
H eart failure (HF) is a complex syndrome, 
not a specific disease; it is always asso-
ciated with an underlying cause. Hy-

pertension and coronary artery disease are the 
two most common causes in all age groups, but 
a number of other conditions—valvular dis-
ease, unrecognized obstructive sleep apnea, 
obesity, chronic kidney disease, anemia, hy-
perlipidemia, diabetes, and atrial fibrillation—
have been identified as secondary causes.1-3 To 
prevent, or at least slow, the development and 
progression of HF, it is critical to identify (and 
treat) these comorbidities. 

Often, however, clinicians do not identify 
HF until the syndrome reaches an advanced 
stage—at which point, the damage is irrevers-
ible and pharmacotherapeutic management 
is limited to control of signs and symptoms. 
The ramifications are concerning, since HF 
has achieved near-epidemic scope in the 
United States. An estimated 5.7 million Amer-
icans ages 20 and older have HF; prevalence 
is projected to increase by 46% between 2012 
and 2030—resulting in more than 8 million 
affected individuals (ages 18 and older).4,5 
More than 1 million patients are discharged 
from the hospital annually with a primary di-
agnosis of HF.4 And in 2013, one in nine death 
certificates in the US mentioned HF.4

Most cases of HF are managed in primary 
care. Established, evidence-based therapies 
should be implemented in the outpatient 
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Heart failure is a complex syndrome with a spectrum of signs and symptoms that  
range from asymptomatic to terminal. This variability of presentation, paired with the  
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to prevent progression. Here is an overview of the classification and common presentations 
of heart failure, as well as a guide to diagnostic modalities and treatment options. 
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setting when possible, as early in 
the course as possible. Referral to 
a cardiologist is needed when the 
underlying cause of HF remains 
undetermined, or when specialized 
treatment is required.

CLASSIFICATION OF HF
The two most widely recognized clas-
sification systems for HF are those of 
the American College of Cardiology 
and the American Heart Association 
(ACC/AHA) and of the New York 
Heart Association (NYHA). Both 
focus on one-year mortality. The 
stages of the ACC/AHA system (A to 
D) are based on worsening of both 
structural heart disease and clinical 
symptoms of HF. The NYHA designa-
tions (Class I to IV) are based on the 
functional capability associated with 
physical activity. Both systems are 
outlined in Table 1 (page 34).3,6,7

While these systems are used to 
“stage” HF, there are several ways the 
syndrome is classified in the medical litera-
ture. For example, HF can be described by

•	Anatomy (left- or right-sided)
•	Physiology (dilated and hypertrophic)
•	Course (chronic or acute heart failure 

[cardiogenic shock])
•	Output (high- or low-output failure)
•	Ejection fraction (reduced or preserved)
•	Pressure phase (systolic and diastolic).
All these classifications have merit; how-

ever, this article will attempt to simplify the 
approach to patients with HF and focus on 
systolic HF, defined as a reduced left ventric-
ular ejection fraction (LVEF), and diastolic 
HF, defined as a preserved LVEF. Although 
the common perception of HF among clini-
cians—and thus the traditional diagnostic 
focus—is reduced LVEF (systolic HF), pre-
served LVEF (diastolic HF) in fact repre-
sents approximately 50% of cases.1 Diastolic 
HF is estimated to be increasing in preva-
lence and is expected to become the more 
common phenotype.8 

SIGNS AND SYMPTOMS
Heart failure is characterized by a constel-
lation of signs and symptoms of pulmonary 

and/or systemic venous congestion caused 
by impaired ability of the heart to fill with or 
eject blood in proportion to the metabolic 
needs of the body.1 Manifestations include 
fatigue, dyspnea, fluid retention, and ca-
chexia, and patients can present anywhere 
on the spectrum—from asymptomatic at 
rest to severely symptomatic.

Symptoms
In both reduced LVEF and preserved LVEF 
HF, common early symptoms include 
dyspnea and fatigue on exertion, with or 
without some degree of lower-extremity 
swelling.2 Lack of treatment and disease 
progression increase symptom severity—to 
the extent that dyspnea and fatigue start to 
occur at rest. Reviewing the anatomic clas-
sifications/findings of HF facilitates under-
standing of the clinical symptoms.

Right HF. Right ventricular dysfunction 
is rarely found in isolation; when symp-
toms are present, further evaluation of the 
left ventricle and the pulmonary system (to 
look for cor pulmonale) is warranted. Right 
HF is associated with an inability to man-
age venous return and move volume into 
the pulmonary circuit. This produces the 

Source: Bloomsbury Educational Ltd. (www.clinicalexams.co.uk). Reprinted  
with permission.

FIGURE

Measurement of Jugular Venous Pressure
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TABLE 1 
Classifying Heart Failure: Two Prominent Models

American Heart Association Classification

Stage Description Treatment

A No objective evidence of cardiovascular disease
No symptoms and no limitation in ordinary physical 
activity
Patients have 1 or more known risk factors for 
developing HF

Focus on prevention of HF by reduction of risk 
factors

B Objective evidence of minimal cardiovascular disease
Mild symptoms and slight limitation during ordinary 
activity; comfortable at rest
Greater risk for HF

Combination of reduction in risk factors and 
pharmacotherapy

C Objective evidence of moderately severe  
cardiovascular disease
Marked limitation in activity due to symptoms, even 
during less-than-ordinary level of activity; comfortable 
only at rest
Patients who enter this stage remain at this stage even 
if they become asymptomatic

Pharmacotherapy

D Objective evidence of severe cardiovascular disease
Severe limitations; patients experience symptoms  
at rest
Patients are terminal

Patients have structural defects and clinical signs of 
HF and are refractory to usual therapies, requiring 
specialized interventions 

New York Heart Association Classification

Class Functional state Symptoms

I No limitation No limitation of physical activity
Ordinary physical activity does not cause undue 
fatigue, palpitation, or dyspnea

II Slight limitation Slight limitation of physical activity; comfortable  
at rest
Ordinary physical activity can cause fatigue, 
palpitation, and dyspnea

III Moderate limitation Marked limitation of physical activity; comfortable 
at rest
Less-than-ordinary activity can cause fatigue, 
palpitation, and dyspnea

IV Severe limitation Unable to carry out physical activity without 
discomfort
Symptoms at rest

Abbreviation: HF, heart failure.
Sources: Hunt et al. J Am Coll Cardiol. 20013; American Heart Association. 20176; New York Heart Association Criteria Committee. 1994.7
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predominant symptom of fluid retention. 
Peripheral edema is a cardinal symptom of 
right HF; edema can also present systemi-
cally, mostly as hepatic congestion or gen-
eral gastrointestinal complaints resulting 
from impaired gastrointestinal perfusion.9

Left HF. Left ventricular dysfunction is the 
more common anatomic finding in HF and is 
often generalized to represent all cases. The 
dysfunction can be found in isolation and is 
actually the leading cause of right HF. In left 
HF (regardless of etiology), the heart does 
not produce enough “forward” pressure (ie, 
cannot pump or fill with enough blood) for 
the cardiovascular system to remain in bal-
ance. Thus, “back” pressure into the pulmo-
nary circuit develops. 

The combination of insufficient systemic 
perfusion capability with a dysfunctional 
left pump means that the most common 
symptom in all cases of left HF is shortness 
of breath—specifically, exertional dyspnea. 
Dyspnea can progress to orthopnea, par-
oxysmal nocturnal dyspnea, and, finally, 
dyspnea at rest. Patients often present with 
a cough that is worse while lying down and 
that can be nonproductive or productive, 
depending on volume status.9,10 

Signs
Vital signs range from normal to indicative 
of shock. Increased sympathetic nervous 
system activity is common; this may mani-
fest as coldness of the extremities and dia-
phoresis. Keep in mind that HF is a clinical 
diagnosis: The physical examination, focus-
ing on peripheral signs, is key in all HF pa-
tients for both diagnosis and management.

PHYSICAL EXAMINATION
The physical exam includes the heart, neck, 
lungs, abdomen, and extremities. The car-
diac exam includes evaluation for hypertro-
phy, by palpating for the point of maximum 
impulse to assess for lifts, heaves, valvular 
disease, and S3 and S4 sounds. Respiratory, 
abdominal, and extremity exams all focus 
on the evaluation of fluid status and edema. 

A key, often underutilized measurement 
is jugular venous pressure (JVP). Elevated 
JVP has been identified as the most specific 

sign of fluid overload in HF and the most 
important physical finding in the initial and 
subsequent examinations of a patient with 
HF.11 (For good reason, clinicians who treat 
patients with HF must be able to recognize 
volume overload and hypovolemia; eu-
volemia allows patients to remain symptom-
free and makes it possible to initiate life-
prolonging therapy, which will be discussed 
in the Treatment section.2) JVP is an indirect 
measure of pressure within the right side of 
the heart (central venous pressure). 

Most texts on performing the physical 
exam recommend measuring JVP using the 
right internal jugular vein. However, use of 
the internal jugular vein is limiting in HF 
patients, because it is covered by the sterno-
cleidomastoid muscle for most of its course 
in the neck and visible only in a small tri-
angle between the two heads in the root of 
the neck (see Figure, page 33). Conversely, 
the external jugular veins are subcutaneous 
along their entire course and pulsations are 
easily visible—but superficial and prone to 
external pressure and internal occlusion. A 
nonpulsatile, distended jugular vein should 
not be used to estimate venous pressure.2

What, then, is the best method? Vinayak 
et al evaluated the comparative effective-
ness of the internal and external jugular 
veins for detection of central venous pres-
sure. They found that the external jugular 
vein is easier to visualize and has excellent 
reliability for determining low and high ve-
nous pressures.12 

The process for estimating JVP is the 
same regardless of which jugular vein (in-
ternal or external) is used. The technique 
is described by Bickley in Bates’ Guide to 
Physical Examination and History Taking:

The patient lies supine and at an angle be-
tween 30° and 45°. Turn the head slightly, 
and with tangential lighting, identify the ex-
ternal and internal jugular veins. Identify the 
highest point of pulsation in the right jugular 
vein and extend a long rectangular object 
or card horizontally from this point and a 
centimeter ruler vertically from the sternal 
angle, making an exact right angle. Measure 
the vertical distance (in centimeters) above 



the sternal angle where the horizontal object 
crosses the ruler and add this distance to 4 
cm. Measurements of > 3-4 cm above the 
sternal angle or > 8 cm in total distance are 
considered elevated.13

DIAGNOSTIC 
AND SCREENING TESTS
Several diagnostic studies can identify HF 
or elucidate underlying causes. However, 
not all tests yield sufficient information for 
diagnosis—and commonly held “maxims” 
about findings that definitively rule in or 
out the diagnosis have been confounded by 
the available evidence. 

Laboratory tests. The lab parameter 

most associated with HF is brain natriuretic 
peptide (BNP). Natriuretic peptides are 
produced primarily within the heart and 
released into the circulation in response to 
increased wall tension.14 In contrast to atrial 
natriuretic peptide (ANP), BNP is secreted 
not only from the atria but also from the 
ventricles, especially in patients with HF.15 

Circulating concentrations of several 
cardiac natriuretic peptides—including 
ANP, BNP, and the two peptides’ N-terminal 
pro-hormones (N-terminal pro-atrial na-
triuretic peptide and N-terminal pro-brain 
natriuretic peptide, respectively) are elevat-
ed in both symptomatic and asymptomatic 
patients with left ventricular dysfunction.16 
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TABLE 2

Pharmacotherapy for Systolic Heart Failure

Drug (dosage) Comment

Symptomatic therapy with 4 classes of diuretics

Thiazides (for mild fluid retention)
Chlorthalidone (25-50 mg/d)
Hydrochlorothiazide (25-100 mg/d)
Metolazone (2.5-5 mg/d)

Efficacy of thiazides is dependent on GFR (ie, ineffective if 
GFR is < 30-40 mL/min)

Loop diuretics (for moderate or severe fluid  
retention or when thiazides fail)
Bumetanide (1-8 mg/d)
Furosemide (20-200 mg/d)
Torsemide (20-200 mg/d)

Best administered in 2 or more divided doses daily
Carries increased risk for significant hypokalemia

Potassium-sparing agents
Amiloride (5-10 mg/d)
Triamterene (37.5-75 mg/d)

Can be used in combination with a thiazide or loop diuretic

Aldosterone-receptor antagonists 
Eplerenone (25-100 mg/d)
Spironolactone (12.5-100 mg/d)

Benefit in decreased morbidity and mortality unrelated to role 
played in diuresis

Step 1 therapy

ACE inhibitors
Captopril (25 mg tid)
Enalapril (10 mg/d)
Lisinopril (20 mg/d)
Ramipril (10 mg/d)

As a class, the cornerstone of modern HF pharmacotherapy
Start with low dosage; increase over 1-3 mo to an effective 
dosage 
Asymptomatic hypotension is not a contraindication to 
upward titration
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These levels are generally elevated for both 
systolic and diastolic HF. However, in one 
study, as many as 30% of diastolic HF pa-
tients had a low BNP level, despite signs and 
symptoms of HF and significantly elevated 
left ventricular filling pressures, as deter-
mined by invasive hemodynamic monitor-
ing.17 Comorbid obesity is associated with 
low levels of natriuretic peptides.18 

Additional lab tests can provide informa-
tion about underlying causes of HF or re-
veal contraindications to certain treatment 
options (to be discussed in the Treatment 
section). A complete blood count (CBC) 
might reveal anemia, which can cause or 
aggravate HF, and which is an important 

consideration in management because of 
its association with decreased renal func-
tion, hemodilution, and proinflammatory 
cytokines. Leukocytosis can signal underly-
ing infection. A troponin assay is helpful for 
ruling out acute MI as a cause of worsening 
HF in acute cases. Thyroid function tests 
and iron studies can be considered to rule 
out secondary causes of HF. 

A serum electrolyte screen should be 
ordered; results are usually within normal 
ranges. Hyponatremia is an indicator of acti-
vation of the renin–angiotensin–aldosterone 
system (RAAS) and may be seen in the con-
text of prolonged salt restriction and diuretic 
therapy. Hyperkalemia and hypokalemia are 

Drug (dosage) Comment

ARBs
Candesartan (50 mg tid)
Losartan (150 mg/d)
Valsartan (160 mg bid)

Start with low dosage; increase over 1-3 mo to an effective 
dosage
As effective as, and therefore an alternative to, ACE inhibitor 
for managing HF
No added benefit when given in combination with an ACE 
inhibitors

Neprilysin inhibitor/ARB
Sacubitril–valsartan (variable dosing)

Used in New York Heart Association Classes II-IV HF
Alternative to an ACE inhibitor or single-agent ARB

Step 2 therapy

ß-blockers
Bisoprolol (1.25 mg/d*)
Carvedilol (3.125 mg bid*)
Metoprolol (200 mg/d)

As a class, a mainstay of HF pharmacotherapy because of 
evidence of survival benefit
Can cause patient’s condition to deteriorate initially; institute 
gradually

Digitalis glycoside
Digoxin (0.125-0.25 mg/d)

Cleared almost entirely by the kidneys
May need an oral loading dose
Plasma levels influenced by numerous other medications

Miscellaneous Comment

Nitrates
Isosorbide dinitrate (20-40 mg tid)
Nitroglycerine (start at 10 μcg/min; titrate up) 
Nitroglycerine ointment 2% (1.4-in strip)

Combination of hydralazine and isosorbide shows 
improvement in African-Americans (but efficacy of this 
combination is less established in this population than 
efficacy of ACE inhibitors and ARBs)
Can be used when symptoms persist despite other 
treatments

*Dosage can be increased beyond this recommendation.
Abbreviations: ACE, angiotensin-converting enzyme; ARB, angiotensin II-receptor blocker; GFR, glomerular filtration rate; HF, heart failure. 
Sources: Colucci S. UpToDate. 201710; Oni-Orisan and Lanfear. Cardiol Rev. 201426; Yancy et al. Circulation. 201327; SOLVD Investigators. 
N Engl J Med. 199128; Bissessor and White. Vasc Health Risk Manag. 200729; McMurray et al. Lancet. 200330; McMurray et al. Eur J Heart 
Fail. 201331; McMurray et al. N Engl J Med. 201432; Cleland and Swedberg. Lancet. 199833; Packer et al. Circulation. 201534; Packer et 
al. Circulation. 200235; Digitalis Investigation Group. N Engl J Med. 1997.36

TABLE 2 CONT'D
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also prevalent in HF; both are limiting factors 
for some treatment options. A low sodium 
level is often the result of increased conges-
tion and release of vasopressin; a level of ≤ 
135 mEq/L predicts a poorer outcome. 

Kidney function tests can determine 
whether HF is associated with impaired 
kidney function, secondary to poor renal 
perfusion. Poor renal function may limit 
treatment options. Patients with severe HF, 
particularly those receiving a high dosage 
of a diuretic for a long period, may have 
elevated levels of blood urea nitrogen and 
creatinine, indicating renal insufficiency.

Electrocardiography and chest radiog-
raphy. ECGs and chest radiographs are non-
invasive tests that have been used widely in 
the diagnosis of HF. They might indicate an 
underlying cause (eg, acute MI, ischemia, 
secondary arrhythmia) but are often non-
specific—and thus may be unhelpful in the 
diagnosis and treatment of HF.

The most common ECG findings in HF 
are nonspecific ST-T wave abnormalities.19 
Other findings often consist of low-voltage 
left ventricular hypertrophy, conduction 
defects, and repolarization changes. With 
chest radiography, primary findings in HF 
include pulmonary edema—seen as peri-
vascular edema, peribronchial cuffing, 
perihilar haze, interstitial edema (Kerley 
B, or septal, lines), and alveolar fluid—and 
pleural effusion.19,20 

For both these modalities, however, 
there are commonly held conceptions that 
particular findings rule out HF—which 
has been disproven by Fonseca and col-
leagues.19 Because most patients with HF 
have an abnormal ECG, some studies have 
proposed that a normal ECG virtually rules 
out left ventricular systolic dysfunction.20 
Evaluating the value of ECG in HF diagno-
sis, Fonseca et al found that about 85% of 
patients with an abnormal ECG had HF—
but so did 30% of patients with a normal 
ECG. They concluded that, if used alone, 
ECG could have missed as many as 25% of 
patients with HF.19

Likewise, it has been suggested that a pa-
tient cannot have HF if heart size is normal 
on a chest radiograph.20 Fonseca et al found 

that cardiac enlargement, while the most 
informative radiologic measurement in HF, 
was present in only half of patients with 
HF.19 About 57% of patients who had an ab-
normal chest radiograph had HF, but so did 
about 40% of those who had a normal chest 
radiograph.19 Therefore, abnormal chest 
radiograph for identification of HF had an 
estimated sensitivity of 57%, a specificity of 
78%, positive predictive value of 50%, and 
negative predictive value of 83%.19 The con-
clusion: Caution should be taken regarding 
the use of chest radiography in isolation to 
make a diagnosis of HF. 

Echocardiography. The most useful test 
in evaluating HF is the echocardiogram, 
because it can distinguish between HF 
with and without preserved left ventricular 
systolic function. This is critical: The most 
clinically relevant classification of HF differ-
entiates systolic and diastolic HF, based on 
LVEF.2 This determination has both prog-
nostic and therapeutic implications.21 

Echocardiography is widely available, 
safe, and noninvasive. The “echo” can iden-
tify the size of the atria and ventricles, valve 
function and dysfunction, and any associat-
ed shunting. Pericardial effusions and heart 
wall-motion abnormalities (for example, an 
old MI) are also easily identified.9 

A normal ejection fraction does not 
rule out HF. Therefore, assessment of LVEF 
should not be considered until after a clini-
cal diagnosis has been made, because more 
than half of HF patients have a normal 
LVEF—evidence that can confound the di-
agnostic process.2

TREATMENT OF HEART FAILURE 
WITH REDUCED LVEF
The body’s neurohormonal system, includ-
ing the RAAS and the sympathetic nervous 
system, is activated to compensate for the 
insufficient cardiac performance found in 
HF. However, activation of these systems 
contributes to worsening HF, deteriora-
tion of quality of life, and poor outcomes.22 
Therefore, therapies that suppress these re-
sponses can reduce the progression of HF.

Treatment of HF is generally divided 
into symptom-relieving treatment and 



MAY/JUNE 2018  •  Clinician Reviews   39mdedge.com/clinicianreviews

HEART FAILURE

disease-modifying/life-prolonging treat-
ment.1 Symptom relief is similar in both 
systolic and diastolic HF. However, most 
evidence-based, disease-modifying treat-
ment focuses on systolic HF; guidelines for 
disease-modifying treatment of diastolic 
HF are minimal.1

Treatment of reversible causes
Since HF is caused by something else, the 
primary focus of management is addressing 
underlying causes. The primary goal is to re-
lieve symptoms while improving functional 
status—which should lead to a decrease in 
hospitalization and premature death.

 The first step is to evaluate patients’ 
use of medications that can contribute to 
a worsening of HF.9 The most common of-
fending medications are calcium-channel 
blockers with negative inotropy (non-di-
hydropyridine calcium-channel blockers, 
eg, verapamil and diltiazem); some antiar-
rhythmic drugs (eg, amiodarone); thiazoli-
dinediones (glitazones); and NSAIDs.9  If 
identified as a possible contributor to HF 
symptoms, these agents should be stopped 
(if possible) or replaced.

Nonpharmacotherapy
Effective counseling and education of pa-
tients with HF may help with long-term ad-
herence to treatment plans. Patients can be 
taught to monitor their weight at home and 
to adjust the dosage of diuretics as advised: 
A sudden increase in weight (> 2 kg in one 
to three d), for example, should alert a pa-
tient to alter treatment or seek advice.23

Diet modification is a multifactorial 
recommendation. Proper nutrition is criti-
cal because HF patients are at increased 
risk for malnutrition due to poor appetite, 
malabsorption, and increased nutritional 
requirements.23 Weight reduction in obese 
patients helps reduce cardiac workload. Pa-
tients should be placed on salt restriction (2 
to 2.6 g/d of sodium).9,23

Exercise has been shown to relieve 
symptoms, provide a greater sense of well-
being, and improve functional capacity. 
It does not, however, result in obvious im-
provement in cardiac function.22 

Alcohol consumption should be re-
stricted because of the myocardial depres-
sant properties of alcohol and its direct 
toxic effect on the myocardium.22 Smoking 
should be discouraged because it has a di-
rect effect on coronary artery disease.

Influenza and pneumococcal vac-
cination should be considered in all pa-
tients with HF.23 Heart failure predisposes 
patients to, and can be exacerbated by, 
pulmonary infection and exacerbation of 
chronic obstructive pulmonary disease. 

Evaluation and management of ob-
structive sleep apnea should be per-
formed. Sleep-disordered breathing, an 
umbrella term that covers obstructive and 
central sleep apneas, has been found to in-
crease the risk for poor prognosis in HF.24 
All patients with HF should be tested for 
obstructive sleep apnea because, often, 
only the patient’s bed partner is aware of 
disordered sleep. For unknown reasons, 
patients with HF do not report subjective 
sleepiness.25

Pharmacotherapy
Diuretics have not been found to have ben-
efit for reducing early mortality but are the 
most common agents used for symptomat-
ic relief of sodium and water retention.26 In 
fact, few patients with signs and symptoms 
of fluid retention can be managed without a 
diuretic.9 Caution must be observed, how-
ever, because excessive diuresis can lead to 
electrolyte imbalance and neurohormonal 
activation. 

Treating mild fluid retention with a 
thiazide diuretic (hydrochlorothiazide, 
metolazone, or chlorthalidone) is often suf-
ficient (see Table 2, pages 36-37, for dosing 
and other information on these and other 
drugs for treating HF).9 Thiazide diuretics 
are dependent on the glomerular filtra-
tion rate and are ineffective when it falls 
below 30-40 mL/min. Adverse reactions to 
diuretics include hypokalemia, dehydra-
tion (intravascular volume depletion) with 
prerenal azotemia, skin rash, neutropenia, 
thrombocytopenia, hyperglycemia, hyper-
uricemia, and hepatic dysfunction.

In cases of moderate or severe HF, or fail-



CE/CME

40   Clinician Reviews  •  MAY/JUNE 2018 mdedge.com/clinicianreviews

ure of thiazide diuretics to relieve mild symp-
toms, an oral loop diuretic (furosemide, 
bumetanide, or torsemide; see Table 2 for 
dosing) can be used if kidney function is pre-
served.9 These agents are best administered in 
two or more divided doses. Major adverse re-
actions are similar to those of thiazide diuret-
ics, plus ototoxicity. Special caution must be 
used when a loop diuretic is co-administered 
with digitalis because the combination can 
cause significant hypokalemia.9

A potassium-sparing diuretic (triam-
terene or amiloride; see Table 2) can be used 
in combination with thiazide and loop di-
uretics.9 The location of their action is at the 
distal tubule, but diuretic potency is mild. 
Potassium-sparing agents can minimize hy-
pokalemia induced by other diuretics. Ad-
verse effects include hyperkalemia, kidney 
dysfunction, and gastrointestinal symptoms. 

The aldosterone-receptor antagonists 
spironolactone and eplerenone are specific 
inhibitors of aldosterone, an effect that has 
been shown to improve clinical outcomes.9 

Aldosterone-receptor antagonists are indi-
cated for patients with NYHA class II-IV HF 
who have LVEF ≤ 35% or those with a history 
of acute MI, LVEF < 40%, and symptoms of 
HF.27 In these patients, a reduction in mor-
tality and relative risk has been demonstrat-
ed with the use of aldosterone-receptor an-
tagonists, unrelated to their role in diuresis. 
The adverse effect profile of spironolactone 
includes gynecomastia.

Inhibitors of the RAAS. As noted, the 
RAAS plays a key role during the develop-
ment and worsening of HF.22 

Angiotensin-converting enzyme inhib-
itors (ACE inhibitors) constitute the cor-
nerstone of modern HF pharmacotherapy 
and have compelling evidence of survival 
benefit.28 These agents (captopril, enalapril, 
lisinopril, and ramipril; see Table 2 for dos-
ing) have been shown to be effective thera-
py for HF and post-MI left ventricular dys-
function.29 They reduce early mortality by 
approximately 20% in symptomatic HF and 
can prevent hospitalization, increase exer-
cise tolerance, and reduce adverse events 
(symptoms).9

Because of these benefits, ACE inhibitors 
should be firstline therapy in all HF patients 

with left ventricular dysfunction. They are 
usually used in combination with a diuretic. 
In addition, ACE inhibitors should be used 
in patients with reduced LVEF, even if they 
are asymptomatic, because these agents 
prevent progression to clinical HF.

Since ACE inhibitors carry the risk for 
severe hypotension, caution must be used, 
especially during treatment initiation. Pa-
tients whose systolic blood pressure is < 100 
mm Hg, or who are hypovolemic, should be 
started at a low dosage (captopril, 6.25 mg 
tid; enalapril, 2.5 mg/d; or other equiva-
lent ACE inhibitor dose); for other patients, 
these dosages can be doubled at initiation.9 
Within days of initiation, but no longer 
than two weeks later, patients should be 
screened for hypotension and have both 
kidney function and potassium levels mon-
itored. The dosage of ACE inhibitors should 
be increased over one to three months to an 
effective dosage (eg, captopril, 25 mg tid; 
enalapril, 10 mg bid; ramipril, 10 mg/d; and 
lisinopril, 20 mg/d, or other equivalent ACE 
inhibitor dose).9

Asymptomatic hypotension is not a con-
traindication to continuation or uptitration 
of the dosage of ACE inhibitors. Patients 
may also experience an increase in the se-
rum creatinine or potassium level; likewise, 
this should not prompt a change in dosage 
if the elevated level stabilizes. The most 
common adverse effects of ACE inhibitors 
are dizziness and cough.9

Angiotensin II-receptor blockers (ARBs) 
have been shown to be as effective as ACE 
inhibitors for the management of hyperten-
sion, congestive HF, and chronic renal fail-
ure.30 ARBs decrease the adverse effects of 
angiotensin II, but do not have the same ef-
fects that ACE inhibitors do on other path-
ways found in HF (specifically, on bradyki-
nin, prostaglandins, and nitric oxide).29 
Candesartan and valsartan have been 
shown to have benefits in HF and are an 
equivalent alternative to ACE inhibitors; 
they are often used when a patient cannot 
tolerate an ACE inhibitor. Because ARBs 
and ACE inhibitors affect the RAAS at differ-
ent points in the pathway, there is a theo-
retical basis for ARB and ACE inhibitor 
combination therapy; in clinical studies to 
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date, however, the combination has shown 
no beneficial effect and rather was associ-
ated with more adverse effects.29

Neprilysin inhibitor. Recently, the com-
bination of the neprilysin inhibitor sacubi-
tril and an ARB, valsartan, has surfaced as 
an alternative to ACE inhibitor or single-
agent ARB therapy.31,32 Inhibition of the 
enzyme neprilysin results in an increase in 
levels of endogenous vasoactive peptides 
(eg, natriuretic peptides and bradykinin), 
which may benefit hemodynamics in pa-
tients with HF. However, use of an ARB in 
combination with sacubitril is necessary 
to counteract the increase in angiotensin 
II levels that also results from inhibition of 
neprilysin.33

Sacubitril–valsartan is typically reserved 
for patients with mild-to-moderate HF who 
have either an elevated BNP (≥ 50 pg/mL) 
or an HF-related hospitalization within the 
past year. Upon transitioning from an ACE 
inhibitor (or single-agent ARB), a 36-hour 
washout period must be observed before 
starting sacubitril–valsartan to minimize 
the risk for angioedema. Because therapy 
with sacubitril–valsartan leads directly to 
an elevation in the BNP level, using the 
level of N-terminal pro-brain natriuretic 
peptide—which is not degraded by neprily-
sin—to monitor disease progression is rec-
ommended.34

ß-Blockers. Mainstays of HF pharmaco-
therapy for almost 20 years because of evi-
dence of survival benefit,35 ß-blockers have 
shown a reduction in early mortality and an 
increase in ejection fraction.10,35 The mecha-
nism of action is believed to be a decrease in 
chronic elevations of catecholamines and 
sympathetic nervous system activity that 
may cause progressive myocardial damage. 
Three ß-blockers have been shown to re-
duce early mortality: carvedilol, extended-
release metoprolol, and bisoprolol.9

Initiation of ß-blockers in stable patients 
can cause general deterioration; initiation 
must therefore be done gradually:

•	Carvedilol, initiated at 3.125 mg bid, 
can be increased to 6.25 mg, then 12.5 
mg, and then 25 mg, all bid, at intervals 
of approximately two weeks

•	Sustained-release metoprolol can be 

started at 12.5 mg/d or 25 mg/d and 
doubled at two weeks to a target of 200 
mg/d

•	Bisoprolol, initiated at 1.25 mg/d, can 
be increased incrementally to 2.5 mg/d, 
3.75 mg/d, 5 mg/d, 7.5 mg/d, or 10 
mg/d at one-to-four-week intervals.9

Patients taking ß-blockers need to moni-
tor their weight at home as an indicator of 
fluid retention. If HF becomes worse, an 
increase in the dosage of the accompany-
ing diuretic, a delay in the increase of the 
ß-blocker, or downward adjustment of the 
ß-blocker is usually sufficient.

Digitalis glycoside. Digoxin has been 
shown to relieve the symptoms of HF, de-
crease the risk for hospitalization, and in-
crease exercise tolerance; however, it has 
not been shown to offer a mortality ben-
efit.36 Digoxin should be considered for pa-
tients who remain symptomatic when tak-
ing a diuretic and an ACE inhibitor and for 
patients who are also in atrial fibrillation 
and need rate control.

Digoxin is cleared almost entirely by the 
kidneys and therefore must be used with 
care in patients with renal dysfunction. Pa-
tients usually can be started on the expect-
ed maintenance dosage (0.125-0.25 mg/d). 
An oral loading dose of 0.75-1.25 mg over 24 
to 48 hours can be used if an early effect is 
needed.9

Digoxin can induce ventricular arrhyth-
mias (especially in a setting of hypokale-
mia and ischemia) and is sensitive to other 
medications that can drastically increase its 
level—most notably, amiodarone, quini-
dine, propafenone, and verapamil.9 The di-
goxin blood level should be measured every 
seven to 14 days until a maintenance dosage 
is established, and again whenever there is 
a change in medication or kidney function. 
The optimum serum level is 0.7-1.2 ng/mL; 
toxicity is not usually seen at < 1.8 ng/mL.9

Hydralazine and nitrates. The com-
bination of hydralazine and isosorbide 
dinitrate has been shown to improve out-
comes in African-American patients with 
HF, but efficacy is less well-established in 
this population than for ACE inhibitor and 
ARB therapy.9 This combination can be con-
sidered in patients who are unable to toler-
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ate ACE inhibitor or ARB therapy. It can 
also be considered in those who have per-
sistent symptoms despite treatment with 
a ß-blocker, ACE inhibitor, or aldosterone 
antagonist.9

Intravenous nitrates are used primarily for 
acute HF, especially when accompanied by 
hypertension or myocardial ischemia. The 
starting dosage for nitroglycerin is approxi-
mately 10 μcg/min, titrated upward by 10-20 
μcg/min to a maximum of 200 μcg/min. Iso-
sorbide dinitrate (20-40 mg tid) and nitroglyc-
erine ointment 2% (1.4 in applied every six 
to eight hours [although generally reserved 
for inpatient therapy]) are equally effective.9 
Adverse effects that may limit the use of 
these agents are headache and hypotension. 
Patients also develop tolerance for nitrates, 
which can be mitigated if a daily 8-to-12–hour 
nitrate-free period is instituted.9

TREATMENT OF HEART FAILURE 
WITH PRESERVED LVEF
Treatment options for patients with pre-
served LVEF (diastolic HF) are not as clear 
as those for patients with reduced LVEF 
(systolic HF). No traditional therapies (ACE 
inhibitors, ARBs, ß-blockers, digoxin) have 
been shown to improve survival in this 
population, although a recent study on the 
effects of spironolactone in diastolic HF did 
show some improvement of diastolic dys-
function without adverse effects.17,37 In the 
absense of clear evidence-based therapies, 
treatment focuses on managing comorbidi-
ties, addressing reversible causes, and alle-
viating fluid overload with a diuretic.9,17

Diuretic therapy is critical to control fluid 
overload; regimens are similar to those for 
HF with reduced LVEF. ACE inhibitors and 
ARBs have not been shown to improve out-
comes in this population but can be used to 
manage comorbid hypertension. Spirono-
lactone has also not been shown to improve 
outcomes in patients with diastolic HF.9

The principal conditions that can lead to 
HF with preserved LVEF are hypertension, 
pericardial disease, and atrial tachycardia. 
Tachycardia is associated with overall short-
er diastolic filling time; controlling an ac-
celerated heart rate, therefore, is theorized 
to be an important therapeutic goal.9 Other 

disease states, including diabetes mellitus, 
sleep-disordered breathing, obesity, and 
chronic kidney disease, can all lead to HF 
with preserved LVEF.

CONCLUSION
Managing HF today requires an “upstream” 
model of care, by which providers consider 
the diagnosis/syndrome of HF in the as-
ymptomatic patient with risk factors (Stage 
A/Class I and Stage B/Class II). Perhaps 
a better way to state this is that providers 
must change their approach from ruling-
in to ruling-out HF. Any person in whom 
a decrease in activity level, mild shortness 
of breath, or edema are observed, and who 
has known risk factors, should be consid-
ered to have HF until proven otherwise.

Because of the wide variability in the 
underlying causes of HF, providers must 
be dynamic in both their clinical approach 
and their treatment plans to optimize care 
for the individual patient. Finally, providers 
must also take note of the increasing preva-
lence of diastolic HF and, again, focus on 
early diagnosis.                                                                 CR
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