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.

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.
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
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COR PULMONALE
DEFINITION
Cor pulmonale, often referred to as pulmonary heart disease, can
be defined as altered RV structure and/or function in the context
of chronic lung disease and is triggered by the onset of pulmonary
hypertension. Although RV dysfunction is also an important sequela
of HFpEF and HFrEF, this is not considered as cor pulmonale.
ETIOLOGY AND EPIDEMIOLOGY
Cor pulmonale develops in response to acute or chronic changes in
the pulmonary vasculature and/or the lung parenchyma that are sufficient to cause pulmonary hypertension. The true prevalence of cor
pulmonale is difficult to ascertain. First, not all patients with chronic
lung disease will develop cor pulmonale, which may be subclinical in
compensated individuals. Second, our ability to diagnose 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 cor pulmonale.
Once patients with chronic pulmonary or pulmonary vascular disease develop cor pulmonale, the prognosis worsens. Although chronic
obstructive pulmonary disease (COPD) and chronic bronchitis are
responsible for approximately 50% of the cases of cor pulmonale in
North America (Chap. 314), any disease that affects the pulmonary
vasculature (Chap. 304) or parenchyma can lead to cor pulmonale
(Table 279-4). Primary pulmonary vascular disorders are relatively
rare causes of cor pulmonale, but cor pulmonale is extremely common
with these conditions, given the magnitude of pulmonary hypertension present.

Heart Failure: Pathophysiology and Diagnosis

Assessment of LV Function Noninvasive cardiac imaging (Chap. 270e)
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 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 left 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 afterload 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.

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 difficulty differentiating the dyspnea that arises from
cardiac and pulmonary causes (Chap. 47e). 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
effects. When HF develops in patients with a preserved EF, it may be
difficult to determine the relative contribution of HF to the dyspnea
that occurs in chronic lung disease and/or obesity.

CHAPTER 279

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.

(Chap. 281). A peak oxygen uptake (vo2) <14 mL/kg per min is asso- 1505
ciated with a relatively poor prognosis. Patients with a vo2 <14 mL/
kg per min have been shown, in general, to have better survival when
transplanted than when treated medically.

PATHOPHYSIOLOGY AND BASIC MECHANISMS
Although many conditions can lead to cor pulmonale, the common
pathophysiologic mechanism is pulmonary hypertension that is sufficient to alter RV structure (i.e., dilation with or without hypertrophy) and function. Normally, pulmonary artery pressures are only
~15 mmHg and do not increase even with multiples of resting cardiac
output, because of vasodilation and blood vessel recruitment of the
pulmonary circulatory bed. But, in the setting of parenchymal lung
diseases, primary pulmonary vascular disorders, or chronic (alveolar)
hypoxia, the circulatory bed undergoes varying degrees of vascular
remodeling, vasoconstriction, and destruction. As a result, pulmonary artery pressures and RV afterload increase, setting the stage
for cor pulmonale (Table 279-4). The systemic consequences of cor
pulmonale relate to alterations in cardiac output as well as salt and
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