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As a cardiologist with subspecialty interest in heart failure for over 20 years, I 
have been fortunate to witness the development of new pharmacological and 
device therapies that have dramatically improved the quality of life and survival 
in patients with chronic heart failure. Implementation of these new therapies 
into clinical practice has been slower than anticipated, and fewer than half of 
eligible patients are actually receiving all the therapies known to improve sur-
vival in heart failure. Most heart failure patients are diagnosed and treated in 
primary care practices. Accordingly, there is a need to increase knowledge of 
heart failure pathophysiology, clinical assessment, and management strategies 
among primary care providers in order to increase the appropriate utilization of 
proven treatment modalities in this population.

Clinical practice consensus guidelines for management of heart failure are 
available from national and international cardiovascular disease scientifi c societ-
ies (listed in the Appendix). The guidelines from these organizations, based on 
evidence from clinical trials and expert consensus, are largely concordant and 
provide useful information for practitioners. However, the organization of the 
guidelines, based on categorizing the scientifi c hierarchy of the existing evidence 
in support of various therapeutic interventions, may hinder efforts by a practi-
tioner to determine which specifi c intervention, or combination of interven-
tions, is most appropriate for an individual patient.

The writing of this book was undertaken with the goal of providing a con-
cise and practical guide for busy practitioners who are engaged in the clinical 
care of patients with chronic heart failure. This book is not meant to dupli-
cate the content of existing guidelines, but rather to provide a framework for 
practical implementation of the guideline recommendations in clinical practice. 
I have chosen to utilize the staging of heart failure proposed by the American 
College of Cardiology/American Heart Association guidelines as a framework 
to develop a structured approach for the diagnosis and treatment of heart fail-
ure across a broad spectrum of clinical presentations.

Much of the content is based on my clinical experience and practice, but 
relevant articles from the medical literature are cited throughout the book in 
support of my recommendations. I have strived to provide the rationale for 
my personal approach to the management of patients with heart failure, but 
acknowledge that there exists a great deal of variability in practice among heart 
failure subspecialists, and in many cases, more than one valid approach to a 
problem. The practice of medicine remains an art, not a cookbook recipe. The 
content of the book is not intended to dictate a single approach to manage-
ment, but rather to provide relevant information to assist clinical decision mak-
ing in practice settings.

My hope is that this book will provide a valuable resource for all practitioners 
involved in the care of patients with heart failure, either as a brief overview of 
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the fi eld, or as a concise reference for specifi c problems encountered in clinical 
practice. No single text can hope to cover every possible scenario encountered 
in clinical practice. I am hopeful that the proposed structured approach will 
bring some clarity to the complex decision-making process required for this 
management of heart failure and will be useful for practical optimization of care 
in this patient population.

Stuart Katz
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provided the basis for my understanding of the pathophysiology and treatment 
of heart failure. My hope is that the content of this book will be used to improve 
the lives of patients suffering from this disease.
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Chapter 1

Defi nition of Heart Failure

Key Points

Heart failure is best defi ned as a clinical syndrome, a recognizable cluster • 

of typical signs and symptoms related to venous congestion and reduced 
organ perfusion.
Typical signs and symptoms of the clinical syndrome heart failure have • 

limited sensitivity and specifi city.
Heart failure diagnosis should be classifi ed by left-ventricular ejection frac-• 

tion (reduced vs. preserved ejection fraction).

“Heart failure” can be defi ned based on a description of its pathophysiol-
ogy, or based on a description of the clinical syndrome associated with its 
pathophysiology.

Heart failure is a pathophysiological state in which the heart is unable to 
pump suffi cient blood to meet the metabolic needs of the body tissues at nor-
mal cardiac fi lling pressures. While heart failure is usually associated with abnor-
mal cardiac structure and function, this defi nition of heart failure encompasses a 
diverse array of conditions, including some conditions in which the heart may be 
structurally and functionally normal (such as high output heart failure states due 
to severe anemia or arteriovenous shunts). As further discussed, in Chapter 3, 
heart failure pathophysiology is best considered as a form of circulatory failure, 
with its clinical manifestations attributable to primary defects in cardiac struc-
ture and function and associated secondary changes in peripheral circulations 
and skeletal muscle metabolism that impair peripheral oxygen utilization.

From a clinical perspective, heart failure can best be defi ned as a clinical syn-
drome, a recognizable cluster of typical signs and symptoms related to venous 
congestion and reduced organ perfusion (Table 1.1). This syndromic defi nition 
of heart failure is useful for clinical practice, but it must be applied with the fol-
lowing caveats in mind:

Most of the signs and symptoms of heart failure are non-specifi c.• 

Many of the signs and symptoms of heart failure have low sensitivity.• 

Atypical signs and symptoms are common.• 

Signs and symptoms of heart failure are listed in Table 1.1. The clinical implica-
tions of the above caveats are discussed in Chapters 8 through 10. Specifi c 
criteria for the clinical diagnosis of heart failure based on signs and symptoms 
have been established (but not rigorously validated against gold standard 
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hemodynamic measurements) for the Framingham study population (Table 
1.2).1,2 Although not used in clinical practice settings, familiarity with these cri-
teria is useful for interpretation of population-based published studies of heart 
failure (in which Framingham criteria are often used to defi ne the population) 
and serves as a model for the application of the syndromic defi nition of heart 
failure in clinical practice.

Heart failure is usually classifi ed with reference to a descriptor of left-ventric-
ular function associated with the clinical manifestations of disease. Throughout 
this book, I will use the terms heart failure with reduced ejection fraction (usu-
ally defi ned as “left-ventricular ejection fraction <40%”) and heart failure with 
preserved ejection fraction (usually defi ned as “left-ventricular ejection fraction 
≥40%”). These descriptors are useful for clinical decision-making, as most heart 
failure clinical trials have been conducted in populations defi ned in part by the 
left-ventricular ejection fraction. The selected cut-off value for left-ventricular 
ejection fraction of 40% is a compromise between the accepted lower limits 
of normal left-ventricular ejection fraction (typically 50%–55% by most imaging 
modalities), and the entry criteria for clinical trials of patients with reduced 

Table 1.1 Signs and Symptoms of Heart Failure
Related to Venous Congestion Related to Reduced 

Organ Perfusion

Symptoms Dyspnea on exertion
Cough
Paroxysmal nocturnal dyspnea
Orthopnea
Abdominal swelling
Abdominal fullness
Abdominal pain
Lower extremity swelling

Dyspnea on exertion
Fatigue
Lethargy
Generalized weakness
Impaired concentration
Depression/dysthymia
Agitation/anxiety
Anorexia

Physical 
Findings

Elevated jugular venous pressure
Rales
Decreased breath sounds
Basilar dullness to percussion
S3 gallop
Hepatomegaly
Hepatojugular refl ux
Ascites
Lower extremity edema

Tachycardia
Hypotension
Narrow pulse pressure
Thready pulse
Pulsus alternans
Cool extremities

Diagnos  c 
Tes  ng Findings

Pulmonary vascular congestion on 
chest X-ray
Pulmonary edema on chest X-ray
Pleural effusion on chest X-ray
Abnormal liver function tests
Dilutional anemia
Hyponatremia
Elevation of brain natriuretic 
peptide levels

Azotemia
Lactic acidosis
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ejection fraction (typically <35%). Billing codes use an older terminology of 
heart failure with systolic dysfunction (reduced ejection fractions) vs. heart failure 
with diastolic dysfunction (preserved ejection fraction). Diastolic function cannot 
be reliably assessed with the imaging techniques routinely available in clinical 
practice, so the term “diastolic dysfunction” in clinical practice is inferred from 
the evidence of a heart failure syndrome in the setting of a preserved ejection 
fraction. Abnormalities in left-ventricular ejection fraction and indices of left-
ventricular diastolic function may exist without a clinical heart failure syndrome 
(further discussed in Chapter 7).

Hypertrophic cardiomyopathy falls broadly under the category of heart failure 
with preserved ejection fraction, but this group of familial diseases, most often 
attributable to specifi c gene mutations in the contractile proteins, requires spe-
cialized evaluation and treatment that in many cases is distinct from that of 
other forms of heart failure with preserved ejection fraction. Consensus guide-
lines for management of this population have been recently published.3 In most 
cases, patients with this form of heart failure should be referred to specialized 
treatment centers. Diagnosis and treatment of this subgroup of patients with 
heart failure with preserved ejection fraction will not be further considered in 
this book.

Other etiological descriptors are often attached to heart failure (ischemic, non-
ischemic, alcoholic, etc.), but these terms may be misleading because they imply 
a causal relationship between the descriptor and the heart failure syndrome 

Table 1.2 Framingham Criteria for Diagnosis of Heart Failure
Diagnosis of heart failure requires the simultaneous presence of at least two major 
criteria, or one major criterion in conjunction with two minor criteria.
Major Criteria:
Paroxysmal nocturnal dyspnea
Neck vein distention
Rales
Radiographic cardiomegaly (increasing heart size on chest radiography)
Acute pulmonary edema
S3 gallop
Increased central venous pressure (>16 cm H2O at right atrium)
Hepatojugular refl ux
Minor Criteria:
Bilateral ankle edema
Nocturnal cough
Dyspnea on ordinary exertion
Hepatomegaly
Pleural effusion
Decrease in vital capacity by one-third from maximum recorded
Tachycardia (heart rate >120 beats/min.)
Major or Minor Criteria:
Weight loss >4.5 kg in fi ve days in response to treatment.
Minor criteria are acceptable only if they are not attributable to another medical 
condition (such as pulmonary hypertension, chronic lung disease, cirrhosis, ascites, or 
the nephrotic syndrome).
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that may or may not exist. Heart failure with co-morbid ischemic heart disease 
(or other condition) is a more precise terminology that will be used throughout 
this book. Temporal descriptors (acute, subacute, chronic) are also frequently 
used without specifi cally assigned time frames to defi ne these terms. In this 
book, acute will refer to syndromes of sudden onset (minutes to hours) without 
prodromal symptoms; subacute will refer to syndromes of gradual onset (hours 
to weeks); and chronic will refer to long-standing disease processes (months to 
years). Right-sided heart failure vs. left-sided heart failure are descriptive terms 
used to indicate a predominance of congestive signs and/or symptoms in the 
systemic venous circulation vs. pulmonary venous circulation, respectively. 
Since the most common cause of systemic venous congestion (right-sided heart 
failure) is pulmonary venous congestion (left-sided heart failure), these condi-
tions generally do not occur as distinct entities. Finally, older literature often 
refers to forward vs. backward heart failure in discussion of pathophysiology. 
The modern view of the pathophysiology of heart failure is consistent with the 
forward failure theory as discussed in detail in Chapter 3.

References
1. Marantz PR, Tobin JN, Wassertheil-Smoller S, et al. The relationship between 

left-ventricular systolic function and congestive heart failure diagnosed by clinical 
criteria. Circulation. 1988;77:607–612.

2. McKee PA, Castelli WP, McNamara PM, Kannel WB. The natural history of con-
gestive heart failure: the Framingham study. N Engl J Med. 1971;285:1441–1446.

3. Gersh BJ, Maron BJ, Bonow RO, et al. 2011 ACCF/AHA guideline for the diagnosis 
and treatment of hypertrophic cardiomyopathy: a report of the American College 
of Cardiology Foundation/American Heart Association task force on practice 
guidelines. Circulation. 2011;124:e783–831.
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Chapter 2

Risk Factors and Natural 
History of Heart Failure

Key Points

• Heart failure is a common form of heart disease affecting 5–6 million 
people in the United States.

• Risk factors for heart failure include history of myocardial infarction, 
hypertension, and increasing age.

• Clinical heart failure is most often preceded by a clinically silent, asymp-
tomatic phase of heart disease.

• Symptomatic heart failure is associated with high risk of hospitalization and 
death.

• Risk of adverse clinical outcomes in patients with heart failure with 
reduced ejection fraction and in patients with heart failure with preserved 
ejection fraction are comparable.

Heart failure is a common cardiac disease affecting between 5–6 million per-
sons in the United States. Most cases of heart failure are associated with the 
presence of other chronic cardiovascular diseases that lead to cardiac injury 
(most often in the form of myocardial infarction) or increased cardiac workload 
(most often in the form of hypertension). Hypertension is the most common 
risk factor for heart failure. Hypertension is thought to be causally associated 
with development of heart failure, but defi nitive studies of a causal link are lack-
ing. Myocardial infarction has been causally linked to the development of heart 
failure in experimental studies and is associated with a lifelong increased risk of 
heart failure after an index event.

Other common risk factors are chronic medical diseases commonly associ-
ated with hypertension and myocardial infarction (obesity, diabetes mellitus, 
smoking; population-attributable risk estimates from different populations are 
provided in Table 2.1).1–4 Heart failure occurs in men at a younger age and is 
more often associated with systolic dysfunction (left-ventricular ejection frac-
tion <40%) than it is in women.5

In most instances, heart failure is an indolent, progressive disease with a 
long pre-clinical period of asymptomatic cardiac disease lasting years or even 
decades. Accordingly, the fi rst presentation of even mild symptoms of heart fail-
ure is usually an indication of advanced, long-standing, underlying heart disease.
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The natural history of heart failure with reduced ejection fraction has been 
best characterized in patients with a history of myocardial infarction. There is 
a lifelong increase in the risk of developing heart failure after myocardial infarc-
tion for both men and women, when compared with controls without prior 
myocardial infarction (Figure 2.1). The incidence reported in studies varies 
according to the clinical features of the index myocardial infarction (infarct size, 
left-ventricular ejection fraction, and presence of heart failure at the time of 
the infarction), and the medical therapy received after the infarction. In clinical 

Table 2.1 Estimates of population-attributable risk (%) for 
development of heart failure for common risk factors. The 
population-attributable risk estimates the proportion of the 
population that would be free of heart failure if the risk factor were 
eliminated from the population. Accordingly, if the risk factors 
listed in this table were eliminated from a given population, the 
cumulative effect would be a reduction in heart failure by >50%

Framingham1

N = 5143
NHANES2

N = 13643
CHS3

N = 5625
Olmstead 
County4

N = 1924

Hypertension Men 39/Women 59 10 13 20

Coronary artery 
disease

Men 34/Women 13 62 13 20

Obesity – 8 – 12

Diabetes 
mellitus

Men 6/Women 12 3 8.3 12

Smoking – 17 – 14

0.50
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0.20

Pr
ob

ab
ili

ty
 o

f E
ve

nt

0.10

0.00
0 2 4 6 8 10

Years after MI

12 14 16 18 20 22

MI Male

Matched Male
Matched Female

MI Female

Figure 2.1 Estimate of risk of heart failure over time by gender in patients with history 
of myocardial infarction and matched controls (from Cupples LA, D’Agostino RB, Some 
risk factors related to the annual incidence of cardiovascular disease and death using 
pooled repeated biennial measurements: Framingham Heart Study, 30-year follow-up. 
In: Kannel WB, Wolf PA, Garrison RJ, eds. The Framingham Study: An Epidemiological 
Investigation of Cardiovascular Disease, section 34, DHHS publication No. (NIH) 87–2703, 
Washington, DC, US Government Printing Offi ce, 1987; pp. 12–19). The subjects with 
history of myocardial infarction have greater risk of heart failure when compared with 
controls. The risk of heart failure continues to rise steadily even >10 years after the 
index myocardial infarction.
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practice, it is not uncommon to see the fi rst manifestations of heart failure fi ve 
to ten years after an index myocardial infarction.

The natural history of heart failure with preserved ejection fraction has not 
been well characterized. While long-standing hypertension is thought to be an 
important factor in disease progression, a substantial percentage of patients 
with heart failure with preserved ejection fraction do not have hypertension. 
The cause of heart failure in non-hypertensive patients is diffi cult to determine. 
Infi ltrative cardiomyopathies such as senile cardiac amyloidosis (wild-type tran-
sthyretin amyloidosis) may be a common cause of heart failure with preserved 
ejection fraction in elderly subjects without hypertension. Left-ventricular ejec-
tion fraction decreases over time in this population, so some patients will even-
tually be reclassifi ed as having heart failure with reduced ejection fraction.

The natural history of heart failure has also been characterized for patients 
with some forms of symptomatic valvular heart disease. The reader is referred 
to existing consensus guidelines for details of the clinical management of valvu-
lar heart disease.6 In most instances, the presence of symptomatic heart failure 
thought to be attributable to primary valvular heart disease represents a state of 
advanced heart disease for which surgical intervention is often recommended.

Other less common causes of heart failure due to various primary or second-
ary cardiomyopathies have varying natural histories specifi c to each underlying 
disease state. Younger age, the absence of coronary artery disease, higher left-
ventricular ejection fractions, and well-preserved functional capacity are typi-
cally associated with a more benign course of disease. Progressive limitation of 
functional capacity and symptomatic ventricular arrhythmias are associated with 
worse prognoses.

Since even mild clinical manifestations of symptomatic heart failure are mark-
ers of advanced underlying heart disease, clinical diagnosis of heart failure, 
 regardless of the underlying cause, is associated with greatly increased risk of 
hospitalization and death when compared with control patients without heart 
failure. Hospitalization for heart failure is an important sentinel event marking 
an extreme increase in risk of re-hospitalization and death after discharge. Heart 
failure is the most common primary diagnosis for acute care hospitalization in 
the Medicare population, but rates of hospitalization for heart failure have been 
slowly declining over the past decade. Risk of death is comparably increased 
for patients with heart failure and low ejection fraction and patients with heart 
failure and preserved ejection fraction.

The Seattle Heart Failure Model is a validated prognostic score that can be use-
ful to assess prognosis and the impact of therapeutic interventions in  ambulatory 
patients with heart failure with reduced ejection fraction.7 This model is based on 
clinical and laboratory characteristics that are routinely available in most patients 
(accessible on the World Wide Web at URL http://depts.washington.edu/shfm/). 
Predicted survival is provided based on the values entered into the model and 
the presence or absence of guideline-recommended therapies. Calculation of 
the prognostic score can assist in clinical decision-making for referral to heart 
failure subspecialists for evaluation of advanced therapies (heart transplantation 
and mechanical circulatory support), for assessment of the potential benefi ts of 
an implantable defi brillator and/or cardiac resynchronization pacing device, and 
for clinical decision-making in discussions of end-of-life care.

http://depts.washington.edu/shfm/
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Chapter 3

Pathophysiology 
of Heart Failure

Key Points

• Heart failure is a pathophysiological state in which oxygen delivery by 
the heart is insuffi cient to meet the metabolic needs of active tissues at 
normal cardiac fi lling pressures.

• Myocardial injury or overload induces changes in ventricular structure and 
function that adapt to changing loading conditions in order to preserve 
stroke volume. This process is called ventricular remodeling.

• Increased myocardial wall stress and activation of neurohormonal and 
infl ammatory systems stimulate myocellular signaling pathways for hyper-
trophy, fi brosis, and apoptosis, and promote ventricular remodeling and 
disease progression.

• The ventricular remodeling process may be favorably altered by treatment 
interventions that alter cardiac loading conditions and attenuate biological 
effects of pathological activation of neurohormonal signaling pathways.

• The clinical syndrome of heart failure is attributable to a combination of 
pathological changes in ventricular pump function (ventricular remodeling) 
coupled with alterations in peripheral oxygen utilization associated with 
secondary changes in vascular and skeletal muscle function.

Heart failure is a pathophysiological state that results from a mismatch between 
oxygen supply delivered by the heart and the metabolic demand of the body 
tissues. This concept of oxygen supply–demand mismatch, central to the under-
standing of the pathophysiology of heart failure, can be diffi cult to conceptualize 
in clinical settings. A common example of oxygen supply–demand mismatch 
occurs in normal physiology during vigorous exertion in normal subjects. At 
peak exercise in normal subjects, cardiac output reaches a maximal value (typical 
4–5 times greater than resting values, or approximately 20 l/min) that limits the 
amounts of oxygen that can be delivered to the exercising muscles. Exhaustion 
of cardiac output reserve is accompanied by increasing sensations of shortness 
of breath and fatigue (mediated via skeletal muscle metaboreceptors), which 
eventually lead to cessation of exercise or reduction of exercise workload. 
Since the normal cardiac output reserve provides more than suffi cient oxygen 
delivery for submaximal exertion, normal subjects rarely experience shortness 
of breath during routine daily activities. In patients with heart failure, reductions 
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in cardiac output reserve and abnormalities in blood distribution and skeletal 
muscle oxygen metabolism lead to oxygen supply–demand mismatch at lower 
levels of exertion. The severity of mismatch leads to frequent symptoms of 
shortness of breath and fatigue during normal activities of daily living.

The majority of patients with a clinical diagnosis of heart failure have under-
lying changes in cardiac structure and function as the primary cause of their 
symptoms. However, a heart failure syndrome can occur with a completely 
structurally and functionally normal heart in certain settings. Severe anemia 
(typically, hemoglobin levels <5 gm/dl), arteriovenous shunts, and thyrotoxi-
cosis are examples of non-cardiac conditions that can create oxygen supply–
demand mismatch in the setting of a structurally and functionally normal heart. 
These conditions are rarely the sole cause of heart failure, but they can exacer-
bate heart failure symptoms in patients with underlying heart disease.

Heart failure most often occurs as a consequence of myocardial injury and/
or overload (increased preload and/or afterload). The short-term response to 
myocardial injury is an increase in inotropic state of viable myocardium, medi-
ated by activation of the adrenergic nervous system and the Frank Starling 
mechanism. The long-term response to myocardial injury and/or overload, a 
pathological process called ventricular remodeling, is characterized by dilation 
of the ventricular chamber and hypertrophy of the chamber wall.1,2 A complex 
interplay of physical forces and activation of the sympathetic nervous system; 
the renin angiotensin aldosterone system; and other endocrine, paracrine, and 
autocrine signals regulate the nature of the remodeling process.3,4 This remodel-
ing process is fundamental to the current understanding of the pathophysiology 
of heart failure, as clinical measures of the severity of the remodeling process 
(left-ventricular ejection fraction and other measures) are strongly linked to 
outcomes in patients with heart failure.

The remodeling process is, in part, an adaptive response to injury or over-
load, since changes in cardiac structure and function preserve stroke volume 
and thus cardiac output reserve (Figure 3.1). The most prominent feature of 
remodeling in response to myocardial injury or chronic volume overload is 
increased left ventricle dimension (eccentric remodeling). The most prominent 
feature of remodeling in response to chronic pressure overload is increased left 
ventricle wall thickness (concentric remodeling). In many instances, a combina-
tion of eccentric and concentric remodeling is present.

The compensatory aspect of the remodeling process, preservation of stroke 
volume, minimizes loss of cardiac output reserve and allows most patients to 
remain free of signs or symptoms of heart failure. However, ventricular remod-
eling is inherently associated with disease progression, as ventricular dilation 
further increases workload (by the LaPlace relationship), and induces myocel-
lular hypertrophy, interstitial fi brosis, and ongoing myocardial injury through 
apoptotic cell loss.5 The ultimate outcome is a transition from an asymptomatic 
compensated state to a symptomatic decompensated state. The factors that 
regulate this transition are not fully characterized, but appear to be determined 
by the number of functioning myocytes and the length-to-width ratio of the 
myocytes.

Once the transition from compensated to decompensated remodeling has 
occurred, progressive reduction in cardiac output reserve eventually results 
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11in development of symptomatic disease. Oxygen supply–demand mismatch in 
exercising skeletal muscle is further exacerbated by vascular dysregulation, loss 
of skeletal muscle mass, and changes in skeletal muscle metabolism.6 The net 
result is progressive reduction in functional capacity. Renal hypoperfusion and 
activation of the sympathetic nervous system, the renin angiotensin aldosterone 
system, and other signaling pathways promote sodium and water retention that 
overfi lls the vascular space and increases venous pressure, with consequent 
edema formation and other congestive signs and symptoms.7

An important clinical implication of this model of disease is the clear distinc-
tion between the changes in ventricular structure and function (remodeling) 
and the clinical syndrome of heart failure characterized by exercise intolerance 
and signs and symptoms of congestion. As discussed in subsequent chapters, 
patients with myocardial injury and/or overload often have long intervals of 
asymptomatic left-ventricular dysfunction that may be diffi cult to detect in clini-
cal practice.

The pathophysiology of heart failure with preserved ejection fraction is 
largely consistent with the above discussion.8 Certain aspects of the pathophysi-
ology may be distinct in patients with and without hypertension (Figure 3.2). 
In hypertensive subjects, increased afterload induces concentric hypertrophy 
and reduces stroke volume, forcing the ventricle to fi ll on a higher portion of 
the diastolic pressure–volume relationship. In non-hypertensive subjects, pri-
mary changes in the diastolic pressure–volume relationship induced by progres-
sive fi brosis or infi ltrative disease force the ventricle to fi ll at higher pressures 
without a change in diastolic volumes. In both groups, reduced cardiac output 
reserve contributes to exercise intolerance and renal sodium and water reten-
tion with the same constellation of congestive signs and symptoms as those 
observed in patients with reduced ejection fraction.9

Normal LV

LVEDV (ml)

LVESV (ml)

LV Stroke Volume (ml)

Ejection Fraction (%)
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Figure 3.1 Effects of left-ventricular remodeling on stroke volume. Increased left-
ventricular end-diastolic volume preserves left-ventricular stroke volume in the setting 
of reduced ejection fraction. Cardiac output reserve is theoretically normal at this stage 
of remodeling, but the remodeling process is inherently pathological and eventually leads 
to progressive hypertrophy, fi brosis, and apoptosis, with resultant loss of cardiac output 
reserve, and clinical heart failure.
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Treatment strategies for heart failure discussed in subsequent chapters, 
including the use of agents to alter loading conditions and attenuate the bio-
logical effects of pathological neurohormonal activation, are based on the pre-
sented pathophysiological model of disease.10
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Figure 3.2 Pathophysiology of heart failure: response to myocardial injury and/or 
 overload leads to ventricular remodeling and disease progression, and eventually clinical 
heart failure syndrome. This model of disease is the basis for clinical staging of disease 
(Chapter 4) and treatment strategies.
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Chapter 4

Clinical Staging 
of Heart Failure

Key Points

• The American College of Cardiology and American Heart Association 
staging scheme is based on the pathophysiological model of progressive 
ventricular remodeling in response to myocardial injury or overload.

• The New York Heart Association Classifi cation scheme is based on the 
exertional symptoms reported by the patient.

• It is clinically useful to include the descriptor of ventricular function 
(reduced ejection fraction vs. preserved ejection fraction) in the staging of 
heart failure.

• It is recommended that every clinical encounter with a heart failure patient 
include an assessment of the stage of disease.

Determination of the stage of disease development in heart failure is clinically 
important, as the accurate recognition of the stage of disease provides insight 
into its pathophysiology and appropriate treatment. The American College of 
Cardiology and American Heart Association have provided a staging frame-
work for heart failure in the consensus guidelines issued by these organizations.1 
The staging scheme was developed primarily on the basis of the current under-
standing of the pathophysiology of heart failure after myocardial infarction, but 
it can be extrapolated to heart failure with reduced ejection fraction due to 
other causes, or to heart failure with preserved ejection fraction. Other, more 
complex, staging schemes have been proposed, but none have been routinely 
adopted in clinical practice.2

The proposed staging scheme from the American College of Cardiology and 
American Heart Association is listed in Table 4.1. Stage A identifi es patients 
at risk for development of heart failure. The description of the population at 
risk is relevant to the screening of heart failure discussed in Chapter 6, and 
is an acknowledgement that once structural heart disease is present, with or 
without symptoms, progressive remodeling will eventually lead to progres-
sive symptoms and death. Accordingly, the best treatment for heart failure is 
prevention (Chapter 5). Stage B includes patients with evidence of abnormal 
cardiac structure and function but no limitation of functional capacity. While 
the left-ventricular ejection fraction is the primary measure used in most stud-
ies, the presence of left-ventricular hypertrophy also places a patient in this 
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classifi cation. Left atrial enlargement was not included in the original description 
of this staging scheme, but it may be the sole manifestation of structural heart 
disease in some patients with preserved systolic function. These patients do not 
have clinical symptoms of heart failure, as they are in the compensated stage of 
ventricular remodeling with preserved cardiac output reserve. However, these 
patients are at high risk for developing future symptomatic heart failure and pre-
mature death. Management of these patients is discussed in Chapter 7. Stage C 
includes patients with more advanced ventricular remodeling that has entered 
the decompensated stage with associated signs and symptoms of heart failure. 
Most patients present in this stage of the disease are at high risk of hospitaliza-
tion and death. Management of these patients is discussed in Chapters 8 and 9. 
Patients who respond well to optimal therapy, with improved left-ventricular 
ejection fraction and/or resolution of heart failure symptoms, remain in Stage C 
unless there is a reasonable expectation that the initial cause of heart injury was 
entirely reversible (for example, acute myocarditis or peri-partum cardiomyo-
pathy). Stage D designates patients with advanced heart failure with symptoms 
refractory to conventional treatment. This stage identifi es a group of patients 
who may benefi t from referral to specialized treatment centers for consider-
ation of advanced therapies such as heart transplantation or mechanical circula-
tory support; or, for those patients with co-morbid conditions that preclude 
such advanced therapies, palliative care consultation and referral to hospice 
care. Management of these patients is discussed in Chapter 10.

Table 4.1 ACC/AHA Staging Classifi cation

Stage Description

Stage A: At high risk for 
heart failure but without 
structural heart disease 
or symptoms of heart 
failure.

Patients with:
hypertension• 

atherosclerotic disease• 

diabetes• 

obesity• 

metabolic syndrome• 

exposure to cardiotoxins• 

family history of cardiomyopathy• 

Stage B: Structural heart 
disease but without signs 
or symptoms of heart 
failure.

Patients with:
previous myocardial infarction• 

left-ventricular hypertrophy• 

reduced ejection fraction• 

asymptomatic valvular disease• 

other structural heart disease• 

Stage C: Structural heart 
disease with prior or 
current symptoms of 
heart failure.

Patients with:
known structural heart disease and• 

shortness of breath and fatigue, reduced exercise • 
tolerance

Stage D: Refractory 
heart failure requiring 
specialized interventions.

Patients with:
marked symptoms at rest despite optimal medical therapy• 

recurrent hospitalizations despite optimal medical therapy• 
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Characterization of the functional capacity of the patient should be assessed 
at every clinical encounter as an integral part of the staging process. The most 
commonly used staging scheme for functional capacity is the New York Heart 
Association criteria (Table 4.2).3 These categories are very broad and require 
careful questioning of the patient for accurate assignment. Specifi c questions on 
their ability to perform daily activities such as bathing, dressing, household or 
yard chores, leisure activities (golf, bowling, tennis, etc.), walking up stairs, and 
walking on fl at ground are useful to characterize functional capacity. A ques-
tionnaire for determination of New York Heart Association Class has been 
validated for use in research settings, but it has not been widely adopted in clini-
cal settings.4 Other measures of functional capacity (Canadian Cardiovascular 
Society Functional Classifi cation and Specifi c Activity Scale) have not been 
widely adopted in heart failure populations.5

Finally, it is clinically useful to include the descriptor of ventricular function 
(reduced ejection fraction vs. preserved ejection fraction) in the staging of heart 
failure, as treatment strategies depend on the ventricular function.

Every clinical encounter with a heart failure patient should include a summary 
statement on staging in the assessment section of the medical record in accor-
dance with the following suggested format:

“Patient has heart failure associated with (reduced/preserved) 
ejection fraction, AHA/ACC Stage (A/B/C/D), NYHA Class 
(I,II,III,IV).”

Table 4.2 NYHA Functional Classifi cation. In the context assessing 
a patient with heart failure, the subjective assessment of functional 
capacity may not be closely associated with other objective 
assessments of the severity of cardiovascular disease, such as 
ejection fraction or severity of coronary artery disease. Reliable 
classifi cation requires careful questioning of symptoms during 
specifi c patient activities

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, 
palpitation, dyspnea, or anginal pain.

A. No objective evidence of 
cardiovascular disease.

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.

B. Objective evidence of 
minimal cardiovascular 
disease.

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.

C. Objective evidence 
of moderately severe 
cardiovascular disease.

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.

D. Objective evidence of 
severe cardiovascular disease.
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Chapter 5

Prevention of Heart Failure

Key Points

• An estimated 65 million patients are at risk for developing heart failure in 
the United States.

• Primary prevention therapies aimed at reducing risk of myocardial infarc-
tion are recommended to reduce risk of heart failure.

• Effective treatment of hypertension reduces the risk of heart failure 
development.

Stage A of the AHA/ACC heart failure staging classifi cation identifi es asymp-
tomatic patients without structural heart disease at increased risk for future 
development of heart failure. It is estimated that 65 million Americans are in 
this group, and that 550,000 new cases of heart failure are identifi ed each year. 
These asymptomatic patients are generally treated in primary care practices, 
or they may not be seeking medical care. Effective preventive treatment in this 
group should be a high priority, since once structural heart disease is evident, 
available treatments slow disease progression and improve outcomes, but do 
not provide a curative remedy. Accordingly, the importance of prevention 
efforts in primary care settings cannot be overemphasized.1

There are multiple barriers to effective hypertensive treatment attributable 
to patient factors, physician factors, and systems factors. Clinical inertia, defi ned 
as “failure to adjust hypertensive therapy at clinical encounters with recorded 
blood pressure above consensus guideline goal,” has been identifi ed as a fre-
quent problem in the management of hypertension patients.2 Although the fac-
tors that contribute to clinical inertia are complex, one important component 
is the asymptomatic nature of hypertension, with consequent patient resistance 
to the initiation or intensifi cation of therapy. The clinician must educate and 
motivate the patient to adhere to recommended treatments. Established symp-
tomatic heart failure carries a one- and fi ve-year prognosis worse than that of 
many cancers. If an appropriate analogy between cancer prevention and heart 
failure prevention were made evident to patients, patient resistance to appro-
priate hypertension treatment might be reduced.

For most patients, preventive strategies are directed towards reducing the 
risk of myocardial injury (primary prevention of myocardial infarction) and main-
taining normal loading conditions on the heart (hypertension management).1

Primary prevention of myocardial infarction is an important strategy for 
preventing heart failure. The therapeutic strategy should include appropriate 
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lifestyle modifi cations (diet, weight loss, exercise) and pharmacological manage-
ment. Clinical trials of 3-hydroxy-3-methyl-glutaryl-CoA reductase (HMG-CoA) 
reductase inhibitors have demonstrated signifi cant reduction of heart failure risk 
when compared with placebo.3 Strategies for management of hyperlipidemia 
should be conducted in accord with consensus guidelines.4 The role of aspirin 
for primary prevention of myocardial infarction remains controversial and may 
be considered on an individual basis in higher risk patients.5,6 In patients with 
established coronary heart disease, revascularization may be considered on an 
individual basis, but the evidence that revascularization prevents subsequent 
heart failure development is not conclusive.7

Treatment of hypertension is important for the prevention of heart failure 
beyond its effects on reducing the risk of myocardial infarction (Figure 5.1). 
Clinical trials that utilized primarily beta-adrenergic receptor blockers and thiaz-
ide diuretics demonstrated large reductions in new onset of heart failure when 
compared with placebo.3 Subsequent clinical trials have demonstrated that 
the risk of heart failure during treatment is comparable among most available 
classes of anti-hypertensive agents. In the Antihypertensive and Lipid-Lowering 
Treatment to Prevent Heart Attack Trial (ALLHAT), the alpha-blocking agent 
doxazosin arm of the study was stopped prematurely, due to increased inci-
dence of heart failure in this group when compared with the other random-
ized treatment arms.8 Although interpretation of this fi nding is limited by the 
adjudication process used in this trial and the absence of a placebo control 
group, alpha blockers should not be used as fi rst-line anti-hypertensive ther-
apy in patients felt to be at high risk for development of heart failure. The 
angiotensin-converting enzyme inhibitor ramipril reduced risk of heart failure 
by 23% compared with placebo in patients at high risk for heart failure but no 
known left-ventricular systolic dysfunction.9 Approximately half of the patients 
in this study had a history of prior myocardial infarction. The choice of anti-
hypertensive agent and blood pressure goals of therapy should be individualized 
according to patient comorbidities per consensus guidelines.10
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Figure 5.1 Effect of hypertension therapy vs. placebo on risk of heart failure (adapted 
from reference 3). Anti-hypertensive regimens varied among trials, but a signifi cant 
reduction in risk of heart failure was observed in all trials. Effective treatment of hyper-
tension is one of the most important interventions for prevention of heart failure.
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Treatment of other risk factors for myocardial infarction (smoking, obesity, 
diabetes mellitus) has not been shown to reduce heart failure incidence in 
clinical trials. The effect of tighter glycemic control on risk of heart failure was 
neutral in the United Kingdom Prospective Diabetes Study (UKPDS) trial and 
increased in the Action to Control Cardiovascular Risk in Diabetes (ACCORD) 
trial.11,12 The safety of thiazolidinediones and metformin in heart failure patients 
with diabetes remains uncertain.13,14 There are no randomized trials to deter-
mine the effects of smoking cessation and weight loss on risk of heart failure, but 
these interventions are recommended.

Patients exposed to cardiotoxic agents during cancer chemotherapy are at 
greater lifelong risk of developing heart failure. Reduced use of anthracyclines 
(or switching to the use of recently developed liposomal forms of anthracy-
clines), increased use of cardioprotective agents, and the development of more 
sensitive surveillance techniques, including imaging and biomarkers, may reduce 
the risk of heart failure in this population.15

For patients with known moderate to severe valvular heart disease, exist-
ing guidelines describe diagnostic and treatment strategies for the preven-
tion of heart failure. These patients should be followed in conjunction with a 
cardiologist.16
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Chapter 6

Screening for Heart Failure

Key Points

There are no proven cost-effective imaging or laboratory testing strategies • 

for screening for asymptomatic left-ventricular dysfunction in primary care 
populations.
Echocardiography is the most common screening modality used for • 

detection of left-ventricular dysfunction, and can be applied in selected 
patients with abnormal signs and symptoms suggestive of heart failure, 
patients with new abnormalities on electrocardiograms, and patients with 
cardiomegaly on chest radiography.
In selected patients with risk factors for left-ventricular dysfunction, • 

brain natriuretic peptide testing can be useful to exclude left-ventricular 
dysfunction.

There are an estimated 65 million patients in AHA/ACC Stage A (patients at 
increased risk for heart failure), and approximately 550,000 new cases of heart 
failure in the United States each year (combined Stages B, C, and D). Presumably, 
the bulk of the incident cases of heart failure are in Stage C, as clinical detec-
tion typically occurs after the onset of symptoms. Given the pathophysiological 
model for heart failure presented in Chapter 3, it is likely that many more unde-
tected asymptomatic patients are present in the population of patients at risk.1 
Due to the relatively low incidence of left-ventricular dysfunction in the at-risk 
population (conservatively, less than 10%, including symptomatic and asymp-
tomatic cases), screening tests with extremely high accuracy would be required 
to be clinically useful (per Bayes’s Theorem). Alternatively, clinical skills can be 
used to identify subgroups of patients at increased risk, with judicious use of 
additional testing in selected patients.

There are no proven strategies for routine screening for asymptomatic left-
ventricular dysfunction (Stage B patients) in the general population. By defi ni-
tion, these patients have abnormal left-ventricular structure but no symptoms 
of heart failure.

Echocardiography is the most commonly used imaging modality for detection 
of abnormal left-ventricular structure and/or function. In a random sample of 
community dwelling individuals in Olmstead County, Minnesota, echocardio-
graphic screening demonstrated that 34% of the population with no symptoms of 
heart failure had echocardiographic evidence of some degree of left-ventricular 
dysfunction consistent with Stage B heart failure.2 The prevalence of abnormal 
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left-ventricular function and clinical heart failure was increased with increasing 
age (Figure 6.1). However, the majority of cardiac abnormalities identifi ed in this 
study sample were related to echocardiographic indices of abnormal diastolic 
function; reduced left-ventricular ejection fraction (defi ned as less than 50%) 
or left-ventricular hypertrophy was detected in under 10% of the population. 
The clinical utility of identifi cation of diastolic dysfunction by echocardiographic 
criteria is uncertain, as the clinical outcomes of the Stage B patients identifi ed in 
this study did not differ from those of a control population with no risk factors 
for heart disease. The relatively high proportion of clinically silent reduced ejec-
tion fraction detected in this cross-sectional study may also be attributed to the 
cumulative effects of a low annual incidence, and is consistent with observations 
of a long period of asymptomatic left-ventricular dysfunction after myocardial 
infarction (Chapter 2). The cross-sectional design of the study limits the ability 
to determine the clinical utility of echocardiographic screening during longitu-
dinal ambulatory care settings. In clinical practice, assessment of left-ventricular 
function is a guideline recommended procedure after myocardial infarction, 
so the group with post-myocardial left-ventricular dysfunction comprises the 
majority of Stage B patients. Other scenarios where echocardiography screen-
ing may be reasonable include evaluation of certain new EKG abnormalities 
(evidence of new Q-wave myocardial infarction, left bundle branch block, and/
or left-ventricular hypertrophy) in asymptomatic patients, evaluation of an 
enlarged cardiac silhouette on chest imaging, or as part of the evaluation for 
non–heart failure cardiac symptoms such as palpitations, syncope, or chest pain. 
Despite the increased prevalence of asymptomatic structural heart disease in 
the elderly, there is no current evidence to support routine echocardiography 
screening procedures in this population.

Brain natriuretic peptide (BNP) is a cardiac-derived peptide hormone 
that is secreted by myocytes (primarily in the left ventricle) in response to 
increased wall tension.3 BNP is produced in the heart as a longer pro-hormone 
peptide chain, and then processed for secretion as both the active 32 amino 
acid hormone and inactive N-terminal peptide (NT-proBNP). The biological 

70

80

90

60

50

40

30

20

10

0
45–54 years 55–64 years 65–74 years �75 years

Stage C

Stage B

Figure 6.1 Prevalence of Stage B and Stage C heart failure by age in residents of 
Olmstead County, Minn. (Adapted from Mosterd A, Hoes AW, de Bruyne MC, et al., 
Prevalence of heart failure and left-ventricular dysfunction in the general population; the 
Rotterdam Study. Eur Heart J, 1999;20:447–455.)
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actions of BNP (vasodilation, increased renal sodium excretion) are mediated 
by membrane-bound natriuretic peptide receptors in target tissues. In heart 
failure patients, BNP is considered a counter-regulatory hormone, secreted 
by the heart in response to volume overload induced by the activation of the 
renin-angiotensin-aldosterone system, sympathetic nervous system, and vaso-
pressin. Increased levels of BNP (and NT-proBNP) are associated with greater 
impairment of functional capacity and greater mortality risk in patients with 
symptomatic heart failure. In a random sample of ambulatory patients from pri-
mary care practices in Scotland, left-ventricular systolic dysfunction (defi ned as 
left-ventricular ejection fraction <30% as measured by echocardiography) was 
identifi ed in 3% of the population.4 BNP levels were higher in these patients 
(with or without symptoms of heart failure), but the positive predictive value 
of the test was low, even in the higher-risk group with a history of ischemic 
heart disease. A smaller population-based study in elderly subjects from the 
United Kingdom demonstrated that BNP measurements were most useful for 
their high negative predictive value (ruling out left-ventricular systolic dysfunc-
tion), with low positive predictive value.5 These two investigations were lim-
ited to the detection of left-ventricular systolic dysfunction. In the Framingham 
study population, measurement of plasma BNP was not useful as a screening 
test for detecting abnormal left-ventricular structure (reduced ejection frac-
tion or left-ventricular hypertrophy), even in subgroups with clinical markers 
of increased risk.6 Other biomarkers of left-ventricular dysfunction and heart 
failure are in development or clinically available (galectin-3), but their clinical 
utility for screening for asymptomatic left-ventricular systolic dysfunction has 
not been determined.7

Based on available data, there are no imaging or laboratory tests that can be 
recommended for routine screening for detection of abnormal left-ventricular 
structure or function in asymptomatic patients. Careful history and physical 
examination are important tools in clinical practice, with special attention given 
to patients with multiple risk factors for heart failure, and patients with abnor-
mal cardiac exam, or any unexplained signs of congestion. Given the known 

� 2 Risk factors
Age�75

Hypertension
Diabetes Mellitus

LVH on EKG Yes Yes Yes

No No

Plasma BNP
�100pg/ ml

Echo
LVH

LVEF<50%

Clinical Follow-up Clinical Follow-up

Chapter 7

New Q wave on EKG
New LBBB on EKG

Cardiomegaly on CXR

OR

Figure 6.2 Proposed algorithm for screening asymptomatic left-ventricular dysfunc-
tion. This algorithm is based on extrapolations from existing epidemiological and clinical 
trial data but has not been prospectively tested in clinical trials. The clinical utility of the 
 algorithm with respect to impact on clinical outcomes is unknown. However, clinical 
trials have identifi ed therapies can benefi t selected patients with asymptomatic left-
ventricular dysfunction (see Chapter 7).
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increased risk of adverse outcomes in patients with abnormal left-ventricular 
structure or function, and the availability of specifi c therapies known to reduce 
this risk of adverse outcomes (discussed in Chapter 7), judicious use of echocar-
diography is reasonable in selected patients. A suggested algorithm for use of 
echocardiography in asymptomatic patients is provided in Figure 6.2.
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Chapter 7

Management of Asymptomatic 
Left-Ventricular Dysfunction

Key Points

Asymptomatic patients with evidence of left-ventricular systolic dysfunc-• 

tion (left-ventricular ejection fraction <50% and/or left-ventricular hyper-
trophy) are at increased risk for cardiovascular morbidity and mortality.
Asymptomatic left-ventricular systolic dysfunction (left-ventricular ejec-• 

tion fraction <50%) is most often identifi ed after an index myocardial 
infarction.
Asymptomatic left-ventricular hypertrophy (determined by echocardiog-• 

raphy or cardiac magnetic resonance imaging) is most often identifi ed in 
patients with a history of hypertension and/or chronic kidney disease.
A report of “diastolic dysfunction” on an echocardiogram or modestly • 

elevated brain natriuretic peptide is not suffi cient to make a diagnosis of 
asymptomatic heart failure with preserved ejection fraction.
A combined neurohormonal antagonist regimen (angiotensin-converting • 

enzyme inhibitor and beta-adrenergic receptor blocker) is reasonable to 
consider for asymptomatic patients with reduced ejection fraction.
A multi-drug regimen including inhibitors of the renin-angiotensin aldos-• 

terone system is reasonable to control blood pressure in asymptomatic 
left-ventricular hypertrophy in patients with preserved ejection fraction.

Clinical Diagnosis

Once left-ventricular dysfunction has been identifi ed by an imaging procedure 
(most commonly, transthoracic echocardiography), the patient should be 
carefully questioned about their daily activities and symptoms of heart failure. 
Patients with “asymptomatic” left-ventricular systolic dysfunction are known 
to have reduced peak aerobic capacity when compared with age-matched 
controls.1 The state of being “asymptomatic” is highly dependent on the level 
of exertion in daily activities. Many patients interpret deterioration in exer-
cise capability as a normal part of aging, or due to obesity or deconditioning, 
and may not offer complaints unless directly questioned. Patients also tend to 
spontaneously curtail physical activities that produce symptoms of dyspnea, 
and continue to consider themselves “asymptomatic” in spite of these self-

Clinical Diagnosis
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imposed activity restrictions. It is useful to ask close-ended questions about 
specifi c activities to obtain a detailed description of the level of aerobic stress 
in patient activities of daily living. To identify truly asymptomatic patients (and 
accurately distinguish Class B vs. Class C patients), the questions should focus 
on more strenuous activities at home (gardening, home improvement, clean-
ing chores, sports) and work (if relevant to the patient’s occupation) and on 
any recent change in their perceived ability to perform activities, or any shift 
to a more sedentary lifestyle. A detailed history for risk factors for heart dis-
ease, presence of systemic infl ammatory disease or other chronic diseases, and 
exposure to known cardiotoxins (excessive alcohol intake or cancer chemo-
therapy) should also be obtained.

Confi rmatory Testing

Asymptomatic left-ventricular systolic dysfunction (left-ventricular ejection frac-
tion <50%) is most often identifi ed after an index myocardial infarction. In these 
patients, the etiology of left-ventricular systolic dysfunction is attributable to the 
underlying coronary artery disease. In patients with chance discovery of unsus-
pected left-ventricular systolic dysfunction, a clinical evaluation to identify the 
possible cause of left-ventricular dysfunction should be undertaken in accord 
with the discussion in Chapter 8.

Asymptomatic left-ventricular hypertrophy (determined by echocardiog-
raphy or cardiac magnetic resonance imaging [MRI]) is most often identifi ed 
in patients with a history of hypertension and/or chronic kidney disease. In 
the Framingham population, increased left-ventricular mass was detected by 
echocardiography in 16% of asymptomatic men (mean age 55 years) and 21% 
of asymptomatic women (mean age 57 years).2 Transthoracic echocardiography 
reports may describe “diastolic dysfunction” based on the temporal pattern of 
mitral valve diastolic fl ow detected by Doppler echocardiography and tissue 
Doppler measurements of the velocity of movement of the mitral annulus. A 
fi nding of a pseudonormalized or restrictive pattern of mitral valve infl ow is 
not by itself suffi cient to make a diagnosis symptomatic or asymptomatic heart 
failure, but it should prompt a careful assessment for evidence of congestive 
signs and symptoms. The presence of left-atrial enlargement in association with 
abnormal mitral valve infl ow increases the likelihood that the patient may have 
an early form of heart failure, but in the absence of changes in left-ventricular 
structure and function, this does not meet criteria for American College of 
Cardiology/American Heart Association Stage B. Regardless of the formal stag-
ing, these changes on echocardiogram are likely to indicate an increased risk of 
heart failure and merit a careful evaluation for signs and symptoms of conges-
tion, and treatment of risk factors as described below.

In addition to studies directed at determining the etiology of left-ventricu-
lar dysfunction, all patients should undergo a detailed physical examination to 
document any signs of congestion and/or cardiac enlargement, 12-lead electro-
cardiogram, chest X-ray, comprehensive metabolic panel, iron studies, thyroid 
function tests, and complete blood count. There is no proven role for routine 
assessment of brain natriuretic peptide in asymptomatic patients. However, 

Confi rmatory Testing
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measurement of brain natriuretic peptide could be considered in patients with 
comorbid condition(s) that limit exercise capacity (peripheral vascular, pulmo-
nary, neuromuscular, or joint diseases) in order to assess whether the patient is 
“asymptomatic” from the cardiac standpoint. Brain natriuretic peptide is most 
useful for its negative predictive value; a value in the normal range makes a 
diagnosis of heart failure unlikely (except in obese subjects). Moderate eleva-
tions of natriuretic peptide above the normal range are non-specifi c and are not 
suffi cient to make a diagnosis of heart failure in the absence of clinical signs or 
symptoms of congestion.

Some patients may have limited exercise tolerance primarily related to non-
cardiac comorbidities such as obesity, deconditioning, lung disease, neurological 
disease, or joint disease. Pulmonary function tests and cardiopulmonary exer-
cise testing can be used to differentiate cardiac vs. non-cardiac limitations to 
exercise.

If the diagnosis remains in doubt despite careful clinical assessment and 
non-invasive testing, right-heart catheterization may be considered to mea-
sure cardiac fi lling pressures in a patient with preserved ejection fraction and 
exercise intolerance of uncertain cause (unable to perform a stress test due to 
comorbidities, or equivocal stress test results).3 Simultaneous measurements 
of right- and left-ventricular pressures should be considered in patients with 
other clinical features suggestive of restrictive cardiomyopathy. Cardiac fi lling 
pressures should be measured at rest and during exercise if possible, or at a 
minimum in response to an acute volume load (lifting the lower extremities, 
or saline infusion). Abnormal elevation of cardiac fi lling pressures at rest and/
or during exercise strongly suggests that cardiac dysfunction is contributing to 
exercise intolerance.

Risk Stratifi cation

Risk of cardiovascular morbidity and mortality is increased in patients with 
evidence of structural heart disease (reduced ejection fraction and/or left-
ventricular hypertrophy).2,4,5 Risk is directly proportional to the severity of the 
structural abnormality in the heart. Once abnormal left-ventricular structure 
has been identifi ed in an asymptomatic patient, it is reasonable to reassess 
cardiac structure and function if symptoms appear, or otherwise at two-year 
intervals.

The appearance of symptoms of exercise intolerance (transition from Stage 
B to Stage C) is an important marker of disease progression and increased risk 
for adverse clinical outcomes. Patients should be carefully questioned at each 
visit to determine if there is any evidence of a worsening of exercise capacity. If 
there is uncertainty about a change in symptoms, exercise testing can provide 
an objective assessment of aerobic capacity.

Biomarkers such as brain natriuretic peptide may provide additional prog-
nostic information, but are not recommended for routine screening of asymp-
tomatic patients. This biomarker can be used if there is uncertainty about any 
change in symptoms, or to further evaluate new onset of dyspnea in patients 
with comorbid conditions that limit exercise capacity as described above.

Risk Stratifi cation
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Treatment Strategies

Lifestyle modifi cations, including moderate aerobic exercise, weight reduction, 
reduction of dietary fat and sodium, and smoking cessation, should be recom-
mended to all asymptomatic patients with left-ventricular dysfunction.

Asymptomatic patients with left-ventricular systolic dysfunction have evi-
dence of neurohormonal activation when compared with age-matched control 
subjects.6 Clinical trial data support the use of neurohormonal antagonists in 
this population as described below.

All asymptomatic patients with reduced ejection fraction should be treated 
with an angiotensin-converting enzyme inhibitor if possible. A summary of the 
clinical trials in support of this recommendation is provided in Table 7.1.7–9 
Overall, these trials provide concordant evidence of the clinical benefi t of 
angiotensin-converting enzyme inhibition in asymptomatic patients with reduced 
left-ventricular ejection fraction. The greatest proportion of the data for asymp-
tomatic subjects is derived from the Studies of Left Ventricular Dysfunction 
(SOLVD) prevention trial, as this trial only enrolled patients without heart 
failure symptoms, whereas 40% to 60% of the patients in the Survival and 
Ventricular Enlargement (SAVE) and Trandolapril Cardiac Evaluation (TRACE) 
studies had at least transient heart failure in the post-myocardial infarction set-
ting. Although the 8% reduction in total mortality in the SOLVD prevention 
trial was not statistically signifi cant, enalapril therapy did signifi cantly reduce 
the combined risk of death and new onset of heart failure by 29% and did sig-
nifi cantly reduce the risk of heart failure hospitalization by 20%, compared with 
placebo. Moreover, evaluation of longer-term survival after a mean follow-up 
of 11 years demonstrated a signifi cant 14% reduction in all-cause mortality 
in patients treated with enalapril when compared with placebo.10 There are 
few available data on the effects of angiotensin-converting enzyme inhibition 
in asymptomatic patients with reduced ejection fraction due to non-ischemic 
causes. In the SOLVD prevention study, the benefi ts of enalapril vs. placebo 
did not differ among the 20% of patients without history of myocardial infarc-
tion compared with the 80% of patients with history of myocardial infarction.7 
For all the studies referenced in Table 7.1, therapy was initiated at least three 
days after acute myocardial infarction at a low dose and gradually titrated over 
weeks or months as tolerated to the target dose. Earlier initiation of angio-
tensin-converting enzyme inhibition therapy after myocardial infarction is not 
recommended due to increased risk of adverse events.11 Since the endpoint of 
therapy is reduction in mortality risk, it is recommended to attempt titration 
to the target dose listed in Table 7.1 as tolerated. Approximately 60% to 80% 
of the patients in these studies did receive the target dose of therapy. Other 
angiotensin-converting enzyme inhibitors not listed in Table 7.1 may also be 
considered for use in this population at doses demonstrated to be associated 
with reduction in adverse outcomes in post-myocardial infarction or chronic 
left-ventricular systolic dysfunction trials.12,13 A meta-analysis of the angiotensin-
converting enzyme inhibitors studies in post-myocardial infarction populations 
demonstrated an absolute risk reduction of mortality of 2.3% compared with 
placebo, yielding a number needed to treat for one year to save one life of 
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43 patients.13 The most common side effects of angiotensin-converting enzyme 
inhibition in all trials were symptomatic hypotension, worsening renal func-
tion, hyperkalemia, and cough. Risk of some side effects can be minimized by 
selecting patients with systolic blood pressure >110 mmHg, estimated creati-
nine clearance >60 ml/min, and serum potassium <5.0 meq/l. Serum creatinine 
and serum potassium should be monitored at initiation of therapy, up-titration 
of therapy, and periodically during chronic therapy. For patients with cough 
in response angiotensin-converting enzyme inhibition therapy, the angiotensin 
receptor antagonist valsartan (initial dose 20 mg twice daily, target dose 80 mg 
twice daily) was shown to be as effective as captopril for reduction in mortality 
risk in asymptomatic and symptomatic patients with reduced left-ventricular 
dysfunction after myocardial infarction.14

Asymptomatic patients with post-myocardial infarction left-ventricular 
systolic dysfunction should also be treated with a beta-adrenergic receptor 
blocker. Most of the clinical trials of beta-blockers in acute myocardial infarc-
tion were conducted before the development of modern reperfusion therapies, 
anti-platelet therapies, and angiotensin-converting enzyme inhibition therapy. 
In the Carvedilol Post-Infarct Survival Control in Left Ventricular Dysfunction 
(CAPRICORN) study, the beta-adrenergic receptor blocking agent carvedilol 
(initial dose 6.25 mg twice daily, target dose 25 mg twice daily) was compared to 
placebo in 1,959 post-myocardial infarction patients with left-ventricular ejec-
tion fraction <40% who received standard therapies including angiotensin-con-
verting enzyme inhibition and anti-platelet therapies in >85% and thrombolysis 
or primary angioplasty in 45%.15 The mean left-ventricular ejection fraction was 
32%. Subjects with and without heart failure symptoms were enrolled; approxi-
mately 30% were treated with intravenous diuretics at the time of random-
ization. Carvedilol therapy was associated with a 23% reduction in all-cause 
mortality (a 2.3% absolute risk reduction, corresponding to a number needed to 
treat for one year to save one life of 43 patients). In this study, carvedilol therapy 
was started a minimum of three days after the index myocardial infarction and 
was titrated slowly to the target dose at three- to 10-day intervals. Carvedilol 
was well tolerated with this regimen, and 74% of the subjects reached the tar-
get dose of 25 mg twice daily. In contrast to other post-myocardial infarction 
beta-adrenergic receptor blocker trials,16 there was no observed excess risk 

Table 7.1 Summary of placebo-controlled, double-blind, 
randomized clinical trials of angiotensin-converting enzyme 
inhibitors in patients with asymptomatic left-ventricular systolic 
dysfunction
Study 
Acronym

N Active 
Drug

Mean 
LVEF

Mean 
Follow-up 
(months)

Start 
Dose

Target 
Dose

Morta-
lity RR

SOLVD-
Prevention6

4228 Enalapril 28% 37 2.5 mg 
BID

10 mg 
BID

8%

SAVE8 2231 Captopril 31 42 6.25 mg 
TID

50 mg 
TID

19%

TRACE7 1749 Trandolapril <35% 24–50 1 mg daily 4 mg daily 22%
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of heart failure associated with carvedilol therapy compared with placebo; in 
fact, an opposite trend towards reduction of heart failure risk compared with 
placebo was observed in this study. To minimize the risk of adverse side effects 
in clinical practice, beta-adrenergic receptor blockers should be initiated dur-
ing periods of clinical stability, with slow upward titration as tolerated. Since 
the clinical endpoint for beta-adrenergic receptor blocker therapy is reduction 
of mortality risk, an attempt should be made to titrate to the maximum toler-
ated dose. Although other beta-blockers have been shown to reduce mortality 
post-myocardial infarction (propranolol and timolol), none have been tested in 
clinical trials of patients who have received reperfusion therapy. Accordingly, it 
is reasonable to preferentially use carvedilol in patients with asymptomatic left-
ventricular systolic dysfunction due to past myocardial infarction. There are no 
available data in asymptomatic patients with left-ventricular systolic dysfunction 
due to non-ischemic causes, but it is reasonable to use carvedilol at the same 
dosing regimen in this population.

Asymptomatic patients with left-ventricular hypertrophy associated with 
chronic hypertension will often require multiple drugs for the control of blood 
pressure. Regression of left-ventricular hypertrophy with anti-hypertensive treat-
ment is achievable and is associated with a reduced risk of adverse outcomes. 
In a meta-analysis of hypertension treatment trials with serial echocardiographic 
measurement of left-ventricular mass (Figure 7.1), angiotensin-receptor block-
ers, angiotensin-converting enzyme inhibitors, and calcium channel blockers 
were associated with greater reduction of left-ventricular mass (9%–12%) when 
compared with beta-adrenergic receptor blockers (5%).17 Diuretics had an 
intermediate effect on reduction of left-ventricular mass (6%).

Two important large randomized clinical trials were excluded from this meta-
analysis. The Treatment of Mild Hypertension Study (TOMHS) demonstrated 
that diuretic therapy with chlorthalidone as monotherapy was associated with 
the greatest reduction in left-ventricular mass (34%), compared with other 
hypertension drug classes as monotherapy (including beta-adrenergic receptor 
blocker [23%], calcium channel blocker [25%], alpha-adrenergic receptor blocker 
[24%] and angiotensin-converting enzyme inhibitor [23%]).18 Importantly, the 
placebo group in this study, in which lifestyle change (weight loss, increased 
exercise, dietary sodium reduction, and decreased alcohol intake) was the 
only intervention, achieved a 27% reduction in left-ventricular mass, an effect 
not different from the active treatment groups, despite smaller reduction in 
blood pressure. The Losartan Intervention For Endpoint reduction (LIFE) study 
randomly assigned 9193 subjects with hypertension and electrocardiographic 
evidence of left-ventricular hypertrophy to treatment with either losartan (50 
mg–100 mg with addition of hydrochlorothiazide as needed) or atenolol (50 
mg–100 mg with addition of hydrochlorothiazide as needed).19 Despite compa-
rable reductions in blood pressure, losartan therapy was associated with a sig-
nifi cant reduction in the risk of the combined endpoint of cardiovascular death, 
non-fatal stroke, and non-fatal myocardial infarction. Losartan therapy was also 
associated with a greater reduction of electrocardiographic evidence of left-
ventricular hypertrophy, compared with atenolol. Application of the fi ndings 
from the meta-analysis and these two additional clinical trials to clinical practice 
is limited by the emphasis on monotherapy in clinical trials, as distinct from the 
use of multiple classes of drugs in clinical practice.
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Taken together, it is reasonable to preferentially use classes of anti-hyper-
tensive agents other than beta-adrenergic receptor blockers in patients with 
evidence of left-ventricular hypertrophy and no other compelling indication for 
beta-adrenergic receptor blocker therapy. It is also important to emphasize the 
benefi ts of lifestyle modifi cation in this patient population.

References
 1.  LeJemtel TH, Liang CS, Stewart DK, et al. Reduced peak aerobic capacity in 

asymptomatic left-ventricular systolic dysfunction. A substudy of the Studies 
of Left-Ventricular Dysfunction (SOLVD). SOLVD investigator. Circulation. 
1994;90:2757–2760.

 2.  Levy D, Garrison RJ, Savage DD, Kannel WB, Castelli WP. Prognostic impli-
cations of echocardiographically determined left-ventricular mass in the 
Framingham heart study. N Engl J Med. 1990;322:1561–1566.

 3.  Borlaug BA, Nishimura RA, Sorajja P, Lam CS, Redfi eld MM. Exercise hemody-
namics enhance diagnosis of early heart failure with preserved ejection fraction. 
Circ. Heart Fail. 2010;3:588–595.

 4.  Lauer MS, Evans JC, Levy D. Prognostic implications of subclinical left-ventricular 
dilatation and systolic dysfunction in men free of overt cardiovascular disease 
(the Framingham heart study). Am J Cardiol. 1992;70:1180–1184.

 5.  Levy D, Salomon M, D’Agostino RB, Belanger AJ, Kannel WB. Prognostic impli-
cations of baseline electrocardiographic features and their serial changes in sub-
jects with left-ventricular hypertrophy. Circulation. 1994;90:1786–1793.

 6.  Francis GS, Benedict C, Johnstone DE, et al. Comparison of neuroendocrine 
activation in patients with left-ventricular dysfunction with and without con-
gestive heart failure. A substudy of the Studies of Left-Ventricular Dysfunction 
(SOLVD). Circulation. 1990;82:1724–1729.

 7.  Effect of enalapril on mortality and the development of heart failure in asymp-
tomatic patients with reduced left-ventricular ejection fractions. The SOLVD 
investigators. N Engl J Med. 1992;327:685–691.

 8.  Kober L, Torp-Pedersen C, Carlsen JE, et al. A clinical trial of the angiotensin-
 converting-enzyme inhibitor trandolapril in patients with left-ventricular 

–13

0

Systolic Blood Pressure

–2

–4

–6

–8

–10

–12

–14

–6

–11
–12

–9

–11

–9

–12 –12

–5

Left Ventricular Mass

Diuretics Beta-blockers
Calcium
Blockers ACE inhibitors ARBs

Figure 7.1 Percent reduction in systolic blood pressure and left-ventricular mass in 
response to different classes of anti-hypertensive therapy (adapted from reference 15). 
Despite comparable reductions in blood pressure, beta-adrenergic receptor blocker 
therapy was associated with less regression of left-ventricular mass, compared with 
calcium blockers, ACE inhibitors, and ARBs.



C
H

A
PT

ER
 7

 A
sy

m
pt

om
at

ic
 L

ef
t-

Ve
nt

ri
cu

la
r 

D
ys

fu
nc

ti
on

32

dysfunction after myocardial infarction. Trandolapril Cardiac Evaluation (TRACE) 
study group. N Engl J Med. 1995;333:1670–1676.

 9.  Pfeffer MA, Braunwald E, Moye LA, et al. Effect of captopril on mortality and 
morbidity in patients with left-ventricular dysfunction after myocardial infarction. 
Results of the Survival and Ventricular Enlargement trial. The SAVE investigators. 
N Engl J Med. 1992;327:669–677.

10.  Jong P, Yusuf S, Rousseau MF, Ahn SA, Bangdiwala SI. Effect of enalapril on 
12-year survival and life expectancy in patients with left-ventricular systolic dys-
function: a follow-up study. Lancet. 2003;361:1843–1848.

11.  Swedberg K, Held P, Kjekshus J, Rasmussen K, Ryden L, Wedel H. Effects of the 
early administration of enalapril on mortality in patients with acute myocardial 
infarction. Results of the cooperative new Scandinavian Enalapril Survival Study II 
(CONSENSUS II). N Engl J Med. 1992;327:678–684.

12.  Indications for ace inhibitors in the early treatment of acute myocardial infarc-
tion: Systematic overview of individual data from 100,000 patients in random-
ized trials. ACE inhibitor myocardial infarction collaborative group. Circulation. 
1998;97:2202–2212.

13.  Flather MD, Yusuf S, Kober L, et al. Long-term ace-inhibitor therapy in patients 
with heart failure or left-ventricular dysfunction: A systematic overview of data 
from individual patients. ACE-inhibitor myocardial infarction collaborative group. 
Lancet. 2000;355:1575–1581.

14.  Pfeffer MA, McMurray JJ, Velazquez EJ, et al. Valsartan, captopril, or both in myo-
cardial infarction complicated by heart failure, left-ventricular dysfunction, or 
both. N Engl J Med. 2003;349:1893–1906.

15.  Dargie HJ. Effect of carvedilol on outcome after myocardial infarction in patients 
with left-ventricular dysfunction: The CAPRICORN randomised trial. Lancet. 
2001;357:1385–1390.

16.  Chen ZM, Pan HC, Chen YP, et al. Early intravenous then oral metoprolol in 
45,852 patients with acute myocardial infarction: randomised placebo-controlled 
trial. Lancet. 2005;366:1622–1632.

17.  Klingbeil AU, Schneider M, Martus P, Messerli FH, Schmieder RE. A meta-analysis 
of the effects of treatment on left-ventricular mass in essential hypertension. Am 
J Med. 2003;115:41–46.

18.  Liebson PR, Grandits GA, Dianzumba S, et al. Comparison of fi ve antihyperten-
sive monotherapies and placebo for change in left-ventricular mass in patients 
receiving nutritional-hygienic therapy in the Treatment of Mild Hypertension 
Study (TOMHS). Circulation. 1995;91:698–706.

19.  Dahlof B, Devereux RB, Kjeldsen SE, et al. Cardiovascular morbidity and mortal-
ity in the Losartan Intervention For Endpoint Reduction in Hypertension Study 
(LIFE): A randomised trial against atenolol. Lancet. 2002;359:995–1003.

www.ebook3000.com

http://www.ebook3000.org


33

Chapter 8

Management of New-Onset 
Symptomatic Heart Failure

Key Points

Early manifestations of symptomatic heart failure are often mistaken for • 

other common clinical syndromes.
Typical physical fi ndings of congestion are often absent at the time of clini-• 

cal presentation.
High index of suspicion in at-risk patients and recognition of atypical • 

presentations leads to faster and more accurate diagnosis.
Recognition of symptoms is critical for appropriate treatment strategy.• 

Clinical Assessment

Presenting symptoms of heart failure are listed in Chapter 1. Dyspnea on exer-
tion, orthopnea, and paroxysmal nocturnal dyspnea are the most common ini-
tial complaints of the heart failure syndrome. When a patient complains of this 
triad, a diagnosis of heart failure should be suspected until proven otherwise. 
However, it is only a minority of patients who present with this prototypical 
triad. Accordingly, the astute clinician must be aware of other, less typical but 
nonetheless common, presentations of symptomatic heart failure. If a diagnosis 
of heart failure is suspected, is important to obtain a detailed history for known 
risk factors for heart failure (Chapter 2), infl ammatory diseases, genetic dis-
eases, and exposure to cardiotoxins.

Progressive cough (usually non-productive, or mildly productive of white 
sputum), which persists over weeks or months, is often not recognized as a 
heart failure symptom and is treated with antibiotics and/or bronchodilators. 
The cough of early heart failure can occur in severe paroxysms associated with 
vomiting, and is often worse at night when the patient is supine in bed. Rales may 
be present on physical examination, but decreased bronchial breath sounds, or 
occasionally mild wheezing, is the more common fi nding on lung exam. If a 
cough thought to be due to an upper respiratory infection does not dissipate 
in seven to 10 days, especially in a patient with no history of lung disease or 
despite a course of antibiotic therapy, a careful examination for other signs 
of congestion such elevation of jugular venous pressures, or a gallop rhythm 
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on cardiac exam, can be important clues to the diagnosis of heart failure (and 
are also linked to prognosis).1 A chest X-ray is often useful in this setting for 
further evaluation of the lung parenchyma, pulmonary vasculature, and cardiac 
size. Evidence of cardiomegaly and/or pulmonary vascular congestion supports 
a diagnosis of heart failure, but absence of changes consistent with air trapping 
or consolidation are also important negative fi ndings. Twelve-lead electrocar-
diogram and brain natriuretic peptide level are also useful screening tests to 
further evaluate for heart failure as a potential cause of the cough.

Abdominal bloating and/or right upper-quadrant discomfort is another com-
mon atypical presentation of heart failure that often elicits comprehensive 
workups for biliary disease or other gastrointestinal disorders. These symptoms 
are often associated with anorexia or early satiety, and if prolonged, substantial 
weight loss. Physical examination will often reveal an enlarged and sometimes 
pulsatile liver edge that may be tender to the touch. Elevated liver enzymes, 
hyperbilirubinemia, and hypoalbuminemia are common laboratory fi ndings. 
Ultrasound imaging of the liver will generally reveal mild hepatomegaly, nor-
mal biliary tree, and a dilated inferior vena cava. Serological tests for hepatitis 
are negative. This cluster of fi ndings should raise suspicions of underlying heart 
failure as the cause of symptoms. Physical examination for other signs of con-
gestion (especially elevated jugular venous pressures and hepatojugular refl ux), 
chest X-ray, 12-lead electrocardiogram, and brain natriuretic peptide level are 
clinically useful screening tests to confi rm the diagnosis in this setting.

Patients who present with new onset of heart failure in the setting of an acute 
myocardial infarction represent a special subgroup of patients who may benefi t 
from urgent coronary revascularization and other treatment strategies unique 
to the clinical setting of acute coronary syndromes. Detailed discussion of the 
evaluation and management of this subgroup is provided in Chapter 11.

While increased recognition of atypical presentations of heart failure can 
aid in diagnosis, it is equally important to recognize that all the signs and symp-
toms of heart failure (except perhaps an S3 gallop on cardiac auscultation), are 
non-specifi c and therefore may be due to non-cardiac causes.2–4 Chronic kidney 
disease, a common comorbidity of patients with heart failure, is associated with 
sodium and water-retention and the same constellation of congestive signs and 
symptoms as are typical of heart failure. The spectrum of obesity hypoventi-
lation and sleep apnea syndromes can also cause marked sodium and water 
retention and typical signs and symptoms of congestion. If an echocardiogram 
demonstrates normal ejection, normal left-ventricular thickness, normal left-
atrial size, and no evidence of valvular heart disease, an evaluation for lung and 
kidney disease as the primary cause of symptoms is warranted.

Lower-extremity edema has a broad differential diagnosis that must be con-
sidered at the time of initial clinical suspicion for heart failure (Figure 8.1).5 The 
edema associated with underlying heart failure is bilateral and typically symmet-
rical, usually less in the morning after supine rest, and on examination exhibits 
pitting that is slow to resolve. In severe edema, there may be infl ammatory skin 
changes and weeping blisters. One of the most common non-cardiac causes of 
lower-extremity edema is venous insuffi ciency. The edema related to venous 
insuffi ciency can be differentiated from cardiac edema by the characteristic skin 
changes and presence of visible venous varicosities, and is often asymmetrical, 
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especially in patients with a past saphenous vein harvest procedure for coro-
nary artery bypass grafting. Patients will usually report that the edema is much 
improved or completely gone in the morning after supine rest, and worsening 
through the day during upright posture. Nephrotic syndrome is another com-
mon cause of non-cardiac edema. The edema related to nephrotic syndrome 
is typically not limited to the lower extremities, and often has associated peri-
orbital edema, especially in the morning upon arising from supine position. The 
edema of nephrotic syndrome is bilateral, with pitting that tends to resolve 
more quickly than pitting associated with cardiac edema. Other, less common, 
causes of edema to consider include other hypoproteinemic states due to liver 
disease, malabsorption or malnutrition, edema due to the effects of anti-hyper-
tensive therapy (arteriolar vasodilating agents, most commonly described with 
dihydropyridine calcium channel blockers), and conditions associated with non-
pitting edema (lymphedema and myxedema).

The most useful tool to differentiate cardiac vs. non-cardiac causes of edema 
is a careful assessment of the jugular venous pressures.2–4 By convention, the 
right jugular vein is used for estimation of the venous pressure. During physi-
cal examination, a simple screening procedure for detecting elevated jugular 
pressure is to examine the area between the clavicle and the mandible in the 
upright position (90 degrees). The patient should be instructed to relax the 
muscles of the neck and shoulder girdle and turn their head leftward. Normal 

Bilateral LE edema
Venous stasis

Venous obstruction

Lymphedema
Myxedema

Liver Disease
Kidney Disease

No

No

No

Pitting edema

Yes

JVP elevated

Likely Heart Failure

Yes

Yes

Figure 8.1 Algorithm for assessment of cardiac cause of lower extremity edema. This 
algorithm does not present an exhaustive differential diagnosis for edema, but highlights 
the more common causes of edema encountered in clinical practice. See reference 5 
for full discussion of differential diagnosis of edema. For patients with likely heart failure, 
confi rmatory testing is necessary (as described in the text) to rule out other non-cardiac 
diseases associated with both elevated JVP (jugular venous pressure) and edema.
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jugular venous pressure waves should not be visible above the clavicle in the 
upright position, so the detection of waves in this position is consistent with 
systemic venous hypertension, most likely associated with heart failure. If the 
pulsations are not visible in the upright position, the patient should be reposi-
tioned at 30 to 45 degrees for estimation of the height of the waves above the 
angle of Louis. If the pulsations are still not visible at 30 degrees, reposition 
the patient in the supine position. The internal jugular vein is not directly vis-
ible, and its refl ected waves through the subcutaneous tissues are often subtle 
and require time for careful inspection. The jugular venous pulsations are typi-
cally seen posterior to the sternocleidomastoid muscle or near the angle of 
the mandible. In patients with sinus rhythm and no tricuspid regurgitation, the 
jugular venous pulsations have an undulating quality with two distinct compo-
nents for each cardiac cycle (the “A” and “V” waves). Venous pulsations will 
also vary during the respiratory cycle, and may become more prominent with 
mild pressure over the right upper quadrant (heptojugular refl ux). In patients 
with tricuspid regurgitation, the venous pulsation may appear to have a single 
component (large “V” wave), and in fact may be diffi cult to differentiate from 
the appearance of an arterial pulsation. Except in cases of extreme pulmonary 
hypertension, one can reliably differentiate venous pulsations and arterial pulsa-
tions by simple palpation, since venous pressures are well below 60 mmHg and 
therefore not palpable. Suspected tricuspid regurgitation should be confi rmed 
by the detection of a pulsatile liver edge at or below the right costal margin. In 
obese patients, increased subcutaneous tissue may obscure the jugular venous 
pulsations. There are several alternative approaches for detection of the venous 
pressure in this setting. The external jugular vein, which is usually seen across 
the mid-portion of the sternocleidomastoid muscle, although not directly con-
nected to the central venous circulation can often provide an estimate of the 
internal jugular venous pressure. An important caveat is the recognition that 
the external jugular vein may contain valves that cause venous distension in the 
presence of normal central venous pressures. To determine if external venous 
distension is due to a venous valve, place one fi nger at the inferior portion of 
the vein, and use a fi nger on the other hand to “milk” the vein in a superior 
direction, so that there is no longer blood in the segment of the vein across 
the belly of the sternocleidomastoid muscle. While maintaining pressure of the 
fi nger in the superior position, release the fi nger in the inferior position and 
observe the vein. If the vein slowly refi lls from below, this observation is con-
sistent with elevation of the central venous pressures. If the vein remains fl at, 
the extended jugular vein is probably attributable to a venous valve. This can be 
confi rmed by release of the superior fi nger with observation of a rapid descent 
of the column of blood toward the heart. This maneuver is not necessary if 
one can observe distinct cardiac wave pulsations in the external jugular veins. 
Such pulsations can only arise from the heart, so they indicate that the vein is 
fi lling due to elevated pressures in the jugular vein. Another useful technique 
in patients where the internal jugular venous pulsations are not easily visible 
due to body habitus is to carefully observe the head and neck region for other 
visible veins, often just superior to the sternal notch, or sometimes further pos-
terior near the trapezius muscle insertion on the neck. If one can observe a vein 
with visible venous pulsations, these pulsations can provide a reliable estimate 
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of jugular venous pressure. In patients with severe elevations of jugular venous 
pressure (>20 cm), the pressure waves may not be easily visible since they are 
above the angle of the mandible. In these patients, venous pulsations can often 
be observed at the angle of the mandible along with a bobbing earlobe, or 
occasionally in veins visible over the temple or the forehead. If all of the above 
methods fail to provide an estimate of the jugular venous pressures, inspection 
of the veins in the upper extremity can provide a rough estimate. An important 
caveat is that upper-extremity veins may become obstructed due to thrombosis 
in patients with frequent phlebotomies or indwelling intravenous lines. In the 
absence of such obstruction, a distended upper-extremity vein without throm-
bosis will begin to empty when the mean level of the vein is greater than the 
central venous pressure. The patient should be examined in the standing posi-
tion, starting with hands down by the side. The dorsal veins of the hand should 
be distended as the hand is well below the level of the heart in this position. Ask 
the patient to raise the hand slowly, keeping the wrist and elbow straight. If the 
central venous pressure is normal, the hand veins should start to collapse as the 
arm achieves a position horizontal to the ground at the level of the shoulder 
(since this position is above the level of the right atrium). If the hand veins do 
not collapse until the arm is raised above the shoulder, then it is likely that the 
central venous pressures are elevated. If the veins do not collapse after the arm 
is raised above the shoulder, the veins are likely obstructed and therefore will 
not provide an accurate estimation of central venous pressures.

With practice, the assessment of jugular venous pressure can easily be 
 accomplished at the bedside or offi ce examination room in one or two min-
utes. Accurate estimation of the jugular venous pressure provides important 
information for the differential diagnosis of lower-extremity edema. Cardiac 
edema is invariably associated with elevation of jugular venous pressures, so 
the absence of elevated pressures strongly suggests a non-cardiac cause. Based 
on the physical examination of the edema, the estimated jugular venous pres-
sures, and other pertinent details of the patient history, the further diagnostic 
evaluation for non-cardiac causes of edema can be individualized. Spot urine 
protein to creatinine ratio, serum albumin, and thyroid function tests are rea-
sonable screening tests. For patients with strong suspicion of chronic venous 
stasis, referral for ultrasound imaging with a vascular specialist may confi rm the 
diagnosis and also provide information relevant to treatment options.

The presence of pulmonary rales has a broad differential diagnosis that 
should be considered at the time of initial presentation of suspected heart 
failure. The rales associated with heart failure are symmetrical and typically 
described as fi ne inspiratory crackles at the bases of the lungs. If the sounds are 
asymmetrical or extend to the apices, other primary pulmonary causes must 
be considered, including pneumonia, atelectasis, and interstitial lung disease. 
Suspicion of a non-cardiac cause of rales is heightened by absence of other 
fi ndings of congestion on exam and a low brain natriuretic peptide level. In 
this setting, referral to a pulmonologist for further evaluation is reasonable. 
As mentioned above, many patients with heart failure may not manifest typical 
pulmonary rales, but rather may have diffusely decreased breath sounds with a 
bronchial quality. Chest radiography may not be particularly useful for charac-
terization of the cause of pulmonary rales, as evidence of pulmonary congestion 
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is absent in a large proportion of subjects with heart failure and documented 
elevation of pulmonary capillary wedge pressure.2

Confi rmatory Testing

Chest radiography and 12-lead electrocardiogram are reasonable tests to per-
form in all patients with suspected heart failure. The chest radiograph provides 
information about cardiac size and the pulmonary vasculature often clinically 
relevant to the differential diagnosis. Routine serial chest radiographs in patients 
with an established diagnosis of heart failure are not recommended. The elec-
trocardiogram can provide information on cardiac rhythm, cardiac chamber 
enlargement, and evidence of conduction system disease and ischemic heart 
disease. Routine serial electrocardiograms are reasonable as new fi ndings could 
lead to changes in therapy. A completely normal chest radiograph and electro-
cardiogram would reduce the level of suspicion of heart failure, but by them-
selves cannot rule out cardiac abnormalities associated with the heart failure 
syndrome.2

Laboratory testing—to include a comprehensive metabolic panel, complete 
blood count, urinalysis, and thyroid function tests—is reasonable at the initial 
diagnosis of heart failure. Results from these tests will not directly confi rm or 
refute the diagnosis of heart failure, but may provide evidence of other dis-
ease processes that may exacerbate heart failure (anemia, infection, abnormal 
thyroid function) or contribute to the volume overload state (hypoalbumin-
emia, nephrotic syndrome, renal insuffi ciency). Since coronary artery disease is 
a common comorbid condition in patients with heart failure, a fasting lipid panel 
is also reasonable in selected patients. Additional laboratory tests to detect sys-
temic diseases that may manifest as heart failure (iron storage studies, markers 
of infl ammation and collagen vascular diseases), markers of infectious disease 
(human immunodefi ciency virus [HIV] antibody, Lyme disease titer, trypano-
some cruzi antibody), or infi ltrative disease (serum free light chains) are reason-
able in patients with suggestive clinical histories.

Brain natriuretic peptide derives its name from its original discovery in por-
cine brain, but in humans is predominantly a cardiac-derived peptide hormone 
that is secreted by cardiac muscle in response to increased stretch.6 In cardiac 
muscle, this peptide hormone is initially synthesized as a long peptide chain 
(pre-pro-brain natriuretic peptide of 134 amino acids) and is subsequently 
cleaved within the myocyte to a pro-natriuretic peptide chain (108 amino acids) 
that is further cleaved to produce and inactive N-terminal pro-brain natriuretic 
peptide fragment and an active C-terminal 32-amino acid brain natriuretic pep-
tide. Its physiological role is that of a counter-regulatory hormone to promote 
vasodilation and increased renal excretion of sodium in response to a volume 
overload state. In heart failure with symptomatic congestion, brain natriuretic 
peptide can be considered a failed counter-regulatory mechanism. Since syn-
thesis of brain natriuretic peptide is increased in heart failure, measurement of 
both the N-terminal pro-brain natriuretic peptide fragment and the C-terminal 
active brain natriuretic peptide have been developed as diagnostic tests in clini-
cal practice. Both tests perform equally well in clinical diagnostic testing, and 
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most laboratories have selected one test or the other based on other factors 
related to the existing high-throughput processing systems within the labora-
tory. The normal ranges of the two tests differ, and the normal range of the 
N-terminal pro-brain natriuretic peptide fragment is age-dependent. The most 
clinically powerful performance characteristic of both tests is their strong nega-
tive predictive value to exclude heart failure as a cause of patient symptoms.7 A 
value in the normal range is strong evidence against the presence of heart failure 
as a cause of symptoms of dyspnea.

One important caveat is that brain natriuretic peptide levels may be low 
in obese heart failure patients. Modest elevations of brain natriuretic peptide 
levels above the normal range may be consistent with a heart failure diagnosis 
based on a comprehensive assessment, but are not suffi cient as the sole basis of 
a diagnosis of heart failure. More severe elevations (more than tenfold greater 
than the upper range of normal) are more likely to be associated with heart 
failure and are associated with poor prognosis. It is reasonable to obtain a brain 
natriuretic peptide level at the time of initial presentation of suspected heart 
failure in order to confi rm the diagnosis and assist in risk stratifi cation.

Once clinical heart failure is detected based on the history, physical examina-
tion, and laboratory evaluation as described above (with appropriate workup as 
necessary to exclude non-cardiac causes of edema and rales), the single most 
important diagnostic test is measurement of left-ventricular structure and func-
tion. Echocardiography is the most commonly used imaging modality for this 
purpose. The echocardiogram provides reliable information on cardiac cham-
ber size, left-ventricular ejection fraction and regional wall motion abnormali-
ties, cardiac valve structure and function, presence of pericardial disease, and 
estimates of intracardiac pressures (derived from two-dimensional images, fl ow 
Doppler and tissue Doppler measurements). Accordingly, the echocardiogram 
report is typically lengthy (2–3 pages) with abundant information on various 
aspects of the assessment. A suggested algorithm for a systematic interpretation 
of the information contained within the echocardiogram report is provided in 
Figure 8.2. The left-ventricular ejection fraction (calculated as the left-ventricu-
lar stroke volume divided by the left-ventricular end-diastolic volume) is a clini-
cally relevant correlate of the contractile function of the heart and is a useful 
starting point for interpretation of the study. It is important to recognize that 
echocardiography is a two-dimensional imaging modality applied to the com-
plex three-dimensional structure of the heart, and therefore is not the most 
accurate modality for quantitative assessment of left-ventricular ejection frac-
tion. Keeping this caveat in mind, the estimate of left-ventricular ejection frac-
tion from echocardiography is usually expressed as a quantitative number, with 
accuracy that is generally acceptable for application in clinical decision-making 
(with a likely estimated margin of error of ±5%). Obesity and obstructive lung 
disease are often associated with a substantial degradation in the quality of the 
ultrasound images, usually reported as a “technically diffi cult study.” In these 
patients, the margin of error in the estimate of left-ventricular ejection frac-
tion could be substantially larger. In settings where more accurate numerical 
assessment of ejection fraction is required, the gated radionuclide blood pool 
scan (MUGA scan) and cardiac MRI provide three-dimensional assessment of 
left-ventricular volume and highly accurate and reproducible measurement of 
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left-ventricular ejection fraction. Based on clinical trial data, a left-ventricular 
ejection fraction cut-off value of ≤40% is used to identify patients with reduced 
systolic function who benefi t from treatment strategies described below. If the 
left-ventricular ejection fraction is greater than 40%, other information avail-
able from the echocardiogram study can identify patients with heart failure and 
preserved ejection fraction. The presence of left-ventricular hypertrophy, left 
atrial enlargement, and/or other signifi cant structural heart disease (moderate 
to severe valvular disease, abnormal shunt), and presence of elevation of the 
estimated pulmonary artery systolic pressure (derived from Doppler interroga-
tion of the velocity of the tricuspid regurgitation jet) increase the likelihood of 
a heart failure diagnosis. The isolated presence of abnormal diastolic fi lling pat-
terns detected by Doppler interrogation of mitral valve infl ow in a patient with 
normal left-ventricular ejection fraction and no other evidence of structural 
heart disease is not suffi cient to support a diagnosis of heart failure. Abnormal 
diastolic fi lling patterns in conjunction with elevation of the estimated pul-
monary artery systolic pressure increases the likelihood of heart failure, but 
requires further confi rmatory testing.

Testing for an assessment of coronary heart disease should also be consid-
ered for most patients with a new diagnosis of heart failure. The initial stage 
of testing is designed to detect the presence or absence of coronary artery 
disease. In a subset of patients with coronary artery disease, a second stage 
of testing to determine the extent of myocardial injury associated with the 
coronary artery disease (viability) may be indicated. The selection of the initial 
diagnostic test depends on the estimated risk of heart disease based on the 
patient’s age, gender, and other known risk factors, and the patient’s symptoms 
(presence or absence of angina). For patients with high pre-test probability of 
symptomatic angina, it is reasonable to consider coronary angiography as the 

Evidence of Stage B
Disease LVEF �40%

LVH

Left atrial enlargement
Other structural disease

No

Yes

Yes

Abnormal Diastolic Filling

No

Yes

Not Likely Heart Failure

No

Estimated PASP elevated

Estimated PASP elevated

No

Yes

Yes

Estimated PASP elevated

No

Yes

Cannot Exclude Heart
Failure

No

Likely Heart Failure

Probable Heart Failure

Possible Heart Failure

Figure 8.2 Algorithm for interpretation of echocardiogram fi ndings in patients with 
new clinical diagnosis of heart failure. Echocardiographic fi ndings must be interpreted 
in the context of patient symptoms and other clinical fi ndings. An isolated fi nding of an 
abnormal diastolic fi lling pattern is not suffi cient to make a diagnosis of heart failure. A 
fi nding of elevation of the estimated PASP (pulmonary artery systolic pressure) based 
on Doppler interrogation of the velocity of tricuspid regurgitation jet can be helpful to 
increase suspicion for heart failure.
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initial test, especially if the functional capacity is severely reduced. For patients 
with lower pre-test probability, contraindications to an invasive procedure, or 
a preference to avoid an invasive procedure, non-invasive stress testing with 
stress perfusion imaging or stress echocardiography imaging can be performed. 
If possible, an exercise stress test is preferable to a pharmacological stress test. 
The diagnostic performance characteristics of these modalities are largely com-
parable but may vary by institutional expertise, so they must be individualized 
to each practitioner setting. Interpretation of the test results should not be 
limited to the presence or absence of stress-induced ischemia, but should also 
consider the extent of ischemic myocardium, the workload achieved, and the 
presence of other higher-risk fi ndings (e.g., decrease in blood pressure, abnor-
mal lung uptake). For patients with evidence of obstructive coronary artery 
disease, detected by either coronary angiography or stress testing, additional 
testing is often indicated to assess the potential benefi ts of revascularization 
therapy (either percutaneous or coronary artery bypass grafting). In patients 
with frequent angina despite optimal medical management, revascularization 
is effective in reducing anginal symptoms, and may be associated with a better 
long-term outcome. In patients without symptomatic angina, the benefi ts of 
revascularization are uncertain and must be evaluated on an individual basis.8,9 
The extent of myocardial injury (viability) can be assessed with nuclear perfu-
sion imaging, positron emission tomography (PET) imaging, dobutamine stress 
echocardiography, and contrast cardiac MRI. These testing modalities assess 
different aspects of myocardial viability (function, anatomy, metabolism). Most 
existing studies suggest that any of these tests can be useful for excluding the 
presence of myocardial viability and therefore can be used to select patients 
less likely to benefi t from revascularization. However, a test result consistent 
with viability is not closely associated with improvement in ventricular function 
or clinical outcomes after revascularization. Accordingly, a test result suggestive 
of viability should be interpreted in the clinical context: especially the degree of 
ventricular dysfunction (manifested as depressed left-ventricular ejection frac-
tion) and the size of the left ventricle (left-ventricular end-diastolic dimension or 
volume). Patients with larger left-ventricular diastolic dimension (>6.5 cm) are 
less likely to derive benefi t from revascularization, and were largely excluded 
from much of the existing literature on this topic.

A careful family history extending to all fi rst-degree relatives should be 
obtained from all subjects with a new diagnosis of heart failure. A history of 
heart failure, heart transplantation, premature unexplained death, or cardiac 
disease should prompt consideration for referral to a specialized cardiovascular 
genetics center for further evaluation.

Right heart catheterization is not recommended as a routine assessment 
in all patients with new diagnosis of heart failure, but should be considered 
to assist in the evaluation of patients with known valvular heart disease or 
congenital heart disease (corrected or uncorrected), and as a gold standard 
test for confi rmation of a heart failure diagnosis in the small subset of patients 
in whom the diagnosis remains uncertain despite comprehensive non-invasive 
evaluation.

Endomyocardial biopsy is not recommended as a routine assessment in 
all patients with new diagnosis of heart failure. In patients with other clinical 
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fi ndings suggestive of infl ammatory or infi ltrative disease, endomyocardial 
biopsy can be helpful for confi rmation of diagnosis. However, endomyocardial 
biopsy carries greater risk than most other biopsy procedures, so it should be 
used only when there are no other options to confi rm a tissue diagnosis of 
disease, and when the tissue diagnosis is likely to lead to a change in therapy 
for the patient.

Risk Assessment

Most patients presenting with symptomatic congestion will respond rapidly 
to diuretic therapy with dramatic reduction in complaints of dyspnea and 
improved functional capacity. Absence of a favorable response to appropriate 
initial therapy as discussed below suggests the patient may have some additional 
recognized or unrecognized comorbid condition (chronic kidney disease, neph-
rotic syndrome, anemia, infl ammatory or infectious disease, cardiac amyloidosis, 
or restrictive heart disease related to past exposure to anthracycline chemo-
therapy or chest radiation) that limits the benefi t of conventional therapy. The 
degree of functional capacity should be documented by assessment of the New 
York Heart Association Class and, in some cases, by exercise testing. This group 
of patients who are refractory to standard therapy requires additional diagnos-
tic testing to identify the causes contributing to their ongoing symptoms and 
determine who would be likely to benefi t from referral to a subspecialty heart 
failure tertiary center.

The assessment of left-ventricular ejection fraction and left-ventricular 
hypertrophy obtained from echocardiography or other imaging modalities does 
provide some prognostic information, but since these measures can substan-
tially change in response to therapy, patient counseling based on these initial 
measures is not recommended.

Other risk assessment strategies discussed in Chapter 9 should not be per-
formed in the early management of new onset heart failure, but rather should 
be delayed until the patient’s treatment regimen has been optimized (optimal 
medical and, if indicated, surgical therapy). The rationale for this recommenda-
tion is that the large majority of patients demonstrate improvements in func-
tional class and left-ventricular function in response to appropriate therapy. 
Patients should be counseled that heart failure is a serious but treatable heart 
condition; that it is important to continue with recommended therapies even 
if feeling better; and that a reassessment of their heart function in three to six 
months will be performed.

Treatment Strategies

The initial treatment of new onset of heart failure in most patients with con-
gestive signs and symptoms is diuretic therapy. The class of diuretic, dosing, 
route, and location of this initial treatment are determined by the severity of 
symptoms. Patients with dyspnea at rest or minimal exertion, and patients with 
more than mild lower-extremity edema should be admitted to the hospital and 
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treated with intravenous loop diuretics as described below. Patients with less 
severe dyspnea or minimal edema and well-preserved renal function can be 
treated in the outpatient setting with oral loop diuretics or thiazide diuretics 
with careful monitoring of electrolytes and renal function. A low threshold for 
hospitalization is reasonable, as the hospital location also facilitates the compre-
hensive evaluation described above.

For outpatients with mild symptoms, oral loop diuretics are usually fi rst-line 
outpatient therapy.10 Furosemide 20 mg daily is a reasonable starting dose for 
loop diuretic therapy in most patients. In patients with very mild symptoms and 
well-preserved renal function, a trial of thiazide diuretics is also reasonable as 
fi rst-line therapy (hydrochlorothiazide 12.5 mg–25 mg daily). Patient should be 
advised to take their fi rst loop diuretic dose at home or another location with 
easy access to restroom facilities and to start a diary of daily morning weights. 
The goal is to identify a dose associated with a noticeable increase in urine 
output within two hours of the oral dose and a gradual decrease in weight of 
2–4 pounds during the fi rst week of therapy. The dose can be titrated upwards 
as needed based on patient report and the weight diary. It is reasonable to 
provide supplemental potassium chloride 20 meq daily to prevent depletion of 
potassium stores (except in patients with pre-treatment serum potassium >5.0 
meq/l or estimated glomerular fi ltration rate <30 ml/min). Electrolytes should 
be monitored at least weekly at the start of therapy, and quarterly once they 
are on a stable regimen.

For hospitalized patients with more severe symptoms, loop diuretics 
(most commonly furosemide, but other members of the same class, such as 
bumetanide and torsemide, can be substituted in equipotent doses according 
to Table 9.1) should be administered intravenously.10 For a naıïve patient with 
no past exposure to loop diuretics, an initial dose of 20 mg intravenously twice 
daily is reasonable. It is imperative to rapidly identify an effective diuretic dose 
to relieve dyspnea and other congestive symptoms. If the urine output after 
the initial dose is <200 cc hour over three hours, the next dose should be 
doubled to 40 mg (and if necessary, re-doubled to 80 mg if there is insuffi cient 
response to 40 mg). The goal is to achieve net negative fl uid balance of 1–2 
liters per 24 hours until symptoms are relieved and other signs of conges-
tion are resolved (no edema, and estimated jugular venous pressure <8 cm). 
In patients with the anticipated large increase in urine volume and preserved 
renal function, potassium chloride supplements (20–40 meq twice daily) should 
be started to prevent depletion of potassium stores. The dose of potassium 
chloride should be reduced in patients with pre-treatment serum potassium 
>5.0 meq/l, estimated glomerular fi ltration rate <30 ml/min, and patients tak-
ing inhibitors of the renin-angiotensin aldosterone system. Serum electrolytes, 
blood urea nitrogen (BUN), and serum creatinine levels should be measured 
daily during intravenous loop diuretic therapy. Loop diuretics are known to 
induce pre-renal azotemia, so increases in blood urea nitrogen up to 50% and 
creatinine up to 25% over pre-treatment values are expected and not an indi-
cation to stop therapy (unless there is concomitant evidence of volume deple-
tion manifested as hypotension with low jugular venous pressure). In patients 
with evidence of persistent elevation of jugular venous pressures, diuretics are 
unlikely to cause hypotension.
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Patients who do not respond adequately to an intravenous dose of furo-
semide 80 mg are considered refractory to standard diuretic therapy. Higher 
doses can be used (up to 200 mg intravenous furosemide twice daily), but 
request for consultation with a heart failure subspecialist could be considered in 
this setting. Evaluation for comorbid conditions that could decrease the effi cacy 
of loop diuretics is recommended (>Stage 3 chronic kidney disease, proteinu-
ria, hyperuricemia, use of corticosteroids or non-steroidal anti-infl ammatory 
drugs). There are several strategies to overcome diuretic resistance in this set-
ting. In some patients a continuous infusion of a furosemide (5–40 mg/hour) 
may increase total urine output over 24 hours when compared with bolus dos-
ing. Disadvantages of this approach include the need for an infusion pump that 
may limit ability to ambulate, and possibly an increased risk of hyponatremia. 
An alternative approach is the addition of a thiazide diuretic (hydrochlorothi-
azide 25 mg or chlorothiazide 500 mg) or thiazide-like diuretic (metolazone 
2.5–5.0 mg) to the loop diuretic regimen. These two classes of diuretics act 
on different parts of the nephron and induce a synergistic increase in urine 
output. The main disadvantage of this approach is the unpredictable nature of 
the response, with the potential for very large increases in urine output with 
consequent increased risk of electrolyte depletion and hypotension. Since some 
patients may experience a marked increase in urine output with combination 
diuretic therapy, a single dose of the thiazide diuretic (rather than daily dosing) 
should be ordered until the response has been assessed. These thiazide diuret-
ics are long-acting, so most patients do not require daily dosing.10 Based on 
the response in each individual patient, dosing can be adjusted to one to three 
times weekly. Combination diuretic therapy is associated with substantial renal 
electrolyte loss, so increased potassium chloride supplements should be admin-
istered, except in patients with pre-treatment serum potassium >5.0 meq/l, esti-
mated glomerular fi ltration rate <30 ml/min, and patients taking inhibitors of 
the renin-angiotensin aldosterone system. It is reasonable to assess electrolytes 
every 12 hours during the fi rst 48 hours of combination therapy, until a suitable 
potassium chloride regimen has been established to consistently maintain serum 
potassium levels between 4.1 and 5.1 meq/l. For patients refractory to combina-
tion diuretic therapy, ultrafi ltration therapy has been shown to be a safe and 
effective means to reduce congestion in patients with heart failure. Specialized 
ultrafi ltration equipment for heart failure patients has been developed but may 
not be available at all centers. Conventional venous-venous ultrafi ltration with 
dialysis equipment can also be used for volume removal.

Intravenous vasodilator therapy can also be considered in the initial treatment 
of hospitalized patients with new onset of heart failure and systolic blood pres-
sure >120 mmHg.11 Intravenous nitroglycerin is the most commonly used agent 
in this setting. This agent has a very short half-life, so it can be rapidly up-titrated 
to clinical relief of symptoms and, if necessary, can be rapidly discontinued in the 
event of hypotension. The typical target dose range of intravenous nitroglycerin 
for relief of dyspnea in heart failure is 100–400 mcg/min, substantially higher 
than the dose range for relief of angina. The intravenous infusion can be started 
at 10 mcg/min and doubled at fi ve- to ten-minute intervals as tolerated until 
the patient reports symptomatic relief. Advantages of this approach include the 
rapid onset of action and a good safety profi le associated with nitroglycerin. 
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Disadvantages include the need for the patient to be in an appropriate facil-
ity for frequent blood pressure monitoring, and in many patients, the rapid 
development of tolerance to the effects of nitroglycerin within 24 hours.12 For 
patients with systolic blood pressure over 180 mmHg, additional anti-hyperten-
sive agents will probably be needed to lower systolic blood pressure to a goal of 
less than 130 mmHg. In the absence of evidence of a hypertensive emergency, 
oral anti-hypertensive agents can be added to achieve blood pressure goals. 
For patient with systolic blood pressure greater than 220 mmHg and/or clinical 
manifestations of end-organ damage of hypertensive emergency, intravenous 
nitroglycerin should not be used, as selective preload reduction could lead to a 
precipitous fall in their cardiac output. Other intravenous vasodilators, including 
nitroprusside, labetalol, and clevidipine, may be used in these cases.

Once the signs and symptoms of congestion have been adequately treated, 
further treatment strategies are determined by the initial assessment of left-
ventricular ejection fraction as measured by echocardiography or other imaging 
modality. Accordingly, it is important to document the type of heart failure in 
the medical record, using appropriate codes in the problem list and progress 
notes (please note that International Classifi cation of Diseases (ICD9) codes 
use the older terminology of “systolic heart failure” and “diastolic heart fail-
ure”). Each progress note in the medical record should also assess patients 
according the staging schemes discussed in Chapter 4.

The treatment strategy for patients with heart failure and reduced ejection 
fraction is based on observations from multiple large, controlled trials that 
demonstrated improved survival with recommended therapy.13,14 Pharmacology 
inhibition of the renin-angiotensin aldosterone system and the sympathetic ner-
vous system should be started in all patients with heart failure and reduced 
ejection fraction before hospital discharge, or in outpatients within a month 
of the initial diagnosis. Angiotensin-converting enzyme inhibitors are the most 
well-studied renin-angiotensin aldosterone system inhibitors in these patients 
and should be started at a low dose once the patient is clinically stable, after 
resolution of dyspnea at rest and during a period of stable renal function. Based 
on the totality of the observations from numerous clinical trials, it appears likely 
that all angiotensin-converting enzyme inhibitors are associated with improved 
functional capacity and improved clinical outcomes in patients with heart failure. 
Lisinopril 2.5 mg is a reasonable starting dose for normotensive patients (5 mg 
daily starting dose for hypertensive patients). The dose can be slowly up-titrated 
as tolerated to a target of 10 mg–20 mg daily. Other angiotensin-converting 
enzyme inhibitor dosing guidelines are provided in Chapter 9. Angiotensin II 
receptor blockers can be used in patients with intolerance of angiotensin-con-
verting enzyme inhibitors due to cough or angioedema.15,16 There are fewer 
clinical trials of this class of agents in the heart failure population, with conse-
quent uncertainty of dose-response curves and class effect. Accordingly, the 
two agents that have demonstrated benefi t in a clinical trial in heart failure 
patients are recommended (valsartan starting dose 40 mg–80 mg twice daily; 
target dose 160 mg twice daily, and candesartan starting dose 4 mg daily; target 
dose 32 mg daily). Other angiotensin II receptor blockers may also be effec-
tive, but the target dose associated with reduction of mortality has not been 
determined. Both angiotensin-converting enzyme inhibitors and angiotensin II 
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receptor blockers are associated with a small rise in serum creatinine due to 
a reduction in glomerular fi ltration fraction. An increase in serum creatinine of 
<0.5 mg/dl can be expected and is not a contraindication to continued therapy 
as long as the patient is not oliguric and the creatinine plateaus at this higher 
level. Hyperkalemia can also occur during treatment with both classes of agents. 
Electrolytes, blood urea nitrogen and serum creatinine levels should be closely 
monitored when initiating therapy or changing dose. A beta-adrenergic recep-
tor antagonist should be added to the medical regimen once it is established 
that the patient is stable on a low dose of an angiotensin-converting enzyme 
inhibitor. Beta-adrenergic receptor blockers are a heterogenous class with 
clinically important differences in receptor specifi city, lipophilicity, and intrinsic 
sympathomimetic activity. Three beta-adrenergic receptor blockers have been 
evaluated in clinical trials in heart failure with reduced ejection fraction: carve-
dilol, extended release metoprolol succinate, and bisoprolol. When compared 
with placebo, each of these agents was associated with substantial reduction in 
mortality when added to treatment with diuretics and angiotensin-converting 
enzyme inhibitors. These agents should be started at low dose and slowly up-
titrated as tolerated to the target dose as described in Chapter 9. There is 
evidence of greater benefi t at the highest tolerated dose, so it is important to 
attempt progressive up-titration to the target dose unless the patient encoun-
ters a specifi c intolerance. Although beta-adrenergic receptor blocking agents 
are used as anti-hypertensive agents in patients with high blood pressure, clinical 
trials have demonstrated that long-term beta-adrenergic blocker use in heart 
failure is actually associated with a slight increase in blood pressure compared 
with placebo. There is no universal blood pressure value to exclude attempted 
initiation of an approved beta-adrenergic receptor blocker in heart failure. Risk 
of symptomatic hypotension is greater in patients with systolic blood pressure 
<100 mmHg. Mild postural hypotension is a common side effect of this class 
and should not be considered a contraindication to up-titration if the resting 
systolic blood pressure is >100 mmHg. Beta-adrenergic receptor blockers are 
associated with reduction in heart rate. Resting heart rate is determined primar-
ily by parasympathetic (vagal) tone, whereas exercise heart rate is determined 
primarily by sympathetic (adrenergic) tone. Accordingly, assessment of exercise 
heart rate rather than resting heart rate is the best approach for determina-
tion of the adequacy of beta-adrenergic receptor blockade. For patients with a 
resting heart rate under 60 beats/min, the patient should be asked to perform 
a short bout of submaximal exercise (walking in a hallway for a few minutes, 
or stepping on/off the step stool at the end of the offi ce examination table 
for one minute [to simulate two fl ights of stairs]) with determination of heart 
rate immediately after exercise. If the heart rate increases to over 80 beats/min 
(and the patient is asymptomatic with systolic blood pressure >100 mmHg at 
rest) it is reasonable to continue up-titration of the beta-adrenergic receptor 
blocker. In patients with symptomatic resting sinus bradycardia (or other brady-
cardia rhythms associated with atrioventricular block), beta-adrenergic blocker 
therapy should be reduced or stopped, and further investigations for underlying 
sinus node dysfunction or other conduction system disease should be consid-
ered. Patients with evidence of conduction system disease may be candidates 
for pacemaker therapy that would allow reintroduction of beta-adrenergic 
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blocking therapy. Beta-adrenergic receptor blockade may exacerbate broncho-
spasm is susceptible patients, but a history of reactive airways disease is not an 
absolute contraindication to such therapy in patients with heart failure. Beta-
adrenergic receptor blockers should be initiated and up-titrated only after the 
lung disease has been stabilized, ideally in combination with anti-infl ammatory 
therapy (local corticosteroids and leukotriene-signaling inhibition) in consulta-
tion with a pulmonologist.

Since therapy with angiotensin-converting enzyme inhibitors, angiotensin 
II receptor blockers, and beta-adrenergic receptor antagonists are associated 
with reduced mortality in patients with heart failure and reduced ejection frac-
tion, the rationale for a clinical decision not to offer this therapy to a patient 
(based on a history of intolerance, contraindication, or other concern) should 
be documented in the medical record, preferably in an enduring portion of the 
medical chart such as the allergies list.

Patients hospitalized for their fi rst presentation of heart failure with reduced 
ejection fraction should have diuretics, angiotensin-converting enzyme inhibi-
tion, and beta-adrenergic receptor blockade initiated at low dose before hospi-
tal discharge.17,18 For outpatients with new onset of heart failure with reduced 
ejection fraction, it make take several weeks of follow-up visits to initiate these 
three classes. The large majority of patients will demonstrate a improvement 
in symptoms over the fi rst few days to weeks of therapy, but the full benefi t 
of the neurohormonal inhibition will not be evident for an additional three to 
six months. Accordingly, decisions about further specifi c heart failure therapy 
(including other medications and devices) described in the next chapters should 
be postponed until the patient is on the optimal doses of drugs from these three 
classes. The therapeutic approach for patients with persistent systolic dysfunc-
tion who remain symptomatic despite this initial treatment strategy is discussed 
in chapters 9 and 10.

Therapy for patients with heart failure and preserved ejection fraction is not 
based on clinical trials in this population, but rather on empirical recommenda-
tions for diuretic use and management of comorbidities that are closely associ-
ated with the clinical manifestations of this disease (hypertension and chronic 
kidney disease). If present, hypertension should be treated according to pub-
lished guidelines. There is no evidence of survival benefi t associated with the use 
of angiotensin-converting enzyme inhibitors, angiotensin II receptor antagonists, 
or beta-adrenergic receptor antagonists in patients with preserved ejection frac-
tion (with or without hypertension).19 These classes of agents may be used for 
control of hypertension, particularly if comorbid illnesses such as coronary artery 
disease and chronic kidney disease are present. Most patients with hypertension 
and heart failure with preserved ejection fraction will require multiple medi-
cations for blood pressure control, so reaching target blood pressure (systolic 
blood pressure below 130 mmHg) is more important than preferential use of 
any single class of drug. For patients without comorbid hypertension, there is 
no proven role of neurohormonal antagonists. Heart rate–lowering drug classes 
(beta-adrenergic receptor antagonists and non-dihydropyridine calcium antago-
nists) have been proposed as therapy for patients with heart failure and pre-
served ejection fraction, but existing literature does not support routine use of 
these agents.
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Patients hospitalized with their fi rst episode of heart failure with preserved 
ejection fraction should be treated with diuretics, and if hypertensive, a combi-
nation of anti-hypertensive drugs to achieve good blood pressure control. For 
outpatients with new onset of heart failure with preserved ejection fraction, 
diuretics and blood pressure therapy can be adjusted over several weeks. Like 
patients with heart failure and reduced ejection fraction, the effects of an anti-
hypertensive regimen may require several months to become fully manifest.

In addition to medical therapy, all patients with new-onset heart failure 
should receive education about lifestyle modifi cations to improve functional 
capacity, including reduction in dietary sodium intake, participation in mild to 
moderate aerobic exercise as tolerated (with a goal to walk for 45 minutes once 
daily for at least 5 days of the week), weight loss if body mass index is higher 
than 30 kg/m2, smoking cessation (if applicable), self-monitoring behaviors (daily 
morning weights, daily check for lower-extremity edema, and recognition of 
recurrent heart failure symptoms and medicine side effects), and self-effi cacy 
behaviors (self-adjustment of diuretic dose based on daily weights, adherence to 
medications, and seeking medical assistance when symptoms worsen or medi-
cine side effects occur). A discussion of advance directives is also advisable, as 
symptomatic heart failure is associated with a high risk of recurrent hospitaliza-
tion and death.
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Chapter 9

Management of Chronic 
Symptomatic Heart Failure

Key Points

Functional class and signs and symptoms of congestion should be assessed • 

at each offi ce visit.
Diuretic regimen should be adjusted as needed to maintain optimal vol-• 

ume status at each visit for all patients with heart failure.
Neurohormonal antagonists and eligibility for device therapy should be • 

assessed and optimized at each encounter for patients with heart failure 
and reduced ejection fraction.
Anti-hypertension therapy should be assessed and optimized at each • 

encounter for patients with heart failure and preserved ejection fraction 
with history of hypertension.
Lifestyle modifi cations, including smoking cessation, daily low-level aerobic • 

exercise as tolerated, and reduction in dietary sodium, should be discussed 
at each patient encounter.
Education in patient self-management should be provided to all • 

patients to enhance their adherence to medical therapy and lifestyle 
recommendations.

Clinical Assessment

After the initial presentation of symptomatic heart failure is detected clinically 
(as described in the last chapter), the patient is considered to have chronic 
symptomatic heart failure (American College of Cardiology/American Heart 
Association Stage C) even if initial therapy results in complete relief of symp-
toms and a return to an asymptomatic state. Although this classifi cation scheme 
may seem counterintuitive, a patient with transient clinical symptoms of heart 
failure has more advanced disease than a Stage B patient who has never had 
symptoms, with an associated greater risk for subsequent adverse clinical 
outcomes. Accordingly, the content of this chapter is relevant to all patients 
with a history of symptomatic heart failure, regardless of their current clinical 
symptoms.

All patients with a history of symptomatic heart failure will require close 
medical monitoring for life. For patients hospitalized with new-onset heart 

Clinical Assessment
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failure (or any subsequent hospitalization for heart failure), an outpatient visit 
within seven days is recommended (post-hospitalization transition of care is 
discussed in detail in Chapter 13). The interval between subsequent outpatient 
visits should be determined by the individual’s severity of symptoms and the 
need to change or monitor medications. Treated patients in New York Heart 
Association Class I–II heart failure should be seen at least three times annually 
for blood monitoring and for detection of any disease progression.

At each outpatient visit, the patient should be carefully assessed for any signs 
or symptoms of worsening congestion, organ hypoperfusion, and medication 
side effects. Patients should be carefully questioned about symptoms of fatigue 
or dyspnea during activities of daily living to accurately estimate their functional 
capacity. Patients should be specifi cally questioned about the number of pillows 
they use at night, any interim episodes of paroxysmal nocturnal dyspnea, and the 
presence of abdominal bloating and edema. Patients should also be questioned 
about other common manifestations of heart failure (including anorexia, sleep 
disturbance, pain), and common medication side effects (including lightheaded-
ness, pruritis, cough, and lower-extremity muscle cramps). Patients should be 
asked to record a diary of their daily weights (and blood pressure if possible) 
and bring the diary to each visit. The diary should be reviewed to assess any 
trends for weight gain or loss that may be relevant to decisions about diuretic 
dosing or indicative of cardiac cachexia. Patients should be asked to bring their 
medications to each visit. Each vial should be inspected to verify the correct 
medication and dose (especially for extended-release metoprolol succinate, 
which is often erroneously substituted by short-acting metoprolol tartrate by 
the pharmacy) and also to determine whether the patient has been refi lling 
prescriptions appropriately.

The physical examination should be directed towards detection of congestion 
with the techniques and caveats discussed in the last chapter. It is important 
to recognize that many patients with chronic heart failure do not manifest the 
prototypical signs of congestion on physical examination. A complaint of worsen-
ing dyspnea in a patient with an established diagnosis of heart failure is likely to 
be related to increased volume overload, even in the absence of rales or chest 
radiography signs of pulmonary vascular congestion. Workup for pneumonia or 
pulmonary embolism should be reserved for patients with other signs and symp-
toms compatible with an alternative diagnosis. Blood pressure and heart rate 
should be obtained in the seated position and standing position if the patient has 
symptoms of postural lightheadedness. Patients with slow resting heart rate but 
stable blood pressure and no symptoms should undergo a 12-lead electrocardio-
gram and a brief bout of light exercise to assess the degree of beta-adrenergic 
receptor blockade. The patient can be asked to step on and off the step at the 
end of the examination table 10–20 times to simulate climbing one to two fl ight 
of stairs, or walk back and forth in an offi ce hallway for several minutes.

Confi rmatory Testing

Serum electrolytes, blood urea nitrogen, and serum creatinine levels should 
be checked three to four times a year and when adding or changing dose of 

Confi rmatory Testing
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diuretics and inhibitors of the renin-angiotensin aldosterone system. Serum 
digoxin levels should be checked at least twice annually, or more often in a 
patient with deterioration in renal function. More frequent blood testing may 
be considered for patients with acute or chronic kidney disease or borderline 
hyperkalemia. Serial brain natriuretic peptide testing is not routinely recom-
mended in patients with an established diagnosis of chronic heart failure. Brain 
natriuretic peptide testing can be considered in settings where volume status 
is uncertain. A low value of brain natriuretic peptide suggests that the patient 
is currently not volume overloaded (except in obese patients), but high val-
ues do not provide a reliable assessment of the degree of volume overload. 
It is reasonable to routinely record a 12-lead electrocardiogram two to four 
times annually to assess for evidence of interim ischemia or development of an 
increased QRS, duration and more often for assessment of a change in symp-
toms, after addition of a new medication, or if there is evidence of arrhythmia 
on physical examination. Chest radiography should not be repeated routinely, 
but it can be performed as part of the assessment of a change in symptoms 
or to evaluate suspected lung pathology. There is no role for routine serial 
echocardiograms in patients with an established diagnosis of heart failure. It 
is reasonable to repeat echocardiograms to evaluate response to change in 
medical regimen, or to evaluate worsening functional capacity or other change 
in symptoms.

Risk Assessment

Once treatment has been optimized after the initial diagnosis of symptomatic 
heart failure, a repeat echocardiogram (or alternatively gated radionuclide 
blood pool scan or cardiac MRI) should be obtained to assess the effects of 
therapy on left-ventricular structure and function. For patients with heart fail-
ure with reduced ejection fraction, neurohormonal inhibition therapy may be 
associated with substantial increase in left-ventricular ejection fraction. Further 
treatment strategies discussed below are determined by the left-ventricular 
ejection fraction on optimal medical therapy. If the ejection fraction increases 
to >40% in  response to neurohormonal therapy, the patient is still considered 
to have heart failure with reduced ejection fraction (Stage C), as the ejection 
fraction would probably return to pre-treatment levels if therapy were stopped. 
However, from the standpoint of treatment strategies discussed below, a 
patient with recovery of left-ventricular ejection fraction to a value >40% with 
well-preserved functional capacity would not require the routine administra-
tion of additional medications, or device therapy. For patients with heart failure 
associated with preserved ejection fraction, assessment of ventricular structure 
and function on optimal therapy is reasonable, although changes in ejection 
fraction are not expected. Effective blood pressure lowering may be associated 
with regression of left-ventricular hypertrophy. Other changes of chamber size, 
estimations of intracardiac fi lling pressures, and valve function may assist in fur-
ther optimization of therapy.

Exercise testing after optimization of therapy may be considered on an 
 individualized basis if clinical assessment of functional class is uncertain, since 

Risk Assessment
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objective assessment of exercise capacity may have an impact on treatment 
strategies (for example, to document that a patient with heart failure and 
reduced ejection fraction has achieved New York Heart Association functional 
Class I and therefore may not be a candidate for certain additional medications 
and devices as described below).1 Objective assessment of exercise capacity 
may also be considered in younger patients (under 60 years of age) who may 
be potential candidates for cardiac transplantation evaluation and patients with 
comorbid lung disease in whom the primary limitation of exercise capacity can-
not be determined by history alone. If available, a cardiopulmonary exercise 
test is the recommended procedure, as the analysis of expired gases provides a 
quantitative assessment of peak aerobic capacity and permits differentiation of 
cardiac vs. pulmonary disease limitation to exercise. If cardiopulmonary exer-
cise testing is not available, a conventional treadmill exercise test can be used to 
estimate peak aerobic capacity (based on metabolic equivalents), but it cannot 
distinguish between cardiac vs. pulmonary limitation to exercise. Routine repeat 
exercise stress testing is not recommended, but it can be considered at annual 
intervals in patients being considered for cardiac transplantation referral, or for 
a change in symptoms in a patient with mixed cardiopulmonary disease.

Numerous biomarkers (including brain natriuretic peptide, galectin-3, and 
pro-infl ammatory cytokines such as tumor necrosis factor alpha) have been 
shown to be associated with increased risk of adverse outcomes in patients 
with heart failure, but the clinical utility of these blood tests has not been deter-
mined.2 Until more evidence becomes available, these biomarkers need not be 
routinely obtained in clinical management. Other biomarkers, such as serum 
sodium, blood urea nitrogen, and hemoglobin level, are readily available for rou-
tine laboratory testing. Even mild degrees of hyponatremia, pre-renal azotemia, 
and anemia are associated with greater risk of mortality in patients with chronic 
symptomatic heart failure.

The Seattle Heart Failure Model is a prognostic risk score developed for 
symptomatic patients with heart failure and reduced ejection fraction.3 The 
score is based on clinical data derived from demographics, physical examination, 
imaging and laboratory results, and medical therapies. The estimated one-year 
and fi ve-year mortality risk for a patient can be easily calculated on a website 
sponsored by the University of Washington. The website also provides instan-
taneous recalculation of the one-year and fi ve-year risk of mortality based on 
the addition of new medical or device therapy. Calculation of this score is not 
routinely recommended for all patients with heart failure and reduced ejec-
tion fraction, but it may be considered on an individual basis to aid in clinical 
decision-making regarding the addition of new medical therapy, implantation of 
an implantable cardiovertor defi brillator, or referral to a cardiac transplantation 
or ventricular-assist device program.

Recurrent hospitalization for heart failure in a patient with an established 
diagnosis of heart failure receiving optimal treatment is associated with a 
greatly increased risk of future rehospitalization and death.4 Even if a spe-
cifi c cause of the heart failure decompensation is identifi ed, any hospitaliza-
tion event should trigger a reevaluation of the treatment regimen in order 
to optimize the patient’s therapy and reduce the risk of subsequent adverse 
outcomes.
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Treatment Strategies

The treatment goal in the management of chronic symptomatic heart failure is 
to apply the information acquired from history, physical examination, imaging, 
and laboratory results in order to optimize the treatment regimen for each 
patient.

The diuretic regimen should be reevaluated at each offi ce visit with the goal 
of identifying the lowest dose of diuretics that maintains a stable optimal volume 
status. “Optimal volume status” is defi ned as absence of signs of congestion 
on physical examination (jugular venous pressure <8 cm of water, absence of 
rales, absence of lower-extremity edema [in patients without chronic venous 
stasis disease or other non-cardiac causes of edema]). The strategies for adjust-
ment of diuretic regimen are based on the concept of overcoming the pharma-
cokinetic and pharmacodynamics factors that limit the effectiveness of diuretic 
therapy in patients with heart failure.5 Furosemide is the most commonly used 
loop diuretic, but other loop diuretics may also be used according to the same 
strategies, as discussed below (Table 9.1). Signs and symptoms of increasing 
congestion should prompt a discussion of dietary sodium intake and counsel-
ing on the reduction of dietary sodium intake if necessary, and may require an 
increased dose of diuretics. The patient should be questioned carefully regard-
ing the time(s) of day that diuretics are taken, and whether a large increase 
in urine output is noticeable after the dose. An effective diuretic dose should 
induce a large increase in urine output over several hours, with two to four epi-
sodes of spontaneous urination. If a lesser response is reported, the patient may 
have already achieved optimal volume status (with concomitant improvement 
in symptoms, stable body weight, and absence of congestion on exam), or the 
patient may have become resistant to their current dose of diuretic (with con-
comitant increased dyspnea, increased body weight, and increased congestion 
on physical examination). If the patient has achieved optimal volume status, cau-
tious down-titration of the dose interval (decreasing from twice daily to once 
daily, or from once daily to every other day) is reasonable with instruction to 
maintain a diary of daily weights and return to the previous regimen if a weight 
gain more than three pounds is observed. If the patient’s weight and clinical sta-
tus remain stable, a standing diuretic regimen can eventually be substituted with 
an as-needed regimen based on daily weight. Down-titration of diuretics should 
only be attempted in stable patients (those without evidence of congestion on 
physical examination, and no hospitalization for heart failure within the past 
year) who are highly motivated to perform daily weights and who demonstrate 
appropriate knowledge and insight for correct interpretation and appropriate 
actions in response to weight change.

On the other hand, if the patient demonstrates worsening volume overload 
in the setting of reduced urine output response to diuretic, the dose of the 
diuretic (not the frequency of dosing) should be doubled with close follow-up 
to assess their response to the higher dose (maximum recommended single 
dose of furosemide is 200 mg). If the patient responds to the higher dose with 
resolution of volume overload, it is reasonable to attempt to down-titrate the 
dose based on daily weights as described above. If maximal once-daily dosing 
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does not adequately increase urine output, increased frequency of dosing is not 
an effective strategy. Instead, a thiazide diuretic should be cautiously added to 
the loop diuretic regimen, with instructions to take a single dose of the thiazide 
and report the urine output and weight in 24 hours. Electrolytes should be mea-
sured frequently at the initiation of combined diuretic therapy, with adjustment 
of potassium chloride supplements as necessary.

Some patients with worsening volume overload may report a good increase 
in urine output to the current dose of loop diuretic. If the history is accurate, 
the most likely explanation is that the dietary sodium load is very high. If the 
patient is not able to adhere to a lower sodium diet, it is reasonably to add a 
second daily dose of loop diuretic to the regimen. Since high sodium intake 
will increase sodium potassium exchange in the distal nephron, these patients 
typically require high doses of supplemental potassium chloride. Addition of a 
thiazide diuretic in this setting brings a higher risk of hypokalemia, so daily moni-
toring of serum electrolytes and adjustment of oral potassium supplementation 
is recommended. These patients often benefi t from addition of spironolactone 
to the regimen. Serum potassium levels must be measured frequently at initia-
tion of therapy with the expectation that the potassium chloride supplement 
requirements will decrease.

Changes in volume status and diuretic responsiveness in patients with 
chronic heart failure are often associated with concomitant changes in renal 
function. In many cases, the primary cause of these changes is not easily dis-
cernible, due to a complex interplay between the effects of volume overload, 
renal perfusion, diuretics, and neurohormonal antagonists on the glomerular 
fi ltration rate. In the setting of worsening dyspnea with clear signs of volume 
overload on physical examination (including elevation of the jugular venous 
pressure), it is reasonable to increase the diuretic dose to relieve patient 
symptoms. As the jugular vein pressure decreases in response to effective 
diuretic therapy, renal function will often spontaneously improve. However, 
if pre-renal azotemia worsens in response to increased diuretic therapy, fur-
ther adjustment of diuretics should be based on a careful assessment for signs 
of low cardiac output (hypotension, narrow pulse pressure, thready pulse or 
pulsus alternans, cool extremities). For patients who appear to remain well 
perfused despite worsening azotemia, diuretic therapy should be continued to 
maintain optimal volume status. Many of these patients have comorbid chronic 
kidney disease and benefi t from multidisciplinary management, as described in 

Table 9.1 Diuretic oral dosing guidelines
Medication Initial dose (mg) Maximum dose (mg) Frequency

Loop Diuretics

Furosemide 20–40 200 QD-BID

Bumetinide 0.5–1.0  5 QD-BID

Torsemide 10–20 100 QD-BID

Thiazide diuretics

HCTZ 25 100 QD to Q7d

Metolazone 2.5  10 QD to Q7d
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Chapter 11. Available evidence suggests that the elimination of congestion is 
associated with improved clinical outcomes, even in the setting of worsening 
renal function.6–8 For patients with evidence of persistent congestion, worsening 
renal function, and systemic hypoperfusion, hospitalization should be consid-
ered (“cold and wet”; see further discussion in Chapter 12). This constellation 
of signs and symptoms is associated with high mortality risk and should prompt 
discussion of advance directives and patient eligibility for advanced therapies 
(see further discussion in Chapter 10).

For patients with worsening azotemia in the absence of signs and symp-
toms of volume overload, it is reasonable to temporarily reduce or discon-
tinue diuretics, and monitor daily weights and symptoms. If the volume status 
is uncertain due to contradictory information (for example, worsening dyspnea 
without increased weight or clear evidence of worsening congestion on exam), 
additional assessment (chest radiograph, brain natriuretic peptide level, and/or 
right-heart catheterization) should be obtained to guide therapy.

For patients with heart failure with reduced ejection fraction, neurohormon-
al-antagonist therapy should be reviewed and optimized at each visit with the 
goal of achieving the maximum tolerated target dose of each class of agent 
(Tables 9.2 and 9.3). After establishing the initial diagnosis, low doses of both 
angiotensin-converting enzyme inhibitors (or, if intolerant due to cough or 
angioedema, angiotensin-receptor blockers) and beta-adrenergic receptor 
blockers should be initiated as described in the last chapter. A strategy for opti-
mizing the doses of neurohormonal antagonists is summarized in Figure 9.1.

At each subsequent outpatient visit, the dose of the beta-adrenergic recep-
tor blocker should be doubled as tolerated to achieve the target dose known 
to be associated with reduced mortality risk (Table 9.3).9 Mild orthostatic 
hypotension symptoms can be expected during up-titration and do not consti-
tute contraindication of further up-titration of dose. Postural symptoms tend to 
wane during long-term therapy. Blood pressure may transiently decrease during 
up-titration of therapy, but it tends to return to baseline over time. Systolic 
blood pressure >90 mmHg is acceptable as long as the patient is asymptomatic. 
Reduction in resting heart rate is also to be expected. Heart rate less than 60 
bpm is not a contraindication to further up-titration unless there is evidence 
of greater than fi rst-degree atrioventricular block, symptomatic hypotension, 
or failure to increase heart rate to >80 beats per minute with mild exercise. 
Patients with severe chronotropic incompetence on a low dose of beta-adren-
ergic receptor blocker should be evaluated for evidence of intrinsic conduc-
tion system disease, with consideration for placement of permanent pacemaker 
therapy as necessary. Patients receiving amiodarone are more likely to manifest 
bradyarrhythmias during up-titration of beta-adrenergic receptor blockers, but 
the same principles can be applied for up-titration. Diuretic dosing should be 
reevaluated after completion of titration, as many patients on stable maximal 
tolerated target doses of beta-adrenergic blockers will require lower doses of 
diuretics to maintain optimal volume status.

Once the highest tolerated target dose of the beta-adrenergic receptor 
blocker has been achieved, the angiotensin-converting enzyme inhibitor (or 
angiotensin-receptor blocker) should be advanced to target doses as toler-
ated (Table 9.2).10 A small increase in creatinine of 0.1–0.5 mg/dl is expected in 
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Table 9.2 Dosing guidelines for inhibitors of the renin-angiotensin 
aldosterone system in heart failure with reduced ejection fraction. 
All of the agents listed in this table share common side effects of 
hypotension, worsening renal function, and hyperkalemia. The 
risk of these side effects is increased when these agents are used 
in combination. Patients with comorbid chronic kidney disease 
(estimated glomerular fi ltration rate <30 ml/min) are at greater 
risk for these side effects. In this population, lower doses and more 
frequent monitoring should be used to reduce risk
Medication Initial Dose (mg) Target Dose 

(mg)
Frequency

Angiotensin-converting enzyme inhibitors

Captopril 6.25 50 TID

Enalapril 2.5–5 10–20 BID

Lisinopril 2.5–5 20–40 QD

Ramipril 1.25–2.5 5 BID

Trandolapril 1 4 QD

Quinapril* 5 20 BID

Fosinopril* 5–10 40 QD

Angiotensin-Receptor Blockers (as alternative to ACE inhibitor)

Candesartan 4 32 QD

Valsartan 40 160 BID

Losartan† 25 150 QD

Mineralocorticoid receptor antagonists

Spironolactone 25 50 QD

Eplerenone 25 50 QD

* indicates that these agents are approved by the Food and Drug Administration (FDA) for heart 
failure but have not been shown to reduce morbidity and mortality in heart failure.

† indicates that this agent is not FDA-approved for heart failure. Dose recommendation is based on 
data from reference 13.

Table 9.3 Dosing recommendation for beta-adrenergic receptor 
blockers for patients with heart failure with reduced ejection 
fraction. Other beta-adrenergic blockers (including short-acting 
metoprolol tartrate) have not been proven to reduce risk of 
adverse outcomes in patients with heart failure with reduced 
ejection fraction
Medication Initial Dose (mg) Target Dose (mg) Frequency

Metoprolol 
Succinate 
(extended release)

25 200 QD

Carvedilol 3.125 25 BID

Bisoprolol* 2.5 10 QD

*Bisoprolol has been shown to reduce risk of adverse outcomes when compared with placebo, but is 
not approved in the United States for a heart failure indication.
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response to angiotensin-converting enzyme inhibitor or angiotensin-receptor 
blocker therapy. If the patient is non-oliguric, and the creatinine plateaus during 
therapy, therapy can be up-titrated with continued careful monitoring. Cough 
is a well-known side effect of angiotensin-converting enzyme inhibitors, but it is 
also a common symptom of heart failure. The cough associated with heart fail-
ure is often productive of scant white sputum and occurs most often at night or 
early morning upon arising. The cough associated with angiotensin-converting 
enzyme inhibitors is typically non-productive, occurs intermittently throughout 
the day (less so at night), and is often triggered by speaking, or drinking cold 
fl uids. A complaint of cough should prompt a careful assessment for evidence of 
worsening congestion or comorbid lung disease. In the absence of evidence of 
worsening congestion, it is reasonable to switch from an angiotensin-converting 
enzyme inhibitor to a comparable dose of an angiotensin-receptor blocker 
(based on the percentage of target dose for each agent, per Table 9.2). If the 
cough is due to the angiotensin-converting enzyme inhibitor, the patient will 
usually notice substantial reduction in cough within one week of cessation of the 
drug. Candesartan and valsartan have been shown to reduce the risk of adverse 
clinical outcomes in patients with heart failure with reduced ejection fraction 
intolerant of angiotensin converting enzyme inhibitors and are approved for 
this indication.11,12 Due to pharmacy formulary limitations, many patients do not 
have access to all available angiotensin-receptor blockers. Losartan, although 
not approved for heart failure, is the most widely available and has been shown 
to reduce risk of adverse outcomes in heart failure patients with reduced ejec-
tion fraction at a target dose of 150 mg daily.13 Angioedema is a less common 

Optimal Volume
Status

Adjust Diuretics

Initial Doses of ACEI/
ARB and BB

Titrate BB to target

Titrate ACEI/ARB to
target

Measure LVEF
�40%

<40%

Continue Therapy

Devices
Add MRA

Figure 9.1 Strategy for optimization of therapy for patients with heart failure and 
reduced ejection fraction.
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side effect of angiotensin-converting enzyme inhibitors. Although angioedema 
has also been rarely described with angiotensin-receptor blockers, it is reason-
able to substitute therapy with an angiotensin-receptor blocker in patients with 
angioedema in response to an angiotensin-converting enzyme inhibitor, as the 
risk of recurrence appears to be exceedingly low.11,12 Hypotension is another 
known potential side effect of both angiotensin-converting enzyme inhibitors 
and angiotensin-receptor blockers. For patients without ongoing signs of con-
gestion (normal jugular venous pressure and absence of rales and edema), it 
is reasonable to reduce the dose of diuretics during initiation and up-titration 
to minimize the risk of symptomatic hypotension. Hyperkalemia may also be 
observed with both angiotensin-converting enzyme inhibitors and angiotensin-
receptor blockers. The risk is greatest in patients with comorbid chronic kidney 
disease. Reduced dietary potassium (including elimination of potassium-contain-
ing salt substitutes) and more frequent laboratory monitoring can reduce the 
risk of symptomatic hyperkalemia in these patients.

Many patients in clinical practice settings receive doses of neurohormonal 
antagonists (beta-adrenergic receptor antagonists and renin-angiotensin-aldos-
terone system inhibitors) that are lower than those utilized in clinical trials. 
Titration of neurohormonal antagonists to the maximal tolerated target dose is 
important, as available evidence supports an important dose–response relation-
ship for these classes of drugs. Most side effects during up-titration are transient 
and may not be reproducible, so if intolerance is encountered at a certain dose 
level, it is reasonable to make a second effort at up-titration at a later date. 
A systematic assessment of guideline recommended therapy at each patient 
encounter is a useful approach to increase the likelihood of titration to the 
maximal tolerated target dose.

After upward titration has been completed (typically within three to six 
months of initiation of therapy), functional capacity should be assessed and 
left-ventricular ejection fraction should be re-measured as described above. If 
the patient remains symptomatic with left-ventricular ejection fraction <40% 
after three to six months of optimal therapy, several different options should 
be considered. Additional medical therapy with a mineralocorticoid recep-
tor antagonist is warranted to further relieve symptoms and reduce mortality 
risk (Table 9.2).14–16 Spironolactone 25 mg–50 mg once daily or eplerenone 
25 mg–50 mg once daily should be added if the estimated glomerular fi ltra-
tion rate is >30 ml/min and the serum potassium is <5.1 meq/l. The major 
risks of combined therapy of a mineralocorticoid receptor antagonist with an 
angiotensin-converting enzyme inhibitor or angiotensin-receptor blocker are 
hyperkalemia and worsening renal function. The onset of these adverse events 
is somewhat unpredictable but most often occurs in the fi rst few months of 
therapy, so increased frequency of laboratory monitoring is required. Digoxin 
(0.125 mg–0.25 mg daily) can also be added to the medical regimen in this 
group.17 No loading dose is required. The dose should be adjusted for renal 
insuffi ciency as needed to maintain a serum level ≤1 ng/ml.18,19 Once the serum 
level is in the desired range, the level should be checked semi-annually, or 
more often for signs or symptoms suggestive of digitalis toxicity, or change 
in renal function. Combination vasodilator therapy with hydralazine and iso-
sorbide dinitrate (starting dose, 37.5 mg hydralazine and 20 mg isosorbide 
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dinitrate together three times daily, up-titrated to double the starting dose 
of each agent as tolerated) can be used as an alternative vasodilator regi-
men for patients intolerant of angiotensin-converting enzyme inhibitors and 
angiotensin-receptor blockers due to worsening renal function, and can also 
be added in the subgroup of patients self-identifi ed as African-American.20,21 
This vasodilator combination has been shown to substantially reduce mortality 
risk in this group, but application in clinical practice is limited by diffi culty in 
adherence to the three-times-daily dosing regimen, and common side effects 
of lightheadedness and headache. Patients treated with nitrates should not 
take phosphodiesterase type 5 inhibitors for erectile dysfunction (sildenafi l, 
vardenifi l, tadalafi l) due to the risk of a dangerous drop in blood pressure.

Routine oral anticoagulation therapy with warfarin is not recommended 
for patients with heart failure with reduced ejection fraction in normal sinus 
rhythm.22 Chronic oral anticoagulation therapy with warfarin is recommended 
for patients with atrial fi brillation, patients with mobile intracardiac thrombi, 
or a previous history of arterial or venous thromboembolic events. Low-dose 
aspirin (81 mg) can be safely administered to patients with heart failure and his-
tory of remote myocardial infarction or past stroke or transient ischemic attack 
(TIA). There is no proven role for routine use of aspirin for patients without a 
history of myocardial infarction or stroke, so the treatment must be individual-
ized based on the risk of thrombotic events.

Patients with persistent symptoms and reduced left-ventricular ejection frac-
tion (≤35%) on optimal medical therapy should also be evaluated for implanta-
tion of a cardiovertor defi brillator device to reduce the risk of sudden death.23,24 
In the subpopulation of patients with reduced left-ventricular ejection fraction 
and evidence of intraventricular conduction delay on the electrocardiogram 
(left bundle branch block or other morphology with QRS duration >150 msec), 
a combined biventricular resynchronization pacemaker and implantable cardio-
vertor defi brillator is recommended.25

Patients with heart failure and reduced ejection fraction often elect to take 
nutritional supplements such as L-carnitine and coenzyme Q-10. There are very 
few controlled prospective studies with unbiased evaluation of the clinical effi -
cacy of these agents. These “natural” remedies may provide a sense of control 
for patients and thus may indirectly contribute to a stronger sense of self-man-
agement that can be benefi cial for the overall treatment plan. Accordingly, it 
is recommended to document the use of supplements taken by the patient 
with surveillance to exclude any supplements with known potential harm 
(sympathomimetics).

For patients with an initial diagnosis of heart failure with reduced ejection 
fraction who, on optimal therapy with angiotensin-converting enzyme inhibi-
tor and beta-adrenergic receptor blocker, demonstrate an increase in ejection 
fraction to >40%, or who have returned to normal functional capacity (New 
York Heart Association Class I), the additional medical and device therapies 
discussed in the preceding paragraphs are not routinely recommended, but may 
be considered on an individualized basis.

For patients with initial diagnosis of heart failure with preserved ejection frac-
tion, the diuretic regimen should be optimized as discussed above. In the sub-
group with hypertension, the hypertension regimen should be optimized at each 
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visit to achieve blood pressure goals with minimization of side effects. Older 
hypertensive patients often present with isolated systolic hypertension (with 
associated large pulse pressure). This clinical entity is attributable to  increased 
aortic stiffness, with consequent increased pulse wave velocity and increased 
hydraulic load on the left ventricle during systole. The increased stiffness in the 
aorta is primarily attributable to loss of the elastic components in the blood ves-
sel wall. Currently available anti-hypertensive therapies do not directly impact 
the elasticity in the aorta, so anti-hypertensive therapy typically reduces both 
systolic and diastolic blood pressures with little change in pulse pressure. In 
patients with coronary artery disease, excessive reduction in diastolic blood 
pressure can compromise myocardial blood fl ow during  diastole and induce 
ischemia. Therapy must be individualized based on the perceived risks of myo-
cardial ischemia, with a goal to keep diastolic blood pressure >65 mmHg.

All patients with chronic symptomatic heart failure should receive ongo-
ing education in lifestyle modifi cations to improve their quality of life, includ-
ing reduction in dietary sodium, participation in moderate aerobic exercise 
activities as tolerated, and relevant self-monitoring and self-effi cacy behaviors 
as described in Chapter 13. Physical training has been shown to be safe and 
associated with improved functional capacity in patients with heart failure with 
both preserved and reduced ejection fraction. Referral to an outpatient cardiac 
 rehabilitation program should be considered for motivated individuals; how-
ever, most medical insurance will not provide coverage for outpatient therapy 
unless there is comorbid coronary artery disease.

Erectile dysfunction occurs commonly in men with chronic heart failure. 
Sildenafi l at doses ranging from 25 mg–100 mg daily has been shown to be 
well tolerated in patients with heart failure with functional capacity that permits 
sexual activity.26 Sildenafi l and related agents should not be administered to 
patients treated with organic nitrates due to risk of hypotension. These agents 
should also be used with caution in patients taking alpha-adrenergic receptor 
blockers for treatment of prostatic hypertrophy.

Most patients with chronic heart failure respond well to optimal medical 
treatment, with reduction in congestive signs and symptoms and improved func-
tional capacity. These patients should be followed within the practice setting of 
the primary care provider and/or cardiologist at three- to six-month intervals as 
determined by the severity of symptoms. Patients with high-risk features (hos-
pitalizations, multiple comorbidities) should be seen more frequently and may 
benefi t from referral to specialized heart failure centers as described in Chapter 
13.

The most carefully crafted therapeutic regimen will not provide optimal 
benefi t to the patient who fails to reliably adhere to the prescribed regimen. 
Several lines of evidence indicate that the majority of patients with chronic 
heart failure do not fully adhere to their prescribed medical regimen. Once-
daily medications and fi xed-dose combination medications should be used 
when feasible to simplify the medical regimen. It is important to engage the 
patient in a non-judgemental manner to elicit barriers to full adherence, and 
develop plans to address these barriers. Most patients would prefer to take 
fewer pills and are naturally skeptical of lifelong prescriptions. Many patients 
are tempted to temporarily stop their medications to determine whether they 

www.ebook3000.com

http://www.ebook3000.org


C
H

A
PT

ER
 9

 C
hr

on
ic

 S
ym

pt
om

at
ic

 H
ea

rt
 F

ai
lu

re
63

can detect any difference in their well-being. Since many of the neurohormonal 
antagonists may be transiently stopped with no apparent change in symptoms, 
it is important to educate the patient about the purpose of each medication 
at each encounter, with emphasis on the fact that some medications are not 
primarily used to reduce symptoms, but rather to slow the progression of the 
disease (and improve their survival). A simple review of all medications at each 
visit, with the stated intention to fi nd any that are no longer needed, and a brief 
reinforcement statement for the purpose of the medications to be continued 
may enhance adherence.

Medical decision-making for ambulatory heart failure patients is generally 
considered to be complex due to the underlying complex pathophysiology, 
polypharmacy, and high risk of mortality and other adverse clinical outcomes. 
Medical record documentation for each heart failure patient encounter should 
include a comprehensive assessment of typical and atypical symptoms, a 
detailed physical examination that includes typical and atypical signs of conges-
tion, a comprehensive assessment that includes statement of the disease stage 
(per American College of Cardiology and American Heart Association guide-
lines), the functional class (per New York Heart Association classifi cation), the 
volume status of the patient (hypovolemic, optimal, or hypervolemic), evalua-
tion of optimization of medical and device therapy, and a statement on patient 
self-management education (Table 9.4). Paper or electronic templates can be 

Table 9.4 Suggested components for medical documentation for 
ambulatory heart failure patients

History Exercise tolerance (number of blocks, fl ights)
Orthopnea (number of pillows)
Paroxysmal nocturnal dyspnea
Nocturia
Fatigue
Sleep disturbance
Anorexia
Adherence

Physical 
Examination

Presence of cachexia
Description of pulse volume, pulsus alternans
Description of breathing pattern
Estimation of jugular venous pressure
Presence of rales or bronchial breath sounds
Location of point of maximal impulse (PMI), presence of gallop or murmur
Presence of hepatomegaly and ascites
Presence of pre-sacral or lower-extremity edema
Cool vs. warm extremities

Assessment Type of heart failure (preserved vs. reduced ejection fraction)
ACC/AHA Stage
NYHA Class

Volume status
Evaluation of optimization of therapy
Statement of patient education
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used to increase consistency in the management of this population. Incorporation 
of combined nursing and physician participation during patient encounters is 
another useful strategy for optimization of therapy and education. If these prac-
tices are not feasible for a given practice setting, referral to a specialized heart 
failure center should be considered.
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Chapter 10

Management of Advanced 
Chronic Symptomatic 
Heart Failure

Key Points

The characterization of advanced heart failure is determined by the • 

functional capacity of the patient rather than the left-ventricular ejection 
fraction.
Patients with severe limitation of functional capacity have a high risk of • 

hospitalization and death, independent of ejection fraction.
If no reversible causes of disease progression are identifi ed, patients • 

should be evaluated for advanced therapies (cardiac transplantation or 
mechanical circulatory support), or if not eligible for such therapies, for 
palliative care and hospice referral.
It is reasonable to consider reduction of dose or withdrawal of neuro-• 

hormonal antagonist therapy in patients with advanced heart failure and 
intolerable side effects.
It is reasonable to consider deactivation of implantable cardiovertor • 

defi brillators in patients with advanced heart failure and estimated survival 
of less than one year.
Vasodilators and positive inotropic agents may be used acutely and chroni-• 

cally to alleviate symptoms in this population as part of a comprehensive 
palliative care program.

Clinical Assessment

The characterization of advanced heart failure (Stage D) is primarily determined 
by the functional capacity of the patient rather than the left-ventricular ejection 
fraction. Patients with advanced heart failure have poor quality of life due to 
severely reduced functional capacity despite optimal medical and device therapy. 
Simple activities of daily living such as bathing and dressing can induce severe 
dyspnea, often require long, frequent rests to complete the task, and leave the 
patient feeling exhausted. Other distressing symptoms in this group included 
profound fatigue, sleep disturbance, restlessness, lethargy, poor concentration, 

Clinical Assessment
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hair loss, alteration of taste sensation, sexual dysfunction, and anorexia with 
weight loss.

Careful questioning about symptoms during specifi c activities is impor-
tant, as many patients slowly curtail activities that produce dyspnea or fatigue 
without conscious acknowledgement of their change in lifestyle, and come 
to accept frequent dyspnea and fatigue with minimal exertion as a “normal” 
aspect of their heart condition. If a severe limitation in functional capacity is 
detected, the patient should be further questioned about day-to-day changes 
in the symptoms, since patterns in the daily severity of symptoms can some-
times help determine treatment strategies. Specifi c questions on sleep pat-
terns and the physical symptoms that interrupt sleep may also be helpful to 
identify strategies to reduce fatigue. Specifi c information on patterns of food 
intake can identify strategies to improve nutrition and stamina. Depression, 
chronic pain, impaired concentration, and an uncomfortable sense of restless-
ness are common symptoms in this stage of the disease. Specifi c questions 
on these issues are useful to identify these conditions as potential targets for 
palliative therapy.

On physical examination, patients with advanced heart failure often dem-
onstrate cachexia (characterized by bitemporal wasting, wasting of the mus-
culature of the shoulder girdle, and generalized muscle atrophy) and appear 
fatigued. In some cases, there may be psychomotor retardation and slowed 
speech. In patients with advanced heart failure and reduced ejection fraction, 
the pulse pressure is often narrowed, with a thready pulse or pulsus alternans 
evident on palpation of the radial artery.1 Prolonged observation of respiration 
will often reveal a Cheyne-Stokes pattern of periodic breathing.2 Extremities are 
typically cool to the touch. Signs of congestion are often present, but in many 
cases may be no different than the patient’s baseline.

Laboratory data will often demonstrate worsening pre-renal azotemia and 
hyponatremia. Anemia is also more common in patients with advanced heart 
failure, probably due to a combination of factors that reduce red cell production 
and increase hemodilution.

Diuretic resistance is another clinical marker of low-cardiac-output syndrome 
in patients with other features of advanced heart failure. Diuretic resistance can 
be rapidly assessed by a spot sample for urinary sodium concentration one hour 
after a dose of intravenous loop diuretic. If the urinary sodium is <70 meq/l, the 
response to the diuretic is suboptimal. If the diuretic dose is already in excess 
of furosemide 80 mg (or its equivalent with other loop diuretics), other strate-
gies including combination diuretic therapy (as discussed in chapters 8 and 9) or 
additional intravenous therapy to increase cardiac output and renal perfusion 
should be considered.

Confi rmatory Testing

It is reasonable to consider a repeat echocardiogram in the setting of worsening 
symptoms, especially if the interval from the last study is more than 12 months, 
or there is clinical suspicion of an interim change in ventricular function or valve 
function. For patients with heart failure and reduced ejection fraction, imaging 

Confi rmatory Testing
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may detect an increase in the left-ventricular end-diastolic dimension from prior 
studies, decrease in the left-ventricular ejection fraction from prior studies, and 
new or worsening mitral and tricuspid regurgitation. For patients with heart 
failure with preserved ejection fraction, subtle changes in left-ventricular size 
and left-ventricular ejection fraction from the patient baseline may be present, 
although typically not outside of the normal range.

Many of the signs and symptoms of advanced heart failure are related to 
severe reductions in cardiac output reserve. Right-heart catheterization may 
be considered to confi rm the clinical suspicion of reduced cardiac output, and 
also to directly measure cardiac fi lling pressures (to rule out volume depletion 
as a cause of the worsening symptoms). Estimated cardiac outputs derived from 
the Fick formula are more reliable than thermodilution cardiac output mea-
surements in patients with advanced heart failure. Due to the invasive nature 
of this procedure, right-heart catheterization is not recommended routinely 
for all patients, but it should be performed in patients who may be candidates 
for mechanical circulatory support and/or cardiac transplantation as discussed 
below (age less than 75 years with no non-cardiac disabling or life-limiting 
conditions).

It is recommended to obtain an electrocardiogram and chest radiograph 
in the evaluation of a patient with worsening symptoms. Routine testing for 
change in coronary anatomy (stress testing and/or coronary angiography) is 
not recommended but can be considered in patients with relevant electrocar-
diographic fi ndings or symptoms suggestive of myocardial ischemia. Elevations 
of serum troponin to two to three times the upper limit of normal is common 
in this population and is not diagnostic for acute coronary syndrome in the 
absence of clinical symptoms and/or electrocardiographic evidence of acute 
ischemia.

Risk Stratifi cation

The severe limitation in functional capacity is the most important marker of 
poor outcome in this population. If a reliable history cannot be obtained, car-
diopulmonary exercise testing can be performed to objectively measure peak 
aerobic capacity. A peak oxygen consumption <14 ml/kg/min (or less than 50% 
of predicted) is associated with poor outcome (<85% one-year survival).3 For 
patients with advanced heart failure with reduced ejection fraction in whom the 
peak oxygen uptake measure is available, the Heart Failure Survival Score can be 
calculated to estimate one-year mortality risk.4 In patients with advanced heart 
failure, many other biomarkers of poor outcome are often present (hypona-
tremia, worsening azotemia, elevated brain natriuretic peptide).5 Documented 
unintentional weight loss (at “dry” weight) of more than 5% of body weight is a 
strong predictor of poor outcome in this population.6 Biomarkers of poor nutri-
tion (low albumin, low protein, anemia) are usually present and are also associ-
ated with increased risk of adverse outcomes.7,8 Increased pulmonary capillary 
wedge pressure and other measures of elevated pulmonary vascular resistance 
and decreased right-ventricular function determined at the time of right-heart 
catheterization are also associated with poor outcome.3,9

Risk Stratifi cation
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Treatment Strategies

It is reasonable to consider hospitalization of patients with worsening symptoms 
in order to facilitate optimization of therapy (see further discussion in Chapter 
12). Other sites of care, including emergency departments, outpatient furosemi-
de-infusion centers, medical homes, or hospices, may be reasonable alternatives 
to consider in patients with advanced heart failure. Optimization of volume sta-
tus should be a priority for all patients with advanced heart failure, with recogni-
tion that worsening azotemia and hypotension in response to diuretic therapy 
are quite common in this group. While relief of congestion is a desirable goal, 
patients with advanced heart failure may continue to be highly symptomatic 
despite optimization of volume status, due to reduced cardiac output reserve. 
The syndrome of low cardiac output is differentiated from cardiogenic shock 
by the degree of hypotension and clinical hypoperfusion of vital organs. In the 
low-cardiac-output syndrome there may be evidence of mild organ dysfunction, 
but lactic acid levels in the blood are usually normal, or only minimally elevated. 
Cardiogenic shock is characterized by severe multiorgan failure and lactic aci-
dosis. A detailed discussion of the treatment of cardiogenic shock is beyond 
the scope of this book, but it is closely related to the therapeutic principles for 
restoration of organ perfusion as described below. Neurohormonal-inhibition 
treatment strategies used in earlier stages of heart failure may be poorly toler-
ated in patients with advanced heart failure. In patients with reduced ejection 
fraction, hypotension and worsening renal function may necessitate down-titra-
tion or withdrawal of inhibitors of the renin-angiotensin aldosterone system and 
sympathetic nervous system.

Patients with reduced ejection fraction and the clinical syndrome of low-
cardiac-output syndrome (determined either clinically or on the basis of right-
heart catheterization data) will usually derive symptomatic relief with treatment 
directed to increase cardiac output and improve perfusion of vital organs. The 
strategy for clinical decision-making on the optimal treatment approach to 
 increase cardiac output is based on pre-treatment blood pressure (Figure 10.1 
and Table 10.1).

If the blood pressure is >120 mmHg (indicative of a very high systemic vascu-
lar resistance), then vasodilator therapy with intravenous nitroglycerin or nesir-
itide is a reasonable fi rst step. If hemodynamic data are available, the goal is to 
reduce the pulmonary capillary wedge pressure to 15–18 mmHg and increase 
the cardiac index to >2.5 l/min/m2. Nitroglycerin typically requires titration to 
a range of 100–400 mcg/min to achieve these goals in patients with advanced 
heart failure.10,11 Nitroprusside is also an effective vasodilator agent, but its clini-
cal utility is limited by the potential for cyanide toxicity during prolonged infu-
sion.12 Nesiritide has a longer half-life than nitroglycerin and therefore requires 
a loading dose of 2 mcg/kg to achieve a rapid onset of action. The bolus can be 
skipped if a slower onset of action is acceptable. Nesiritide generally does not 
require upward titration from its starting dose of 0.01 mcg/kg/min, but it can be 
cautiously up-titrated in increments of 0.005 mcg/kg/min to a maximum dose 
of 0.03 mcg/kg/min if necessary.13 The half-life of nesiritide is about 20 min-
utes, so evaluation of the full clinical response to up-titration or down-titration 
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of dose will require about two hours. If hemodynamic data are not available, 
clinical evidence of improved cardiac output includes patient symptoms (alle-
viation of restlessness and dyspnea), increased urine output, increased pulse 
pressure, increased pulse volume in the radial artery, resolution of pulsus alter-
nans, increased warmth of the extremities, resolution of metabolic acidosis if 
present, and improved renal function. The major risk of vasodilator treatment 
is hypotension and consequent organ hypoperfusion/injury. The short half-life 
of nitroglycerin reduces risk of sustained hypotension. The longer half-life of 
nesiritide requires greater caution during initiation and up-titration, but survival 
was comparable to placebo in a large clinical trial of hospitalized patients with 
heart failure.14

Table 10.1 Intravenous agents used to treat patients with low 
cardiac output syndrome

Half-life 
(minutes)

Bolus 
Dose

Initial Infusion 
Dose

Maximum 
Infusion Dose

Vasodilator Agents

Nitroglycerin 2–3 None 10 mcg/min 600 mcg/min

Nesiritide 18 2 mcg/kg 0.01 mcg/kg/min 0.03 mcg/kg/min

Positive Inotropic Agents

Dobutamine 2 None 2.5 mcg/kg/min 15 mcg/kg/min

Milrinone 120 50 mcg/kg 0.5 mcg/kg/min* 0.75 mcg/kg/min

Positive Inotropic Agent with Renal Vasodilation

Dopamine 2 None 2 mcg/kg/min 5 mcg/kg/min†

*Initial infusion dose is 0.375 mcg/kg/min in subjects with estimated glomerular fi ltration rate ≤30 ml/min 
and 0.25 mcg/kg/min in subjects with estimated glomerular fi ltration rate ≤20 ml/min.
†Higher doses may be used in the treatment of cardiogenic shock or other forms of shock. Above the 
dose of 5 mcg/kg/min, renal blood fl ow increases proportionately to the increase in cardiac output, so 
there is no selective renal perfusion effect.

Evidence of Organ Hypoperfusion

SBP<100 mmHg

Background Beta-Blocker
Therapy

Consider
Dobutamine

�24h �24h >24h No

Consider
Milrinone

Consider
Nesiritide

Consider IV
Nitroglycerin

SBP>120 mmHg

Duration of Therapy

Figure 10.1 Schematic of therapeutic strategies for patients with advanced heart failure 
and low cardiac output syndrome. (See text for details.)
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If blood pressure is <100 mmHg (indicative of lower systemic vascular resis-
tance), the agents with positive inotropic properties (dobutamine and milri-
none) are useful to increase cardiac output. Dobutamine is a sympathomimetic 
agent that stimulates beta-1, beta-2, and alpha-1 adrenergic receptors.15 Since 
the half-life of dobutamine is short, no bolus is required, and the drug can be 
rapidly titrated over its therapeutic range (2.5–15 mcg/kg/min). Dobutamine has 
a balanced effect on beta-2 and alpha-1 receptors in vascular smooth muscle, 
so it reduces systemic vascular resistance indirectly via barorefl ex responses to 
increased cardiac output. Since dobutamine mediates its effects via adrenergic-
receptor stimulation, its action will be attenuated in patients on beta-adrener-
gic-receptor blockers. Due to changes in the adrenergic receptor density and 
receptor coupling in failing myocardium, the response to dobutamine is heterog-
enous, and the dose must be individualized for each patient based on hemody-
namic or clinical response. Dobutamine is generally well tolerated but can be 
associated with increased risk of arrhythmia and mild upper extremity tremor. 
Milrinone is a phosphodiesterase type 3 inhibitor that augments cyclic adenos-
ine monophosphate signaling in myocardium and vascular smooth muscle.16 The 
half-life of milrinone is approximately two hours, so a bolus of 50 mcg/kg (admin-
istered over 15–30 minutes) is required to achieve rapid action. The starting 
dose of milrinone is 0.5 mcg/kg/min (0.375 mcg/kg/min in patients with estimated 
glomerular fi ltration rate <30 ml/min). The dose can be titrated as necessary, but 
due to its long half-life, it will require nearly 12 hours to observe the full effect of 
the dose change. Accordingly, if a side effect of milrinone is suspected, it is appro-
priate to stop the infusion for two hours (one half-life) and resume at a lower 
dose. The half-life of milrinone is increased in patients with severely decreased 
renal function, so appropriate adjustments in dosing are necessary in that popu-
lation. In contrast to dobutamine, milrinone has direct vasodilating activity in 
vascular smooth muscle, so it decreases systemic vascular resistance via both 
direct and indirect mechanisms. Since milrinone does not act by direct interac-
tion with the beta-adrenergic receptor, its hemodynamic effects are preserved in 
patients treated with beta-adrenergic receptor antagonists.17 Hemodynamic and 
clinical goals for both dobutamine and milrinone are the same as those described 
above for vasodilator agents. As dobutamine and milrinone mediate increased 
inotropy via the same fi nal common pathway in the myocyte (increased cyclic 
adenosine monophosphate signaling), they share common side effects of posi-
tive chronotropy, and increased frequency of supraventricular and ventricular 
arrhythmias. Milrinone has additional potential side effects related to phospho-
diesterase inhibition in the vasculature (hypotension) and gastrointestinal tract 
(nausea, vomiting, diarrhea). Both drugs can precipitate myocardial ischemia in 
patients with coronary artery disease, but the vasodilating action of milrinone 
decreases myocardial oxygen consumption compared with dobutamine.18 Both 
dobutamine and milrinone have been associated with increased mortality risk 
in observational studies, so their use should be limited to patients with clear 
evidence of low cardiac output syndrome, with a strategy to use the lowest 
effective dose for the shortest possible time.

If the blood pressure is 100–120 mmHg, either vasodilator drugs or posi-
tive inotropic agents may be used, based on the estimated risk of symptomatic 
hypotension vs. potential adverse effects of positive inotropic agents.
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Dopamine is an endogenous catecholamine with regional vasodilating action 
in the renal circulation. In patients with heart failure and low cardiac output 
syndrome, dopamine can be administered in low doses (1–3 mcg/kg/min) 
either alone or in combination with vasodilator agents or positive inotropic 
agents to increase renal perfusion and urine output.19 Systemic side effects of 
low-dose dopamine are uncommon, but there is risk of severe local skin injury 
if there is extravasation of dopamine from a peripheral intravenous line. Ideally, 
dopamine should be infused via a central intravenous catheter, but if a periph-
eral venous catheter is used, the alpha-blocking agent phentolamine should be 
available for subcutaneous injection in case of extravasation to prevent intense 
vasoconstriction and ischemic skin injury. Other endogenous catecholamines 
including norepinephrine and epinephrine may be used in the setting of car-
diogenic shock but are not routinely used in patients with low cardiac output 
syndrome.

The short-term goal for patients with low-cardiac-output syndrome is to 
utilize intravenous therapies to restore an optimal volume status, improve 
nutritional status and begin low-level exercise training to reverse decondition-
ing changes. In some patients, these goals can be achieved after three to fi ve 
days of therapy, with transition back to an oral regimen at the time of hospital 
discharge. These patients remain at high risk for re-hospitalization, so prepa-
ration of advance directives and the possible need for referral for advanced 
surgical therapies (cardiac transplantation or mechanical circulatory support 
as discussed below) or referral to palliative care should be discussed. Some 
patients will manifest rapid return of the signs and symptoms of low-cardiac-
output syndrome within hours to days after cessation of intravenous therapy, 
with resolution upon restarting of the intravenous therapy. These patients have 
a very high risk of death over the next year, so they should be considered for 
cardiac transplantation or mechanical circulatory support if eligible, or be con-
sidered for referral to palliative care in a hospice setting if not candidates for 
other advanced therapies. Intravenous therapies may be continued at home or 
at inpatient hospice settings as part of a comprehensive palliative care program 
(to include appropriate use of opiates for relief of pain, restlessness, and dysp-
nea). Continuous home infusion therapy may also be used in patients awaiting 
cardiac transplantation. Chronic venous access and collaboration with a visit-
ing nursing service that can supply outpatient drug and home infusion pump 
is required. Intermittent outpatient infusions of positive inotropic agents or 
vasodilators have no proven benefi t and are not recommended. For patients 
with implantable cardiovertor defi brillators, patients should be advised on the 
option of deactivating the device in the setting of end-stage disease.20

Heart transplantation is an effective intervention for patients with advanced 
heart failure refractory to other therapies.21 A comprehensive evaluation to 
determine transplant eligibility is usually performed by the transplantation cen-
ter. The major purpose of the evaluation is to confi rm that the patient has end-
stage disease refractory to all appropriate therapy and that the patient does not 
have another major disease or other life-limiting condition that would limit the 
likelihood of a successful transplantation procedure. Ongoing substance abuse 
(including tobacco), history of persistent non-adherence to medical therapy, 
poorly controlled major psychiatric illness, and other behavioral or psychosocial 
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issues are relative contraindications to transplantation. Destination mechanical 
circulatory support with an implantable left-ventricular assist device is another 
option known to dramatically improve survival in patients with advanced heart 
failure.22 A comprehensive evaluation similar to the transplantation evaluation is 
performed by the implant center. Eligibility guidelines differ for each center, but 
generally are somewhat less stringent than cardiac transplantation criteria and 
may include older patients (up to 80 years) and patients with moderate degrees 
of other organ dysfunction (for example, Stage 3–4 chronic kidney disease).
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Chapter 11

Management of Common 
Comorbidities in Patients 
with Chronic Heart Failure

Coronary Artery Disease

Coronary disease is the most common cause of heart failure with reduced ejec-
tion fraction, and is a common comorbid condition in patients with heart failure 
and preserved ejection fraction. The presence of comorbid coronary artery 
disease is associated with increased mortality risk, compared to heart failure 
patients without coronary artery disease.1 Heart failure is a common complica-
tion of acute myocardial infarction. Loss of functioning myocytes during the 
acute myocardial infarction puts a greater load on the remaining myocytes 
remote from the infarction and initiates the process of ventricular remodeling 
with slowly progressive ventricular enlargement and decrease in left-ventricular 
ejection fraction over time.2 Coronary artery disease may also impair diastolic 
relaxation and thus promote the progression of heart failure with preserved 
ejection fraction. The presence of heart failure during or after an acute myo-
cardial infarction is associated with greater subsequent risk of heart failure 
and premature death.1 Patients with acute myocardial infarction and evidence 
of left-ventricular systolic dysfunction (with or without clinical heart failure) 
should be treated with an angiotensin-converting enzyme inhibitor and beta-
adrenergic-receptor blocking agent, as tolerated, during the index hospitaliza-
tion and at discharge. A mineralocorticoid receptor antagonist should be added 
as tolerated to patients with symptomatic heart failure with reduced ejection 
fraction, or to asymptomatic patients with reduced ejection fraction and diabe-
tes mellitus.3 Patients should receive post-discharge treatment as described in 
chapters 7 through 9 for asymptomatic (Stage B) and symptomatic (Stage C) 
patients, respectively.

In patients with heart failure and symptomatic angina, it is reasonable to 
consider revascularization therapy with percutaneous intervention or surgical 
coronary-artery-bypass grafting as dictated by the coronary anatomy. Medical 
therapy for angina (in addition to beta-adrenergic-receptor blockers) may 
include various formulations of organic nitrates, and calcium blockers (amlo-
dipine for low ejection fraction patients) as tolerated.1 Ranolazine can be con-
sidered in patients with residual symptoms despite other anti-anginal therapy, 
or if low blood pressure limits the ability to titrate other classes of drugs.4

If the patient has obstructive coronary artery disease without symptomatic 
angina, the role of revascularization is less certain. Many heart failure patients 
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with reduced ejection fraction and coronary artery disease have hypokinetic 
or akinetic segments of myocardium distal to coronary stenoses that may 
have the potential to increase contractile function if fl ow is restored with suc-
cessful revascularization therapy (“hibernating myocardium”). Several imaging 
modalities have been developed to identify areas of viable myocardium whose 
contractile function may improve with revascularization (nuclear perfusion 
imaging, dobutamine stress echocardiography, PET assessment of myocardial 
glucose uptake, and cardiac MRI with contrast for assessment of full vs. partial 
thickness fi brosis and total scar burden), but there are limited head-to-head 
comparisons and no data from controlled prospective studies, so the optimal 
method or combination of methods has not been determined.5 Interpretation 
of viability imaging should be considered in the context of the left-ventricular 
volumes, as there may be reduced benefi t of revascularization in patients with 
more severe left-ventricular dilation.6 The only prospective randomized trial 
of modern medical therapy vs. surgical revascularization therapy in patients 
with heart failure with reduced ejection fraction due to coronary artery disease 
did not demonstrate benefi t with surgical therapy in patients with evidence of 
viable myocardium determined by radionuclide imaging or dobutamine stress 
echocardiography.7 The fi ndings of this trial (acronym STICH) remain contro-
versial but are consistent with the fi ndings of the earlier Occluded Artery Trial, 
in which the strategy of percutaneous intervention for occluded coronary arter-
ies after myocardial infarction did not alter clinical outcomes when compared 
with optimal medical therapy in the subgroup of patients with post–myocardial 
infarction left-ventricular systolic dysfunction.8 Accordingly, routine revascular-
ization of heart failure patients without angina or angina-equivalent symptoms 
is not recommended. Decisions on revascularization in asymptomatic patients 
with heart failure with reduced ejection fraction and coronary artery disease 
must be made on an individual basis, with recognition of the limitations of the 
currently available imaging techniques for determining myocardial viability.

Aspirin is recommended as secondary prevention therapy after myocardial 
infarction. In patients with heart failure and reduced ejection fraction, there is 
concern that cyclooxygenase-inhibition with aspirin may attenuate benefi ts of 
angiotensin-converting enzyme inhibitors.9,10 There are no prospective random-
ized studies in the heart failure population, and evidence from retrospective 
analyses regarding the benefi ts and risks of aspirin in this population is inconsis-
tent. It is recommended to continue low-dose aspirin (81 mg daily) in patients 
with heart failure and known coronary artery disease. Thienopyridines should 
be used according to indications related to recent myocardial infarction or 
history of coronary stent placement, as there is no other proven role either 
alone or in addition to aspirin in the chronic heart failure population. Warfarin 
therapy is reasonable to consider for patients with atrial fi brillation or history 
of thromboembolic events, but it was not superior to aspirin for reduction in 
mortality in patients with chronic heart failure with reduced ejection fraction in 
sinus rhythm.11,12

The role of lipid-lowering therapy with HMG-CoA reductase inhibitors (sta-
tins) in patients with heart failure is controversial, as two large, randomized 
clinical trials demonstrated that treatment with a high-potency statin (rosuvas-
tatin) failed to improve cardiac outcomes over placebo in patients with heart 
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failure and low ejection fraction.13,14 There are no comparable prospective clini-
cal trial data for patients with heart failure and preserved ejection fraction, but 
observational studies suggest the potential benefi t of statins in this population.15 
Accordingly, decision on lipid-lowering therapy with statins in patients with 
heart failure should be individualized based on assessment of the long-term 
prognosis, left-ventricular ejection fraction, and estimated risk of recurrent isch-
emic events. N-3 polyunsaturated fatty acid (fi sh oil) supplements may also be 
considered in the heart failure populations. Studies in patients with heart failure 
and reduced ejection fraction have demonstrated short-term benefi t on func-
tion class and possibly small reductions in adverse clinical outcome events with 
n-3 polyunsaturated fatty acid supplements when compared with placebo.16 
Additional clinical trials are needed to determine whether n-3 polyunsaturated 
fatty acid supplements should be routinely administered to all patients with 
heart failure and reduced ejection fraction.

Hypertension

Hypertension is the most common risk factor for development of heart fail-
ure and is a common comorbidity in patients with heart failure with preserved 
ejection fraction.17 In the hypertension population, left-ventricular hypertro-
phy detected by electrocardiography or echocardiography is associated with 
increased risk of incident heart failure.

Treatment of hypertension has been shown to reduce the risk of developing 
heart failure. A network meta-analysis of over 200,000 subjects in randomized 
clinical trials indicates that the risk of heart failure is reduced with all classes 
of drugs except alpha-blockers, with greatest reduction of risk associated with 
thiazide diuretics and angiotensin-converting enzyme inhibitors or angiotensin-
receptor blockers.18

In patients with chronic heart failure, more stringent goals for blood pressure 
lowering are recommended (goal: <130/80). For hypertensive patients with 
reduced ejection fraction, there are compelling indications to use the combina-
tion of beta-adrenergic-receptor blockers with either angiotensin-converting 
enzyme inhibitors or angiotensin-receptor blockers as fi rst-line agents for blood 
pressure control, based on the results of outcomes studies reviewed in chap-
ters 7, 8, and 9. For hypertensive patients with preserved ejection fraction, it 
is reasonable to consider use of beta-adrenergic-receptor blockers and either 
angiotensin-converting enzyme inhibitor or angiotensin-receptor blocker ther-
apy, but there are no prospective data demonstrating differential survival ben-
efi ts for these classes of agents. Diuretics including thiazide diuretics should also 
be considered in patients with preserved ejection fraction and history of volume 
overload. For the subgroup of hypertensive patients with left-ventricular hyper-
trophy (but not symptomatic heart failure, Stage B), losartan therapy (plus thiaz-
ide diuretic and other agents as needed) was associated with greater reduction 
in left-ventricular hypertrophy (determined by electrocardiographic or echocar-
diographic criteria); it was also associated with a reduced risk of death or non-
fatal heart attack or stroke when compared with atenolol therapy (plus thiazide 
diuretic and other agents as needed), despite comparable reductions in blood 
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pressure. These fi ndings support preferential use of an angiotensin-receptor 
blocker as fi rst-line agent in this subgroup.

Valvular Heart Disease

Mitral regurgitation due to dilation of the mitral valve annulus is a common 
comorbidity in patients with heart failure and reduced ejection fraction and is 
associated with increased mortality risk.19 A large regurgitant volume associ-
ated with severe mitral regurgitation may be associated with increased left-
ventricular remodeling and disease progression. Therapeutic strategies are 
based on the presence of symptoms, the severity of the regurgitation (size of 
the regurgitant volume), valve anatomy, and the assessment of ventricular size 
and function.

In many patients, the severity of mitral regurgitation is dynamic, with 
increased regurgitation fraction in response to increased preload and/or after-
load.20 Accordingly, the severity of mitral regurgitation should be assessed on 
optimal medical therapy. Echocardiography (transthoracic and/or transesopha-
geal), contrast ventriculography, and cardiac MRI may be used to assess the 
severity of mitral regurgitation. Each imaging technique has strengths and 
weaknesses, and an integrated multimodality approach is recommended for 
most patients.21,22

Current guidelines recommend mitral valve surgery (replacement or repair) 
for symptomatic patients with severe mitral regurgitation and left-ventricular 
ejection fraction ≥30% and/or end-systolic left-ventricular dimension ≤55 mm. 
For patients with mitral regurgitation and more severe left-ventricular systolic 
dysfunction, there is no evidence that mitral valve surgery is associated with 
improved survival.23 Percutaneous mitral valve clip procedures have been evalu-
ated for patients who meet standard surgical criteria, but not for patients with 
more severe left-ventricular systolic function.24

Atrial Fibrillation

Atrial fi brillation is present in nearly one-third of patients with heart failure 
and is associated with increased mortality risk.25 Atrial fi brillation in heart 
failure patients is associated with greater stroke risk than in patients without 
heart failure and in heart failure patients in sinus rhythm. Accordingly, chronic 
oral anticoagulation therapy is recommended for this population unless there 
is a specifi c contraindication or intolerance. For patients unable to tolerate 
oral anticoagulation, alternative therapies, including aspirin, implantation of 
left-atrial-appendage occlusion device, or surgical ligation of the left atrial 
appendage, can be considered.26 For patients with a new diagnosis of atrial 
fi brillation (paroxysmal, persistent, or permanent), it is important to evalu-
ate them for potentially correctible exacerbating factors (thyroid disease, 
worsening valvular heart disease, pericardial disease, pulmonary embolism, 
obstructive sleep apnea, acute and/or chronic alcohol abuse, other substance 
abuse).27

Valvular Heart Disease
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For most patients with atrial fi brillation, chronic heart failure with low ejec-
tion fraction, and stable symptoms, rate control with medical therapy is a rea-
sonable initial strategy.28 The optimal target heart rate for the rate control 
strategy has not been determined, but a goal of less than 80 beats per minute at 
rest, and under 110 beats per minute during moderate exercise, is reasonable 
and attainable in most patients.29,30 A regimen of a beta-adrenergic-receptor 
blockade and digoxin, medications indicated for the underlying diagnosis of low 
ejection fraction heart failure, is often an effective rate control regimen. In an 
emergent setting, cautious dosing of intravenous diltiazem or intravenous amio-
darone can also be considered. Amiodarone can also be considered for chronic 
rate control, although its use is considered second-line due to the known toxici-
ties associated with long-term amiodarone use.31 Diltiazem and verapamil are 
often poorly tolerated for chronic rate control in patients with reduced ejection 
fraction. In rare instances where drug therapy is either ineffective or not toler-
ated, atrioventricular node ablation with implantation of a permanent electronic 
pacemaker can be considered for rate control.

If effective rate control cannot be achieved, or if atrial fi brillation with con-
trolled rate is associated with decreased functional capacity or symptomatic 
palpitations, it is reasonable to consider rhythm control strategies to reduce 
symptoms. Electrical cardioversion in conjunction with transesophageal 
echocardiography for imaging the left atrial appendage thrombus is the pre-
ferred technique for restoring sinus rhythm. Amiodarone is an effective anti-
arrhythmic agent for conversion to and maintenance of sinus rhythm and has a 
good safety record in heart failure. Amiodarone requires a loading dose (600 
mg–800 mg daily for total dose of 10 gm), which can be administered to an 
outpatient with careful monitoring of the QT interval.31 Digoxin dose should be 
halved at the time of initiation of amiodarone therapy, with careful monitoring 
of digoxin serum levels. Coumadin dosing must also be carefully monitored at 
the time of initiation of amiodarone therapy. Dofetilide has also been shown 
to be an effective rhythm control agent for atrial fi brillation in heart failure. 
Due to risks of prorhythmia (3%–4% in a placebo-controlled trial), dofetilide 
therapy should be initiated in an inpatient setting with telemetry monitoring 
and dose adjustment according to QT interval and renal function.32,33 Catheter-
based ablation of atrial fi brillation or related atrial ablation surgical procedures 
performed at the time of open heart surgery are effective alternative therapies 
for rhythm control, although the long-term effects of this approach on clinical 
outcomes have not yet been determined.34

Management of patients with atrial fi brillation, heart failure and preserved 
ejection fraction, and stable symptoms, is for the most part comparable to 
management of patients with reduced ejection fraction. In the setting of pre-
served ejection fraction, non-dihydropyridine calcium channel blockers (dilti-
azem, verapamil) may be used for chronic rate control as alternatives to, or in 
combination with, beta-adrenergic blockers. Digoxin may also be considered 
for rate control in this group. There are limited data on the safety of available 
rhythm control agents in this population. In addition to amiodarone, other 
agents, including sotalol, dofetilide, propafenone, and fl ecainide, may be con-
sidered, based on the presence of structural heart disease and coronary artery 
disease.29,30
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Ventricular Arrhythmias

Complex ventricular ectopy, including non-sustained ventricular tachycardia, 
is nearly ubiquitous in patients with heart failure and reduced ejection fraction 
and therefore does not have strong predictive value for risk of sudden death 
apart from that conferred by the degree of left-ventricular systolic dysfunc-
tion.35 Implantable defi brillators are recommended as primary prevention for 
symptomatic patients with left-ventricular ejection fraction <35%, regardless 
of the presence or absence of ventricular ectopy.36 In patients with a history 
of frequent fi ring of the implantable cardiovertor defi brillator, anti-arrhythmic 
therapy with anti-arrhythmic agents or ablation should be considered. Device 
therapy is not recommended for patients with heart failure and preserved ejec-
tion fraction, except in the case of a sudden-death survivor.

Very frequent ectopic beats may be associated with impaired ventricular func-
tion and worsened functional capacity, presumably related to atrio-ventricular 
dyssynchrony and ventriculo-ventricular dyssynchrony of the ectopic beats.37 If 
the majority of the ectopic beats are monomorphic, ablation of the ventricular 
focus of the ectopy may be associated with improved ventricular function and 
improved functional capacity.38 Frequent monomorphic ventricular beats arising 
from the right-ventricular outfl ow tract may confer risk of worsening systolic 
dysfunction and symptomatic events, so referral to an electrophysiologist for 
further evaluation and possible ablation therapy is recommended.39

Chronic Kidney Disease

Chronic kidney disease is a common comorbid condition in patients with heart 
failure and is associated with increased mortality risk, with greater risk in the 
patients with preserved ejection fraction.40,41 The pathogenesis of chronic kid-
ney disease in the heart failure patient is complex. Hypertension and diabetes 
mellitus are common risk factors for both heart and kidney disease. Altered 
hemodynamics and neurohormonal activation in heart failure may exacerbate 
progression of kidney disease. Increased salt and water retention in chronic 
kidney disease can exacerbate congestive symptoms and also promote disease 
progression.

Chronic kidney disease is often associated with diuretic resistance that 
complicates management. The pathophysiology of diuretic resistance is prob-
ably multifactorial and attributable to decreased nephron mass with reduced 
amount of fi ltered sodium, abnormal intraglomerular hemodynamics, neuro-
hormonal activation, and abnormal central hemodynamics that reduce renal 
blood fl ow. Treatment of volume overload often requires very high doses of 
loop diuretics and/or combination therapy of a loop diuretic with a thiazide 
diuretic. Serum creatinine levels often increase in response to effective diuretic 
therapy in this population. The rise in creatinine may be related to intrare-
nal effects of furosemide (tubuloglomerular feedback), hemodynamic effects 
related to decongestion (reduced cardiac output in response to preload reduc-
tion), and/or creatinine concentration effects related to reduction in total body 
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water during a large-volume diuresis. Importantly, none of these mechanisms 
are associated with permanent renal injury. Indeed, experimental studies consis-
tently demonstrate that loop diuretics protect the kidney from ischemic tubular 
injury. Accordingly, diuretics should be titrated to relief of congestive signs and 
symptoms, even in the face of rising creatinine, if there is no other evidence of 
oliguria or acute kidney injury. Ultrafi ltration can be considered as an alterna-
tive to diuretic therapy, but this should be implemented in consultation with a 
nephrologist in this population. Repeated central venous access or PICC-line 
placement for ultrafi ltration may cause central venous thrombosis that could 
complicate vascular access for future hemodialysis in the event of progression 
to end-stage kidney disease. Available evidence suggests that the risk of worsen-
ing renal function during decongestion with loop diuretics and ultrafi ltration are 
comparable.

Chronic kidney disease may also impact the use of pharmacological inhibitors 
of the renin-angiotensin-aldosterone axis in patients with heart failure.42 There 
are limited data on the effects of angiotensin converting enzyme (ACE) inhibi-
tors in patients with heart failure and chronic kidney disease, as most clinical 
trials excluded patients with serum creatinine >2.5 mg/dl. The ACE inhibitor 
benazepril was demonstrated to slow progression of renal disease in chronic 
kidney disease patients with starting serum creatinine between 3.1–5.0 mg/
dl.43 Observational studies suggest that ACE inhibition (or angiotensin receptor 
blocker (ARB) therapy) is associated with decreased mortality risk in patients 
with chronic systolic heart failure and chronic kidney disease, including patients 
with more severe chronic kidney disease.44,45 Accordingly, ACE inhibition (or 
ARB therapy) is recommended in this population, with recognition that a small 
initial decrease in estimated glomerular fi ltration rate is expected, and that care-
ful long-term monitoring of renal function and serum potassium levels is required. 
Potassium supplement doses should be reduced or discontinued. Patients should 
receive instructions for a low-sodium, low-potassium diet and should not use salt 
substitutes that contain potassium chloride. Mineralocorticoid receptor antago-
nists are also associated with an increased risk of worsening renal function and 
hyperkalemia in patients with chronic kidney disease, but they may be used with 
caution in combination with ACE inhibitors (or ARB therapy) in patients with 
estimated creatinine clearance 30–60 ml/min.

Anemia

Prevalence of anemia increases in proportion to the severity of heart failure 
symptoms.46 The etiology of anemia is dilutional in about half the cases, and 
related to chronic disease (including chronic kidney disease) and iron defi ciency 
in another 25%–35%. Angiotensin-converting-enzyme inhibitors are also known 
to suppress red blood cell production and are therefore likely contribute to the 
anemia. Anemia has been identifi ed as an independent predictor of increased 
mortality risk in the heart failure population.47

Treatment of anemia should be directed at the underlying cause. In patients 
with hemodilution, increased diuretic therapy to achieve optimal volume sta-
tus may be suffi cient treatment. Small studies indicate that erythropoietic 
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stimulating agents (ESAs) can increase hemoglobin and improve exercise toler-
ance in patients with heart failure, but correction of anemia with long-term ESA 
therapy does not improve survival when compared with placebo in patients 
with heart failure and reduced ejection fraction.48 In patients with concomi-
tant chronic kidney disease, erythropoietic stimulating agents can be used in 
accordance with existing guidelines for that population with target hemoglobin 
of 10–11 mg/dl.49 If iron defi ciency is identifi ed, intravenous iron preparations, 
rather than oral iron preparations, should be used to replenish iron stores, since 
oral iron is very poorly absorbed in patients with heart failure.50 Iron dextran 
has a small but non-negligible risk of life-threatening anaphylaxis, so it should no 
longer be used. Other forms of intravenous iron, including iron sucrose and iron 
gluconate, are well tolerated and can be administered on an outpatient basis to 
replenish iron stores. Intravenous iron supplementation has also been shown to 
be associated with improved functional capacity in patients with functional iron 
defi ciency and normal hemoglobin levels. However, the long-term safety of this 
approach has not yet been determined, so it is not recommended for clinical 
practice at this time.

Diabetes Mellitus

Diabetes mellitus is present in 20%–40% of patients with heart failure and is 
associated with increased mortality risk in patients with heart failure with both 
preserved and reduced ejection fraction.51,52 Diabetes mellitus may contribute 
to heart failure progression through direct effects on myocardial metabolism, 
substrate utilization, and mitochondrial energetics, and/or indirectly through its 
promotion of atherosclerosis progression and chronic kidney disease.

Better glycemic control, as assessed by hemoglobin A1c levels, is associated 
with improved clinical outcomes in patients with heart failure and diabetes 
mellitus.52,53 However, there are limited data to guide therapeutic choices for 
management of diabetes in the heart failure population.54 Sulfonylureas are gen-
erally well tolerated and appear to be safe for the heart failure population. 
Metformin carries an FDA warning about use in heart failure patients due to 
concern over the risk of development of lactic acidosis. However, post-mar-
keting surveillance revealed a very low risk of lactic acidosis in clinical practice 
(5 cases per 100,000 treated patients), and observational studies suggest that 
metformin use is associated with reduced mortality risk in diabetic heart failure 
patients.55 Thiazolidinediones (TZDs) are associated with edema formation and 
are not recommended for use in patients with heart failure.54 A meta-analysis of 
randomized clinical trials demonstrated that TZD use in diabetics is associated 
with increased risk of clinical heart failure, but not cardiovascular mortality. 
Observational studies suggest that TZD use is not associated with increased 
mortality risk in heart failure populations. Until additional prospective data 
become available, it is reasonable to consider TZD use in selected patients 
with less severe symptoms, with close follow-up of volume status and adjust-
ment in diuretic dose as needed. The role of insulin therapy in diabetic heart 
failure patients is uncertain, as existing reports have yielded confl icting data with 
regard to the association between insulin use and mortality risk.54
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Chronic Obstructive Lung Disease

Chronic obstructive lung disease is a common comorbidity in patients with 
chronic heart failure with both preserved and reduced ejection fraction.56–58 
Estimates of the prevalence of chronic obstructive lung disease in heart failure 
range from 20%–40%, but the accuracy of this estimate remains uncertain due to 
the diagnostic challenges discussed below. The presence of comorbid chronic 
obstructive lung disease is associated with increased mortality risk in patients 
with heart failure.

Dyspnea and exercise intolerance are common symptoms associated with 
both chronic lung disease and heart failure.56–58 In chronic lung disease, abnor-
mal gas exchange at rest or during exercise leads to arterial oxygen desatura-
tion and reduced oxygen delivery to active skeletal muscle. In chronic heart 
disease, arterial oxygen desaturation does not occur during exercise, but 
oxygen delivery to active skeletal muscle is limited by reduced cardiac output 
reserve. In both disease states, low-grade infl ammation, cachexia, and skeletal 
muscle atrophy also contribute to exercise intolerance. Clinical determination 
of the cause of dyspnea in patients with both chronic lung and heart disease is 
diffi cult due to overlapping symptoms and the non-specifi c fi ndings on physical 
examination. Accordingly, one must maintain a high level of suspicion for detec-
tion of comorbid disease in both populations. For patients with lung disease, 
measurement of brain natriuretic peptide can be clinically useful, as very high 
(>500 pg/ml) or very low values (<100 pg/ml) can alter the post-test probability 
of comorbid heart disease. Measurement of left-ventricular ejection fraction 
with echocardiography (or, if acoustic windows are limited by emphysema-
tous lung disease, with radionuclide ventriculography or cardiac MRI) should 
be considered, as identifi cation of reduced ejection fraction would change the 
therapeutic strategy. As discussed in previous chapters, the presence of a pre-
served ejection fraction does not rule out heart failure. If the diagnosis remains 
in doubt despite biomarkers and cardiac imaging, exercise testing with analysis 
of expired gases and arterial oxygen saturation, and/or right-heart catheteriza-
tion can be considered.

The presence of lung disease (chronic obstructive lung disease and/or 
asthma) is often cited as a contraindication to the use of beta-adrenergic-recep-
tor antagonists.56–58 There are limited data available on the use of beta-adren-
ergic blockers in patients with heart failure and chronic lung disease; however, 
the bulk of available evidence suggests that cardioselective beta-1 adrenergic 
blockers can be used safely in this population, even in patients with evidence of 
reversible air fl ow obstruction in response to beta-2 agonists. The available data 
support the preferential use of long-acting metoprolol succinate or bisoprolol 
over carvedilol in this population.59,60

Cough is a common symptom in patients with chronic lung disease; it is also 
common in patients with chronic heart failure, and is among the most common 
complications of ACE inhibition therapy (estimated to occur in 10%–20% of 
treated patients). Accordingly, a careful history must be taken to distinguish the 
cause of cough in a patient with heart failure and comorbid lung disease. The 
cough associated with ACE inhibition is typically non-productive and can be 
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provoked by speaking, ingestion of cold liquids, or inhalation of cold air. Most 
important, the cough associated with ACE inhibition will rapidly dissipate after 
discontinuation of therapy. Limited data from small prospective studies and 
post-marking registries suggest that the risk of cough (or, more rarely, bron-
chospasm) associated with ACE inhibition is not increased in patients with heart 
failure and comorbid chronic lung disease. If the etiology of a persistent cough 
remains uncertain, an angiotensin-receptor antagonist can be substituted.61

Sleep-Disordered Breathing

Sleep-disordered breathing (obstructive and/or central sleep apnea) is a com-
mon comorbid condition in patients with heart failure with both preserved and 
reduced ejection fraction, and is associated with increased mortality risk.62–64 
Recurrent hypoxic events during sleep can exacerbate daytime fatigue, increase 
blood pressure, increase pulmonary artery pressure, and promote sodium 
retention and volume overload.

Both central and obstructive sleep apnea are common, so a sleep study is 
indicated to determine the severity and type(s) of sleep apnea present. Patients 
with complaints of daytime somnolence, obesity, diffi cult-to-control hyperten-
sion, diuretic resistance, and pulmonary hypertension should be considered for 
evaluation in a sleep laboratory. Absence of daytime somnolence is not by itself 
suffi cient to exclude the presence of nocturnal apnea.65

Positive airway pressure (PAP) breathing has been shown to improve symp-
toms in patients with heart failure and reduced ejection fraction, but was not 
associated with improved survival.66 Adherence to positive pressure breathing 
masks in clinical practice can be limited by patient intolerance.
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Chapter 12

Hospital Management 
of Acute Decompensated 
Heart Failure

Key Points

In-hospital and post-discharge mortality of patients hospitalized with • 

decompensated heart failure is high.
In patients with decompensation of chronic heart failure, typical signs • 

of congestion may not be present on physical examination or chest 
radiograph.
Most decompensations are subacute. If a history compatible with symp-• 

toms over 24 hours is not present, the patient should be evaluated for 
other acute exacerbating factors.
For patients with worsening congestion, diuretic therapy must be rapidly • 

optimized to overcome diuretic resistance.
Vasodilators can be used in combination with diuretic therapy for rapid • 

relief of dyspnea in patients with systolic blood pressure higher than 
100 mmHg.
Positive inotropic agents should only be used in patients who have clinical • 

manifestations of poor tissue perfusion.
Discharge planning should include a multidisciplinary assessment to reduce • 

the risk for early readmission.

Clinical Assessment

The term “acute decompensated heart failure” is most often used to describe 
the change in symptoms leading to hospitalization for heart failure. This term is 
a misnomer, as multiple lines of evidence indicate that it is a subacute deterio-
ration over one to two weeks that typically leads to hospitalization, although 
the patient may not perceive any early symptoms of worsening.1 Regardless of 
the timing, hospitalization for worsening symptoms of heart failure is a sentinel 
event that identifi es patients at increased risk for post-discharge adverse clinical 
outcomes.2

The decision to hospitalize a patient for worsening symptoms is based primar-
ily on the severity of the symptoms (dyspnea at rest or with minimal exertion, or 
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other persistent symptoms associated with volume overload), identifi cation of 
precipitating factors or associated conditions that require hospitalization for man-
agement, or other factors such as abnormal laboratory values that require hospi-
talization for safe management.3 While hospital emergency departments remain 
the most common destination for patients with decompensated heart failure, 
other venues, including outpatient furosemide-infusion centers and non-inpatient 
heart failure observation units, may be suitable alternatives for some patients.4

Precipitating factors can be identifi ed in a large proportion of patients with 
worsening symptoms.5 Hospitalized patients should be carefully questioned 
about the events of the two weeks prior to admission, since a precipitating 
event may be identifi ed in that wider time window. The patient should be ques-
tioned about specifi c potential precipitants, including manifestations of infection, 
arrhythmias, myocardial ischemia, diuretic resistance, as well as non-compliance 
with medications and/or sodium restricted diet. It is important to recognize 
that identifi cation of medicine or dietary non-compliance in the history may not 
represent a change from usual patient behavior, so this may not necessarily be 
playing a causal role in the worsening symptoms.

Acute cardiogenic pulmonary edema is a distinct form of decompensated 
heart failure that is characterized by the sudden onset of severe dyspnea with 
no prodrome and, in most cases, severe pulmonary venous congestion and alve-
olar edema with little or no evidence of right-sided congestion. The pathophysi-
ology of acute pulmonary edema is related to acute changes in left-ventricular 
function, usually due to a combination of myocardial ischemia and sympathetic 
activation with intense vasoconstriction and consequent high systemic vascular 
resistance (increased afterload) and increased venous return from displacement 
of blood from the sphlanchnic circulation (increased preload).6 Left-ventricular 
ejection fraction is often normal after initial treatment and return of blood pres-
sure to the normal range.7 Supraventricular arrhythmia may precipitate acute 
pulmonary edema in patients with heart failure and preserved ejection fraction. 
Acute valvular regurgitation lesions and acute myocarditis are also in the dif-
ferential diagnosis.8 Although the initiating stimulus cannot be determined in 
all cases, the fi nal common pathway appears to be an acute rise in pulmonary 
venous pressures that increases hydrostatic forces in the pulmonary capillaries 
and causes transudation into the alveolar spaces.6,9 The evaluation of patients 
should include search for potential precipitating causes, including ischemia and 
arrhythmias. Since total body sodium and water content may be normal or 
only modestly increased, vasodilator therapy (most often intravenous nitroglyc-
erin and opiates) should be the fi rst-line therapy, with additional diuretics as 
suggested by the physical assessment and response to vasodilators. Ventilator 
support with continuous positive-pressure breathing or non-invasive positive-
pressure ventilation is recommended to reduce the risk of need for tracheal 
intubation.10

In patients presenting with subacute onset of worsening symptoms, physical 
examination should be directed to determine the volume status of the patient 
(“wet vs. dry”) and evidence of hypoperfusion due to low cardiac output (“warm 
vs. cold”) as described in previous chapters.3 Pulse and blood pressure should 
be measured directly by the physician rather than transcribed from nursing 
notes. Low pulse pressure, thready pulse, and pulsus alternans are consistent 
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with low cardiac output and are often present in patients with reduced ejec-
tion fraction. Conversely, hypertension is common is patients with preserved 
ejection fraction. Respiration should be observed for several minutes to detect 
cyclic changes in respiratory rate (Cheynes-Stokes respiration). In subacute 
decompensated heart failure, the absence of rales on lung auscultation does 
not reliably exclude a cardiac cause of dyspnea (negative predictive value of 
about 50%).11 In the absence of inspiratory rales, diffusely decreased bronchial 
breath sounds are a common physical fi nding on lung auscultation in patients 
with acute decompensated heart failure that is consistent with a cardiac cause 
of dyspnea. Elevation of jugular venous pressures with hepatojugular refl ux is 
the most reliable sign on physical examination. Gallop rhythms are common: S3 
gallop in patients with reduced ejection fraction, and S4 gallop in patients with 
preserved ejection fraction. Other fi ndings of right-sided congestion (hepato-
megaly and pre-sacral and/or lower-extremity edema) are common in patients 
with preserved or reduced ejection fraction.12,13 Physical examination should 
also be directed towards identifying potential exacerbation factors such as new 
or changed cardiac murmur, signs of infection, or thyroid disease.

Chest radiograph is useful to evaluate pulmonary vascular congestion and for 
evidence of lung infection. In patients with severe hypoxemia and no evidence 
of infi ltrate on chest radiograph, the diagnosis of pulmonary embolism should 
be considered. Most patients with a subacute presentation will not manifest pul-
monary edema on the chest radiography, but may have evidence of pulmonary 
vascular congestion, small pleural effusions, and Kerley B lines. The absence 
of such fi ndings does not reliably exclude decompensated heart failure (nega-
tive predictive value of chest radiograph for excluding high pulmonary capillary 
wedge pressure is about 50%).14 Electrocardiography is useful to evaluate for 
arrhythmia and ischemia, and for identifi cation of patients with QRS duration 
>150 msec who may benefi t from cardiac resynchronization therapy.

Routine laboratory data can identify exacerbating factors, including elevated 
white blood cell count, anemia, and worsening renal function. Increase in BUN 
and serum creatinine levels from previous baseline is consistent with reduced 
renal perfusion and identifi es patients at increased risk for adverse outcomes, 
but does not provide reliable assessment of intravascular volume.2 Thyroid 
function tests are reasonable to exclude hypo- or hyperthyroidism as an exac-
erbating factor. Abnormal liver function tests (any combination of elevated 
transaminases and/or hyperbilirubinemia) may be present in patients with evi-
dence of right-heart failure, especially if there is signifi cant tricuspid regurgi-
tation (as detected by presence of an enlarged pulsatile liver on palpation of 
the abdominal right upper quadrant). In the absence of signs of acute biliary 
obstruction or other evidence of active liver disease, it is reasonable to defer 
additional workup unless blood test abnormalities fail to improve after decon-
gestion therapy. Urinalysis should be obtained to evaluate the presence and 
severity of proteinuria and look for evidence of infection. Fractional excretion 
of sodium should be low in most cases, but it can be infl uenced by previous 
diuretic dosing. A low value is consistent with reduced renal perfusion and does 
not indicate intravascular volume depletion. As discussed in previous chapters, 
brain natriuretic peptide measurement can be useful if the volume status of the 
patient remains uncertain after physical examination and chest radiography.15
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Confi rmatory Testing

Echocardiogram is reasonable to identify changes in ventricular size and func-
tion or changes in valve function that may be causally associated with worsening 
symptoms. Right-heart catheterization is not recommended for routine man-
agement of patients with decompensated heart failure.16 If the patient does not 
respond to empirical therapy based on clinical assessment as described below, 
right-heart catheterization may yield information that could be useful for further 
optimization of therapy.

Risk Assessment

Hospitalized patients presenting with evidence of organ hypoperfusion are at 
greatest risk for in-hospital death. In a large registry of patients hospitalized with 
acute decompensated heart failure, the combination of blood pressure <115 
mmHg, BUN >40 mg/dl, and serum creatinine >2.5 mg/dl on admission was 
associated with an in-hospital mortality rate greater than 20%.2 The occurrence 
of acute worsening of renal function during the hospitalization (increase in 
serum creatinine ≥0.3 mg/dl) is also associated with increased risk of in-hospital 
and post-discharge mortality.17 Hyponatremia is independently associated with 
risk of increased in-hospital and post-discharge adverse outcomes in hospital-
ized patients with heart failure.18 Increased brain natriuretic peptide levels is also 
an independent predictor of increased risk of adverse outcomes. The combina-
tion of hyponatremia and high brain natriuretic peptide level is associated with 
the greatest mortality risk.19

Treatment Strategies

All patients with acute decompensated heart failure should initially receive 
treatment with supplemental oxygen, by nasal cannula, or by positive-pressure 
breathing in patients with pulmonary edema and severe respiratory distress.20 
Severe arterial hypoxemia is not typical of most subacute exacerbations of 
chronic heart failure, and, if present, it should raise suspicion for coexisting 
acute lung disease (pneumonia or pulmonary embolism), chronic lung disease, 
or, more rarely, intracardiac or extracardiac shunts. All patients admitted with 
decompensated heart failure should receive venous thromboembolism prophy-
laxis according to institutional protocol.21

Most hospitalized patients have a history of chronic heart failure and are 
receiving chronic medical therapy.5 Outpatient doses of neurohormonal 
antagonist therapy (beta-adrenergic-receptor blockers, angiotensin-converting-
enzyme inhibitors, angiotensin-receptor blockers, mineralocorticoid-receptor 
antagonists) should be continued without change in most patients admitted with 
decompensated heart failure.17,22 If hypotension (systolic blood pressure <100 
mmHg or >20 mmHg below previous baseline), evidence of organ hypoperfu-
sion, and/or worsening renal function are present, neurohormonal antagonists 
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may be discontinued or administered at reduced doses. If neurohormonal 
antagonist therapy is interrupted or reduced during the hospitalization, therapy 
should be resumed prior to discharge if possible.

The large majority of patients admitted with decompensated heart failure are 
classifi ed as “warm” (adequate organ perfusion) and “wet” (signs and symptoms 
of congestion).23 The primary therapeutic goal in this subset is effective decon-
gestion therapy. The effectiveness of decongestion therapy should be moni-
tored by patient symptoms, daily weights, daily physical examinations, and daily 
laboratory evaluations. A summary of the therapeutic approach for deconges-
tion therapy is provided in Figure 12.1. Most patients with chronic heart failure 
are treated with daily doses of loop diuretics, so a therapeutic strategy must 
be designed to overcome resistance to the home diuretic regimen.24 Diuretic 
resistance is partly attributable to altered gastrointestinal absorption of oral 
furosemide in response to sphlanchnic congestion.25,26 Furosemide is absorbed 
slowly in this setting, with consequent longer time to peak level, lower peak 
blood level, reduced secretion into the nephron, and diminished pharmaco-
logical effect. Patients compliant with their usual daily dose of oral furosemide 
will frequently report that the diuretic effect was progressively diminished in 
the weeks before admission. Diuretic resistance is also partly attributable to 
diminished action of loop diuretics in the renal tubule, in part due to dimin-
ished secretion of active drug into the nephron caused by increased competi-
tion with endogenous organic acids (such as uric acid), increased reabsorption 
of sodium in proximal and distal segments of the nephron, and diminished 
renal blood fl ow due to low cardiac output and tubuloglomerular feedback. 
The most commonly applied approach to overcome diuretic resistance is to 
use intravenous diuretics at higher doses than previous outpatient exposure. 
A simple rule of thumb for a starting diuretic dose during a hospitalization for 
decompensation is to administer intravenous furosemide (or equivalent doses 
of torsemide or bumetanide) at a dose double that of the outpatient daily 
dose, at 12-hour intervals. The DOSE study demonstrated the safety of this 
approach in patients hospitalized with heart failure.27 The response to the initial 
dose of diuretic should be assessed either by asking the patient if they have 
noted a large increase in urinary volume, by tracking urine output (although 
these data are often inaccurate outside of critical care settings), or by sending 
a spot urine sample for urinary sodium 1–2 hours after intravenous administra-
tion of the diuretic. An effective dose of diuretic should increase urine output 
to >200 ml/hr for several hours with urinary sodium content >100 meq/l. If 
the initial selected diuretic dose does not achieve these goals, the next dose 
should be doubled (to a maximum of 240 mg intravenous administration every 
12 hours). For most patients, a net negative fl uid balance of 1–2 liters per day 
(corresponding to decreased weight of 1–2 kg/day) is a reasonable goal for 
diuretic therapy. For patients with more severe volume overload (known to be 
>10kg over their previous baseline weight, or the presence of edema above the 
knees, or ascites), a goal weight loss of 2–3 kg/day is appropriate. To minimize 
the risk of ototoxicity, the rate of administration of intravenous furosemide 
should be reduced for doses >80 mg (maximum 10 mg/min). A continuous 
furosemide infusion can be considered in patients with evidence of severe vol-
ume overload (edema above the knees and/or ascites), although the DOSE 
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study demonstrated no difference in effi cacy or safety between intravenous 
bolus vs. continuous infusion of furosemide.27 The infusion rate can be adjusted 
to achieve a net fl uid loss of 2–3 liters per day as tolerated. A downside of the 
continuous-infusion approach is limitation of patient mobility (and increased fall 
risk) due to the need for an infusion pump and intravenous pump stand. Patients 
receiving intravenous loop diuretics are at risk for hypokalemia, so they should 
preemptively receive oral potassium chloride supplementation at the time of 
initiation of therapy. In patients with estimated glomerular fi ltration rate >30 
ml/min and serum potassium <5.0 meq/l, a starting dose of potassium chloride 
40 meq twice daily is reasonable, with adjustment based on serial laboratory 
testing. Spot urinary potassium levels can be used to calculate urinary potassium 
losses in the setting of severely impaired renal function or history of hyper-
kalemia. An added benefi t of aggressive potassium chloride supplementation is 
amelioration of the hypochloremic metabolic alkalosis associated with diuretic 
therapy. Potassium chloride supplementation is the treatment of fi rst choice in 
the setting of hypochloremic metabolic alkalosis, unless the serum potassium 
level is >5.0 meq/l. In patients on higher doses of mineralocorticoid receptor 
antagonists and/or serum potassium >5.0 meq/l, acetazolamide 250 mg four 
times daily can be administered for several days to increase diuresis and raise 
serum chloride levels.28

Patients who do not respond to high-dose intravenous loop diuretics are at 
higher risk for prolonged hospitalization, worsening renal function during the 
hospitalization, and in-hospital and post-discharge adverse clinical outcomes. 
Addition of a thiazide diuretic (oral hydrochlorothiazide 12.5 mg–50 mg or 
intravenous chlorothiazide 500 mg daily) or thiazide-like diuretic (oral meto-
lazone 2.5 mg–10 mg daily) is an effective strategy to overcome diuretic resis-
tance and increase urine output.29 A single-dose order for initiation of therapy 
is recommended, as the response to combination therapy is unpredictable, and 
in some patients can it induce a sustained, large increase in urinary volume 
(>300 ml/hr) with associated hypokalemia, hypomagnesiumia, hypovolemia, and 
hypotension. Administration 30 minutes before intravenous loop diuretic dosing 
is not required. Once the 24-hour response to the fi rst dose has been assessed, 
the dose and dosing interval of the agent can be adjusted, remembering that 
the half-life of thiazide diuretics is substantially longer than that of loop diuret-
ics. Oral potassium chloride supplementation should be increased in patients 

Well Perfused

Congestive
Signs/Symptoms

IV Furosemide
Vasodilators

Add Thiazide

Diuretic
Resistance

Hypoperfusion
Vasodilators

Positive Inotropes
IV Furosemide
Add Thiazide

Figure 12.1 Therapeutic strategies based on clinical presentation in patients with hospi-
talized with worsening heart failure. (See chapter text for details.)
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receiving combination diuretic therapy with careful monitoring of electrolytes 
and addition of magnesium supplementation as needed.

For patients resistant to combination diuretic therapy, ultrafi ltration therapy 
can be considered. This technique requires central intravenous access and sys-
temic heparinization, but has been shown to be a safe and effective means of 
reducing congestion in patients hospitalized with decompensated heart failure. 
Potential advantages of the ultrafi ltration approach vs. loop diuretics include 
a greater concentration of sodium removal in the ultrafi ltrate compared with 
urine, and reduced potassium losses. However, the risk of worsening of renal 
function associated with decongestion therapy via ultrafi ltration is not lower 
than the risk associated with decongestion therapy with loop diuretics.30,31

For patients with evidence of low cardiac output and renal hypoperfusion, 
positive inotropic therapy with dobutamine or milrinone may be considered 
in order to improve renal perfusion and enhance response to diuretics.32 
Dopamine administered at low doses (1–3 mcg/kg/min) selectively increases 
renal blood fl ow and in some patients can enhance the response to loop diuret-
ics.33 Dopamine should be not be administered via a peripheral intravenous line, 
since extravasation could lead to a serious local skin tissue injury (due to severe 
vasoconstriction).

Most patients treated with decongestion therapy (diuretics and/or ultrafi ltra-
tion) will demonstrate an increase in serum creatinine in response to therapy. 
This increase in serum creatinine in the setting of treatment of decompensated 
heart failure is one manifestation of a larger group of disorders collectively 
called cardiorenal syndrome.34 The pathophysiology of the worsening of renal 
function in response to decongestion therapy is complex and heterogeneous, 
but can be attributed to systemic hemodynamic changes, renal hemodynamic 
changes, and other intrarenal changes in response to decongestion. One of the 
principal goals of decongestion therapy is to reduce ventricular preload. In most 
patients with heart failure with reduced ejection fraction, preload reduction is 
not associated with reduction of cardiac output, unless the pulmonary capil-
lary wedge pressure decreases to below 12 mmHg. The likelihood of excessive 
reduction in preload is low for most patients with reduced ejection fraction, 
but it may be more likely in patients with very rapid diuresis rate (one that 
exceeds capillary refi ll rate from the extravascular tissues) and low plasma 
oncotic pressure due to nephrotic syndrome, cardiac cachexia with malnutri-
tion, or chronic liver disease. Conversely, patients with heart failure and pre-
served ejection fraction may more often manifest a decrease in forward cardiac 
output (and decreased renal perfusion) in response to preload reduction with 
diuretic therapy. Despite the effects of reduced preload on cardiac output in 
some patients, any reduction in net perfusion gradient across the renal circula-
tion associated with reduced arterial pressure is partially offset by concomitant 
reduction in systemic venous pressures in response to diuretic therapy. In addi-
tion to the effects of decongestion therapy on the pressure gradient across the 
kidney circulation, neurohormonal activation in response to reduced cardiac 
output can alter glomerular hemodynamics and decrease renal arterial blood 
fl ow. Increased delivery of sodium to the macula densa in response to loop 
diuretics can further decrease renal blood fl ow and glomerular fi ltration. All of 
these mechanisms can contribute to rising creatinine, but they are not typically 
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associated with renal tubular injury or oliguria. Loop diuretics are known to 
decrease renal oxygen consumption and reduce the extent of tubular injury in 
experimental models of renal ischemia.35,36 Accordingly, acute oliguric renal fail-
ure with evidence of acute tubular necrosis is unlikely to be directly attributable 
to loop diuretic therapy. Lastly, in patients with a large volume of diuresis during 
therapy (>10 kg weight loss), total body sodium and water may be reduced by 
10%–20% with consequent increased concentration of serum creatinine that is 
unrelated to change in glomerular fi ltration rate.

Worsening renal function during hospitalization for decompensated heart 
failure (increase in creatinine >0.3 mg/dl) has been shown to be associated with 
increased risk of in-hospital and post-discharge mortality. Higher diuretic doses 
have also been associated with greater risk of adverse outcomes.17 However, 
successful decongestion therapy (as evidenced by weight reduction and hemo-
concentration, an increase in hematocrit, serum albumin, and/or total protein 
during the hospitalization) is associated with reduced risk of post-discharge 
mortality despite worsening renal function during treatment.37,38 The DOSE 
study confi rmed that patients randomly assigned to higher doses of diuretics 
during hospitalization for decompensated heart failure demonstrated greater 
weight loss, increased risk of worsening function, but no evidence of increased 
risk of post-discharge adverse clinical outcomes when compared with patients 
randomized to lower doses of diuretics.27

Taking into account the complex pathophysiology and data on clinical out-
comes described above, it is recommended to adjust diuretic therapy primar-
ily based on the clinical assessment of cardiac fi lling pressures (most reliably, 
jugular venous pressure waves) rather than on blood pressure, blood urea 
nitrogen levels, or serum creatinine levels. If the patient has clear evidence 
of persistent elevation of jugular venous pressures (>8 cm above the angle 
of Louis), diuretic or ultrafi ltration therapy should continue with a goal of 
achieving resolution of congestive signs and symptoms. If the signs of conges-
tion persist in conjunction with signs of reduced perfusion (“cold and wet”), 
then additional therapy should be considered to improve renal perfusion as 
described below. These therapies should be administered in hospital setting 
able to provide frequent monitoring of patients (intensive care or step-down 
units, per institutional protocol).

Vasodilator therapy can be used in conjunction with diuretic therapy for 
symptom relief in patients with evidence of congestion and systolic blood 
pressure >100 mmHg (“warm and wet”). Intravenous nitroglycerin has a short 
serum half-life and can be rapidly titrated to a typical target range of 100–400 
mcg/min as dictated by systemic blood pressure and signs and symptoms of 
congestion.39 Intravenous nitroglycerin can be especially helpful in patients with 
functional mitral regurgitation due to mitral annular dilatation. Nitroglycerin 
rapidly reduces preload, with concomitant decrease in regurgitant volume and 
increased forward cardiac output in this subset of patients.40 Nitroglycerin’s 
hemodynamic effects can rapidly diminish over 24 hours.41 Short-term use is 
usually suffi cient to achieve early treatment goals, but if longer duration of 
therapy is planned, the therapeutic effect must be reassessed daily with further 
up-titration as necessary. Some patients with initial good response to nitroglyc-
erin may eventually become resistant to its vasodilating effects. Nesiritide is an 
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alternative vasodilator agent that is suitable for longer term use, as rapid toler-
ance has not been described with this agent.42

Patients with reduced ejection fraction and evidence of congestion and 
peripheral hypoperfusion (“wet and cold”) may be managed with vasodilators 
as described above if the systolic blood pressure is >100 mmHg, or positive 
inotropic agents if the systolic blood pressure is < 100 mmHg. Dobutamine and 
milrinone can be used to increase cardiac output as described in Chapter 10. 
Positive inotropic agents have been associated with increased risk of adverse 
clinical outcomes in clinical trials of hospitalized heart failure patients (with or 
without evidence of low cardiac output), but the safety of these agents in the 
specifi c situation of treatment of low-cardiac-output syndrome has never been 
tested prospectively. An observational registry of a large number of patients 
hospitalized with decompensated heart failure suggested that the use of posi-
tive inotropric agents is associated with increased risk of adverse outcomes, 
even when adjusting for severity of illness.43 Given these safety concerns, the 
goal for use of positive inotropic agents is to use the lowest possible dose for 
the shortest period of time to return the patient to a compensated state with 
optimal volume status.

Length of hospital stay can be minimized by hospital-wide programs to 
increase early and accurate recognition of heart failure patients, and by develop-
ment of treatment protocols and order sets to assist in the rapid titration of 
diuretic dose.44 The DOSE study has confi rmed the safety of higher initial doses 
of intravenous diuretics (twice the outpatient oral diuretic dose) in hospitalized 
patients with signs and symptoms of congestion.27 The pathophysiology of heart 
failure is too complex to create a formulaic approach for all patients. The treat-
ment plan must be individualized with an emphasis on the frequent assessments 
of clinical response to therapy with appropriate adjustments of the medical 
regimen as needed.

The goal of the initial treatment strategies described above is to relieve 
symptoms associated with decompensation, address any identifi ed exacerbating 
factors, and restore the patient to a stable clinical state for transition back to 
oral therapies and discharge from the hospital. For discharge to home, patients 
should demonstrate ability to ambulate at their preadmission level and perform 
simple activities of daily living (bathing, dressing) without symptoms. Patients 
unable to perform these tasks may not be suitable for home discharge, and 
may benefi t from transfer to acute or subacute rehabilitation facilities. Early 
consultation with physiatry and physical therapy services will aid in determina-
tion of the optimal discharge venue. The fi nal day(s) of the hospital course 
should be used to optimize outpatient therapy.45 If the initial presentation was 
predominantly due to volume overload (“warm and wet”), outpatient diuretic 
dosing should be reevaluated at the time of discharge. For patients with recur-
rent admissions, it is reasonable to consider an increase of the furosemide dose, 
or a change to torsemide, as the oral bioavailability of this agent may be supe-
rior to that of furosemide in some patients.46 If doses of neurohormonal agents 
were held or reduced during the course of the hospitalization, the medications 
should be reviewed, and if possible restarted and/or increased back to admis-
sion doses.45 The therapeutic regimen should be reviewed to determine that the 
patient is receiving all indicated medical and device therapy. A multidisciplinary 
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plan should be developed to address cardiovascular issues, non-cardiovascular 
issues, and psychosocial issues pertinent for each patient. The discharge plan-
ning process and transition to care outside the hospital is described in detail in 
Chapter 13.

References
 1. Desai AS, Stevenson LW. Rehospitalization for heart failure: predict or prevent? 

Circulation. 2012;126:501–506.

 2. Fonarow GC, Adams KF, Jr., Abraham WT, Yancy CW, Boscardin WJ. Risk 
stratifi cation for in-hospital mortality in acutely decompensated heart failure: 
classifi cation and regression tree analysis. JAMA. 2005;293:572–580.

 3. Thomas SS, Nohria A. Hemodynamic classifi cations of acute heart failure and 
their clinical application—an update. Circ J. 2012;76:278–286.

 4. Peacock WF 4th, Young J, Collins S, Diercks D, Emerman C. Heart failure obser-
vation units: optimizing care. Ann Emerg Med. 2006;47:22–33.

 5. Klapholz M, Maurer M, Lowe AM, et al. Hospitalization for heart failure in the 
presence of a normal left-ventricular ejection fraction: results of the New York 
Heart Failure Registry. J Am Coll Cardiol. 2004;43:1432–1438.

 6. Luisada AA, Cardi L. Acute pulmonary edema; pathology, physiology and clinical 
management. Circulation. 1956;13:113–135.

 7. Gandhi SK, Powers JC, Nomeir AM, et al. The pathogenesis of acute pulmonary 
edema associated with hypertension. N Engl J Med. 2001;344:17–22.

 8. Pierard LA, Lancellotti P. The role of ischemic mitral regurgitation in the patho-
genesis of acute pulmonary edema. N Engl J Med. 2004;351:1627–1634.

 9. Ware LB, Matthay MA. Clinical practice. Acute pulmonary edema. N Engl J Med. 
2005;353:2788–2796.

10. Mehta S. Continuous versus bilevel positive airway pressure in acute cardiogenic 
pulmonary edema? A good question! Crit Care Med. 2004;32:2546–2548.

11. Butman SM, Ewy GA, Standen JR, Kern KB, Hahn E. Bedside cardiovascular 
examination in patients with severe chronic heart failure: importance of rest or 
inducible jugular venous distension. J Am Coll Cardiol. 1993;22:968–974.

12. Fonarow GC, Heywood JT, Heidenreich PA, Lopatin M, Yancy CW; Committee 
ASA investigators. Temporal trends in clinical characteristics, treatments, and 
outcomes for heart failure hospitalizations, 2002 to 2004: fi ndings from Acute 
Decompensated Heart Failure National Registry (ADHERE). Am Heart J. 
2007;153:1021–1028.

13. Yancy CW, Lopatin M, Stevenson LW, De Marco T, Fonarow GC. Clinical pre-
sentation, management, and in-hospital outcomes of patients admitted with 
acute decompensated heart failure with preserved systolic function: a report 
from the Acute Decompensated Heart Failure National Registry (ADHERE) 
database. J Am Coll Cardiol. 2006;47:76–84.

14. Chakko S, Woska D, Martinez H, et al. Clinical, radiographic, and hemodynamic 
correlations in chronic congestive heart failure: confl icting results may lead to 
inappropriate care. Am J Med. 1991;90:353–359.

15. de Lemos JA, McGuire DK, Drazner MH. B-type natriuretic peptide in cardiovas-
cular disease. Lancet. 2003;362:316–322.

16. Binanay C, Califf RM, Hasselblad V, et al. Evaluation study of congestive heart fail-
ure and pulmonary artery catheterization effectiveness: the ESCAPE trial. JAMA. 
2005;294:1625–1633.

www.ebook3000.com

http://www.ebook3000.org


C
H

A
PT

ER
 1

2 
Ac

ut
e 

D
ec

om
pe

ns
at

ed
 H

ea
rt

 F
ai

lu
re

10
1

17. Damman K, Navis G, Voors AA, et al. Worsening renal function and prognosis in 
heart failure: Systematic review and meta-analysis. J Card Fail. 2007;13:599–608.

18. Gheorghiade M, Rossi JS, Cotts W, et al. Characterization and prognostic value 
of persistent hyponatremia in patients with severe heart failure in the ESCAPE 
trial. Arch Intern Med. 2007;167:1998–2005.

19. Mohammed AA, van Kimmenade RR, Richards M, et al. Hyponatremia, natri-
uretic peptides, and outcomes in acutely decompensated heart failure: results 
from the International Collaborative of NT-PROBNP study. Circ. Heart Fail. 
2010;3:354–361.

20. Tallman TA, Peacock WF, Emerman CL, et al. Noninvasive ventilation outcomes 
in 2,430 acute decompensated heart failure patients: an ADHERE Registry analy-
sis. Acad Emerg Med. 2008;15:355–362.

21. Jois-Bilowich P, Michota F, Bartholomew JR, et al.; ADHERE Scientifi c Advisory 
C investigators. Venous thromboembolism prophylaxis in hospitalized heart fail-
ure patients. J Card Fail. 2008;14:127–132.

22. Jondeau G, Neuder Y, Eicher JC, et al. B-convinced: beta-blocker continuation 
vs. interruption in patients with congestive heart failure hospitalized for a dec-
ompensation episode. Eur Heart J. 2009;30:2186–2192.

23. Nohria A, Tsang SW, Fang JC, et al. Clinical assessment identifi es hemodynamic 
profi les that predict outcomes in patients admitted with heart failure. J Am Coll 
Cardiol. 2003;41:1797–1804.

24. Brater DC. Diuretic therapy. N Engl J Med. 1998;339:387–395.

25. Gottlieb SS, Khatta M, Wentworth D, Roffman D, Fisher ML, Kramer WG. The 
effects of diuresis on the pharmacokinetics of the loop diuretics furosemide and 
torsemide in patients with heart failure. Am J Med. 1998;104:533–538.

26. Vasko MR, Cartwright DB, Knochel JP, Nixon JV, Brater DC. Furosemide 
absorption altered in decompensated congestive heart failure. Ann Intern Med. 
1985;102:314–318.

27. Felker GM, Lee KL, Bull DA, et al. Diuretic strategies in patients with acute dec-
ompensated heart failure. N Engl J Med. 2011;364:797–805.

28. Khan MI. Treatment of refractory congestive heart failure and normokalemic 
hypochloremic alkalosis with acetazolamide and spironolactone. CMAJ. 
1980;123:883–887.

29. Rosenberg J, Gustafsson F, Galatius S, Hildebrandt PR. Combination therapy 
with metolazone and loop diuretics in outpatients with refractory heart fail-
ure: an observational study and review of the literature. Cardiovasc Drugs Ther. 
2005;19:301–306.

30. Bart BA, Goldsmith SR, Lee KL, et al. Ultrafi ltration in decompensated heart 
failure with cardiorenal syndrome. N Engl J Med. 2012;367:2296–2304.

31. Costanzo MR, Guglin ME, Saltzberg MT, et al. Ultrafi ltration versus intravenous 
diuretics for patients hospitalized for acute decompensated heart failure. J Am 
Coll Cardiol. 2007;49:675–683.

32. Anderson JL, Baim DS, Fein SA, Goldstein RA, LeJemtel TH, Likoff MJ. Effi cacy 
and safety of sustained (48-hour) intravenous infusions of milrinone in patients 
with severe congestive heart failure: a multicenter study. J Am Coll Cardiol. 
1987;9:711–722.

33. Maskin CS, Ocken S, Chadwick B, LeJemtel TH. Comparative systemic and renal 
effects of dopamine and angiotensin-converting enzyme inhibition with enalapri-
lat in patients with heart failure. Circulation. 1985;72:846–852.

34. Damman K, Voors AA, Navis G, van Veldhuisen DJ, Hillege HL. The cardiorenal 
syndrome in heart failure. Prog Cardiovasc Dis. 2011;54:144–153.



C
H

A
PT

ER
 1

2 
Ac

ut
e 

D
ec

om
pe

ns
at

ed
 H

ea
rt

 F
ai

lu
re

10
2

35. Brezis M, Rosen S. Hypoxia of the renal medulla—its implications for disease. N 
Engl J Med. 1995;332:647–655.

36. Heyman SN, Rosen S, Epstein FH, Spokes K, Brezis ML. Loop diuretics reduce 
hypoxic damage to proximal tubules of the isolated perfused rat kidney. Kidney 
Int. 1994;45:981–985.

37. Davila C, Reyentovich A, Katz SD. Clinical correlates of hemoconcentra-
tion during hospitalization for acute decompensated heart failure. J Card Fail. 
2011;17:1018–1022.

38. Testani JM, Chen J, McCauley BD, Kimmel SE, Shannon RP. Potential effects of 
aggressive decongestion during the treatment of decompensated heart failure on 
renal function and survival. Circulation. 2010;122:265–272.

39. Intravenous nesiritide vs. nitroglycerin for treatment of decompensated conges-
tive heart failure: a randomized controlled trial. JAMA. 2002;287:1531–1540.

40. Keren G, Katz S, Strom J, Sonnenblick EH, LeJemtel TH. Dynamic mitral regurgi-
tation. An important determinant of the hemodynamic response to load altera-
tions and inotropic therapy in severe heart failure. Circulation. 1989;80:306–313.

41. Packer M, Lee WH, Kessler PD, Gottlieb SS, Medina N, Yushak M. Prevention 
and reversal of nitrate tolerance in patients with congestive heart failure. N Engl 
J Med. 1987;317:799–804.

42. O’Connor CM, Starling RC, Hernandez AF, et al. Effect of nesiritide in patients 
with acute decompensated heart failure. N Engl J Med. 2011;365:32–43.

43. Abraham WT, Adams KF, Fonarow GC, et al. In-hospital mortality in patients 
with acute decompensated heart failure requiring intravenous vasoactive medi-
cations: an analysis from the Acute Decompensated Heart Failure National 
Registry (ADHERE). J Am Coll Cardiol. 2005;46:57–64.

44. Felker GM, O’Connor CM, Braunwald E, Heart Failure Clinical Research 
Network I. Loop diuretics in acute decompensated heart failure: Necessary? Evil? 
A necessary evil? Circ. Heart Fail. 2009;2:56–62.

45. Gattis WA, O’Connor CM, Gallup DS, Hasselblad V, Gheorghiade M, Investigators 
I-H, coordinators. Predischarge initiation of carvedilol in patients hospitalized for 
decompensated heart failure: results of the Initiation Management Predischarge: 
Process for Assessment of Carvedilol Therapy in Heart Failure (IMPACT-HF) 
trial. J Am Coll Cardiol. 2004;43:1534–1541.

46. Vargo DL, Kramer WG, Black PK, Smith WB, Serpas T, Brater DC. Bioavailability, 
pharmacokinetics, and pharmacodynamics of torsemide and furosemide in 
patients with congestive heart failure. Clin Pharmacol Ther. 1995;57:601–609.

www.ebook3000.com

http://www.ebook3000.org


10
3

Chapter 13

Transitions of Care

Key Points

Transitional care•  refers to the aspects of health care designed to optimize 
coordination of the care plan at the time of a change in location or care 
providers.
Patients hospitalized for heart failure have a high rate of post-discharge • 

re-hospitalization (approximately 25% at 30 days) and mortality (33% at 
one year).
Community-based multidisciplinary programs (disease management com-• 

bined with case management) with face-to-face communication appear to 
be most consistently associated with reduction of adverse outcomes in 
patients with recent hospitalization for heart failure.
Referral to specialized heart failure centers with team care capability • 

should be considered in patients with recurrent hospitalizations or high-
risk comorbidities.
Optimization of care according to evidenced-based guidelines has been • 

shown to be associated with improved clinical outcomes.
Shared decision-making based on a dialogue between provider and patient • 

is necessary to determine the appropriate goals of care in patients with 
heart failure.

“Transitional care” refers to the aspects of health care designed to optimize 
coordination of the care plan at the time of a change in location or care provid-
ers.1 Effective transitional care depends on adequate communication between 
in-hospital providers (physician and non-physician), post-discharge care provid-
ers (physician and non-physician), the patient, and the patient’s caregivers (fam-
ily members, companions, and/or professional home-care providers). There are 
many systemic barriers to implementation of effective transitional care, includ-
ing increasing fragmentation of care with multiple providers (both inpatient and 
post-discharge), lack of connectivity between inpatient and outpatient medical 
records, and reduced length of hospital stay. Heart failure patients offer special 
challenges for effective transitional care due to the high prevalence of multiple 
comorbidities and complex polypharmacy regimen in many patients.

Patients hospitalized for heart failure have a high rate of post-discharge 
re-hospitalization (approximately 25% at 30 days) and mortality (33% at one 
year).2–4 Fewer than 2% of patients survive more than 10 years after an index 
heart failure hospitalization. Recurrent hospitalizations are clustered in the fi rst 
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few months after an index hospitalization and in the last few months of life.4,5 
Since hospitalization is a major determinant of the high healthcare costs associ-
ated with heart failure, reduction of recurrent hospitalizations has been selected 
as a quality performance measure with substantial impact on future hospital 
reimbursements. The potential loss of revenues associated with hospital read-
missions in the heart failure population has spurred interest among hospital 
administrators for development of hospital-based outreach programs to reduce 
readmission risk. Programs designed to reduce readmission are based on the 
premise that a certain proportion of readmissions are preventable. Available 
data suggest that many of the hospital admissions may not be truly prevent-
able (and in fact are benefi cial for patients), and thus should not be eliminated 
by specifi c disease-management or care-management programs.5 Non-cardiac 
admission diagnoses make up a large proportion of the re-hospitalizations and 
thus may not be impacted by disease management programs directed at optimi-
zation of heart failure therapy. Re-hospitalization rates are known to vary across 
the United States by geographic region, and in part, appear to be determined by 
regional variations in the clinical characteristics of the heart failure population 
and the availability of hospital and non-hospital health care resources in the 
community.6

Risk factors for re-hospitalization and mortality after heart failure hospitaliza-
tion have been assessed in numerous studies. However, the reported results 
are largely inconsistent and have not yielded a consensus on a validated risk-
assessment model for application in clinical practice.5,7 Accordingly, each hos-
pitalized heart failure patient must be considered to be at high risk for adverse 
outcomes, and therefore may benefi t from a coordinated effort to optimize the 
transition of care at the time of hospital discharge.

The transition process may be categorized according to the location of care 
(in hospital vs. community care), type of care providers (physicians, nurses, 
and other ancillary personnel), and method of communication (face-to-face vs. 
phone or Internet).3,8 Programs can be further organized, with components of 
disease management (optimization of heart failure therapy according to evi-
dence-based practice guidelines with ongoing assessment of program impact 
on patient outcomes) and case management (facilitation of community-based 
health-related and social services and facilitation of communication among 
health care providers). The optimal strategy for reduction of adverse outcomes 
has not been determined.9 Community-based multidisciplinary programs (dis-
ease management combined with case management) with face-to-face com-
munication appear to be most consistently associated with reduction of adverse 
outcomes. The cost-effectiveness of this labor-intensive approach has not been 
determined. Use of centralized telemonitoring with customized algorithms 
that trigger face-to-face meetings from a multidisciplinary team member when 
needed may be a more cost-effective strategy.10 The strategy must be custom-
ized according to the available resources of each institution, geographical con-
siderations, and the needs of each patient within the institution. In-hospital and 
post-discharge care providers must be familiar with the range of services avail-
able in the hospital and community, and must be able to effectively communi-
cate with each other and other care providers and ancillary staff to identify the 
necessary resources for their patient. Since this complex process often takes 
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several days, all heart failure patients should be evaluated by the social work 
service and/or multidisciplinary case management team at the time of hospital 
admission. Likely post-discharge disposition (home, acute rehabilitation facility, 
subacute rehabilitation facility, nursing home facility, home hospice or hospice 
facility) should be discussed among care providers during the fi rst 24 hours 
of hospitalization, with appropriate consultations from rehabilitation medicine 
and, if appropriate, palliative care medicine. For elderly patients with multiple 
comorbidities, a geriatrics consult is often helpful to address polypharmacy, cog-
nitive dysfunction, depression, and non-cardiac limitations of functional capacity 
issues (frailty, orthopedic problems, pain, gait disturbance, fall risk) that often 
contribute to hospital readmission.

During hospitalization, all patients should receive written materials in their 
native language with information on advance directives, and self-care behaviors 
for heart failure (daily weights, daily assessment of edema, medication and diet 
adherence, low level exercise, keeping appointments with health care providers, 
recognition of worsening symptoms). Healthcare literacy should be assessed 
in all patients by validated questionnaires or by asking the patient to read a 
section of the educational material out loud and explain its meaning. Several 
one-on-one education sessions should be scheduled during the hospitalization 
to reinforce teaching of these important behaviors. Hospital-based education 
alone is not suffi cient to reduce risk or rehospitalization, so it must be linked to 
continued education after discharge.11

For patients discharged to their home, a follow-up visit with a healthcare 
provider within three to seven days of discharge is recommended in order 
to identify problems with fi lling of discharge medication prescriptions, or any 
misunderstanding about the home medical regimen, and to identify signs and 
symptoms of rapid destabilization of the patient. This early post-discharge 
visit is also an important opportunity to discuss advance directives and review 
self-management behaviors. In response to the recognition of the high risk of 
recurrent hospitalization in the heart failure population (and the potential loss 
of revenues associated with re-hospitalization), hospital-based employees may 
play a greater role in post-discharge care in the future. Nursing staff and case 
management staff can optimize the transitional care through integration with 
outpatient medical offi ce personnel to effectively communicate changes in med-
ical regimens, provide patient and offi ce staff education, and assess needs for 
home care services.

Patients with multiple hospital readmissions or multiple high-risk comorbidi-
ties (chronic lung disease, chronic kidney disease) may benefi t from referral to 
a specialized heart failure clinic. Specialized heart failure centers differ from 
most non-specialized practice settings by providing a team-based approach to 
patient management by physicians and nurses with special training and experi-
ence in heart failure and a higher provider–patient ratio.12,13 Specialized heart 
failure centers should be staffed with expert physician and nursing providers to 
optimize disease management, recognize and manage cognitive dysfunction and 
depression, provide ongoing education to promote patient self-management 
behaviors and adherence to the prescribed medical regimen, and increase acces-
sibility to care, with fl exible schedules for urgent visits. Specialized heart failure 
centers can also provide expert assessment of patients with advanced disease 
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to determine which patients may benefi t from advanced therapies such as elec-
trophysiological devices or procedures, mechanical circulatory support devices, 
and cardiac transplantation. While these services offered by heart failure clinics 
appear to provide clinical benefi ts to some patients, there is no evidence that 
specialized heart failure center referral reduces mortality or re-hospitalization 
risk.14 However, optimization of medical and device therapy according to evi-
dence-based guideline recommendations has been reported to be associated 
with improved clinical outcomes in a real-world setting.15

Hospitalization for heart failure identifi es patients at high risk for subsequent 
mortality after discharge. Accordingly, an index hospitalization should prompt 
initiation of discussions for shared decision-making.16 Shared decision-making 
is an integral component of patient-centered care, and is based on frank dia-
logues between care providers and the patient (and patient-designated family 
members or companions) with regard to goals of care. The care provider must 
use clinical skills to assess prognosis for both survival and likely quality of life, 
determine medically appropriate treatment modalities (including no interven-
tion and/or palliative care options), and inform the patients of the risks and 
benefi ts of each of these modalities. It is important that the provider acknowl-
edge the inherent uncertainty of their assessment with regard to prognosis and 
response to treatment. The provider should solicit the patients’ assessment of 
their expectations of care based on their understanding of their disease and the 
information received. Discussions of goals of care are often diffi cult to initiate 
in busy clinical practices with limited time allotted for each visit. Scheduling a 
longer annual visit to discuss goals of care is a reasonable approach that may be 
carried out within the primary care practice, or in conjunction with a specialized 
heart failure center. Alternatively, an acute hospitalization offers an opportunity 
to initiate a discussion of advance directives during the hospital stay and sched-
ule post-discharge visits to continue discussion of goals of care in an outpatient 
setting. Other clinical events that should trigger discussion include the need 
for higher diuretic doses without obvious change in dietary habits, worsening 
chronic kidney disease, a shock administered by an implantable cardiovertor-
defi brillator, or the need to reduce dose or withdraw neurohormonal antago-
nists because of new symptomatic hypotension.

In patients with anticipated life expectancy of less than six months, a dis-
cussion of end-of-life care options should be initiated by the provider—ideally 
within the context of ongoing discussions of goals of care initiated earlier in the 
disease process, as discussed above. Deactivation of implantable cardiovertor-
defi brillators, implementation of palliative care therapies, transition from acute 
hospital to hospice care, and resuscitation preferences should be considered in 
accordance with patient treatment goals.17
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A
ACC/AHA staging, 

13–14, 14t
ACCORD trial, 19
ACE inhibitors

chronic kidney failure, 83
coronary artery disease, 77
heart failure (new onset), 

45–47
heart failure 

(symptomatic), 
57–61, 58t

hypertension, 18, 79
left-ventricular 

hypertrophy, 28–31, 
29t, 31f

lung disease, 85–86
RAAS inhibitor dosing 

guidelines, 58t
systolic blood pressure, 

left-ventricular mass 
reduction, 31f

Acute cardiogenic pulmonary 
edema, 92, 93

Acute coronary 
syndrome, 69

African-Americans, 61
ALLHAT, 18
Alpha blockers, 18, 73
Amiodarone, 57, 81
Amlodipine, 77
Anemia, 10, 38, 42, 54, 68, 69, 

83–84, 93
Angina, 40–41, 45, 77, 78
Angioedema, 45, 57, 59–60
Angiotensin receptor 

blockers (ARBs)
chronic kidney failure, 83
heart failure (new onset), 

45–47
heart failure 

(symptomatic), 
57–61, 58t

hypertension, 79
RAAS inhibitor dosing 

guidelines, 58t
systolic blood pressure, 

left-ventricular mass 
reduction, 31f

Anthracyclines, 19
Anti-coagulants, 61, 78, 80
Anti-hypertensives, 18, 18f, 

30, 35, 45, 51, 61–62
Aortic stiffness, 62

Aspirin, 61, 78, 80
Atenolol, 79–80
Atrial fi brillation, 61, 78, 

80–81

B
Beta-blockers

atrial fi brillation, 81
contraindications, 85
coronary artery disease, 77
heart failure (new onset), 

46–47
heart failure (symptomatic), 

57–61, 58t
left-ventricular 

hypertrophy, 30
RAAS inhibitor dosing 

guidelines, 58t
systolic blood pressure, 

left-ventricular mass 
reduction, 31f

Biomarkers, 19, 21, 27, 
54, 69. see also specifi c 
biomarkers

Bisoprolol, 46, 58t, 85
Brain natriuretic peptide 

testing, 21–23, 27, 34, 
38–39, 53, 54, 85

Bumetanide, 43, 56t

C
Candesartan, 45, 58t, 59
CAPRICORN study, 29
Captopril, 29, 29f, 58t
Cardiac cachexia, 52, 63t, 

68, 85, 97
Cardiac fi lling pressures, 27
Cardiac output reserve, 

9–12, 11–12f
Cardiac resynchronization 

therapy, 7, 61, 93
Cardiac transplantation, 54, 

67, 73–74
Cardiogenic shock, 70
Cardioprotective agents, 19
Cardiorenal syndrome, 97–98
Carvedilol, 29–30, 46, 58t
Catecholamines, 73
Chemotherapy, 19
Chest radiography, 38, 53, 93
Cheynes-Stokes 

respiration, 93

Chlorothiazide, 44
Chronic kidney disease

comorbidities, 25, 26
as contraindication, 74
described, 34, 82–83
hospitalization, 105, 106
management, 44, 47, 53, 

56, 60, 83–84
RAAS inhibitor dosing 

guidelines, 58t
risk assessment, 42, 60

Chronic obstructive lung 
disease, 27, 33, 39, 47, 54, 
59, 85–86

Clinical inertia, 17
Coenzyme Q-10, 61
Concentric remodeling, 10
Conduction system disease, 

intrinsic, 57
Coronary angiography, 

40–41
Coronary artery disease, 

40–41, 62, 77–79
Coumadin, 81
COX inhibitors, 78
Cyanide toxicity, 70

D
Dabigatran, 80
Defi brillators, 67, 73, 82
Device therapy

cardiac resynchronization 
therapy, 7, 61, 93

implantable cardiovertor 
defi brillators, 67, 73, 
82

left ventricular assist 
device, 54, 74

Diabetes mellitus, 5, 6t, 
19, 84

Diagnosis
Framingham criteria, 3t
left-ventricular ejection 

fraction, 1, 39–40
patient history, 14t, 23, 25t, 

33, 41
signs, symptoms, 1–2, 2t

Diastolic dysfunction. 
see heart failure with 
preserved ejection 
fraction

Digoxin, 53, 60, 81
Diltiazem, 81

Index

Page numbers followed by “t” indicate a table and “f ” indicate a fi gure.
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diuretics

combination, 68, 96
dosages, 56t
left-ventricular 

hypertrophy, 29, 30, 31f
loop, 43–44, 55, 56t, 68, 

95–98
potassium chloride 

supplementation, 96–97
regimen adjustment, 55–57, 

60, 95–96
renal function, 56–57
resistance, 44, 68, 91, 95
sodium intake, 56, 68, 95
thiazide, 43, 44, 56, 56t, 

79, 96
Dobutamine, 71t, 72, 97, 99
Dofetilide, 81
Dopamine, 71t, 73, 97
Doppler echocardiography, 26
DOSE study, 95–96, 98, 99
Doxazosin, 18

E
Eccentric remodeling, 10
Echocardiography, 21–22, 26, 

39–40, 40f, 53
Edema

angioedema, 45, 57, 59–60
ankle, 2–3t
formation, 11, 84
heart failure (new onset), 

34–37, 35f
heart failure 

(symptomatic), 52
hospitalization, 105
lower extremity, 2t, 34–35, 

37, 42–43, 48, 55, 63t, 93
nephrotic syndrome, 35
non-cardiac causes, 

exclusion of, 39
non-pitting, 35, 35f
periorbital, 35
pulmonary, 92, 93
TZDs contraindicated, 84

Electrocardiograms, 38, 53
Enalapril, 28, 29f, 58t
Endomyocardial biopsy, 

41–42
Epinephrine, 73
Eplerenone, 58t
Erectile dysfunction, 61, 62
Erythropoietic stimulating 

agents, 83–84
Exercise intolerance, 27

F
Fish oil supplements, 79
Fosinopril, 58t
Framingham study, 2, 23, 26
Furosemide, 43, 44, 55, 56t, 

68, 95–96

G
Galectin-3, 54

H
HCTZ, 56t
Heart failure

classifi cation, 2–4
defi nition, 1–2
hospitalization (see 

hospitalization)
mortality, 7
prevalence, 17
prognosis, 7
signs, symptoms, 1–2, 2t
terminology, 3–4

Heart failure (advanced)
cardiac outputs, 69, 70
cardiac transplantation, 54, 

67, 73–74
clinical assessment, 67–68
confi rmatory testing, 

68–69
functional capacity, 67–69
history, 68
implantable cardiovertor 

defi brillators, 67, 73, 82
mechanical circulatory 

support, 67
neurohormonal 

inhibition therapy 
(see neurohormonal 
inhibition therapy)

positive inotropic agents, 
67, 71f, 72–73

right-heart 
catheterization, 69

risk stratifi cation, 69
treatment, 67, 70–74, 

71f, 71t
vasodilators, 67, 70–72, 71t

Heart failure 
(decompensated)

clinical assessment, 91–93
confi rmatory testing, 94
decongestion therapy, 

95–98, 96f
discharge planning, 91, 

99–100
diuretics, 95–98
jugular venous pressures, 

93, 98
neurohormonal inhibition 

therapy, 53, 57, 59f, 
60–61, 63, 67, 70, 94–95

positive inotropic agents, 
91, 97, 99

rales, 93
risk assessment, 94
serum creatinine, 97–98
treatment, 94–100, 96f
ultrafi ltration therapy, 

97, 98
vasodilators, 91, 92, 98–99

Heart failure (new onset)

abdominal bloating, 34
clinical assessment, 33–38, 

51–52
comorbidities, 38
confi rmatory testing, 

38–42, 40f
congestion, 33–34
differential diagnosis, 

34–37, 35f
documentation, 45
edema, 34–37, 35f
jugular venous pressures, 

33–37, 43
pulmonary rales, 33, 37–38
risk assessment, 42
treatment, 42–48

Heart failure (symptomatic)
adherence, 62–63
clinical assessment, 51–52
confi rmatory testing, 

52–53
congestion, 57, 59, 60
cough, 59
documentation, 63–64, 63t
rales, 52, 55, 60, 63t
risk assessment, 53–54
treatment, 55–64, 56t, 58t, 

59f, 79
Heart failure with co-morbid 

ischemic heart disease, 4
Heart failure with preserved 

ejection fraction
clinical assessment, 92–93
confi rmatory testing, 69
defi nition, 2–3
natural history, 7
preload reduction, 97–98
risk assessment, 53
treatment, 47–48, 51, 

61–62, 78–79, 81
Heart failure with reduced 

ejection fraction
anticoagulation therapy, 61
clinical assessment, 92–93
comorbidities, 77–79, 81
confi rmatory testing, 68–69
defi brillators, 61
defi nition, 2–3
natural history, 6–7, 6f
neurohormonal 

inhibition therapy 
(see neurohormonal 
inhibition therapy)

nutritional supplements, 61
preload reduction, 

97–98
risk assessment, 53–54
treatment, 45–47, 53, 

57–61, 59f, 70, 71f, 71t, 
77–78, 81, 99

Hibernating myocardium, 78
HMG-CoA reductase 

inhibitors, 18
Home infusion therapy, 73
Hospitalization

chronic kidney disease, 
105, 106
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IN
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EXdecompensated heart 
failure, 91–100, 96f

edema (see edema)
heart failure generally, 7, 

54, 56
transitional care, 103–6

Hydralazine, 60–61
Hydrochlorothiazide, 30, 43, 

44, 96
Hyperkalemia, 60
Hyperlipidemia, 18
Hypertension

clinical assessment, 93
described, 79–80
heart failure 

pathophysiology, 11, 12f
as risk factor, 5, 6t
treatment, 17–19, 18f, 

47, 79
Hypertrophic 

cardiomyopathy, 3

I
Imaging, 19, 21, 68–69, 78
Implantable cardiovertor 

defi brillators, 67, 73, 82
Insulin, 84
Iron supplementation, 84
Isosorbide dinitrate, 60–61

J
Jugular venous pressures

heart failure 
(decompensated), 
93, 98

heart failure (new onset), 
33–37, 43

hypotension, 60
target values, 43, 55, 98
volume overload, 56

L
L-carnitine, 61
Left ventricular assist device, 

54, 74
Left-ventricular ejection 

fraction, 39–40
Left-ventricular hypertrophy

clinical diagnosis, 25–26
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