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A Review of Heart Failure and 
Current Therapeutic Strategies

Heart failure (HF) is a complex clinical syndrome that is characterized 
by the heart’s inability to meet the body’s metabolic demands because of 
an underlying structural and/or functional impairment of ventricular filling 
or ejection of blood. Patients with HF usually present with effort intoler-
ance, dyspnea on exertion or at rest, and, in some cases, symptoms of tissue 
congestion. (See Table 1.) HF is the phenotypic manifestation of injury to 
the cardiac components (endocardium, myocardium, pericardium, valvular, 
conduction system, and the great vessels).

HF commonly is stratified using a noninvasive contractile imaging 
parameter, ejection fraction (EF). With this construct, HF is stratified into 
HF with reduced ejection fraction (HFrEF) vs. HF with preserved ejection 
fraction (HFpEF), with EF thresholds of ≤ 40% and ≥ 50%, respectively. 
Using these definitions, about 50% of patients with HF have HFpEF.1 
More recently, the European HF consensus guidelines proposed another 
HF category with mid-range EF (HFmrEF), with an EF 41-49%.2 Patients 
with HFmrEF share similar characteristics with HFrEF and HFpEF, and 
HFmrEF is considered a subcategory of HFpEF. Interestingly, there is a 
subset of patients in this range of EF (> 40%) who may have improved from 
a previously low EF (< 40%). These patients are referred to more appropri-
ately as HFpEF with recovered EF.2

Heart Failure Epidemiology
HF is a very common disease condition whose prevalence is increasing, 

in part, due to the aging U.S. population.3,4 HF is the primary diagnosis in 
more than 1 million hospitalizations in the United States, and it contrib-
utes to 2 to 3 million additional hospitalizations.5 The increased survival of 
the general population is attributed to advances in the medical treatment 
of cardiovascular diseases, especially coronary artery disease (CAD).6 From 
a public health standpoint, about 5.7 million U.S. adults are estimated to 
be living with HF.7 The lifetime risk of developing HF among Americans 
older than 40 years of age is about 20%.8 It is estimated that more than 
650,000 new HF cases are diagnosed every year,9,10 accounting for more 
than 15 million physician office visits annually.11 As such, HF poses a huge 
financial burden on the U.S. economy, with an estimated annual cost of care 
in excess of $40 billion.9 HF is widely prevalent in older individuals, with 
the incidence rising from about 20 per 1,000 persons in adults 65 to 69 
years of age to more than 85 per 1,000 persons in those 85 years of age or 
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EXECUTIVE SUMMARY
The management of heart failure falls primarily on the primary 
care physician. Because of the Medicare financial penalty on 
hospitals for readmissions, primary care physicians need to be 
cognizant of the updated treatment options and work with 
colleagues across multiple disciplines to prevent unnecessary 
hospitalizations and improve outcomes.

 z Heart failure is a common disease. It is the primary diagnosis 
in more than 1 million hospitalizations and contributes to 2-3 
million additional hospitalizations.

 z Screening at-risk patients with B-type natriuretic peptide  
or N-terminal pronatriuretic peptide has reduced onset of 
left ventricular dysfunction, symptomatic heart failure, and 
cardiac events.

 z Multiple pharmacological and device interventions need to 
be partnered with control of comorbid risk factors such as 
diabetes, hypertension, and obesity.

older.10 HF risk and mortality are dis-
proportionately higher among African 
Americans compared to whites.12 For 
example, the prevalence of HF in 
African-American males and females 
is 4.3% and 3.8%, respectively, com-
pared to 2.7% and 1.8 %, respectively, 
in demographics for whites.

HF contributes significantly to the 
burden of morbidity and mortality in 
the United States. HF contributes to 
one in every nine deaths. Furthermore, 
50% of patients with HF die within 
five years of diagnosis.7 Fortunately, 
there has been a progressive trend 
toward improved prognosis in HF 
that partly may explain the increased 
prevalence of the disease.13,14

Heart Failure Risk Factors
There are multiple risk factors for 

HF. By far, hypertension (HTN) is 
the most common cardiovascular dis-
ease risk factor in the United States. 
HTN substantially increases the risk 
of developing HF in both men and 
women.15 Both systolic and diastolic 
blood pressure elevations are associ-
ated with an increased risk of HF.15,16 
Effective blood pressure control can 
reduce the risk of HF by as much as 
50%.17,18 Among hypertensive sub-
jects, antecedent myocardial infarction 
also predicts an increased risk of HF.15 
Recent guidelines on HTN manage-
ment have called for tighter goals of 
blood pressure levels.19

Diabetes mellitus is another com-
mon condition that significantly 
increases the risk of developing HF 
independent of the structural heart 
aberrations.20 Not surprisingly, the 
risk increases substantially with the 

conjoining of other traditional risk 
factors. For instance, the annual risk 
of HF among diabetics in isolation 
has been reported in one study to be 
3.0%, which rises to 8.2% when clus-
tering of other traditional risk factors 
is present.21

The compounding effect of these 
risk factors on the development of 
HF also is observed in patients with 
metabolic syndrome (abdominal adi-
posity, hypertriglyceridemia, low high-
density lipoprotein, elevated fasting 
glucose, and HTN), which is signifi-
cantly associated with incipient HF. 
Importantly, the effective treatment 
and control of these comorbid condi-
tions can attenuate the risk of devel-
oping HF.22 Commonly encountered 
risk factors for HF are noted in Table 
2. It is well recognized that treatment 
of risk factors also can modify the nat-
ural history and overall trajectory of 
HF. This understanding of the inciting 
role of risk factors in the develop-
ment of HF formed the basis for the 
development of the American College 
of Cardiology/American Heart 
Association (ACC/AHA) stages of 
HF classification system. In this clas-
sification system, patients with HF 
risk factors and no overt symptoms 
were grouped in Stage A HF. The 
intent of this nomenclature is to foster 
early recognition and treatment of risk 
factors before structural heart dam-
age ensues. This cuts across the entire 
spectrum of HF phenotypes.

Classification of Heart 
Failure

There are several HF classifica-
tion schemas (e.g., acute vs. chronic). 

However, the New York Heart 
Association (NYHA) functional clas-
sification, based on symptoms and 
functional capacity, has been the most 
enduring and has been employed in 
major clinical trials.23 As mentioned, 
the ACC/AHA classification system 
considers the risk factors, develop-
ment, and progression of HF. The 
ACC/AHA staging and NYHA 
functional classification systems com-
plement each other in the evaluation 
and management of HF. (See Table 
3.) The NYHA classification is clini-
cian dependent and can be subjective, 
but has been widely adopted and 
has been shown to predict mortality 
independently.24

The ACC/AHA staging catego-
rizes HF into four stages: A, B, C, 

Table 1. Clinical  
Presentation of HF
Symptoms
• Dyspnea
• Cough 
• Fatigue
• Orthopnea and paroxysmal nocturnal 

dyspnea
• Edema

Signs

• Respiratory distress and hypoxia
• Raised jugular venous pressure
• S3 gallop
• Congestion: Pulmonary rales, 

wheezes, hepatomegaly, ascites, and 
edema

Supportive Findings

• Cardiomegaly, pulmonary edema, and 
pleural effusions on chest X-ray

• Elevated natriuretic peptide levels
• Echocardiographic evidence of 

systolic or diastolic dysfunction
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and D. Stage A comprises patients 
who have risk factors for developing 
HF, are asymptomatic, and have no 
structural heart disease. These risk fac-
tors include hypertension, coronary 
artery disease, alcoholism, diabetes, 
and cardiotoxin exposure, among oth-
ers. Stage B HF includes patients with 
evidence of structural heart disease, 
such as left ventricular (LV) systolic 
dysfunction, prior myocardial infarc-
tion, dilated cardiomyopathy, valvular 

heart disease, and left ventricular 
hypertrophy (LVH) who have no 
symptoms of HF. Stages C and D 
constitute patients with current or 
prior symptoms of HF in the setting 
of underlying structural heart disease 
and those with refractory symptoms 
of HF, respectively. 

Etiologies of Heart Failure
Causes of HF are classified into 

ischemic or nonischemic etiologies.25 

CAD accounts for about 70% of 
cases of HF in the developed world. 
Nonischemic causes vary broadly and 
include cardiomyopathies (dilated, 
restrictive, and hypertrophic), valvular 
abnormalities, arrhythmias, and peri-
cardial diseases. 

Dilated cardiomyopathy (DCM) is 
a common structural cause of HF that 
is characterized by ventricular dilata-
tion and compromised myocardial 
contractility in the absence of abnor-
mal loading conditions like HTN 
and valvular heart disease.26,27 About 
20-35% of cardiomyopathies have 
underlying genetic abnormalities.28 

Figure 1 shows nonischemic dilated 
cardiomyopathy. Genetic counseling 
and testing may be appropriate in 
suspected familial cardiomyopathies, 
which account for one-third of the 
HF cases with DCM.23 Symptomatic 
HF patients with underlying DCM 
have a poor prognosis, with an esti-
mated 25% dying at one year from 
diagnosis.29 (See Table 4.)

Ischemic cardiomyopathy is notably 
the most common cause of HF in 
the United States and other Western 
countries.20 Patients with ischemic 
cardiomyopathy have significant coro-
nary artery disease and may have had 
prior myocardial infarction.2

Restrictive cardiomyopathies are 
a heterogeneous group of disorders 
characterized by stiffened myocardium 
resulting from infiltration, storage, or 
deposition of substances. This leads to 
increased cardiac filling pressures and 
diastolic abnormalities. Some condi-
tions that lead to restrictive cardiomy-
opathies include cardiac amyloidosis 
(see Figure 2), sarcoidosis, and hemo-
chromatosis. Importantly, patients 
with restrictive cardiomyopathy have 
been excluded from most HF clinical 
trials, and the standard therapies used 
in HFrEF even may be detrimental in 
this group. 

Pathophysiology of HF
Several conceptual models have 

been advanced in an attempt to 
explain HF, but since HF is a hetero-
geneous syndrome, a single unifying 

Table 3. ACC/AHA Staging and NYHA Classification of HF

ACC/AHA Stages of HF NYHA Classes of HF

A At risk for HF but without structural 
heart disease or symptoms of HF

None

B Structural heart disease but 
without signs or symptoms of HF 

I No limitation of physical activity. 
Ordinary physical activity does 
not cause symptoms of HF

C Structural heart disease with prior 
or current symptoms of HF 

I No limitation of physical activity. 
Ordinary physical activity does 
not cause symptoms of HF

II Slight limitation of physical 
activity. Comfortable at rest, but 
ordinary physical activity results 
in symptoms of HF

III Marked limitation of physical 
activity. Comfortable at rest, but 
less than ordinary activity causes 
symptoms of HF

D Refractory HF requiring specialized 
interventions

IV Unable to carry on any physical 
activity without symptoms of HF, 
or symptoms of HF at rest

ACC, American College of Cardiology; AHA, American Heart Association; HF, heart failure; and NYHA, 
New York Heart Association

Table 2. Common Risk Factors for Heart Failure

• Hypertensiona

• Coronary artery diseaseb

• Diabetes
• Obesity
• Metabolic syndromec

• Smoking and recreational drug use including alcohol, cocaine, amphetamines, and 
anabolic steroids

• Structural heart abnormalities including but not limited to valvular disorders
• Cardiotoxic medications (e.g., anthracyclines, trastuzumab, antidepressants, and 

nonsteroidal anti-inflammatory drugs), radiation, and heavy metals like lead 
• Family or personal history of cardiomyopathy (ischemic or nonischemic)
• Arrhythmias
• Endocrine and metabolic disorders (e.g., hyperthyroidism)
a Most common risk factor in the United States 
b Antecedent myocardial infarction significantly increases the risk for heart failure 
c Abdominal adiposity, hypertriglyceridemia, low high-density lipoprotein, elevated fasting glucose, 
and hypertension
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model across the spectrum of disease 
has been elusive. Earlier conceptual 
paradigms, such as the cardiorenal 
model, viewed HF as a primary 
problem involving sodium and water 
retention. The cardiocirculatory or 
hemodynamic model30 conceived HF 
as a consequence of pathologic abnor-
malities of myocardial contractility. 
Neither of these models was able to 
account for the progressive nature 
of the disease even after a seemingly 
trivial insult.30

A relatively more recent and widely 
embraced conceptual paradigm is the 
neurohormonal model. This model 
conceptualizes HF as a consequence 
of a cascade of neurohormonal mech-
anisms that are initiated following 
a seminal cardiac insult. Myocardial 
injury results in adaptive activation of 
the neurohormonal systems, including 
the adrenergic nervous system (ANS) 
and the renin-angiotensin aldoste-
rone system (RAAS). Activation of 
these systems provokes the release 
of biomolecules such as norepineph-
rine, angiotensin II, and aldosterone 
that are initially compensatory but 
when perpetuated become deleteri-
ous to the overall cardiac function. 
Adrenergic system activation results 
in increased myocardial contractility, 
heart rate, and circulatory volume (via 
nonosmotic beta-1-mediated vaso-
pressin release), which is augmented 

by the effects of the RAAS mediated 
through angiotensin II (vasoconstric-
tion effects) and aldosterone (sodium/
water retention). These effects help 
a failing heart maintain adequate 
cardiac output to preserve end-organ 
perfusion. With time, the sustained 
activation of these neuro-endocrine 
pathways results in maladaptive 
remodeling of the cardiovascular sys-
tem.30 (See Figure 3.) For example, ele-
vated levels of aldosterone have been 
shown to cause direct damage to car-
diac myocytes and vascular endothelial 
tissue, contributing to the remodeling 
process that occurs in HF.31 Other 
molecules also act in an autocrine/
paracrine signaling manner. These 
molecules include cytokines, tumor 
necrosis factor (TNF), and natriuretic 

peptides, which are released by car-
diac tissue. Endothelin, cytokines/
TNF, and natriuretic peptides mediate 
endothelial dysfunction, inflammatory 
changes including fibrosis (part of the 
remodeling process), and vasodilation 
(to counteract excessive vasoconstric-
tion resulting from overactivation 
of the ANS and RAAS), respec-
tively. Targeted modulation of these 
biological pathways has informed 
the development of therapeutic 
armamentarium now referred to as 
guideline-directed medical therapies 
(GDMT).32-37 Unfortunately, the 
aforementioned models have not been 
adequate in guiding a unified concep-
tual understanding of HFpEF, which 
may explain the paucity of effective 
therapies for this disease.

Figure 1. Nonischemic Dilated Cardiomyopathy

A: Two-D-echocardiographic image from the apical 4 chamber view demonstrating a dilated cardiomyopathy. Note the dilated left ventricular cavity.  
B: Cardiac magnetic resonance imaging showing severe 4 chamber enlargement, EF 24%, and no late gadolinium enhancement nor any stress perfusion 
defects indicating dilated nonischemic cardiomyopathy.  

Table 4. Causes of Dilated Cardiomyopathy 

1. Familial cardiomyopathies: Familial and idiopathic
2. Endocrine and metabolic factors: Obesity, diabetes, thyroid disease, acromegaly, and 
growth hormone deficiency
3. Toxins: Alcohol, cocaine, chemotherapeutic agents (e.g., anthracyclines and 
trastuzumab)
4. Nutritional deficiencies (e.g., thiamine)
5. Tachycardia-induced (e.g., supraventricular and ventricular tachycardia)
6. Infectious myocarditis: Chagas, human immunodeficiency virus, and other viruses
7. Inflammatory myocarditis: Connective tissues diseases (e.g., systemic lupus 
erythematosus and scleroderma) and hypersensitivity
8. Peripartum cardiomyopathy
9. Iron overload as occurs with hemochromatosis
10. Amyloidosis
11. Stress (Takotsubo) cardiomyopathy
12. Cardiac sarcoidosis
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Evaluation for HF
When evaluating patients with HF 

symptoms, it is important to elicit a 
detailed history, which might help 
uncover preexisting comorbid condi-
tions and risk factors for HF. (See 
Tables 2 and 3.) Obtaining a three-
generation family history also might 
help in identifying patients with heri-
table causes of HF. Not infrequently, 
patients with established HF also 
might present with worsening symp-
toms such as dyspnea suspicious for 
an acute exacerbation. These patients 
must be queried on potential triggers 
of the exacerbation. Common triggers 
of HF exacerbation include nonad-
herence to medications and sodium/
water restriction; uncontrolled blood 
pressure; alcohol and recreational drug 
use; arrhythmias (e.g., atrial fibril-
lation); acute myocardial ischemia; 
concurrent infections (especially pul-
monary infections); medications such 
as beta-blockers and calcium channel 
blockers, especially when initiation is 
ill-timed or done without appropriate 
titration; nonsteroidal anti-inflamma-
tory drugs (NSAIDs) and steroids; 
and valvular and pericardial condi-
tions. Ascertaining a patient’s baseline 

NYHA functional class helps in risk 
stratification and assessment of the 
condition’s severity, which also may 
provide a benchmark for assessment 
of interventions. 

A thorough physical examination 
is equally vital in the diagnosis of HF. 
Physical signs may aid in the diag-
nosis and risk stratification of HF 
patients. (See Table 1.) The presence of 
morbid obesity might raise the con-
cern for pre-existing metabolic syn-
drome or sleep-disordered breathing. 
Characterization of the pulse might 
help identify underlying rhythm 
abnormalities such as atrial fibrilla-
tion. Pericardial rubs or knocks and 
murmurs might signal the presence of 
pericardial disease and functional and/
or structural valvular abnormalities, 
respectively. An S3 gallop has moder-
ate correlation with increased cardiac 
filling pressures and might indicate 
poor prognosis in those patients with 
established HFrEF.38 Other impor-
tant signs of volume overload include 
exaggeration of jugular venous disten-
sion (hepatojugular reflux) on applica-
tion of abdominal pressure, rales, liver 
enlargement, ascites, and extremity 
edema. Cold extremities might be 

indicative of significant hypoperfusion 
and the need for inotropic support or 
the need for mechanical circulatory 
support.2,23

Diagnostic tests can help estab-
lish the diagnosis and cause of HF. 
Valuable routine laboratory tests 
include a complete blood count, com-
plete metabolic panel, magnesium lev-
els, lipid panel, and thyroid function 
tests. (See Table 5.)

Role of Biomarkers in HF
Biomarkers increasingly have 

become useful in the diagnosis, 
prognostication, and most recently 
prevention of HF. The most com-
monly used are the B-type natriuretic 
peptide (BNP) and its counterpart, 
N-terminal pronatriuretic peptide 
(NT-proBNP). These biomolecules 
are secreted primarily by the over-
stretched ventricular heart muscle. 
BNP’s main effects are natriuresis, 
diuresis, and smooth muscle relax-
ation, whereas NT-proBNP is an 
inactive molecule. These biomolecules 
correlate with increased filling pres-
sures or ventricular load in HF and 
are significantly elevated in decom-
pensated HF.39,40 Both markers have 

Figure 2. Cardiac Amyloidosis 

A: Two-D-echocardiographic image from the apical 4 chamber view demonstrating biatrial enlargement and hyper-enhanced myocardium consistent with 
amyloidosis. RA =  right atrium; LA = Left atrium  
B: From left to right short axis basal. Steady-state free precession cine, native T1, post-contrast T1, and LGE images in a patient with transthyretin cardiac 
amyloidosis. Steady-state, free precession cine demonstrates left ventricular hypertrophy. Native T1-mapping is diffusely elevated (1,250-1,380 ms). 
Post-contrast T1 shows difficulty with nulling the myocardium and extracellular volume is elevated at 0.59. Late gadolinium enhancement imaging 
demonstrates diffuse subendocardial enhancement with transmural region along the septum consistent with cardiac amyloidosis.
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fairly high sensitivities for HF. They 
both have very poor positive predic-
tive values but high negative predic-
tive values. Used in the right clinical 
setting, both markers can aid in the 
diagnosis of HF. In patients present-
ing with clinical symptoms of HF 
like dyspnea and leg swelling, a low 
BNP can be used to exclude the pos-
sibility of HF.41,42 It is important to 
understand that there are several car-
diac and noncardiac conditions that 
might cause elevation in BNP and 
NT-proBNP. (See Table 6.)

More recently, natriuretic peptides 
have been shown to have potential 
benefit in preventing development 
of LV dysfunction and HF in at-risk 
patients, such as those with hyper-
tension, diabetes, and dyslipidemia. 
In two recent studies, researchers 
demonstrated that screening at-risk 
patients with BNP or NT-proBNP 
and referring those with elevated 
levels to cardiologists for appropri-
ate evaluation and timely treatment 
reduced the onset of asymptomatic 
LV dysfunction and symptomatic 
HF43 and cardiac events.44 Currently, 
there are no standardized screening 
recommendations, so applying these 
new insights will require further stud-
ies on long-term patient outcomes, 
evaluation of risks to patients, as well 
as cost-benefit analysis.

Elevated natriuretic peptide levels 
portend poor clinical outcomes and 
increased mortality.39,45-51 There is 
evidence demonstrating prognostic 
value in the measurement of natri-
uretic peptide levels during admis-
sion.45,50,51 Some observational studies 
have suggested that predischarge 

natriuretic peptide levels can be useful 
in establishing postdischarge prog-
nosis in HF.47,52,53 Other biomarkers 
of myocardial fibrosis, such as soluble 
ST2 receptor, galectin-3, and high-
sensitivity cardiac troponin, have been 
studied, and there is evidence to sug-
gest increased predictive value when 
used in combination with cardiac 
natriuretic peptides and troponins.54,55

Other useful diagnostic tests 
include an electrocardiogram that 
might show evidence of myocardial 
ischemia, arrhythmias like atrial 

fibrillation, LVH, and other nonspe-
cific changes indicative of a possible 
etiology of HF.

Imaging with a chest X-ray (CXR) 
might reveal pulmonary congestion 
and cardiomegaly. (See Figure 4.) It is 
important to realize that the CXR has 
poor sensitivity and specificity for HF, 
and can be negative in 20% of patients 
with chronic HF because of compen-
satory lymphatic drainage of fluid.56 
Other nonspecific findings, such as 
valvular calcifications and pericardial 
calcifications, might be present on 

Table 5. Laboratory Tests Useful in Initial Evaluation

Laboratory Test Importance

Complete blood 
count (CBC)

• Assess for anemia (can cause hyperdynamic heart failure [HF]).
• HF from valvular insufficiency can complicate infective 

endocarditis.
• Presence of systemic infections like pneumonia complicates 

HF management.

Complete metabolic 
panel (CMP)

• Elevated transaminases and bilirubin might indicate liver 
congestion and damage resulting from HF (congestive 
hepatopathy).

• Kidney dysfunction due to hypoperfusion; has implications for 
HF therapy.

• Establish baseline electrolyte levels before initiation of 
diuretics, angiotensin-converting enzyme inhibitors/
angiotensin receptor blockers and aldosterone antagonists 
because of their adverse effects profile.

• Hyperglycemia might be indicative of diabetes or metabolic 
syndrome. 

Serum magnesium
• Diuretics might cause hypomagnesemia. 
• Hypomagnesemia causes arrhythmias, which can complicate 

HF therapy.

Natriuretic peptide 
levels

• Significantly low levels (< 50-100) make a diagnosis of HF 
unlikely. Supportive test (see cardiac biomarkers).

Cardiac troponins • Elevated levels indicate possible myocardial strain, acute 
myocardial ischemia, and worse prognosis.

Lipid panel • Assess for dyslipidemias.

Thyroid function tests • Assess for thyroid disease; can cause and complicate HF.

Figure 3. Simplified Model of Heart Failure

a Initial compensatory mechanisms if sustained and persistent become maladaptive, leading to secondary damage. 
b Renin angiotensin aldosterone system 
c Elaboration of neurohormonal factors and cytokines leads to progressive myocardial damage including fibrosis with eventual left ventricular dysfunction.

Asymptomatic 
to symptomatic 

heart failure

Initial myocardial 
insult

Compensatory 
mechanismsa 
(activation of 
adrenergic, RASS,b and 
cytokine systems)

cCardiac 
remodelingc
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CXR. The CXR also helps exclude 
other pulmonary causes of dyspnea, 
such as pneumonia.

Two-dimensional echocardiography 
(2-D echo) with Doppler is one of 
the most useful noninvasive cardio-
vascular imaging tools for patients 
with suspected HF. Echocardiography 
helps in the anatomic and functional 
evaluation of the heart. Systolic and 
diastolic contractile abnormalities 
might point to possible etiology of 
HF. Other abnormalities that can be 
detected on 2-D echo include valvular 
abnormalities, myocardial infiltrative 
processes like amyloidosis, and peri-
cardial disease. 

In patients with HF of unknown 
etiology and in whom myocarditis 

and infiltrative processes like amyloi-
dosis are considered a possible cause, 
cardiac magnetic resonance imaging 
(CMRI) can be useful.57 CMRI is 
able to provide details of cardiac func-
tion, myocardial perfusion, viability, 
fibrosis, and cardiac anatomic abnor-
malities. However, it is expensive and 
is of limited utility in patients with 
significant tachycardia. Rarely, endo-
myocardial biopsies are performed 
in patients with rapidly progressive 
and refractory acute HF and when 
giant cell myocarditis and infiltra-
tive myocardial processes associated 
with ventricular arrhythmias and/
or atrioventricular conduction delays 
are suspected.58 Results of myocardial 
biopsy might help influence treatment 

decisions in patients with primary 
cardiac amyloidosis. CMRI is valuable 
as a noninvasive diagnostic modality 
in patients suspected of having cardiac 
amyloidosis. (See Figure 3.)

Coronary angiography has an 
important role in patients suspected of 
having an underlying ischemic heart 
disease.

Management of HF
Treatment of Stage A HF: 

Management of stage A HF involves 
control of risk factors (see Table 2) 
to prevent and/or delay remodeling 
that eventually would lead to overt 
HF. Diabetes leads to morphological, 
biochemical, and functional cardiac 
abnormalities independent of the 
acceleration of atherosclerosis. This 
may explain the increased lifetime risk 
of HF among diabetics.59 This risk is 
higher among women with diabetes 
and those with poor glycemic control 
with glycated hemoglobin greater 
than 10.5%.60 Treatment of diabetes 
and incident diabetic renal disease 
might help reduce the risks of devel-
oping HF. 

Long-standing hypertension inevi-
tably leads to LVH, subsequent HF, 
and cardiovascular death. Studies have 
shown a reduction in the incidence 
of LVH and HF by 50% with use 
of antihypertensive therapy, a trend 
that also translated into reduced 
cardiovascular mortality.18,61 Most 
recently, a large randomized, con-
trolled trial (RCT) showed that in 
patients with increased cardiovascular 
risk (defined as those older than 75 
years of age and with pre-existing 
vascular disease, chronic renal disease, 
or a Framingham Risk Score >15%), 
intensive blood pressure control to 
a goal systolic blood pressure (SBP) 
< 120 mmHg was associated with 
significant reduction in incidence of 
HF.62 Therefore, the ACC/AHA rec-
ommend treatment of hypertension 
to a goal blood pressure of 130/80 
mmHg or less in those with stage A 
HF.63 The choice of antihypertensive 
agents should be based on guide-
lines,19 but may be modified according 

Table 6. Causes of Elevated BNP and NT-proBNP

Cardiac Causes Noncardiac Causes

• Heart failure (both diastolic and systolic)
• Acute coronary syndromes 
• Arrhythmias
• Hypertension with left ventricular 

hypertrophy
• Inflammatory conditions including 

myocarditis and pericarditis
• Injury to cardiac muscle as occurs in 

surgery and cardioversion
• Valvular heart diseases

• Renal failure
• Pulmonary embolism
• Severe illness (e.g., sepsis)
• Anemia
• Advanced age
• Pulmonary diseases (e.g., obstructive 

sleep apnea and chronic obstructive 
pulmonary disease)

• Hyperthyroidism

Figure 4. Chest X-ray Showing Cardiomegaly

A chest X-ray showing cardiomegaly (enlarged cardiac silhouette) with prominent 
pulmonary vascular markings consistent with pulmonary venous congestion. A dual 
chamber implantable cardioverter defibrillator is also seen.
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to specific indications like coexisting 
CAD, kidney disease, and diabetes. 
Diuretic-based antihypertensive 
therapies consistently have shown a 
benefit in preventing incident HF.64 
Angiotensin-converting enzyme 
(ACE) inhibitor treatment of asymp-
tomatic diabetics and patients with 
vascular disease without overt HF 
symptoms demonstrated improved 
outcomes in terms of death, myo-
cardial infarction, and stroke.65 Use 
of losartan, an angiotensin II type 
1 receptor blocker, showed delay to 
the first hospitalization for HF in 
patients with diabetic nephropathy.66

The treatment of hyperlipidemia, 
especially in patients with existing 
CAD using statins, might be benefi-
cial in some patients. In patients at 
risk for HF, particularly those with 
dyslipidemia, statin therapy has been 
shown to be effective in preventing 
HF.67,68

Obesity must be addressed with 
lifestyle modification measures that 
promote weight loss, such as a low-
calorie diet and exercise. Sodium 
intake is associated with hyperten-
sion, LV hypertrophy, and cardio-
vascular disease.69,70 Paradoxically, 
patients with HF with obesity have 
better prognosis.71 Therefore, patients 
with stage A HF must keep sodium 
intake to less than 1,500 mg per 
day.23 Patients also must be counseled 
on the dangers of excessive alcohol 
consumption, tobacco use, and rec-
reational drug use, and helped with 
cessation methods. NSAIDs have 
been associated with increased hospi-
talization for HF, increased incidence 
of new-onset HF, and decompensa-
tion of chronic HF.72 These effects 
mainly are related to fluid retention 
associated with these medications. 
Patients with prior or current use of 
cardiotoxic chemotherapeutic agents 
must be evaluated for possible LV 
dysfunction.  

Treatment of Stage B HF: 
Treatment of HF patients in stage 
B focuses on risk factor control to 
delay and reverse the disease progres-
sion. Treatment goals also include 

incorporating recommendations for 
stage A. Therapies aimed at promot-
ing reverse remodeling include the 
use of ACE inhibitors, angiotensin 
II receptor blockers (ARBs), beta-
blockers, and mineralocorticoid 
receptor antagonists in patients with 
structural heart disease (underlying 
CAD and ventricular hypertrophy 
and dysfunction ). These medications 
have been shown to help delay the 
onset of symptomatic HF as well as 
reduce mortality. ACE inhibitors, or 
ARBs for those intolerant to ACE 
inhibitors, are effective in prevent-
ing progression to symptomatic 
HF and reduce mortality in post-
myocardial infarction (MI) patients 
with reduced EF.73 Evidence-based 
beta-blockers, such as carvedilol, 
bisoprolol, and metoprolol, have also 
been shown to reduce onset and/
or progression of HF and overall 
cardiovascular mortality in post-MI 
patients with reduced EF.74,75 Statins 
confer a mortality benefit in post-MI 
patients and can prevent progression 
of stage B HF.22,76-78 Patients with 
asymptomatic LV dysfunction with 
reduced EF should be treated with 
ACE inhibitors or ARBs if intolerant 
to ACE inhibitors. ACE inhibitors 
have been shown to reduce onset of 
overt HF, rates of hospitalizations, 
and cardiovascular mortality.79,80 
Evidence-based beta-blockers also 
help reduce morbidity and mortal-
ity in asymptomatic patients with 
reduced LVEF.79

Implantable cardioverter-defibril-
lator (ICD) placement is beneficial in 
asymptomatic patients with ischemic 
cardiomyopathy who are at least 40 
days post-MI, have LVEF  
≤ 30%, are already on guideline-
directed medical therapy (GDMT), 
and have good functional capacity 
and life expectancy greater than one 
year.81

Pharmacologic treatments for 
stage C and D HF with reduced 
EF (HFrEF): Treatment goals for 
stage C and D HFrEF include delay 
of disease progression, symptomatic 
relief, and improvement of survival. 

Pharmacotherapy is complemented 
by some of the supportive measures 
already discussed under stage A and 
B HF. Other nonpharmacologi-
cal interventions include education, 
social support, and cardiac rehabili-
tation with exercise. Education on 
self-care involves getting patients to 
understand their medical condition, 
including monitoring their symptoms 
and identifying ways to stay healthy 
with medication, dietary adherence, 
and exercise programs. HF patients 
who receive self-care education over-
all have an improved understanding 
of the disease process, medication 
adherence, and time to hospitaliza-
tion and duration of hospital stay.82

Nonpharmacological interventions 
may be beneficial and complementary 
in HF management. For example, 
there is evidence that disease-specific 
education at discharge leads to lower 
six-month mortality.83 A lack of 
social support has been associated 
with poor adherence to medical care, 
higher hospitalization rates,84,85 and 
mortality risk.86

Weight management presents 
a delicate balance in HF patients. 
Those who are morbidly obese and 
cachexic have worse outcomes com-
pared to those whose body mass 
index (BMI) is between 30 and 35 
kg/m2.87

Cardiac rehabilitation through 
supervised exercise programs is 
beneficial in patients who are able 
to participate in exercise.88 A meta-
analysis of RCTs showed that super-
vised exercise not only improved 
survival and exercise capacity but 
also extended the time to admission 
in patients with HFrEF.89,90 This 
possibly might be related to reverse 
remodeling effects of exercise on the 
heart.91

Management of common comor-
bid disorders provides incremental 
benefit in HF. For example, patients 
with iron deficiency anemia and evi-
dence of low iron have been shown 
to benefit from intravenous iron 
repletion.63 Patients at risk for sleep-
disordered breathing should undergo 
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sleep studies and be allowed to use 
continuous positive airway pressure 
devices, given their benefit in improv-
ing symptoms of daytime sleepiness 
and occurrence of atrial fibrillation.92

Stage D HF represents “truly 
refractory” heart failure, with patients 
having persistent severe symptoms 

despite optimal GDMT. These 
patients should be evaluated for 
potentially reversible or alternative 
etiologies for worsening or persistent 
symptoms before being labeled stage 
D HF. In addition, they should be 
evaluated for candidacy for advanced 
treatment strategies, including but 

not limited to mechanical circulatory 
support and heart transplantation, 
as well as novel experimental surgi-
cal procedures. Palliative and hospice 
care should be considered early in 
those who are not candidates for 
these advanced therapies.23 Patients 
with stage D HF typically will have 
severe symptoms, such as dyspnea 
and/or fatigue at rest or with minimal 
exertion, fluid retention, echocardio-
graphic or other objective evidence 
of severe cardiac impairment, severe 
functional impairment, and more 
than one hospitalization in less than 
six months.93 Specific agents used 
in the treatment of stage C and D 
HFrEF are summarized in Tables 
7 and 8 and are discussed in detail 
below.

ACE inhibitors: ACE inhibi-
tors cause vasodilation and reverse 
remodeling through suppression of 
the RAAS, thereby attenuating their 
deleterious effects on the cardiovas-
cular system. They have been shown 
to improve symptoms, HF hospital-
ization, and cardiovascular mortality 
in patients with mild, moderate, or 
severe symptomatic HFrEF and in 
patients with or without CAD.73,94-

96 These beneficial effects of ACE 
inhibitors are not dose-dependent, 
and no significant difference in mor-
tality benefit has been demonstrated 
between low-dose and high-dose 
ACE inhibitor therapy in most 
RCTs.95,97,98 It is desirable to attempt 
to titrate doses equivalent to those 
used in clinical trials.

Angioedema is a rare but poten-
tial serious adverse effect related 
to ACE inhibitor therapy. These 
medications should be started at low 
doses to assess for tolerability before 
being titrated up. Caution must be 
exercised in patients with hypoten-
sion, renal insufficiency, and elevated 
serum potassium. A dry cough can be 
seen in 20% of patients taking these 
medications.

ARBs: ARBs block the effects of 
angiotensin II at their receptors (type 
1). These medications have compara-
ble efficacy to ACE inhibitors but are 

Table 7. Common Medications Used in Patients With 
HFrEF

Drug Dose Range

Angiotensin-converting Enzyme Inhibitora

Captopril 6.25 mg TID to 50 mg TID

Enalapril 2.5 mg BID to 10 to 20 mg BID

Fosinopril 5 to 10 mg QD to 40 mg QD

Lisinopril 2.5 to 5 mg QD to 20 to 40 mg QD

Perindopril 2 mg QD to 8 to 16 mg QD

Quinapril 5 mg BID to 20 mg BID

Ramipril 1.25 to 2.5 mg to QD 10 mg QD

Trandolapril 1 mg QD to 4 mg QD

Angiotensin Receptor Blockersa

Candesartan 4 to 8 mg QD to 32 mg QD

Losartan 25 to 50 mg QD to 50 to 150 mg QD

Valsartan 20 to 40 mg BID to 160 mg BID

Angiotensin Receptor Neprilysin Inhibitor

Sacubitril/valsartan 49/51 mg BID (sacubitril/valsartan) to 97/103 mg BID 
(sacubitril/valsartan)

Beta-blockersb

Bisoprolol 1.25 mg QD to 10 mg QD

Carvedilol 3.125 mg BID to 50 mg BID

Carvedilol CR 10 mg QD to 80 mg QD

Metoprolol succinate 
extended release 
(metoprolol CR/XL)

12.5 to 25 mg QD to 200 mg QD

If Channel Inhibitor
Ivabradine 5 mg BID to 7.5 mg BID

Isosorbide Dinitrate and Hydralazine

Fixed-dose combination 20 mg isosorbide dinitrate/ 37.5 mg hydralazine TID to 40 mg 
isosorbide dinitrate/ 75 mg hydralazine TID

Isosorbide dinitrate and 
hydralazine

20 to 30 mg isosorbide dinitrate/25 to 50 mg hydralazine TID 
or QID 
40 mg isosorbide dinitrate TID with 100 mg hydralazine TID

Cardiac Glycosidesc

Digoxin 0.125 mg QD to 0.25 mg QD
a Medication morbidity and mortality benefit not dose dependent. 
b Medication morbidity and mortality benefit dose dependent. 
c Confers no mortality benefit. 
QD: once a day; BID: twice a day; TID: three times a day.
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not superior.99,100,101 ARBs are recom-
mended for patients who are intoler-
ant to ACE inhibitors and those who 
develop HF while on an ARB for 
other reasons (i.e., hypertension).63

Angiotensin receptor neprilysin 
inhibitors (ARNI): ARNI com-
bine the effects of an ARB and an 
inhibitor of neprilysin, an enzyme 
that degrades natriuretic peptides, 
bradykinin, adrenomedullin, and 
other vasoactive peptides, thereby 
enhancing vasodilation. A recent 
RCT (PARADIGM-HF) showed 
that an ARNI (sacubitril/valsartan) 
significantly reduced the composite 
endpoint of cardiovascular death or 
HF hospitalization by 20% when 
compared to enalapril in patients 
with symptomatic HFrEF tolerating 
an adequate dose of either an ACE 
inhibitor or an ARB.102 The updated 
ACC/AHA guidelines incorporated 
ARNIs among first-line therapies, 
alongside ACE inhibitors and ARBs, 
for stage C (symptomatic) HF. 
Appropriately selected patients with 
chronic HFrEF NYHA class II-III 
whose symptoms are refractory on 
maximal tolerable doses of either an 
ACE inhibitor or an ARB may be 
considered as candidates for switch-
ing to an ARNI.63

ARNI therapy is associated with 
hypotension and infrequently angio-
edema.102 An ARNI should not be 
administered to patients with a his-
tory of angioedema. Concomitant 
administration with an ACE inhibi-
tor is associated with significantly 
high risks of angioedema and there-
fore is contraindicated. A washout 
period of 36 hours should be allowed 
from the last dose of an ACE inhibi-
tor before initiation of an ARNI to 
avoid this potentially serious adverse 
effect. The ARNI should be started 
at the lowest dose to assess for toler-
ability then titrated up to the dose 
that was tested in the clinical trial.103 
As is the case with ACE inhibitors 
and ARB therapy, patients should be 
monitored closely for hypotension, 
renal insufficiency, and hyperkalemia 
within one to two weeks of initiating 

them on therapy with an ARNI or 
whenever there is a change in dosing.

Beta-blockers: Beta-blockers have 
shown improved survival, event-free 
survival, quality of life, and rates of 
hospitalization and sudden cardiac 
death in patients with mild, moder-
ate, and severe HF.104,105 The benefi-
cial effects of beta-blocker therapy 
possibly may be related to structural 
and functional effects of these medi-
cations on the heart, their effects on 
the maladaptive adrenergic drive, and 
the consequent structural changes 
imposed on a failing heart. There 
is evidence to confirm that beta-
blockers cause reverse remodeling 
and improvement in systolic function 
as early as three to four months from 
initiation of therapy.106,107 One study 
showed mortality and hospitalization 
benefits as early as two to three weeks 
following initiation of therapy.108

Beta-blockers should be started 
only in hemodynamically stable 
patients. Initial doses should be low 
with a gradual titration up after 
proven tolerance (generally over 

two to four weeks or whenever 
the adverse effects to a lower dose 
resolve) to low doses to reduce rates 
of adverse effects and unnecessary 
withdrawal of therapy. This cautious 
approach allowed for about 85% 
of patients enrolled in clinical tri-
als to tolerate short- and long-term 
treatment to maximum planned 
trial doses.23 Initiating beta-blocker 
therapy before discharge for hospi-
talized HF patients who are not on 
intravenous inotropic therapy can be 
done safely.109

Patients should be educated on 
the benefits of beta-blockers to avoid 
discontinuation of medications for 
tolerable side effects. Worsening of 
HF, fatigue, varying degrees of heart 
block, and hypotension are potential 
adverse effects of beta-blocker ther-
apy. Caution should be exercised in 
patients with reactive airway disease 
and diabetics with frequent hypogly-
cemic spells.

Aldosterone Antagonists: The 
activation of the RAAS in HF results 
in increased aldosterone production. 

Table 8. Diuretics Commonly Used in HF Patients

Diuretic Initial Doses Maximum Total Daily 
Dose

Loop diuretica

Bumetanide 0.5 mg to 1.0 mg QD or BID 10 mg

Furosemide 20 mg to 40 mg QD or BID 600 mg

Torsemide 10 mg to 20 mg QD 200 mg

Thiazide diureticsb

Chlorothiazide 250 mg to 500 mg QD or BID 1,000 mg

Chlorthalidone 12.5 to 25.0 mg QD 100 mg

Hydrochlorothiazide 25 mg QD or BID 200 mg

Indapamide 2.5 mg QD 5 mg

Metolazone 2.5 mg QD 20 mg

Potassium-sparing diuretic
Amiloride 5 mg QD 20 mg

Eplerenonec 25 mg QD 50 mg

Spironolactonec 12.5 mg to 25.0 mg QD 50 mg

Triamterene 100 mg to 300 mg BID 300 mg

a Considered mainstay of diuretic therapy for relief of volume overload. 
b Contraindicated in patients with estimated glomerular filtration rate < 30 mL/min/1.73 m2 unless 
in those where sequential nephron blockade or synergy is desired. 
c Preferred due to evidence of mortality benefit in several clinical trials.
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Aldosterone has multiple biological 
and physiological effects, including 
salt and water retention, collagen 
deposition, direct vascular damage, 
vascular fibrosis, myocardial hypertro-
phy, and fibrosis (remodeling).110,111 
These effects are inhibited by aldo-
sterone receptor blockade, thereby 
preventing the remodeling process 
that characterizes HF.111 When 
added to standard therapy including 
an ACE inhibitor, low-dose aldo-
sterone antagonists decrease both 
morbidity and mortality in patients 
with severe HF (NYHA III-IV) 
and EF no more than 35%.37 There 
is also evidence of morbidity and 
mortality benefit in post-MI patients 
with LV dysfunction and/or severe 
HF treated with a selective aldoste-
rone antagonist eplerenone.112 The 
EMPHASIS-HF trial demonstrated 
that eplerenone reduced mortality 
and rates of hospitalization even in 
patients with mild symptoms of HF 
(NYHA II).113 These medications can 
have considerable effects at doses as 
low as 12.5 mg daily since their ben-
eficial effects were seen without much 
effect on water retention.

Aldosterone antagonists can cause 
hyperkalemia and, therefore, should 
be given with caution in patients with 
renal insufficiency and those on ACE 
inhibitors/ARB therapy or potassium 
replacement. They generally are con-
traindicated in patients with a serum 
creatinine ≥ 2.5 mg/dL and those 

with serum potassium ≥ 5 mEq/L. 
Patients with glomerular filtration 
rates (GFR) between 30 and 49 can 
be started on these medications once 
every other day and watched closely 
for hyperkalemia before titration 
up.23 Patients should be advised to 
avoid NSAIDs and watch intake of 
food rich in potassium after initiation 
of these drugs. 

Hydralazine and Isosorbide 
Dinitrate: The vasodilator combina-
tion of hydralazine and isosorbide 
dinitrate added to optimal GDMT 
(including an ACE inhibitor or ARB, 
beta-blocker, and aldosterone antago-
nist) in African-American patients 
with advanced HF (NYHA III-IV 
HFrEF) was found to improve mor-
tality, morbidity, and quality of life.114 
This combination also proved to 
reduce mortality but not rates of hos-
pitalization in patients with current 
or prior symptomatic HFrEF not on 
an ACE inhibitor or beta-blocker but 
on digoxin and diuretics.115 Therefore, 
the ACC/AHA recommend treat-
ment of symptomatic patients with 
HFrEF who cannot tolerate an ACE 
inhibitor or ARB and beta-blocker 
with the combination of hydralazine 
and isosorbide dinitrate, provided 
there are no contraindications.23 This 
combination can cause significant 
dizziness, headaches, hypotension, 
and gastrointestinal disturbances.

Ivabradine: Ivabradine is a rela-
tively new medication that selectively 

inhibits the If current in the sinoatrial 
node, resulting in heart rate reduc-
tion. Patients with NYHA II-III 
HFrEF (EF ≤ 35%) on standard 
GDMT, including a beta-blocker, 
were found to benefit from reduced 
HF hospitalization when ivabradine 
was added to therapy.116 The study 
cohort predominantly included 
patients in sinus rhythm with a rest-
ing heart rate of 70 beats per minute 
or more. Therefore, it is imperative 
to optimize beta-blocker therapy 
to maximal tolerable doses before 
considering ivabradine as an add-on 
therapy.

Diuretics: Diuretics are indicated 
for symptomatic relief in patients 
with HF who have evidence of fluid 
retention.23 This class of therapeu-
tic agents inhibits the reabsorption 
of sodium chloride and water in 
the renal tubes, thereby improving 
the fluid retention associated with 
HF. Clinical trials have shown that 
diuretics lead to improvement in 
symptoms and exercise tolerance in 
patients with HF.117,118 Diuretics help 
reduce volume overload and pulmo-
nary vascular congestion.119 However, 
there is no evidence of mortality ben-
efit from diuretic use. 

In an outpatient setting, diuretics 
generally should be started at lower 
doses and titrated up to achieve a 
goal weight reduction of 0.5 to 1.0 
kg daily.23 Therefore, daily weight 
measurement is vital in the manage-
ment of patients on diuretic therapy. 
A key element in the use of diuretics 
is the judicious use of adequate doses 
so as to optimize patient comfort 
while minimizing adverse effects. In 
some cases, patients may be trained 
to self-titrate diuretic doses based on 
symptoms.

A recent RCT showed no major 
difference in patient’s global assess-
ment of symptoms or renal function 
when diuretic therapy was admin-
istered by continuous infusion as 
compared to bolus infusion or when 
a high dose was compared with a 
low dose diuretic strategy in patients 
with acute decompensated HF.120 

Table 9. Compelling Indications for CRT

Treatment 
Effect (Benefits 
Compared to 
Risks)

NYHA Class

NYHA Class I
NYHA Class III and 
Ambulatory Class IV

Benefit >>> Risk LVEF ≤ 35%, QRS ≥ 150 ms, 
LBBB pattern, sinus rhythm

LVEF ≤ 35%, QRS ≥ 150 ms, 
LBBB pattern, sinus rhythm

Benefit >> Risk LVEF ≤ 35%, QRS 120-149 ms, 
LBBB pattern, sinus rhythm

LVEF ≤ 35%, QRS 120-149 ms, 
LBBB pattern, sinus rhythm

LVEF ≤ 35%, QRS ≥ 150 ms, 
non-LBBB pattern, sinus 
rhythm

Note: Patients with atrial fibrillation who have undergone atrioventricular nodal ablation and have 
LVEF ≤ 35% with anticipated good quality of life and lifespan also are likely to benefit from CRT.



40     Primary Care Reports / March 2018  AHCMedia.com

Resistance to diuretics is not uncom-
mon in patients on NSAIDs because 
of their renal effects;121 this relative 
unresponsiveness also might occur in 
patients taking diets rich in salt and 
those with significant renal dysfunc-
tion.122 Use of intravenous diuretics 
or a combination of different diuretic 
classes for synergy might overcome 
this resistance.123,124,125

These medications can cause 
electrolyte abnormalities, including 
hypokalemia and hypomagnesemia, 
especially if used in combination. 
Therefore, electrolytes should be 
checked and appropriately replaced. 
Table 8 shows diuretics commonly 
used in the treatment of HF.

Digoxin: Digoxin can be used 
as add-on therapy in patients with 
HFrEF who are symptomatic despite 
being on optimal GDMT. It also can 
be beneficial in patients with severe 
symptoms not yet responsive to 
initial GDMT.23 Lower doses, with 
goal plasma levels of 0.5 to 0.9 ng/
mL, are safer than and just as effec-
tive as higher doses.126 Several clini-
cal trials have shown that digoxin 
improves symptoms, exercise toler-
ance, and health-related quality of 
life in patients with mild to moder-
ate HF.127-130 Notwithstanding its 
positive effect on symptoms and 
hospitalization rates, digoxin confers 
no mortality benefit.131 Digoxin also 
is beneficial in chronic HF patients 
with concomitant atrial fibrillation. 

Patients on digoxin need close 
monitoring, especially elderly patients 
and those with renal insufficiency, 
because of the increased occurrence 
of digitalis toxicity in such patients. 
Medications like amiodarone and 
other antiarrhythmic agents, macro-
lides (e.g., clarithromycin, azithro-
mycin), and itraconazole increase 
plasma levels of digoxin, thereby 
increasing the risk for digoxin tox-
icity.132,133 Major adverse effects of 
digoxin include nausea, vomiting, 
arrhythmias, visual disturbances, 
and neurologic manifestations such 
as confusion. It should be avoided 
in patients with second- and 

third-degree AV block who have no 
pacemakers and those with signifi-
cant renal disease.

Other Medications Used 
in Heart Failure

Inotropes: Hemodynamically 
unstable patients with HF can benefit 
from inotropic support. Despite their 
favorable hemodynamic effects, ino-
tropes have not been shown to alter 
mortality in patients with advanced 
HF.134,135,136 In fact, there is evidence 
of increased mortality associated 
with chronic oral inotrope use.136 The 
adverse effects associated with these 
agents are mostly a result of increased 
arrhythmias.

However, intravenous inotropes 
can be useful in HF patients with 
severe systolic dysfunction associated 
with significant end-organ hypo-
perfusion. Ideal patients for intrave-
nous inotropic support typically will 
manifest with marked symptoms of 
congestion, hypotension, low cardiac 
index, and evidence of end-organ 
hypoperfusion, such as renal dysfunc-
tion and congestive hepatopathy. 
The ACC/AHA recommend use 
of temporal parenteral inotropic 
therapy in patients with cardiogenic 
shock awaiting definitive therapy.23 
Patients with stage D HF might 
benefit from continuous therapy with 
inotropes, either as a bridge to defini-
tive intervention and/or transplanta-
tion or as part of palliative care.23 
Common inotropes in use include 
the following:

• Adrenergic Agents (dopamine and 
dobutamine): These medications have 
dose-dependent effects and can help 
improve renal perfusion and enhance 
diuresis. However, they can cause 
hypotension, headaches, and tachyar-
rhythmias. Furthermore, dopamine 
might cause tissue necrosis, while 
dobutamine can result in hypersen-
sitivity reactions. Caution should be 
exercised in patients on monoamine 
inhibitors.

• Milrinone: Milrinone is a phos-
phodiesterase inhibitor that causes 
significant vasodilation. Potential 

adverse effects include hypotension 
and hepatic dysfunction. It requires 
renal dosing in patients with renal 
dysfunction.

Intravenous Vasodilators: These 
drugs generally are used to acutely 
relieve dyspnea in hospitalized HF 
patients. Data on their impact on HF 
outcomes are lacking.23 They include 
the following drugs:

• Nitroglycerin: Nitroglycerin is 
an intravenous venodilator that 
lowers preload, leading to rapid 
improvement in pulmonary conges-
tion.137,138 It is particularly help-
ful in patients with elevated blood 
pressure, acute coronary syndromes, 
and mitral regurgitation in the set-
ting of acutely decompensated HF. 
Decreased response to nitroglycerin 
due to tachyphylaxis can occur with 
24 hours of infusion.139,140 It is not 
uncommon to see this lack of respon-
siveness even at higher doses of 
nitroglycerin.141

• Sodium Nitroprusside: Sodium 
nitroprusside is a potent venodilator 
and arterio-dilator and, therefore, has 
both preload and afterload reduction 
properties. Additionally, it causes 
vasodilation of the pulmonary vascu-
lature. Like intravenous nitroglycerin, 
sodium nitroprusside can help relieve 
symptoms of congestion in HF 
patients with hypertension and/or 
hemodynamically significant mitral 
regurgitation.142 This drug can cause 
severe hypotension, and cyanide 
toxicity might occur with prolonged 
infusion periods, especially in those 
with renal insufficiency. It must be 
administered in intensive care unit 
settings with invasive monitoring. 

• Nesiritide: Nesiritide is a form of 
human B-type natriuretic peptide 
that causes preload reduction through 
natriuresis while decreasing after-
load through its vasodilatory effects. 
Studies on nesiritide have yielded 
mixed results. A large RCT found 
no benefit from nesiritide in both 
mortality and hospitalization, and it 
showed a statistically nonsignificant 
improvement in dyspnea.143 Further, 
the study found increased risks for 
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prolonged hypotension with nesirit-
ide use.143

• Arginine Vasopressin Antagonists: 
These drugs block V1 and/or V2 
vasopressin receptors, resulting in 
electrolyte free water excretion by the 
kidneys. These drugs are effective in 
normalizing serum sodium in patients 
with hypervolemic hyponatremia 
and, therefore, may be beneficial in 
normalizing sodium and improving 
mental performance in patients with 
refractory hyponatremia despite water 
restriction and optimal GDMT.144,145 
Because of the neurohumoral imbal-
ance that characterizes HF, patients 
with HF frequently present with 
hyponatremia. Hyponatremia actu-
ally is an indicator of poor outcomes 
in HF.146 Despite these effects on 
sodium, long-term therapy with 
V2-selective vasopressin antago-
nists showed no mortality benefit in 
HF.147,148 Conivaptan and tolvaptan 
currently are available for the treat-
ment of hypervolemic hyponatremic 
patients. They are relatively new on 
the market, and their long-term safety 
and benefit have yet to be established.

Other Nonpharmacological 
Approaches for Stage C and D 
HFrEF: Broadly, these include device 
therapy, revascularization, and surgi-
cal intervention. HFrEF is associ-
ated with significant risk for sudden 
cardiac death (SCD) because of the 
fibrosis that characterizes the remod-
eling process. Widespread use of neu-
rohormonal antagonists that protect 
from arrhythmias through cardiac 
remodeling has significantly reduced 
rates of SCD. Nonetheless, the risk 
for SCD still exists.23 Several inter-
ventions are discussed below:

• Implantable Cardioverter-
defibrillator (ICD): This device 
reduces rates of SCD from ventricu-
lar arrhythmias. It does not alter the 
disease course. RCTs have demon-
strated significant reduction in rates 
of SCD in symptomatic HF patients 
(NYHA II and III) on optimal 
chronic GDMT who have LVEF  
≤ 35%.149 Increased occurrence of 
other events in the first 40 days 

post-MI preclude early ICD use.150 
Therefore, the ACC/AHA strongly 
recommend ICD for primary preven-
tion of SCD in selected patients with 
nonischemic dilated cardiomyopathy 
or ischemic heart disease who are at 
least 40 days post-MI with LV dys-
function and EF ≤ 35% and mild to 
moderate symptoms of HF while on 
optimal GDMT (must have a mean-
ingful survival and life expectancy of 
more than one year).23

• Cardiac Resynchronization Therapy 
(CRT): Several RCTs have demon-
strated that CRT in appropriately 
selected patients leads to reduction 
in hospitalization rates and improve-
ment in HF symptoms, functional 
capacity, overall quality of life, and 
mortality.151,152 These observed results 
likely are the result of CRT’s abil-
ity to reverse cardiac remodeling 
and improve ventricular contractil-
ity, ultimately leading to improved 
LVEF.153,154 A third of HF patients 
may have accompanying QRS pro-
longation as the disease progresses. 
A widened QRS portends poor out-
comes.155 The strongest indication 
for CRT appears to be for patients 
with NYHA II/III and ambulatory 
IV with LVEF ≤ 35% with QRS 
≥ 150 ms who have a left bundle 
branch block pattern and are in sinus 
rhythm.156,157 Accumulating evidence 
now suggests benefit from CRT even 
in patients with milder symptoms of 
HF.158,159 Table 9 includes a summary 
of compelling indications for CRT in 
HF patients.

Some patients with HF might 
benefit from angioplasty and coro-
nary artery bypass graft surgery. 
These interventions can lead to 
reduced rates of SCD and improve-
ment in symptoms of ischemia and 
LV function, especially in those 
with coronary lesions amenable to 
revascularization.160-163

There has been increasing inter-
est in the role of surgery, includ-
ing mitral valve repair, aortic valve 
repair, and surgical myomectomy in 
the management of certain patients 
with HF.164-167 In patients with 

nonischemic advanced HF and severe 
LV dysfunction accompanied by sig-
nificant mitral insufficiency, mitral 
valve repair surgery was shown to 
promote reversal of LV remodeling 
and resulted in improved functional 
capacity.167,168 There also is evidence 
indicating that combined bypass sur-
gery and mitral valve repair surgery 
in HF patients with ischemic cardio-
myopathy results in improved quality 
of life.169-171

Some patients with refractory 
cardiogenic shock in the setting of 
acute decompensated systolic HF 
and those with cardiogenic shock 
following a myocardial infarction 
might benefit from intra-aortic bal-
loon pump (IABP) placement.172 An 
IABP is a mechanical device that 
uses counterpulsation to increase 
diastolic aortic pressure and reduce 
systolic aortic pressure, thereby 
increasing coronary perfusion and 
reducing myocardial oxygen demand, 
respectively. This device showed evi-
dence of lower in-hospital mortality 
in patients with myocardial infarction 
complicated by cardiogenic shock 
who underwent thrombolysis and 
revascularization.173 However, recent 
evidence suggests that IABPs do not 
significantly reduce 30-day mortality 
in patients in whom an early revascu-
larization strategy with PCI or bypass 
surgery is planned.174 IABPs provide 
temporal mechanical circulatory sup-
port and only serve as a bridge to 
definitive therapy.

Left ventricular assist devices 
(LVADs) provide another form 
of mechanical circulatory sup-
port in patients with advanced HF. 
Mechanical circulatory support with 
LVAD can be indicated as a bridge to 
definitive therapy like transplantation 
or as destination therapy in stage D 
HF refractory to optimal GDMT in 
patients who are not suitable candi-
dates for heart transplantation.175-177

Management of Stage C 
HFpEF

The prevalence of HFpEF has been 
increasing, with about 50% of all 
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patients with HF having HFpEF.1 
The condition is most prevalent 
in the elderly (most commonly 
women) with HTN, diabetes, and 
atrial fibrillation.178 Mortality and 
hospitalization rates among patients 
with HFpEF are similar to those 
observed in patients with HFrEF.179 
Nevertheless, deaths from noncar-
diovascular causes are more prevalent 
in patients with HFpEF than in 
patients with HFrEF, in whom death 
from cardiovascular causes seem 
predominant.180

Ventricular diastolic dysfunction is 
characterized by impaired ventricular 
relaxation, and increased diastolic 
stiffness at rest or with stress is the 
hallmark disturbance in HFpEF.181-183 
Evidence suggests that the presence 
of impaired ventricular response to 
exercise and systolic abnormalities 
sometimes is evident on echocardio-
graphic measures.179,184 Other find-
ings characteristic of HFpEF include 
endothelial dysfunction and arterial 
stiffening, which, along with the 
ventricular stiffness, cause a height-
ened sensitivity to pressure or volume 
loading. This means that HFpEF 
easily can become symptomatic with 
small fluid volumes.185 Furthermore, 
HFpEF patients exhibit significant 
intolerance to exercise due to a com-
bination of impaired chronotropic 
and vasodilatory responses in the 
setting of diminutive ventricular 
systolic and diastolic reserve.186,187 
Significant changes in heart rate 
like tachycardia and bradycardia 
also might provoke symptoms in 
these patients. Little is known on 
the pathophysiology of HFpEF, and 
evidence-based therapeutic strategies 
still are lacking. Traditionally, uncon-
trolled hypertension leading to vas-
cular dysfunction, concentric LVH, 
and eventual remodeling has been 
implicated in its etiology.179 More 
recently, however, systemic microvas-
cular endothelial inflammation lead-
ing to myocardial inflammation and 
fibrosis (remodeling) has been sug-
gested. This inflammatory cascade is 
related to underlying conditions like 

hypertension, diabetes, the metabolic 
syndrome, smoking, lung disease, and 
iron deficiency anemia.188,189

HFpEF presents a unique diag-
nostic challenge. Supportive tests 
like natriuretic peptide levels may 
be normal in up to 30% of patients, 
especially the obese and those with 
only exertional symptoms.179,190 
Furthermore, this condition exists 
predominantly in elderly patients 
who might have some diastolic dys-
function but not necessarily HFpEF. 
Morbidly obese patients also might 
present with symptoms of fatigue 
and dyspnea but not necessarily have 
HFpEF. Therefore, its diagnosis 
requires a high index of suspicion, 
appropriate interpretation of clinical 
and laboratory data, and demonstra-
tion of objective measures of diastolic 
dysfunction on echocardiography 
in the presence of HF symptoms. 
A normal resting echocardiography 
does not necessarily exclude HFpEF 
(in some cases, exercise may unmask 
diastolic dysfunction on echocardio-
gram). Cardiopulmonary exercise 
testing and invasive measures like 
right-heart catheterization might aid 
in diagnosing indeterminate cases of 
HFpEF.179

Currently, no therapies have been 
shown to improve outcomes in 
patients with HFpEF. Therapy in 
these patients is aimed at symptom-
atic relief of congestion, improvement 
of exercise tolerance, and control 
of coexisting medical conditions. 
Acute symptoms of volume over-
load are treated with gentle diuresis. 
Hypertension must be controlled 
according to guideline-directed rec-
ommendations.19 Most HF patients 
with hypertension will require a 
diuretic. Those with stable kidney 
disease should be considered for 
ACE inhibitors or ARBs, provided 
there are no compelling contraindica-
tions or intolerance to therapy. Beta-
blockers and other antihypertensive 
agents are equally reasonable options 
for control of blood pressure when 
indications are present. ACE inhibi-
tors reduce rates of hospitalization in 

HFpEF patients, despite their lack 
of mortality benefit.191 Aldosterone 
receptor antagonists have been shown 
to lower rates of hospitalization in 
appropriately selected patients with 
HFpEF,192,193 typically those with 
elevated BNP levels or HF admis-
sion within one year, GFR > 30 mL/
min/1.73 m2, serum creatinine < 2.5 
mg/dL, and potassium < 5.0 mEq/L. 
CAD should be managed accord-
ing to current clinical guidelines.194 
Coronary revascularization can be 
used for symptom relief in those 
with underlying CAD with angina 
or dyspnea attributable to myocardial 
ischemia.23 Patients with atrial fibril-
lation initially must be managed with 
rate control and anticoagulation, and 
rhythm control should be attempted 
in those with refractory symptoms 
despite rate control.23 Weight loss 
in obese patients with a BMI ≥ 35% 
and HFpEF might help improve 
exercise tolerance.195 Coexisting lung 
and sleep disorders must be treated 
to improve symptoms of fatigue and 
dyspnea. Exercise training also helps 
improve symptoms of dyspnea and 
exercise intolerance.196

Summary
HF is a relentlessly progressive 

disease condition that carries a large 
burden of morbidity and mortal-
ity. It is very costly and remains a 
major public health challenge. The 
prevalence of HF remains high and 
is expected to increase with the aging 
population. Focused efforts increas-
ingly must address prevention of HF 
in those with risk factors. Optimal 
GDMT for patients with estab-
lished HF is key to improving overall 
outcomes. There is need for further 
understanding of the HF syndrome, 
especially HFpEF, and development 
of newer therapies to further reduce 
morbidity and mortality.  
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CME Questions
1. A 57-year-old Caucasian male 

with a past medical history 
of hypertension presents for 
his follow-up review. He has 
no symptoms and his last 
echocardiography showed mild left 
ventricular dilatation and an ejection 
fraction of 40%. Medications 
include lisinopril 5 mg and 
amlodipine 10 mg daily. His physical 
exam is unremarkable except for a 
blood pressure of 157/87 mmHg. 
His ambulatory blood pressure 
readings have averaged 153/80 
mmHg over the last month. What is 
your best next step?
a. Add hydrochlorothiazide 

(HCTZ) 12.5 mg to current 
therapy.

b. Increase dose of lisinopril and 
reassess in 2-4 weeks.

c. Discontinue amlodipine and add 
metoprolol tartrate 12.5 mg daily.

d. Observe for now.

2. A 47-year-old African-American 
male who recently relocated 
presents to establish care. He has 
established chronic heart failure 
with an ejection fraction of 37% 
per his recent echocardiography. 
His medications include aspirin 
81 mg daily, metoprolol tartrate 25 
mg twice a day, spironolactone 50 
mg daily, and furosemide 40 mg 
twice daily. He recounts challenges 
with his heart failure therapy, as 
enalapril caused him life-threatening 
angioedema. He reports exertional 
dyspnea, orthopnea, and paroxysmal 
nocturnal dyspnea. Physical exam 
is remarkable for a blood pressure 
of 143/90 mmHg, pulse of 67 bpm, 
a laterally displaced apical impulse, 
mild jugular venous distension, fine 
bibasilar crackles, and 2+ pitting 
edema bilaterally. The patient 
expresses eagerness to follow your 
medical advice but does not want 
hospitalization. What is your best 
next step?
a. Add hydralazine and isosorbide 

dinitrate to current therapy.
b. Increase his dose of oral 

furosemide and reassess in two 
weeks.

c. Offer him sacubitril/valsartan.
d. Insist on hospitalization for now.

3. A 65-year-old female presents 
with a persistent dry cough eight 
weeks after being hospitalized for 
acute heart failure. She says her 
dyspnea resolved and lately she 
has been physically active. She 
was seen at an urgent care facility 
and was managed for an upper 
airway infection with Augmentin; 
she insists that Augmentin has 
done little to help her cough 
symptoms. Her medications include 
aspirin, metoprolol, lisinopril, and 
furosemide. Her physical exam is 
unremarkable except for mild pitting 
edema. What is the next step in 
managing her cough?
a. Perform a chest X-ray.
b. Check her brain natriuretic 

peptide level.
c. Increase her dose of furosemide.
d. Stop lisinopril and try an 

angiotensin receptor blocker.

4. A 44-year-old male presents to 
your office one week after discharge 
following hospitalization for 
hyperglycemia. He has just been 
diagnosed with type 2 diabetes. He 
feels great and has no symptoms. 
He has a past medical history of 
hypertension, and is currently on 
hydrochlorothiazide and insulin 
lantus. His physical exam shows 
no abnormalities other than a body 
mass index of 37 kg/m2. You worry 
that this patient has what stage 
of heart failure according to the 
ACCF/AHA staging system?
a. Stage B
b. Stage C
c. Stage A
d. Stage D
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