelerates atherosclerosis and o�en is associated with hypertension.

PROGNOSIS

Despite recent advances in the management of HF, the development of symptomatic HF still carries a poor
prognosis. Community-based studies indicate that 30–40% of patients die within 1 year of diagnosis and 60–
70% die within 5 years, mainly from worsening HF or as a sudden event (probably because of a ventricular
arrhythmia). Although it is di�icult to predict prognosis in an individual, patients with symptoms at rest (New
York Heart Association [NYHA] class IV) have a 30–70% annual mortality rate, whereas patients with
symptoms with moderate activity (NYHA class II) have an annual mortality rate of 5–10%. Thus, functional
status is an important predictor of patient outcome (Table 252-2).
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Source: Adapted from New York Heart Association, Inc., Diseases of the Heart and Blood Vessels: Nomenclature and

Criteria for Diagnosis, 6th ed. Boston, Little Brown, 1964, p. 114.

TABLE 252-2

New York Heart Association Classification

Functional

Capacity
Objective Assessment

Class I Patients with cardiac disease but without resulting limitation of physical activity. Ordinary

physical activity does not cause undue fatigue, palpitations, dyspnea, or anginal pain.

Class II Patients with cardiac disease resulting in slight limitation of physical activity. They are

comfortable at rest. Ordinary physical activity results in fatigue, palpitation, dyspnea, or

anginal pain.

Class III Patients with cardiac disease resulting in marked limitation of physical activity. They are

comfortable at rest. Less than ordinary activity causes fatigue, palpitation, dyspnea, or anginal

pain.

Class IV Patients with cardiac disease resulting in inability to carry on any physical activity without

discomfort. Symptoms of heart failure or the anginal syndrome may be present even at rest. If

any physical activity is undertaken, discomfort is increased.

PATHOGENESIS

Figure 252-1 provides a conceptual framework for considering the development and progression of HFrEF. HF
is a progressive disorder that is initiated a�er an index event either damages the heart muscle, with a
resultant loss of functioning cardiac myocytes, or, alternatively, disrupts the ability of the myocardium to
generate force, thereby preventing the heart from contracting normally. This index event may have an abrupt
onset, as in the case of an MI; it may have a gradual or insidious onset, as in the case of hemodynamic
pressure or volume overloading; or it may be hereditary, as in the case of many of the genetic
cardiomyopathies. Regardless of the nature of the inciting event, the feature that is common to each of these
index events is that they all in some manner produce a decline in the pumping capacity of the heart. In most
instances, patients remain asymptomatic or minimally symptomatic a�er the initial decline in pumping
capacity of the heart or develop symptoms only a�er the dysfunction has been present for some time.

FIGURE 252-1

Pathogenesis of heart failure with a depressed ejection fraction. Heart failure begins a�er an index event
produces an initial decline in the heart’s pumping capacity. A�er this initial decline in pumping capacity, aLoading [Contrib]/a11y/accessibility-menu.js



variety of compensatory mechanisms are activated, including the adrenergic nervous system, the renin-
angiotensin-aldosterone system, and the cytokine system. In the short term, these systems are able to
restore cardiovascular function to a normal homeostatic range with the result that the patient remains
asymptomatic. However, sustained activation of these systems leads to secondary end-organ damage within
the ventricle, with worsening le� ventricular remodeling and subsequent cardiac decompensation. (From D
Mann: Circulation 100:999, 1999.)

Although the precise reasons why patients with LV dysfunction may remain asymptomatic is not certain, one
potential explanation is that a number of compensatory mechanisms become activated in the presence of
cardiac injury and/or LV dysfunction allowing patients to sustain and modulate LV function for a period of
months to years. The compensatory mechanisms that have been described thus far include (1) activation of
the renin-angiotensin-aldosterone system (RAAS) and the adrenergic nervous system, which are responsible,
respectively, for maintaining cardiac output through increased retention of salt and water (Fig. 252-2) and (2)
increased myocardial contractility. In addition, a family of countervailing vasodilatory molecules are
activated, including the atrial and brain natriuretic peptides (ANP and BNP), bradykinin, prostaglandins
(PGE2 and PGI2), and nitric oxide (NO), that o�set the excessive peripheral vascular vasoconstriction. Many of

these vasodilatory peptides, including bradykinin and natriuretic peptides, are degraded by a neprilysin,
which is a membrane-bound peptidase. These compensatory mechanisms are able to modulate LV function
within a physiologic/homeostatic range so that the functional capacity of the patient is preserved or is
minimally depressed. Thus, patients may remain asymptomatic or minimally symptomatic for a period of
years; however, at some point patients become overtly symptomatic, with a resultant striking increase in
morbidity and mortality rates. Although the exact mechanisms that are responsible for this transition are not
known, as will be discussed below, the transition to symptomatic HF is accompanied by increasing activation
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of neurohormonal, adrenergic, and cytokine systems that lead to a series of adaptive changes within the
myocardium collectively referred to as LV remodeling.

FIGURE 252-2

Activation of neurohormonal systems in heart failure. The decreased cardiac output in heart failure (HF)
patients results in an “unloading” of high-pressure baroreceptors (circles) in the le� ventricle, carotid sinus,
and aortic arch. This unloading of the peripheral baroreceptors leads to a loss of inhibitory parasympathetic
tone to the central nervous system (CNS), with a resultant generalized increase in e�erent sympathetic tone,
and nonosmotic release of arginine vasopressin (AVP) from the pituitary. AVP (or antidiuretic hormone [ADH])
is a powerful vasoconstrictor that increases the permeability of the renal collecting ducts, leading to the
reabsorption of free water. These a�erent signals to the CNS also activate e�erent sympathetic nervous
system pathways that innervate the heart, kidney, peripheral vasculature, and skeletal muscles.

Sympathetic stimulation of the kidney leads to the release of renin, with a resultant increase in the
circulating levels of angiotensin II and aldosterone. The activation of the renin-angiotensin-aldosterone
system promotes salt and water retention and leads to vasoconstriction of the peripheral vasculature,
myocyte hypertrophy, myocyte cell death, and myocardial fibrosis. Although these neurohormonal
mechanisms facilitate short-term adaptation by maintaining blood pressure, these same neurohormonal
mechanisms result in end-organ changes in the heart and the circulation, as well as to the excessive salt and
water retention in advanced HF. (Modified from A Nohria et al: Atlas of Heart Failure: Cardiac Function and
Dysfunction, 4th ed, WS Colucci [ed]. Philadelphia, Current Medicine Group, 2002, p. 104 and J Hartupee, DL
Mann: Nat Rev Cardiol 14:30, 2017.)
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In contrast to our understanding of the pathogenesis of HF with a depressed EF, our understanding of the
mechanisms that contribute to the development of HF with a preserved EF is still evolving. That is, although
diastolic dysfunction (see below) was thought to be the only mechanism responsible for the development of
HF with a preserved EF, community-based studies suggest that additional extracardiac mechanisms may be
important, such as increased vascular sti�ness and impaired renal function.

BASIC MECHANISMS OF HF

HF with a Reduced Ejection Fraction

LV remodeling develops in response to a series of complex events that occur at the cellular and molecular
levels (Table 252-3). These changes include (1) myocyte hypertrophy; (2) alterations in the contractile
properties of the myocyte; (3) progressive loss of myocytes through necrosis, apoptosis, and autophagic cell
death; (4) β-adrenergic desensitization; (5) abnormal myocardial energetics and metabolism; and (6)
reorganization of the extracellular matrix with dissolution of the organized structural collagen weave
surrounding myocytes and subsequent replacement by an interstitial collagen matrix that does not provide
structural support to the myocytes. The biologic stimuli for these profound changes include mechanical
stretch of the myocyte, circulating neurohormones (e.g., norepinephrine, angiotensin II), inflammatory
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Source: Adapted from D. Mann: Pathophysiology of heart failure, in Braunwald’s Heart Disease, 8th ed, PL Libby et al

(eds). Philadelphia, Elsevier, 2008, p. 550.

cytokines (e.g., tumor necrosis factor [TNF]), other peptides and growth factors (e.g., endothelin), and
reactive oxygen species (e.g., superoxide). The sustained overexpression of these biologically active
molecules contributes to the progression of HF by virtue of the deleterious e�ects they exert on the heart and
the circulation. Indeed, this insight forms the clinical rationale for using pharmacologic agents that
antagonize these systems (e.g., angiotensin-converting enzyme [ACE] inhibitors, angiotensin receptor-
neprilysin inhibitors [ARNIs] and beta blockers) in treating patients with HF (Chap. 253).

TABLE 252-3

Overview of Le� Ventricular Remodeling

Alterations in Myocyte Biology

Excitation-contraction coupling

Myosin heavy chain (fetal) gene expression

β-Adrenergic desensitization

Hypertrophy

Myocytolysis

Cytoskeletal proteins

Myocardial Changes

Myocyte loss

 Necrosis

 Apoptosis

 Autophagy

Alterations in extracellular matrix

 Matrix degradation

 Myocardial fibrosis

Alterations in Le� Ventricular Chamber Geometry

Le� ventricular (LV) dilation

Increased LV sphericity

LV wall thinning

Mitral valve incompetence
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To understand how the changes that occur in the failing cardiac myocyte contribute to depressed LV systolic
function in HF, it is instructive first to review the biology of the cardiac muscle cell (Chap. 232). Sustained
neurohormonal activation and mechanical overload result in transcriptional and posttranscriptional changes
in the genes and proteins that regulate excitation-contraction coupling and cross-bridge interaction (see Figs.
232-6 and 232-7). The changes that regulate excitation-contraction include decreased function of

sarcoplasmic reticulum (SR) Ca2+ adenosine triphosphatase (SERCA2A), resulting in decreased calcium
uptake into the SR, and hyperphosphorylation of the ryanodine receptor, leading to calcium leakage from the
SR. The changes that occur in the cross-bridges include decreased expression of α-myosin heavy chain and
increased expression of β-myosin heavy chain, myocytolysis, and disruption of the cytoskeletal links
between the sarcomeres and the extracellular matrix. Collectively, these changes impair the ability of the
myocyte to contract and therefore contribute to the depressed LV systolic function observed in patients with
HF.

Myocardial relaxation is an adenosine triphosphate (ATP)-dependent process that is regulated by uptake of
cytoplasmic calcium into the SR by SERCA2A and extrusion of calcium by sarcolemmal pumps (see Fig. 232-
7). Accordingly, reductions in ATP concentration, as occurs in ischemia, may interfere with these processes
and lead to slowed myocardial relaxation. Alternatively, if LV filling is delayed because LV compliance is
reduced (e.g., from hypertrophy or fibrosis), LV filling pressures will similarly remain elevated at end diastole
(see Fig. 232-11). An increase in heart rate disproportionately shortens the time for diastolic filling, which
may lead to elevated LV filling pressures, particularly in noncompliant ventricles. Elevated LV end-diastolic
filling pressures result in increases in pulmonary capillary pressures, which can contribute to the dyspnea
experienced by patients with diastolic dysfunction. In addition to impaired myocardial relaxation, increased
myocardial sti�ness secondary to cardiac hypertrophy and increased myocardial collagen content may
contribute to diastolic failure. Importantly, diastolic dysfunction can occur alone or in combination with
systolic dysfunction in patients with HF.

Le� Ventricular Remodeling

Ventricular remodeling refers to the changes in LV mass, volume, and shape and the composition of the heart
that occur a�er cardiac injury and/or abnormal hemodynamic loading conditions. LV remodeling contributes
to the progression of HF by virtue of the mechanical burdens that are engendered by the changes in the
geometry of the remodeled LV. In addition to the increase in LV end-diastolic volume, LV wall thinning occurs
as the le� ventricle begins to dilate. The increase in wall thinning, along with the increase in a�erload created
by LV dilation, leads to a functional a�erload mismatch that may contribute further to a decrease in stroke
volume. Moreover, the high end-diastolic wall stress might be expected to lead to (1) hypoperfusion of the
subendocardium, with resultant worsening of LV function; (2) increased oxidative stress, with the resultant
activation of families of genes that are sensitive to free radical generation (e.g., TNF and interleukin 1β); and
(3) sustained expression of stretch activation of hypertrophic signaling pathways. Increasing LV dilation also
results in tethering of the papillary muscles with resulting incompetence of the mitral valve apparatus and
functional mitral regurgitation, which in turn leads to further hemodynamic overloading of the ventricle.
Taken together, the mechanical burdens that are engendered by LV remodeling contribute to the progressionLoading [Contrib]/a11y/accessibility-menu.js
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of HF. Recent studies have shown that LV remodeling can be reversed following medical and device therapy
and that reverse LV remodeling is associated with improved clinical outcomes in patients with HFrEF. Indeed,
one of the goals of therapy for HF is to prevent and/or reverse LV remodeling.

CLINICAL MANIFESTATIONS

Symptoms

The cardinal symptoms of HF are fatigue and shortness of breath. Although fatigue traditionally has been
ascribed to the low cardiac output in HF, it is likely that skeletal-muscle abnormalities and other noncardiac
comorbidities (e.g., anemia) also contribute to this symptom. In the early stages of HF, dyspnea is observed
only during exertion; however, as the disease progresses, dyspnea occurs with less strenuous activity, and it
ultimately may occur even at rest. The origin of dyspnea in HF is probably multifactorial (Chap. 33). The most
important mechanism is pulmonary congestion with accumulation of interstitial or intra-alveolar fluid, which
activates juxtacapillary J receptors, which in turn stimulate the rapid, shallow breathing characteristic of
cardiac dyspnea. Other factors that contribute to dyspnea on exertion include reductions in pulmonary
compliance, increased airway resistance, respiratory muscle and/or diaphragm fatigue, and anemia. Dyspnea
may become less frequent with the onset of right ventricular (RV) failure and tricuspid regurgitation.

ORTHOPNEA

Orthopnea, which is defined as dyspnea occurring in the recumbent position, is usually a later manifestation
of HF than is exertional dyspnea. It results from redistribution of fluid from the splanchnic circulation and
lower extremities into the central circulation during recumbency, with a resultant increase in pulmonary
capillary pressure. Nocturnal cough is a common manifestation of this process and a frequently overlooked
symptom of HF. Orthopnea generally is relieved by sitting upright or sleeping with additional pillows.
Although orthopnea is a relatively specific symptom of HF, it may occur in patients with abdominal obesity or
ascites and patients with pulmonary disease whose lung mechanics favor an upright posture.

PAROXYSMAL NOCTURNAL DYSPNEA (PND)

This term refers to acute episodes of severe shortness of breath and coughing that generally occur at night
and awaken the patient from sleep, usually 1–3 h a�er the patient retires. PND may manifest as coughing or
wheezing, possibly because of increased pressure in the bronchial arteries leading to airway compression,
along with interstitial pulmonary edema that leads to increased airway resistance. Whereas orthopnea may
be relieved by sitting upright at the side of the bed with the legs in a dependent position, patients with PND
o�en have persistent coughing and wheezing even a�er they have assumed the upright position. Cardiac
asthma is closely related to PND, is characterized by wheezing secondary to bronchospasm, and must be
di�erentiated from primary asthma and pulmonary causes of wheezing.

CHEYNE-STOKES RESPIRATION
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Also referred to as periodic respiration or cyclic respiration, Cheyne-Stokes respiration is present in 40% of
patients with advanced HF and usually is associated with low cardiac output. Cheyne-Stokes respiration is
caused by an increased sensitivity of the respiratory center to arterial PCO2 and a lengthy circulatory time.

There is an apneic phase, during which arterial PO2 falls and arterial PCO2 rises. These changes in the arterial

blood gas content stimulate the respiratory center, resulting in hyperventilation and hypocapnia, followed by
recurrence of apnea.

ACUTE PULMONARY EDEMA

See Chap. 298.

Other Symptoms

Patients with HF also may present with gastrointestinal symptoms. Anorexia, nausea, and early satiety
associated with abdominal pain and fullness are common complaints and may be related to edema of the
bowel wall and/or a congested liver. Congestion of the liver and stretching of its capsule may lead to right
upper-quadrant pain. Cerebral symptoms such as confusion, disorientation, and sleep and mood
disturbances may be observed in patients with severe HF, particularly elderly patients with cerebral
arteriosclerosis and reduced cerebral perfusion. Nocturia is common in HF and may contribute to insomnia.

PHYSICAL EXAMINATION

A careful physical examination is always warranted in the evaluation of patients with HF, in order to
determine the cause of HF, as well as to assess the severity of the syndrome.

General Appearance and Vital Signs

In mild or moderately severe HF, the patient appears to be in no distress at rest except for feeling
uncomfortable when lying flat for more than a few minutes. In more severe HF, the patient must sit upright,
may have labored breathing, and may not be able to finish a sentence because of shortness of breath.
Systolic blood pressure may be normal or high in early HF, but it generally is reduced in advanced HF because
of severe LV dysfunction. The pulse pressure may be diminished, reflecting a reduction in stroke volume.
Sinus tachycardia is a nonspecific sign caused by increased adrenergic activity. Peripheral vasoconstriction
leading to cool peripheral extremities and cyanosis of the lips and nail beds is also caused by excessive
adrenergic activity.

Jugular Veins

Examination of the jugular veins provides an estimation of right atrial pressure (See also Chap. 234). The
jugular venous pressure is best appreciated with the patient lying recumbent, with the head tilted at 45°. The
jugular venous pressure should be quantified in centimeters of water (normal ≤8 cm) by estimating the
height of the venous column of blood above the sternal angle in centimeters and then adding 5 cm. In theLoading [Contrib]/a11y/accessibility-menu.js
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early stages of HF, the venous pressure may be normal at rest but may become abnormally elevated with
sustained (~15 s) pressure on the abdomen (positive abdominojugular reflux). Giant v waves indicate the
presence of tricuspid regurgitation.

Pulmonary Examination

Pulmonary crackles (rales or crepitations) result from the transudation of fluid from the intravascular space
into the alveoli. In patients with pulmonary edema, rales may be heard widely over both lung fields and may
be accompanied by expiratory wheezing (cardiac asthma). When present in patients without concomitant
lung disease, rales are specific for HF. Importantly, rales are frequently absent in patients with chronic HF,
even when LV filling pressures are elevated, because of increased lymphatic drainage of alveolar fluid. Pleural
e�usions result from the elevation of pleural capillary pressure and the resulting transudation of fluid into
the pleural cavities. Since the pleural veins drain into both the systemic and the pulmonary veins, pleural
e�usions occur most commonly with biventricular failure. Although pleural e�usions are o�en bilateral in HF,
when they are unilateral, they occur more frequently in the right pleural space.

Cardiac Examination

Examination of the heart, although essential, frequently does not provide useful information about the
severity of HF. If cardiomegaly is present, the point of maximal impulse (PMI) usually is displaced below the
fi�h intercostal space and/or lateral to the midclavicular line, and the impulse is palpable over two
interspaces. Severe LV hypertrophy leads to a sustained PMI. In some patients, a third heart sound (S3) is

audible and palpable at the apex. Patients with enlarged or hypertrophied right ventricles may have a
sustained and prolonged le� parasternal impulse extending throughout systole. An S3 (or protodiastolic

gallop) is most commonly present in patients with volume overload who have tachycardia and tachypnea,
and it o�en signifies severe hemodynamic compromise. A fourth heart sound (S4) is not a specific indicator of

HF but is usually present in patients with diastolic dysfunction. The murmurs of mitral and tricuspid
regurgitation are frequently present in patients with advanced HF.

Abdomen and Extremities

Hepatomegaly is an important sign in patients with HF. When it is present, the enlarged liver is frequently
tender and may pulsate during systole if tricuspid regurgitation is present. Ascites, a late sign, occurs as a
consequence of increased pressure in the hepatic veins and the veins draining the peritoneum. Jaundice,
also a late finding in HF, results from impairment of hepatic function secondary to hepatic congestion and
hepatocellular hypoxemia and is associated with elevations of both direct and indirect bilirubin.

Peripheral edema is a cardinal manifestation of HF, but it is nonspecific and usually is absent in patients who
have been treated adequately with diuretics. Peripheral edema is usually symmetric and dependent in HF
and occurs predominantly in the ankles and the pretibial region in ambulatory patients. In bedridden
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patients, edema may be found in the sacral area (presacral edema) and the scrotum. Long-standing edema
may be associated with indurated and pigmented skin.

Cardiac Cachexia

With severe chronic HF, there may be marked weight loss and cachexia. Although the mechanism of cachexia
is not entirely understood, it is probably multifactorial. When present, cachexia augurs a poor overall
prognosis.

DIAGNOSIS

The diagnosis of HF is relatively straightforward when the patient presents with classic signs and symptoms
of HF; however, the signs and symptoms of HF are neither specific nor sensitive. Accordingly, the key to
making the diagnosis is to have a high index of suspicion, particularly for high-risk patients. When these
patients present with signs or symptoms of HF, additional laboratory testing should be performed.

Routine Laboratory Testing

Patients with new-onset HF and those with chronic HF and acute decompensation should have a complete
blood count, a panel of electrolytes, blood urea nitrogen, serum creatinine, hepatic enzymes, and a
urinalysis. Selected patients should have assessment for diabetes mellitus (fasting serum glucose or oral
glucose tolerance test), dyslipidemia (fasting lipid panel), and thyroid abnormalities (thyroid-stimulating
hormone level).

Electrocardiogram (ECG)

A routine 12-lead ECG is recommended. The major importance of the ECG is to assess cardiac rhythm and
determine the presence of LV hypertrophy or a prior MI (presence or absence of Q-waves) as well as to
determine QRS width to ascertain whether the patient may benefit from resynchronization therapy (see
below). A normal ECG virtually excludes LV systolic dysfunction.

Chest X-Ray

A chest x-ray provides useful information about cardiac size and shape, as well as the state of the pulmonary
vasculature, and may identify noncardiac causes of the patient’s symptoms. Although patients with acute HF
have evidence of pulmonary hypertension, interstitial edema, and/or pulmonary edema, the majority of
patients with chronic HF do not. The absence of these findings in patients with chronic HF reflects the
increased capacity of the lymphatics to remove interstitial and/or pulmonary fluid.

Assessment of LV Function

Noninvasive cardiac imaging (Chap. 236) is essential for the diagnosis, evaluation, and management of HF.
The most useful test is the two-dimensional (2-D) echocardiogram/Doppler, which can provide a
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semiquantitative assessment of LV size and function as well as the presence or absence of valvular and/or
regional wall motion abnormalities (indicative of a prior MI). The presence of le� atrial dilation and LV
hypertrophy, together with abnormalities of LV diastolic filling provided by pulse-wave and tissue Doppler, is
useful for the assessment of HF with a preserved EF. The 2-D echocardiogram/Doppler is also invaluable in
assessing RV size and pulmonary pressures, which are critical in the evaluation and management of cor
pulmonale (see below). Magnetic resonance imaging (MRI) also provides a comprehensive analysis of cardiac
anatomy and function and is now the gold standard for assessing LV mass and volumes. MRI also is emerging
as a useful and accurate imaging modality for evaluating patients with HF, both in terms of assessing LV
structure and for determining the cause of HF (e.g., amyloidosis, ischemic cardiomyopathy,
hemochromatosis).

The most useful index of LV function is the EF (stroke volume divided by end-diastolic volume). Because the
EF is easy to measure by noninvasive testing and easy to conceptualize, it has gained wide acceptance among
clinicians. Unfortunately, the EF has a number of limitations as a true measure of contractility, since it is
influenced by alterations in a�erload and/or preload. Nonetheless, with the exceptions indicated above,
when the EF is normal (≥50%), systolic function is usually adequate, and when the EF is significantly
depressed (<30–40%), contractility is usually depressed. Myocardial strain rate imaging using speckle
tracking has been shown to add incremental value to standard measurements of LV EF and to have
prognostic value.

Biomarkers

Circulating levels of natriuretic peptides are useful and important adjunctive tools in the diagnosis of
patients with HF. Both B-type natriuretic peptide (BNP) and N-terminal pro-BNP (NT-proBNP), which are
released from the failing heart, are relatively sensitive markers for the presence of HF with depressed EF; they
also are elevated in HF patients with a preserved EF, albeit to a lesser degree. In ambulatory patients with
dyspnea, the measurement of BNP or NT-proBNP is useful to support clinical decision-making regarding the
diagnosis of HF, especially in the setting of clinical uncertainty. Moreover, the measurement of BNP or NT-
proBNP is useful for establishing prognosis or disease severity in chronic HF and can be useful to achieve
optimal dosing of medical therapy in select clinically euvolemic patients. However, it is important to
recognize that natriuretic peptide levels increase with age and renal impairment, are more elevated in
women, and can be elevated in right HF from any cause. BNP levels may increase in patients taking ARNIs.
Levels can be falsely low in obese patients. Other biomarkers, such as soluble ST-2 and galectin-3, are newer
biomarkers that can be used for determining the prognosis of HF patients.

Exercise Testing

Treadmill or bicycle exercise testing is not routinely advocated for patients with HF, but either is useful for
assessing the need for cardiac transplantation in patients with advanced HF (Chap. 255). A peak oxygen
uptake (vo2) <14 mL/kg per min is associated with a relatively poor prognosis. Patients with a vo2 <14 mL/kg

Loading [Contrib]/a11y/accessibility-menu.js

https://accessmedicine-mhmedical-com.proxy.libraries.uc.edu/content.aspx?legacysectionid=hpim20_ch255
https://accessmedicine-mhmedical-com.proxy.libraries.uc.edu/drugs.aspx?GbosID=131723


per min have been shown, in general, to have better survival when transplanted than when treated
medically.

DIFFERENTIAL DIAGNOSIS

HF resembles but should be distinguished from (1) conditions in which there is circulatory congestion
secondary to abnormal salt and water retention but in which there is no disturbance of cardiac structure or
function (e.g., renal failure), and (2) noncardiac causes of pulmonary edema (e.g., acute respiratory distress
syndrome). In most patients who present with classic signs and symptoms of HF, the diagnosis is relatively
straightforward. However, even experienced clinicians have di�iculty di�erentiating the dyspnea that arises
from cardiac and pulmonary causes (Chap. 33). In this regard, noninvasive cardiac imaging, biomarkers,
pulmonary function testing, and chest x-ray may be useful. A very low BNP or NT-proBNP may be helpful in
excluding a cardiac cause of dyspnea in this setting. Ankle edema may arise secondary to varicose veins,
obesity, renal disease, or gravitational e�ects. When HF develops in patients with a preserved EF, it may be
di�icult to determine the relative contribution of HF to the dyspnea that occurs in chronic lung disease
and/or obesity.

COR PULMONALE

DEFINITION

Cor pulmonale, also referred to as pulmonary heart disease, is broadly defined by altered RV structure and/or
function in the context of chronic lung disease and is triggered by the presence of pulmonary hypertension.
Although RV dysfunction is an important sequela of HFpEF and HFrEF, this is not considered as cor
pulmonale.

ETIOLOGY AND EPIDEMIOLOGY

Chronic cor pulmonale develops in response to chronic pulmonary hypertension resulting from parenchymal
lung disorders, primary pulmonary vascular diseases, or conditions leading to alveolar hypoxia (Table 252-4).
The true prevalence of cor pulmonale is di�icult to ascertain. First, not all patients with chronic lung disease
will develop cor pulmonale, which may be subclinical in compensated individuals. Second, the ability to
detect pulmonary hypertension and cor pulmonale by routine physical examination and laboratory testing is
relatively insensitive. However, advances in 2-D echo/Doppler imaging and biomarkers (BNP) can make it
easier to identify.
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TABLE 252-4

Etiology of Chronic Cor Pulmonale

Diseases of the Lung Parenchyma

Chronic obstructive pulmonary disease

 Emphysema

 Chronic bronchitis

Interstitial lung diseases

 Idiopathic interstitial pneumonias (e.g., IPF, UIP)

 Secondary interstitial diseases

 Sarcoidosis

Combined pulmonary fibrosis and emphysema

Bronchiectasis

 Cystic fibrosis

Pulmonary Langerhans cell histiocytosis

Lymphangioleiomyomatosis

Developmental lung disorders

Disorders of Chronic (Alveolar) Hypoxia

Alveolar hypoventilation syndromes

 Obesity hypoventilation syndrome

Central hypoventilation syndrome

Neuromuscular respiratory failure

Chest wall disorders

 Kyphoscoliosis

Chronic exposure to high altitude

Diseases of the Pulmonary Vasculature

Pulmonary arterial hypertension (PAH)

 Idiopathic PAH

 Heritable PAH

 Drug and toxin-induced

 Associated PAH

 Venoocclusive disease

Chronic thromboembolic pulmonary hypertension

Pulmonary tumor thrombotic microangiopathy

Mediastinal disorders a�ecting central pulmonary vasculatureLoading [Contrib]/a11y/accessibility-menu.js



Abbreviations: IPF, idiopathic pulmonary fibrosis; UIP, usual interstitial pneumonitis.

Once susceptible patients develop cor pulmonale, their prognosis worsens, regardless of the underlying
etiology. Although chronic obstructive pulmonary disease (COPD) and chronic bronchitis are responsible for
~50% of the cases of cor pulmonale in North America (Chap. 286), any disease that a�ects the pulmonary
vasculature (Chap. 277) or parenchyma can lead to cor pulmonale (Table 252-4). Primary pulmonary vascular
disorders, such as pulmonary arterial hypertension or chronic thromboembolic pulmonary hypertension, are
relatively rare causes of cor pulmonale, but cor pulmonale is extremely common with these conditions, given
the magnitude of elevated pulmonary artery pressures and pulmonary vascular resistance.

PATHOPHYSIOLOGY AND BASIC MECHANISMS

Although many conditions can lead to cor pulmonale, the common pathophysiologic mechanism is
pulmonary hypertension and increased RV a�erload su�icient to alter RV structure (i.e., dilation with or
without hypertrophy) and function. Normally, mean pulmonary artery pressure is only ~15 mmHg and does
not increase significantly even with increasing multiples of cardiac output, because of pulmonary
vasodilation and blood vessel recruitment in the pulmonary circulatory bed. But, in the setting of
parenchymal lung diseases, primary pulmonary vascular disorders, or chronic (alveolar) hypoxia, the
circulatory bed undergoes vascular remodeling, vasoconstriction, and destruction. As a result, pulmonary
artery pressures and RV a�erload increases, setting the stage for cor pulmonale (Table 252-4). The systemic
consequences of cor pulmonale relate to alterations in cardiac output as well as salt and water homeostasis.
Anatomically, the RV is a thin-walled, compliant chamber better suited to handle volume overload than
pressure overload. Thus, the sustained pressure overload eventually leads to RV dysfunction and failure.

The response of the RV to pulmonary hypertension depends on the acuteness and severity of the pressure
overload. Acute cor pulmonale occurs a�er a sudden and severe stimulus (e.g., massive pulmonary
embolus), with RV dilatation and failure but no RV hypertrophy (Chap. 273). Chronic cor pulmonale, however,
evolves slowly and in conjunction with modest, compensatory RV hypertrophy that lowers wall tension and
preserves RV function. Over time, RV dilation ensues leading to an increase in RV wall tension and overt
dysfunction. Acute decompensation of compensated chronic cor pulmonale is a common clinical occurrence.
Triggers include worsening hypoxia from any cause (e.g., pneumonia), acidemia (e.g., exacerbation of COPD),
acute pulmonary embolus, atrial tachyarrhythmia, hypervolemia, and mechanical ventilation that
compresses blood vessels associated with alveoli and further increasing RV a�erload.

CLINICAL MANIFESTATIONS

Symptoms

The symptoms in chronic cor pulmonale generally are related to the underlying pulmonary disorder.
Dyspnea, the most common symptom, is usually the result of the increased work of breathing secondary to
changes in elastic recoil of the lung (fibrosing lung diseases), altered respiratory mechanics (e.g., over-Loading [Contrib]/a11y/accessibility-menu.js

https://accessmedicine-mhmedical-com.proxy.libraries.uc.edu/content.aspx?legacysectionid=hpim20_ch286
https://accessmedicine-mhmedical-com.proxy.libraries.uc.edu/content.aspx?legacysectionid=hpim20_ch277
https://accessmedicine-mhmedical-com.proxy.libraries.uc.edu/content.aspx?legacysectionid=hpim20_ch273


inflation with COPD), or ine�icient ventilation (e.g., primary pulmonary vascular disease). Dyspnea can also
be due to cardiovascular limitations with decreased oxygen delivery due to reduced cardiac output. Lower-
extremity edema and even increased abdominal girth due to ascites formation occurs secondary to
neurohormonal activation, elevated RV filling and right atrial pressures, or increased levels of carbon dioxide
and hypoxemia, which can lead to peripheral vasodilation and edema formation.

Signs

Auscultation of the heart reveals the findings of pulmonary hypertension (Chap. 33), while auscultation of
the lungs can highlight the underlying parenchymal lung disorder. In chronic cor pulmonale, the murmur of
tricuspid regurgitation, an S3 gallop and a RV heave palpable along the le� sternal border can be

appreciated. But the most blatant findings are reflective of high right-sided filling pressures and
hypervolemia such as elevated jugular venous pressures with prominent v waves indicative of tricuspid
regurgitation, hepatomegaly, pulsatile liver, ascites, and especially lower-extremity edema. Cyanosis is a late
finding in cor pulmonale and is secondary to a low cardiac output (i.e., cardiogenic shock), systemic
vasoconstriction, and hypoxemia.

DIAGNOSIS

It is important to evaluate the patient for LV systolic and diastolic dysfunction as a cause of right-sided HF.
The ECG in severe pulmonary hypertension shows P pulmonale, right axis deviation, and RV hypertrophy.
Radiographic examination of the chest may show enlargement of the main central pulmonary arteries and
hilar vessels. Spirometry and lung volumes can identify obstructive and/or restrictive defects indicative of
parenchymal lung diseases and reduced di�using capacity; arterial blood gases typically reveal hypoxemia
with or without hypercapnia. A high-resolution computed tomography (CT) scan of the chest can identify
interstitial lung disease and the extent of emphysema. Chest CT angiogram is useful in diagnosing acute
pulmonary emboli; however, the ventilation-perfusion scan remains best suited for diagnosing chronic
thromboembolic disease (Chap. 273).

Two-dimensional echocardiography is used to measure RV wall thickness and chamber dimensions. The
interventricular septum may move paradoxically during systole in the presence of RV pressure overload,
highlighting a deleterious interaction between the RV and the LV. Doppler echocardiography can be used to
assess pulmonary artery pressures. The location of the RV behind the sternum and its crescent shape can
challenge assessment of RV function by echocardiography, especially when parenchymal lung disease is
present. Calculated measures of RV function (e.g., tricuspid annular plane systolic excursion [TAPSE], systolic
velocity of the RV free wall, strain of the RV free wall, or the Tei Index) supplement more subjective
assessments. MRI is also useful for assessing RV structure and function, particularly in patients who are
di�icult to image with 2-D echocardiography because of severe lung disease. Cardiac catheterization
confirms the diagnosis of pulmonary hypertension and can exclude elevated le�-sided pressures (measured
as the pulmonary capillary wedge pressure or the LV end-diastolic pressure) as a cause for right-sided HF.

Loading [Contrib]/a11y/accessibility-menu.js

https://accessmedicine-mhmedical-com.proxy.libraries.uc.edu/drugs.aspx?GbosID=131723
https://accessmedicine-mhmedical-com.proxy.libraries.uc.edu/content.aspx?legacysectionid=hpim20_ch33
https://accessmedicine-mhmedical-com.proxy.libraries.uc.edu/content.aspx?legacysectionid=hpim20_ch273


BNP and N-terminal BNP levels are elevated in patients with cor pulmonale secondary to RV myocardial
stretch.
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