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Systolic and Diastolic  
Heart Failure

Introduction
Acute decompensated heart failure is a serious condition that presents in the 

emergency department and the intensive care unit. It is associated with mortal-
ity rates of 4% to 11% during hospitalization and 20% to 36% during the first 
year after discharge.1,2 The causes of heart failure are multifactorial, making it, 
at times, difficult to diagnose and treat. However, with modern technological 
advancements, clinicians are becoming more efficient at identifying and treat-
ing this disease. 

The American Heart Association (AHA)/American College of Cardiology 
(ACC) defines heart failure as “a complex clinical syndrome that can result 
from any structural or functional cardiac disorder that impairs the ability of the 
ventricle to fill or eject blood.”3 This definition emphasizes that the diagnosis 
is largely a clinical one that is based on a careful history and physical examina-
tion, which can make the condition a challenge to identify.3 Symptoms and 
signs of heart failure develop when the heart no longer has the ability to pump 
the amount of blood needed to satisfy the demands of the various organ sys-
tems. Once heart failure is diagnosed, patients require medication for the rest 
of their life to improve quality of life and survival.4 

Heart failure can be classified into different categories. These include acute 
vs. chronic, left vs. right sided, high output vs. low output, and systolic vs. dia-
stolic heart failure. This article will focus on systolic and diastolic heart failure 
classification, which is the most commonly used. 

Epidemiology 
Heart failure continues to be one of the most common reasons for hospital 

admissions in the United States, especially among the elderly.5,6 It currently 
has a prevalence of more than 5.8 million in the United States and more than 
23 million worldwide.7 In the United States alone, more than 500,000 new 
cases of heart failure are reported each year.8 It is estimated that nearly 300,000 
people die annually from heart failure in the United States.8 

AWARD WINNER!
Emergency Medicine Reports earned a third-place honor for best instructional 
reporting from the Specialized Information Publishers Association for the 
two-part series “Alternatives to Opioids for Acute Pain Management in the 
Emergency Department” in the Oct. 1 and 15, 2016, issues.
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EXECUTIVE SUMMARY
 z Diastolic heart failure is more common than systolic heart  

failure in elderly patients.

 z The primary risk factor for heart failure is hypertension.

 z The diagnosis of heart failure is primarily through clinical 
assessment, supplemented by ancillary testing.

 z Patients with diastolic heart failure are sensitive to volume 
changes, and over-diuresis will reduce stroke volume and 
decrease renal function.

 z The emergent treatment of acute heart failure is guided by 
the blood pressure.

The epidemiology of diastolic heart 
failure differs somewhat from systolic 
heart failure. In various retrospec-
tive studies, the reported incidence of 
diastolic heart failure varies between 
20-40%.9,10 On the other hand, all the 
studies have shown that the incidence 
increases with age, and more so in 
elderly women. Why this disease is seen 
more in the elderly population and in 
elderly women is still unanswered. A 
five-year mortality of 50% was observed 
in those with diastolic heart failure, 
which is similar to that of primary sys-
tolic heart failure.9,11 Every time patients 
with either systolic or diastolic heart 
failure are re-hospitalized, they have a 
20-22% increase in their mortality.12 

Minority groups, such as blacks, his-
panics, and Native Americans, have a 
higher incidence and prevalence of heart 
failure. Presumably, this is because these 
groups also have the highest incidence 
and prevalence of hypertension and type 
2 diabetes.13 

Risk Factors 
The two major risk factors for devel-

oping heart failure, specifically for the 
elderly, are, first, hypertension, and sec-
ond, coronary artery disease (CAD).8 
Understandably there can be other 
etiologies, such as diabetes mellitus, 
valvular heart disease (especially aortic 
stenosis and mitral regurgitation), and 
nonischemic cardiomyopathies.8 These 
are all diseases that affect the coronary 
microcirculation, causing chronic coro-
nary insufficiency that leads to isch-
emic cardiomyopathy and ventricular 
remodeling.14 

Lifestyle choices also can increase 
risk factors for heart failure, especially 
if one has any of the above-mentioned 
diseases. Unhealthy choices — such 
as smoking; eating foods high in fat, 

cholesterol, and sodium; not exercising 
enough; and being obese — are modifi-
able factors that increase the risk for 
heart disease. 

Pathophysiology  
of Systolic and Diastolic 
Heart Failure 

Systolic heart failure is defined as 
“a clinical syndrome associated with 
congestive symptoms and/or symptoms 
of low cardiac output due to impaired 
ventricular pump function (reduced 
EF).” By general consensus, impaired 
ventricular pump function in systolic 
heart failure is defined as an ejection 
fracture approximately < 45%. Diastolic 
heart failure occurs when there is 
increased resistance to the diastolic fill-
ing of part or all of the heart but systolic 
function (ejection fraction > 45%) is still 
preserved.6 

It is not uncommon to see patients 
with diastolic heart failure who also suf-
fer from hypertension and left ventricu-
lar hypertrophy (LVH).6 The proportion 
of heart failure that is primarily diastolic 
increases with age, from about 45% in 
patients younger than 45 years to almost 
60% in patients older than 85 years.14 
Studies have shown that 50% of older 
patients with heart failure may have 
isolated diastolic dysfunction.16 It also 
is important to remember that the left 
ventricle becomes stiffer with age. 

There are several issues involved in 
the pathophysiology of diastolic heart 
failure. One is impaired relaxation that 
affects diastolic filling of the ventricle.  
Of interest, impaired diastolic relaxation 
is the first manifestation of myocardial 
ischemia, seen before contractile abnor-
malities in left ventricular wall motion 
are present. The sarcoplasmic reticu-
lum calcium ATPase pump (SERCA) 
is responsible for relaxation. Thus, 

decreased SERCA leads to impaired 
relaxation. This can be seen in patients 
who suffer from LVH secondary to 
hypertension or aortic stenosis. Both the 
levels of SERCA and diastolic function 
decrease with age.6 Impaired relaxation 
also can be seen in patients with myo-
cyte hypertrophy cardiomyopathies and 
hypothyroidism. 

Along with impaired relaxation, one 
also can have increased stiffening of the 
heart or passive stiffness. Passive stiff-
ness can be seen in patients with postin-
farction scarring, myocyte hypertrophy, 
and infiltrative cardiomyopathies, such 
as amyloidosis. Diffuse fibrosis seems 
to play a part in this, as pathology stud-
ies have documented increased serum 
markers of collagen turnover linked to 
passive stiffness.6 Another reason for 
heart failure includes processes that 
cause increased resistance to diastolic 
filling to all or part of the heart, such as 
those found in endocardial and pericar-
dial disorders including mitral stenosis 
and tamponade.6 

Microvascular flow and its effect 
on extravascular compression also can 
lead to a pathological process that can 
increase left ventricle diastolic pres-
sures. Elevated left ventricle diastolic 
pressure will act mainly on capillaries 
and small resistance coronary vessels, 
possibly affecting the autoregulation 
and the ability to vasodilate. Also, 
myocardial turgor, which results from 
engorgement of the microvasculature 
with blood, can cause an increase in 
diastolic stiffness.6 

The final physiologic process to con-
sider is the neurohormonal regulation, 
specifically regarding the renin-angio-
tensin system. This system contributes 
to the development of diastolic heart 
failure by promoting hypertension and 
by diminishing myocardial relaxation.  
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Common Signs and 
Symptoms 

Patients with heart failure can present 
with a variety of signs and symptoms, 
such as fatigue, dyspnea on exer-
tion, paroxysmal nocturnal dyspnea, 
orthopnea, jugular venous distention, 
rales, tachycardia, third or fourth heart 
sounds, hepatomegaly, and edema.16 

The cardinal symptom of heart failure 
is shortness of breath, initially mani-
fested when increased cardiac output 
is needed to provide oxygen to active 
muscles, as with exertion. As heart 
failure progresses, dyspnea occurs with 
less stress, as provoked by fluid shifts 
when recumbent, and in the final stages, 
shortness of breath is seen at rest.

There is an imprecise correlation 
with myocardial function and clinical 
features. In general, a larger number of 
findings with greater severity are found 
in patients with severely impaired myo-
cardial function, but also, population-
based echocardiograph studies have 
found that as many as half of patients 
with depressed left ventricular ejection 
fraction (< 35-40%) have no definitive 
signs or symptoms of heart failure.17 
Any of the signs mentioned above also 
can be accompanied by chest pain or 
pressure and palpitations, which are the 
more traditional cardiac symptoms.  

Classes and Stages  
of Heart Failure 

The New York Heart Association 
(NYHA) classification is used to cat-
egorize the stages of congestive heart 
failure based on the patient’s functional 
capacity, from asymptomatic to limited 
activity secondary to dyspnea at rest. 
The classifications are: 

• Class I — Asymptomatic on ordi-
nary physical activity; 

• Class II — Symptomatic on ordi-
nary physical activity;

• Class III — Symptomatic on less 
than ordinary physical activity;

• Class IV — Symptomatic at rest.14

The American College of Cardiology/
American Heart Association (ACC/
AHA) created guidelines for the evalu-
ation and management of heart failure 
based on four stages of the disease.8 The 
ACC/AHA stages are:

• Stage A — High risk for heart 

failure, without structural heart disease 
or symptoms; 

• Stage B — Has structural heart dis-
ease related to the development of heart 
failure but has never shown symptoms 
or signs of heart failure;

• Stage C — Current or prior symp-
toms of heart failure associated with 
structural heart disease; 

• Stage D — Advanced structural 
heart disease and marked symptoms 
of heart failure at rest despite maximal 
medical therapy and requires specialized 
interventions.8

Diagnosis of Diastolic and 
Systolic Heart Failure

Diagnosis of heart failure is ultimately 
a clinical one, but objective evidence 
can be obtained via echocardiography or 
cardiac catheterization. While systolic 
heart failure has a measurable value that 
characterizes impaired left ventribular 
systolic function — an ejection fraction 
< 35-40% — there is no correspoind-
ing ejection fraction value or criteria to 
diagnose diastolic heart failure. To make 
matters more interesting, diastolic heart 
failure usually accompanies systolic 
heart failure, so a depressed ejection 
fraction cannot exclude diastolic heart 
failure. 

The gold standard for diagnosing dia-
stolic heart failure is cardiac catheteriza-
tion, which shows increased ventricular 
diastolic pressure with preserved systolic 
function and normal ventricular vol-
umes.6 If during cardiac catheterization 
micromanometer catheters are placed in 
the left ventricle, impaired LV diastolic 
relation can be assessed by determining 
the peak negative change in intracavi-
tary presssure (dP/dt) and the time con-
stant of LV relaxation (tau). 

Cardiac catheterization continues 
to be an invasive procedure that is not 
without risk. That is why echocardiog-
raphy is a more attractive approach to 
assist in the diagnosis of systolic heart 
failure while simultaneously being able 
to evaluate blood flow across the valves 
and ventricular and valvular functions. 

The brain natriuretic peptide (BNP) 
is a test that can help differentiate 
between heart failure and other causes 
of acute dyspnea, such as chronic 
obstructive lung disease.18 It is impor-
tant to emphasize that elevated levels of 

BNP do not distinguish between dia-
stolic and systolic heart failure. Instead 
they have predictive value specifically 
regarding increased mortality and re-
admission to the hospital, in addition 
to having a sensitivity and specificity in 
the diagnosis of heart failure of about 
85%.19 For most clinical purposes, dia-
stolic heart failure is defined as clinical 
signs and symptoms of heart failure in 
the presence of preserved left ventricular 
systolic function (ejection fraction > 
45%).9,20

During an episode of acute heart fail-
ure decompensation, most interventions 
focus only on the precipitating factors, 
and usually the prognosis is much better 
compared to the decompensation of a 
chronic heart failure patient.14 

Some argue that the diagnosis of 
acute heart failure decompensation is 
one that is mostly clinical, and, there-
fore, a thorough physical examination is 
more reliable than ancillary tests. It has 
been publicized that the clinical impres-
sion of heart failure has a specificity 
of 0.86 but has limited sensitivity of 
0.61.21 The same can be said about the 
use of chest radiograph findings, such as 
pulmonary venous congestion and inter-
stitial edema, although they are more 
specific.21 

Heart failure has some traditional 
signs and symptoms, which include 
peripheral edema, elevated jugular 
venous pressure, an S3 gallop, rales, 
dyspnea, and orthopnea.21,22,23 Although 
all patients are different, most clini-
cians look for the classic sign of dyspnea 
and the patient being “warm and wet” 
upon arrival to the emergency depart-
ment. The signs and symptoms with 
the greatest specificity (0.92-0.99) but 
poor sensitivity (0.13-0.39) are a third 
heart sound, hepatojugular reflux, and 
elevated jugular venous pulse.21,24 

Chronic obstructive pulmonary disease 
(COPD), with a prevalence of 20-30% 
in patients with heart failure, can conceal 
the recognition of heart failure.14 This is 
because of the chronic increase in pul-
monary arterial pressure and the changes 
(hypertrophy and dilation) to the right 
ventricle as a form of compensation. 

It is important to consider other 
causes that may contribute to fluid 
retention or mimic symptoms of heart 
failure, such as severe anemia or kidney 
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failure. This can be achieved by con-
ducting some initial routine laboratory 
tests such as a complete blood count, a 
complete metabolic panel, and a hepatic 
panel. 

Lung ultrasound, for B-line evalua-
tion, is an evolving practice that is being 
used for identification of extravascular 
lung water.25 (See Figure 1.) Detection of 
B-line on a lung ultrasound can identify 
acute decompensated heart failure with 
high sensitivity and specificity in an 
emergency setting.25 (See Figure 2.)   

Treatment for Systolic 
Heart Failure

The ideal outpatient treatment of 
systolic heart failure has three goals that 
should be followed simultaneously: con-
trol of risk factors for the development 
and progression of heart failure, treat-
ment of heart failure symptoms, and 
education of patients.26 

Control of risk factors involves treat-
ing hypertension, diabetes, and coronary 
artery disease, and eliminating the use 
of alcohol and tobacco. Symptoms of 
volume overload may be controlled 
with the use of diuretics and restricted 

dietary sodium. Diuretics, specifically 
furosemide, still continue to be the 
first-line drug in the treatment of heart 
failure and volume overload.8 While 
diuretics decrease venous return, reduce 
ventricular filling pressures, increase 
fluid loss, and decrease symptoms of 
pulmonary and systemic congestion 
and edema, no decrease in mortality 
has been observed with the use of these 
drugs.8

All patients with heart failure should 
be taking an angiotensin-converting 
enzyme (ACE) inhibitor or angio-
tensin-receptor blocker (ARB). ACE 
inhibitors work by decreasing both 
afterload and preload. In addition to 
decreasing systemic vascular resistance 
and myocardial oxygen consumption, 
ACE inhibitors also increase cardiac 
output. Significant evidence shows that 
ACE inhibitors reduce morbidity and 
mortality when used as a first-line ther-
apy in patients who have heart failure 
with reduced ejection fraction.27 

ACC/AHA guidelines recommend 
that ARBs be used in patients with 
heart failure if they develop an intoler-
ance to ACE inhibitors. Some examples 

of ACE inhibitor side effects are cough, 
worsening kidney function, angioedema, 
or increasing blood potassium levels. 
Randomized, controlled trials have 
shown that ARBs can reduce morbidity 
and mortality, especially in patients who 
do not tolerate ACE inhibitors.27 

Beta-blockers should be considered 
by physicians as an adjuvant to ACE-
inhibitor therapy. Beta-blockers not 
only decrease the heart muscle’s oxygen 
requirement but also can help slow the 
progression of the disease.26 It is impor-
tant to remember that beta-blockers 
are not a rescue drug for patients who 
have acute decompensated heart failure. 
Patients with heart failure and a history 
of prior myocardial infarction with or 
without asymptomatic low LV ejection 
fraction can benefit from a treatment 
regimen that includes both ACE inhibi-
tors and beta-blockers.8,28 The reason 
behind this is that the combination 
of both medications can help patients 
reduce the incidence of new coronary 
events and heart failure.8 

In patients with severe heart failure, 
spironolactone can be added to the 
treatment regimen. Digoxin comes 

Figure 1. B Lines (arrow) on Lung Ultrasound

Image courtesy of Daniel Haase, MD, RDCS, RDMS, Assistant Professor of Emergency Medicine, 
Program in Trauma/Surgical Critical Care, Shock Trauma Critical Care Ultrasonography, University 
of Maryland School of Medicine and R Adams Cowley Shock Trauma Center.
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into play when a patient continues to 
have symptoms despite already being 
treated with diuretics, ACE inhibi-
tors, and beta-blockers.29 Digoxin also 
can be used with patients who have 
dyspnea at rest or a recent history of 
dyspnea at rest.29 It is important to 
state that digoxin therapy may reduce 
the probability of hospitalization but 
does not reduce mortality.30 One of the 
drawbacks of digoxin is that it must be 
monitored closely, with a target dosage 
level of 0.5 to 1.1 ng per mL.26

In patients with moderate to severe 
heart failure, a low left ventricular ejec-
tion fraction, and a QRS duration on 
the resting ECG of 120 ms or more, 
cardiac resynchronization therapy 
(CRT) has been shown to provide sig-
nificant clinical improvement.8,31,32,33 

The ultimate option for patients who 
have exhausted all medical manage-
ment and/or device therapy is a heart 
transplant. Unfortunately, there are 
more patients with end-stage heart 
failure that are eligible for heart trans-
plant than the current available number 
of donor hearts. In this circumstance, 

ventricular assist devices (VADs) can 
be used as a bridge pathway while the 
patient waits to make a decision, awaits 
recovery, or waits to be eligible.34 The 
main advantage of VADs and/or other 
mechanical circulatory support (MCS) 
is the improvement of organ perfu-
sion and function, which in turns leads 
to better quality of life and increased 
survival. However, despite the benefits, 
VAD implantation is not without risk, 
and it is associated with the risk of seri-
ous complications, such as bleeding, 
infection, arrhythmias, blood clots, right 
ventricular failure, and cardiovascular 
events.

Treatment for Diastolic 
Heart Failure

The treatment of diastolic heart fail-
ure is less well defined than the treat-
ment of systolic heart failure. When 
pharmacologic treatments of both dia-
stolic and systolic heart failure are com-
pared superficially, the impression is that 
they do not vary significantly. However, 
current recommendations for diastolic 
heart failure treatment are based on the 

disease pathophysiology, knowledge 
about other aspects of cardiovascular 
disease, data from small studies, and 
expert opinion. Unfortunately, to this 
author’s knowledge, none of the treat-
ment recommendations have been 
validated by prospective randomized, 
controlled trials. 

Currently, the best available treatment 
for diastolic decompensated heart fail-
ure is built around the concept of modi-
fying the disease pathophysiology, such 
as relieving volume overload, decreasing 
heart rate, prolonging diastolic fill-
ing time, restoring atrial contraction, 
blocking the renin-angiotensin system, 
blocking aldosterone, controlling hyper-
tension, and relieving ischemia.6 

Diuretics and vasodilators often are 
used to reduce volume overload that 
presents as pulmonary congestion. 
However, aggressive diuresis can be dan-
gerous; over-diuresis of the patient with 
decompensated heart failure will decrease 
the patient’s preload and stroke volume 
and impair renal function. Most patients 
with diastolic dysfunction are highly sen-
sitive to volume changes and preload. 

Figure 2. B Lines (arrow) and Comet Tail on Lung Ultrasound

Image courtesy of Daniel Haase, MD, RDCS, RDMS, Assistant Professor of Emergency Medicine, 
Program in Trauma/Surgical Critical Care, Shock Trauma Critical Care Ultrasonography, University of 
Maryland School of Medicine and R Adams Cowley Shock Trauma Center.
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Beta-blockers are another option, 
with their ability to decrease heart 
rate, increase diastolic filling time, 
decrease oxygen consumption, lower 
blood pressure, and cause reversion 
of left ventricular hypertrophy. ACE 
inhibitors have some similarities to 
the benefits of betablockers, such as 
the ability to decrease blood pressure 
and cause regression of left ventricular 
hypertrophy. While ACE inhibitors 
are potentially beneficial, there have 
been few studies of patients with 
diastolic heart failure who use ACE 
inhibitors as part of their treatment 
regimen.35 

It is theorized that calcium chan-
nel blockers may be more beneficial 
because these medications can also 
decrease oxygen demand (similar to 
beta-blockers) and dilate coronary 
arteries, in addition to decreasing blood 
pressure. However, there are not enough 
data available that measure patient-
centric outcomes such as morbidity 
and mortality. Thus, calcium channel 
blockers should be used with caution in 

patients with both systolic and diastolic 
heart failure. 

Management of Acute 
Heart Failure in the 
Emergency Department 

The treatment for acute heart failure 
has not changed meaningfully in the 
last four decades. Medications such as 
loop diuretics and vasodilators still are 
used as the primary treatment for acute 
heart failure. However, one new addi-
tion to the management of heart failure 
is the use of noninvasive ventilation in 
cardiogenic pulmonary edema. Studies 
have shown that early use in these 
patients can prevent the need for endo-
tracheal intubation.21,36 

Initial treatment of acute heart fail-
ure is most influenced by the blood 
pressure. (See Figure 3.) About 50%  
or more of patients who arrive at the 
emergency department with acute 
heart failure have an elevated blood 
pressure, about 40% have a normal 
blood pressure, and only 5% have a 
low blood pressure.21,37,38 For intial 

treatment decisions, the three primary 
blood pressure divisions are: hyper-
tensive (SBP > 140 mmHg), normo-
tensive (SBP 139-90 mmHg), and 
hypotensive (SBP < 90 mmHg).21,39 It 
is important to stress that these cutoff 
points are intended as guidelines and 
are not absolute thresholds.21 

Patients who are hypertensive should 
be treated with the goal of vasodila-
tion instead of concentrating on fluid 
removal. The symptoms of patients with 
hypertension are most likely related 
to volume re-distribution, as opposed 
to volume overload.21,40,41 Examples of 
medications used for initial vasodilation 
are nitroglycerin (most commonly used), 
nitroprusside, nesiritide, hydralazine, 
ACE inhibitors, and calcium channel 
blockers.21 (See Table 1.) 

Nitroglycerin has a rapid onset and 
clearance, in addition to being inexpen-
sive. It can be used both sublingually 
and intravenously. Nitroglycerin can be 
used in higher dosages and still be both 
safe and effective.21,42,43 Furthermore, 
lower rates of intubation and myocardial 

Figure 3. General Outline for Treatment of Acute Heart Failure

Hypertensive 
(SBP > 140 mmHg)

Normotensive 
(SBP 90-139 mmHg)

Hypotensive 
(SBP < 90 mmHg)

Sublingual NTG

IV loop diuretics

IV NTG
• If no improvement is 
seen, consider second-line 
vasodilator agents.
• I.e.,: Nitroglycerin, 
nitroprusside, nesiritide, 
hydralazine, angiotensin 
converting-enzyme inhibitor, 
and calcium channel blockers

IV loop diuretics
• Bolus vs. infusion

Judicious fluid bolus

Judicious use of inotropics
• I.e.: Dobutamine, 
dopamine, milrinone

Consider vasopressors if 
no improvement in blood 
pressure

Consider simultaneous use of 
IV vasodilators and/or IV loop 
diuretics

Last resort:
• Intra-aortic balloon pump

SBP: systolic blood pressure; NTG: nitroglycerin
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infarction, as well as improvement in 
heart rate, respiratory rate, and oxygen 
saturation have been seen with high-
dose nitrates when compared to lower 
doses.21,42,43 

The normotensive patient is usually 
the one that has chronic heart failure 
with reduced ejection fraction that 
decompensates; however, the symptoms 
might not be as obvious as in the patient 
with hypertensive acute heart failure. 
Generally, these patients are maxed out 
on their outpatient oral diuretic therapy 
when they present with exacerbations. 
The goal for these patients should be 
to focus on decongestion through fluid 
removal via IV loop diuretics, which 
is the first-line treatment. There are 
debates regarding the most effective way 
to administer loop diuretics in acute 
heart failure exacerbation, either as a 
bolus or continuous infusion.21,44 

Less common (< 5%) is the hypoten-
sive patient. It is important to remember 

that patients without any previous his-
tory of heart failure who present with 
cardiogenic shock most likely have 
a life-threatening etiology, such as a 
myocardial infarction.21 In addition, 
it is important to assess the patient’s 
volume status. The most important 
goal in the treatment of this type of 
patient is to improve perfusion, not 
simply just to raise their blood pressure. 
Current guidelines recommend the use 
of inotropes such as dobutamine and 
milrinone only for those patients who 
truly require them, meaning patients 
who present with hypotension and 
acute heart failure. Inotropic therapy 
can help in the short term but is asso-
ciated with worsening morbidity and 
mortality.21,45,46 

Lifestyle Modification 
Lifestyle modifications are impor-

tant in the long-term management 
of patients with heart failure. And 

physicians should provide advice and 
encourage patients to modify their life-
style in addition to prescribing appro-
priate medications. In some patients, 
lifestyle modifications and weight loss 
may be so effective as to enable reduc-
tion or even complete elimination of 
daily medication. This is why all patients 
with stable heart failure should be 
encouraged to begin and maintain a 
regular exercise program. Specifically, 
to patients classified at stage A of heart 
failure, according to the ACC/AHA 
Classification.5,8 In the 1970s, patients 
who complained of fatigue and/or 
shortness of breath related to exertion 
were not encouraged to exercise. This 
also applied to patients with heart fail-
ure or those who had suffered from a 
heart attack. However, in the late 1980s, 
it was understood that these patients 
suffered from deconditioning and mus-
cle atrophy from the lack of activity. 

Exercise in patients with heart failure 

Table 1. Drugs Used to Treat Acute Heart Failure

Agent Mechanism Dosing Comments

Nitroglycerin SL Direct vasodilator 0.4 to 1.2 mg SL every 5 minutes Can be initiated while IV access is 
being obtained

Nitroglycerin IV Direct vasodilator Start 10 mcg/min IV, increase by  
5 mcg/min every 3 to 5 minutes until 
dyspnea improves or dose is 20 mcg/min, 
then increase in increments of  
10 to 20 mcg/min
Max dose 200 mcg/min

Typical dose is 100 mcg/min for 
resolution of dyspnea and control of 
blood pressure

Nitroprusside Vasodilator Start 10 mcg/min IV, increase by 10 mcg 
every 10 minutes according to clinical 
response

Typical dose is 200 to 300 mcg/min 
IV for control of dyspnea and blood 
pressure

Nesiritide Recombinant form of BNP; 
vasodilator

2 mcg/kg IV loading dose, followed by 0.01 
mcg/kg per min IV infusion, increase by 
0.005 mcg/kg per min increments every 3 
hours to 0.03 mcg/kg per min

Stop if hypotension develops

Furosemide Loop diuretic 40 mg IV bolus or
40 mg/h infusion over 1 hour

May repeat in 1 hour

Enalaprilat ACE inhibitor vasodilator 0.625 to 1.25 mg IV over 5 minutes every 
6 hours

Consensus guidelines do not 
encourage early use in acute heart 
failure

Hydralazine Direct vasodilator 10 to 20 mg IV May repeat in 2 hours

Dobutamine Beta-agonist inotropic Start infusion at 1 to 2 mcg/kg per min IV 
and increase according to clinical response
Max dose 20 mcg/kg per min

Fewer adverse side effects than 
milrinone

Milrinone Type III phosphodiesterase 
inhibitor; vasodilator

50 mcg/kg IV loading dose, followed by 
0.375 mcg/kg per min IV infusion, increase 
according to clinical response
Max dose 0.75 mcg/kg per min

Consider in cases of acute heart failure 
associated with severe pulmonary 
hypertension
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has multiple benefits that include 
improvement in the muscle tolerance to 
exertion, neuro-hormonal changes that 
favor cardiac hemodynamics, and overall 
improvement of symptoms of heart fail-
ure.47 Moreover, it is proven that exer-
cise not only improves symptoms but 
also decreases the number of admissions 
to the hospital and improves survival in 
patients with heart failure.48 

Patients can control their fluid status 
and, consequently, their heart failure 
symptoms by simply restricting sodium 
intake to 2 g or less per day.26 There 
are no studies available regarding the 
effect in morbidity and mortality of 
dietary sodium restriction, either alone 
or in combination with pharmacologi-
cal treatment. Moderate exercise (i.e., 
at 60% of maximum exercise capacity 
on a stationary bicycle for two to three 
hours per week) improves quality of 
life, decreases mortality, and decreases 
hospital readmissions for heart failure 
in patients with stable chronic heart 
failure.49 

Conclusion
Heart failure is a major health issue 

and will continue to be so because 
of the growing elderly population. 
Diastolic heart failure can be diagnosed 
in a patient with clinical symptoms 
of heart failure and preserved systolic 
function, regardless of the absence of 
a laboratory and echocardiographic 
findings. The BNP measurement can 
increase the accuracy of diagnosis. 
Further randomized therapeutic studies 
are needed regarding the treatment of 
diastolic heart failure. Currenlty, physi-
cians should focus on treating aspects 
of the pathophysiology that are modifi-
able, such as reducing volume overload, 
decreasing the heart rate, controlling 
hypertension, and relieving myocardial 
ischemia.20 Patients need to be educated 
on the importance of making good life-
style choices, such as healthy eating and 
medication compliance.
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CE/CME Questions
1. Which population has the most 

admissions to the hospital due to 
heart failure?
a. Elderly
b. Men
c. Women
d. Children

2. Which factor is most significant in 
the development of heart failure?
a. Cardiac valve disease
b. Peripheral artery disease

c. Hypertension
d. Coronary artery disease

3. What is the second most common 
risk factor for heart failure?
a. Previous history of heart attack
b. Peripheral artery disease
c. Hypertension
d. Coronary artery disease

4. What ejection fraction is defined as 
systolic heart failure?
a. < 35% 
b. < 40% 
c. < 45% 
d. < 50% 

5. Echocardiographic population-
based studies have observed that 
about half of individuals with a 
reduced ejection fraction (< 45%) 
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have no signs or symptoms of heart 
failure.
a. True 
b. False

6. What is the cardinal symptom  
associated with heart failure?
a. Shortness of breath 
b. Leg swelling
c. Tachycardia
d. Weakness

7. Which symptom are diuretics are 
used to control in the treatment of 
heart failure?
a. Weakness
b. Bradycardia
c. Tachycardia
d. Fluid retention 

8. What is the primary advantage of 
mechanical circulatory support?
a. Decrease in shortness of breath
b. Improvement of organ perfusion 

and function 
c. Decrease in outpatient medica-

tion consumption
d. Permanently eliminates the need 

for heart transplant
9. To which of the following are 

patients with diastolic dysfunction 
particularly sensitive?
a. Volume changes and preload 
b. Hypotension
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d. Bradycardia
10. Restricting sodium intake to which 

of the following amounts per day 
can help in controlling fluid status 
and heart failure symptoms?
a. 1 g
b. 2 g 
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Drugs Used to Treat Acute Heart Failure

Agent Mechanism Dosing Comments

Nitroglycerin SL Direct vasodilator 0.4 to 1.2 mg SL every 5 minutes Can be initiated while IV access is 
being obtained

Nitroglycerin IV Direct vasodilator Start 10 mcg/min IV, increase by 
5 mcg/min every 3 to 5 minutes until 
dyspnea improves or dose is 20 mcg/min, 
then increase in increments of 
10 to 20 mcg/min
Max dose 200 mcg/min

Typical dose is 100 mcg/min for 
resolution of dyspnea and control of 
blood pressure

Nitroprusside Vasodilator Start 10 mcg/min IV, increase by 10 mcg 
every 10 minutes according to clinical 
response

Typical dose is 200 to 300 mcg/min 
IV for control of dyspnea and blood 
pressure

Nesiritide Recombinant form of BNP; 
vasodilator

2 mcg/kg IV loading dose, followed by 0.01 
mcg/kg per min IV infusion, increase by 
0.005 mcg/kg per min increments every 3 
hours to 0.03 mcg/kg per min

Stop if hypotension develops

Furosemide Loop diuretic 40 mg IV bolus or
40 mg/h infusion over 1 hour

May repeat in 1 hour

Enalaprilat ACE inhibitor vasodilator 0.625 to 1.25 mg IV over 5 minutes every 
6 hours

Consensus guidelines do not 
encourage early use in acute heart 
failure

Hydralazine Direct vasodilator 10 to 20 mg IV May repeat in 2 hours

Dobutamine Beta-agonist inotropic Start infusion at 1 to 2 mcg/kg per min IV 
and increase according to clinical response
Max dose 20 mcg/kg per min

Fewer adverse side e� ects than 
milrinone

Milrinone Type III phosphodiesterase 
inhibitor; vasodilator

50 mcg/kg IV loading dose, followed by 
0.375 mcg/kg per min IV infusion, increase 
according to clinical response
Max dose 0.75 mcg/kg per min

Consider in cases of acute heart failure 
associated with severe pulmonary 
hypertension

General Outline for Treatment of Acute Heart Failure

Hypertensive 
(SBP > 140 mmHg)

Normotensive 
(SBP 90-139 mmHg)

Hypotensive 
(SBP < 90 mmHg)

Sublingual NTG

IV loop diuretics

IV NTG
• If no improvement is 
seen, consider second-line 
vasodilator agents.
• I.e.,: Nitroglycerin, 
nitroprusside, nesiritide, 
hydralazine, angiotensin 
converting-enzyme inhibitor, 
and calcium channel blockers

IV loop diuretics
• Bolus vs. infusion

Judicious � uid bolus

Judicious use of inotropics
• I.e.: Dobutamine, 
dopamine, milrinone

Consider vasopressors if 
no improvement in blood 
pressure

Consider simultaneous use of 
IV vasodilators and/or IV loop 
diuretics

Last resort:
• Intra-aortic balloon pump

SBP: systolic blood pressure; NTG: nitroglycerin
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