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Volume Overload:  
Acute Decompensated Heart 

Failure in the Emergency 
Department

Background
Heart failure is a complex clinical syndrome that is caused by structural or 

functional impairment of ventricular filling or ejection of blood. This impairment 
leads to insufficient perfusion and can result in unmet metabolic demands.1 

Acute decompensated heart failure (ADHF) is a disease process frequently 
encountered by emergency physicians and is characterized by the buildup of 
fluid in the lung interstitium and alveolar spaces. This buildup of fluid in the 
lungs often is referred to as pulmonary edema. The term “congestive heart 
failure” has become outdated in the medical literature but it is used to describe 
patients with evidence of volume overload on clinical exam. 

Although the most common cause of pulmonary edema is cardiogenic, 
it is worthwhile to recognize that there are other noncardiogenic causes. 
Distinguishing between cardiogenic and noncardiogenic pulmonary edema is a 
critical step for the emergency physician because the clinical approach may dif-
fer. A focused clinical exam, along with laboratory, radiographic, and echocar-
diographic testing, can help distinguish between the two disease states.

This article will focus primarily on the important aspects of ADHF in 
the emergency setting. The authors will include a brief synopsis of noncar-
diogenic pulmonary edema to highlight key principles in the diagnosis and 
management. 

Epidemiology
Heart failure remains one of the most common cardiovascular disorders in 

the United States with an estimated prevalence of 2%.2,3 The incidence increases 
with age: 3.7% in patients 75 to 79 years of age, 5.2% in those 80 to 84 years of 
age, and 7.2% in those 85 years of age and older. The elderly represent more than 
80% of decompensated heart failure admissions annually.4,5 Experts hypothesize 
that the prevalence will rise steadily with an aging population, with an estimated 
772,000 new cases in the year 2040.6 

Terminology
Because heart failure is a complex entity, understanding of the terminology 

associated with the disease state is of utmost importance. Although no uni-
versal terminology is accepted, it is important for emergency physicians to be 
familiar with some of the taxonomy. 
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EXECUTIVE SUMMARY
 z Heart failure is a complex clinical syndrome of impaired  

cardiac pump function.

 z About half of patients with heart failure have preserved left 
ventricular ejection fraction (> 50%).

 z Patients with acute heart failure exacerbations and normal 
to elevated blood pressure have a lower 30-day mortality 
and respond well to emergency department treatment with 
nitrates and loop diuretics.

 z Early initiation of loop diuretics in the emergency department 
is associated with lower in-hospital mortality in patients with 
acute heart failure exacerbations.

 z The initial treatment of patients with acute heart failure pre-
senting with hypotension depends on whether they have 

reduced or preserved ejection fraction; review of previous 
echocardiograms is helpful in this determination.

 z For patients with reduced ejection fraction and the presence 
of shock, the initial therapy should include the initiation of an 
inotropic agent such as dobutamine or milrinone.

 z Patients with preserved ejection fraction and hypotension 
should not receive inotropic support. Rather, these patients 
may benefit from the addition of a vasopressor (norepineph-
rine, high-dose dopamine, or vasopressin) as well as diuretics.

 z Most patients with acute heart failure exacerbations require 
hospital admission for stabilization. Selected patients can be 
managed in an emergency department observation unit.

The New York Heart Association 
(NYHA) classifies heart failure based 
on functionality as it relates severity of 
symptoms. The classes are as follows:7

• Class I: Heart disease with no 
symptoms or limitations on physical 
activity;

• Class II (mild): Comfortable at rest, 
but symptoms of heart failure with ordi-
nary activity;

• Class III (moderate): Comfortable 
at rest, but symptoms of heart failure 
with minimal exertion;

• Class IV (severe): Symptoms at rest 
that greatly impede physical activity. 

Another approach to the classifica-
tion of heart failure is based on ejection 
fraction (EF). The EF is defined as a 
measurement, expressed as percentage, 
of how much blood the left ventricle 
releases with each ventricular contrac-
tion as seen on echocardiography. Table 
1 includes descriptions of the different 
characteristics of this particular classifi-
cation system. 

Describing heart failure can be partic-
ularly challenging because a number of 
different methods are used in the clas-
sification process. Early in the disease 
course, the classification system is useful 
because it helps guide management. As 
heart failure continues to progress, the 
distinction becomes less clear because 
there is significant overlap in symptom-
atology and etiology in advanced disease 
states. 

Acute vs. Chronic 

Classification often is based on the 
timing of disease onset. Acute heart 

failure (AHF) is the abrupt onset of 
heart failure that typically results after a 
cardiac insult, such as myocardial infarc-
tion or valvular dysfunction. Chronic 
heart failure is seen in patients who 
have primary cardiac disease that results 
in decompensation of cardiac function 
over time. More than 80% of cases pre-
senting to the emergency department 
involve the acute decompensation (exac-
erbation) of chronic heart failure.10 

Systolic vs. Diastolic

Systole refers to the portion of the 
cardiac cycle in which blood is pumped 
out of the ventricles and into the sys-
temic circulation. Systolic dysfunction 
is used to describe impairment in con-
tractility (the “pumping” of blood). On 
the other hand, diastole refers to the 
filling phase in the cardiac cycle. The 
diastolic phase is marked by ventricular 
relaxation and filling. Diastolic dysfunc-
tion occurs because of impaired ven-
tricular relaxation. This terminology can 
be problematic, as most cases of heart 
failure present with components of both 
diastolic and systolic dysfunction.

Right-Sided vs. Left-Sided

The physiology of heart failure can be 
viewed as problems with the left (sys-
temic) side and the right (pulmonary) 
side of the heart. Although artifactual, 
this classification system assumes that 
the two sides of the heart work inde-
pendently of each other. The reality is 
that the cardiovascular system is inter-
connected, and problems in one area can 
have significant downstream physiologic 

consequences. With left-sided failure, 
the pulmonary system can become over-
loaded, resulting in a host of pulmonary 
symptoms, such as dyspnea and orthop-
nea. With right-sided failure, backup 
into the venous return system results in 
signs and symptoms related to periph-
eral edema.

High-Output vs. Low-Output

The term high-output heart failure is 
used to describe hyperdynamic cardiac 
dysfunction. Excess adrenergic tone and 
increased preload can damage cardiac 
myocytes over time. As this hyperdy-
namic state persists, the ejection frac-
tion eventually “normalizes,” and the 
cardiac output becomes similar to the 
low-output state. Low-output cardiac 
failure is substantially more common 
and is associated with impaired ejection 
fractions. The low-output state typically 
is caused by ischemic heart disease and 
other pathologies that damage cardiac 
myocytes over time.

Etiology
The symptomatology of heart failure is 

largely due to changes in the ventricular 
structure of the heart. Remodeling of 
the ventricles results in cardiac dilation, 
fibrosis, and reactive hypertrophy.11 These 
structural changes are the consequence 
of deficits in cardiac output over time. To 
improve forward perfusion, neurohor-
monal modulators attempt to augment 
cardiac output. These neurohormonal 
systems serve as the therapeutic target of 
many pharmaceutical agents used in the 
chronic management of heart failure. 
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Primary disease processes of the car-
diovascular system contribute to the 
development of heart failure. Although 
directly determining the causative fac-
tor is difficult, understanding the vari-
ous etiologies that contribute to this 
multifactorial disorder is important. The 
three most common etiologies are isch-
emic heart disease, hypertension, and 
diabetes.3 

In developed countries, the leading 
cause of heart failure is coronary artery 
disease, which is present in more than 
70% of affected patients. Thrombosis and 
subsequent ventricular infarction lead to 
fibrosis and areas of dyskinesis. Chronic 
coronary insufficiency results in diffuse 
myocardial fibrosis, setting the founda-
tion for the development of ischemic 
cardiomyopathy.12 Patients with a history 
of myocardial infarction have an eight- 
to 10-fold increased risk of developing 
heart failure.13 Hypertension remains the 
single most important modifiable risk 
factor for heart failure.7 Diabetes is an 
independent risk factor for heart failure, 
with a three-fold increase in prevalence 
compared to those without diabetes.

Other important but less common 
etiologies of heart failure include car-
diomyopathy and valvular disorders. 
Diseases of the myocardium contribute 
greatly to the development of heart fail-
ure. Three commonly recognized forms 
of cardiomyopathy include dilated, 
hypertrophic, and restrictive. Valvular 
disease, including severe regurgitation 
and stenosis, can greatly impair both 
systolic and diastolic functioning of the 
heart. Acute dysfunction can lead to ful-
minant pulmonary edema, while more 
chronic dysfunction results in gradual 
structural changes to the heart.14 

Risk Factors
There are many well-studied risk 

factors, both inherited and acquired, 
associated with the development of 
heart failure. Age remains a prominent 
risk factor, with increasing prevalence in 
those older than 65 years of age.13 Men 
have a higher risk of developing heart 
failure than women. African Americans 
have a higher incidence of and five-year 
mortality rate from heart failure com-
pared to white Americans.15 

Acquired risk factors have been 
implicated in the development of heart 
failure. Metabolic syndrome, along 
with diabetes mellitus and atheroscle-
rotic disease, are associated strongly 
with myocardial dysfunction. Tobacco 
use and alcohol abuse also have been 
implicated. A negative correlation exists 
between lifetime alcohol consumption 
and cardiac ejection fraction.16,17 

Although less common, exposure to 
cardiotoxic drugs and toxins can lead to 
the development of heart failure. Drug-
induced cardiomyopathy is a known side 
effect of chemotherapeutic medications 
such as 5-fluorouracil, paclitaxel, and 
the anthracycline class.18 Recreational 
drugs of abuse, such as cocaine, meth-
amphetamines, and anabolic steroids, 
have been linked to heart failure.19 

Pathophysiology
Normal cardiac physiology centers 

around cardiac output, which is a mea-
sure of the amount of blood pumped 
by the heart in a given period of time. 
Cardiac output can be thought of as 
the product of the heart rate (HR) and 
stroke volume (SV; Cardiac output = 
HR × SV). The normal range for cardiac 
output is 4 to 8 liters per minute and 

varies based on concurrent metabolic 
demands.20 

Left ventricular (LV) dysfunction is 
the result of damage to myocardial cells 
located in the ventricle. Damage to the 
myocardium results in decreased cardiac 
output and subsequent hypoperfusion 
as the heart is unable to distribute blood 
efficiently into the systemic circula-
tion. At the same time, backflow from 
unejected blood in the LV results in 
elevated pulmonary pressures. Increased 
capillary pressures in the lung paren-
chyma lead to pulmonary congestion 
and the hallmark sensation of dyspnea. 

Right ventricular (RV) dysfunction 
typically is regarded as a consequence 
of LV failure. In a similar fashion, 
decreased output from the right ven-
tricle leads to increased pressures in the 
vena cava system. These elevated pres-
sures impair venous drainage from the 
body, leading to the peripheral edema 
seen on physical examination. 

Clinical Presentation
The signs and symptoms associated 

with underlying heart failure vary based 
on the degree to which ventricular 
function is impaired. It is important for 
emergency physicians to recognize that 
heart failure is a spectrum of disease and 
that presentations can vary greatly based 
on underlying cardiac dysfunction. 
Despite this, there are several well rec-
ognized manifestations of heart failure 
that should suggest the possibility heart 
failure.

Dyspnea is a common symptom and 
frequently is described by patients as 
shortness of breath. Early in the disease 
process, dyspnea occurs with exertion. 
There may not be much interference 
with daily functioning, and the disease 
process may go undiagnosed. As more 
advanced heart failure develops, dyspnea 
can present at rest with minimal to no 
physical activity. Impairments in activi-
ties of daily living because of dyspnea 
represent a significant concern, as poor 
functional status is an adverse prognos-
tic indicator in patients with heart fail-
ure.21 With progression of the disease, 
orthopnea and paroxysmal nocturnal 
dyspnea may become salient features in 
the patient’s history.

Hypoperfusion due to impaired car-
diac functioning can result in fatigue 

Table 1. Heart Failure Classification Based on Ejection 
Fraction7-9

Classification Characteristics
Heart failure with preserved 
ejection fraction 

• Ejection fraction is ≥ 50%
• Roughly half of all patients with heart failure
• Occasionally termed diastolic heart failure

Heart failure with mid-range 
ejection fraction

• Ejection fraction is between 41% and 49%
• Patients exhibit symptomatology similar to 

those classified as having a preserved ejection 
fraction

Heart failure with reduced 
ejection fraction

• Ejection fraction of 40% or less
• Occasionally termed systolic heart failure
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and generalized weakness. Advanced 
stages of heart failure are marked by 
profound hypotension, representing 
the inability of the heart to main-
tain adequate perfusion pressures. 
Eventually, this can manifest as feelings 
of lightheadedness and ultimately may 
lead to syncopal episodes. Hypotension 
in patients with heart failure has been 
associated with increased mortality.22 

Volume overload is a significant 
contributor to many of the signs and 
symptoms within the spectrum of heart 
failure. Peripheral edema in the lower 
extremities and dependent areas sug-
gests an excess of intravascular volume. 
Excess fluid within the alveoli of the 
lungs may present with a cough associ-
ated with frothy sputum. Fluid retention 
in the body can present with ascites, 
increased abdominal distention, and an 
increase in total body weight. 

Physical Examination 
The physical examination of patients 

with heart failure will vary based on 
where on the spectrum of disease the 
patient falls. Patients with no functional 
limitations from heart failure may 
appear well on examination with little 
to no clinical findings of volume over-
load. On the other end of the spectrum, 
patients with severely decompensated 
heart failure may present in extremis 
hallmarked by severe respiratory distress 
and cardiogenic shock.

Findings with well-demonstrated 
specificity for heart failure include 
prominent jugular venous distention 
( JVD), the presence of hepatojugu-
lar reflux, a laterally displaced apical 
impulse, and the presence of a gallop on 
cardiac auscultation. Findings that are 
less specific (because they can be found 
with a host of other medical conditions) 
include tachypnea, pulmonary rales, 
peripheral edema, and cachexia in late 
disease.13,23

Patients presenting to the emergency 
department with an acute heart failure 
exacerbation typically are hyperten-
sive and potentially toxic-appearing. 
Sympathetic activation within the ner-
vous system results in diaphoresis and 
tachycardia. Pulmonary congestion and 
impaired ventricular functioning can 
lead to frank respiratory distress with 
prominent rales on auscultation. 

Differential Diagnosis
Since heart failure is a syndrome 

comprised of many nonspecific signs 
and symptoms, physicians must main-
tain a broad differential when evaluating 
a patient with a suspected heart failure 
exacerbation. Although dyspnea is a 
fairly common finding in patients with 
heart failure, other etiologies, such as 
myocardial ischemia and lung pathology 
such as pneumonia or reactive airway 
disease, should be considered.24 

Edema and evidence of fluid overload 
on examination involve an equally broad 
differential. Sodium retention, venous 
thrombosis and/or insufficiency, medi-
cation side effects (e.g., calcium channel 
blockers), and cirrhosis of the liver all 
can present with peripheral edema or 
generalized ascites. 

Patients with advanced heart failure 
typically are hypotensive at base-
line because of impaired ventricular 
ejection and systemic perfusion. 
Etiologies of hypotension should be 
considered based on history and phys-
ical examination. Sepsis, hemorrhage, 
and cardiac tamponade are examples 
of diagnostic considerations that may 
present with hypotension and, there-
fore, should be considered in the dif-
ferential diagnosis.  

Diagnosis
The clinical spectrum of heart failure 

makes each diagnostic encounter unique 
to the patient’s cardiopulmonary status 
at any given moment in time. Although 
outpatient management is essential 
in the chronic management of heart 
failure, acute presentations to the emer-
gency department require a specialized 
diagnostic and therapeutic management 
plan.

Evaluation of patients with suspected 
acute decompensated heart failure 
should begin with a focused history 
and physical examination. Evidence 
gained from this portion of the clini-
cal encounter will help guide further 
testing, and specific features should 
increase the emergency physician’s sus-
picion for heart failure as the cause for 
the patient’s symptoms. When heart 
failure is suspected, electrocardiography 
(ECG), chest radiography, ultrasound, 
and laboratory evidence can assist with 
making a diagnosis.

An ECG should be obtained and 
interpreted fairly quickly after the diag-
nostic encounter is initiated. Careful 
evaluation for acute myocardial infarc-
tion or other evidence of emergent 
cardiac ischemia should be considered. 
ECG findings that are consistent with 
an acute heart failure exacerbation 
include nonspecific ST/T wave abnor-
malities, large inverted T waves, and QT 
interval prolongation.25 

Upright chest radiography can reveal 
findings consistent with heart failure 
and concomitant pulmonary conges-
tion. The clinician should evaluate chest 
radiographs for evidence of pulmonary 
congestion as shown by increased peri-
hilar markings. Unilateral findings are 
exceedingly rare in acute heart failure 
presentations.26 Blunting of the costo-
phrenic angles should raise suspicion 
for pleural effusions, which typically are 
found in exacerbations of chronic heart 
failure. (See Figure 1.) Although findings 
on chest radiography can support the 
diagnosis of heart failure, it is important 
to recognize that upwards of 20% of 
radiographs may be normal in patients 
with ADHF.27 

Laboratory data can provide clini-
cians with valuable information during 
the evaluation of heart failure. Routine 
chemistry testing can be used to evalu-
ate for electrolyte derangements that 
may be present because of the underly-
ing volume overload. Careful evalua-
tion and trending of serum creatinine 
is important because patients with 
advanced heart failure are at risk for car-
diorenal syndrome, which is the product 
of chronic hypoperfusion and elevated 
venous pressures. Cardiac enzyme test-
ing, including troponin measurement, 
should be evaluated in conjunction with 
ECG analysis to exclude acute myocar-
dial infarction or cardiac ischemia. 

The most recognized laboratory test 
in the evaluation for heart failure is the 
serum brain natriuretic peptide (BNP) 
level. Evaluation of the BNP level is 
most valuable when the pretest prob-
ability for heart failure is intermedi-
ate.28 BNP values higher than 400 pg/
mL typically are consistent with a 
diagnosis of heart failure. Intermediate 
levels, ranging from 200 to 400 pg/
mL, should be interpreted with caution 
because they can neither confirm nor 
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exclude the diagnosis. Finally, low levels 
of BNP (< 100 pg/mL) are particularly 
useful because the diagnosis of acute 
heart failure is extremely unlikely.29 
Recent evidence has demonstrated that 
BNP levels may be falsely low in obese 
patients. An inverse relationship has 
been found between body mass index 
and serum BNP levels.30 

Echocardiography plays a pivotal role 
in the diagnosis of heart failure and 
the evaluation of cardiac functioning. 
In fact, leading experts have described 
it as “the single most useful diagnostic 
tool in the evaluation of patients with 
heart failure.”31 Although formal echo-
cardiography by a trained cardiologist 
can provide valuable information about 
the structural and functional state of the 
heart, it rarely is available in the emer-
gent setting. In the emergency depart-
ment, bedside ultrasound can be a useful 
tool for quick and reliable information 
about cardiac activity. Emergency phy-
sicians trained in the use of bedside 
ultrasound can evaluate patients for wall 
motion abnormalities, estimate ejection 
fraction, exclude pericardial effusion, 
and examine for valvular disease. 

Adjunctive diagnostic modalities exist 
to aid in the evaluation of patients with 
suspected heart failure. Bedside lung 
ultrasound can be performed quickly 
during the ultrasonographic evaluation 
of cardiac functioning. The presence of 
ultrasonographic B-lines is 94% sensi-
tive and 92% specific when compared 
to clinical diagnosis.32 The routine use 
of invasive hemodynamic monitoring is 
not recommended in the initial evalu-
ation of acute decompensated heart 
failure.13 

Management of Acute 
Decompensated Heart 
Failure

Heart failure presentations can vary 
depending on the stage in which the 
patient presents to the emergency set-
ting. In the emergency department, 
roughly 20% of patients present with 
their first episode of heart failure, while 
80% already have presented to the 
hospital setting for heart failure in the 
past.10 As with all emergency depart-
ment encounters, the initial assessment 
of patients presenting with suspected 
ADHF should focus on the ABCs of 

emergency medicine: airway, breath-
ing, and circulation. Patients should be 
placed on a cardiac monitor and a full 
set of vital signs should be obtained as 
intravenous access is attempted. 

Acute heart failure typically presents 
with pulmonary edema. Although pul-
monary edema can have cardiogenic and 
noncardiogenic etiologies, patients with 
heart failure exacerbations have pul-
monary congestion due to cardiac dys-
function and elevated capillary wedge 
pressures. Noncardiogenic pulmonary 
edema is a similar but distinct clinical 
entity that will be discussed briefly at 
the end of this article. Table 2 provides 
an overview of the medications often 
used in the management of acute heart 
failure in the emergency setting. 

Acute Decompensated 
Heart Failure With 
Adequate Perfusion

Management decisions for heart 
failure exacerbations should be guided 
based on assessment of perfusion and 
hemodynamic stability. Patients with 
stable to elevated blood pressures are 
demonstrating compensatory mecha-
nisms to maintain systemic perfusion. 
Patients with such presentations have 
been shown to have lower mortality 
than those without substantial myocar-
dial reserves.33 

Therapeutic modalities in acute heart 
failure exacerbations involve reduction 
of preload and afterload, with care-
ful monitoring to maintain adequate 
hemodynamic and respiratory func-
tion. Hypoxemia should be corrected 
with supplemental oxygen either via 
nasal cannula or high-flow face mask. 
Physicians and nursing staff should be 
careful not to administer supplemental 
oxygen routinely because excessive oxy-
gen has been linked to worsened out-
comes in decompensated heart failure.34 

Patients who do not respond to 
supplemental oxygen should be consid-
ered candidates for noninvasive positive 
pressure ventilation (e.g., bilevel positive 
airway pressure [BiPAP] or continuous 
positive airway pressure [CPAP]) based 
on mental status and respiratory effort. 
Use of these measures can restore vital 
signs rapidly and improve symptom-
atology by decreasing preload through 
increased intrathoracic pressures. The 

Figure 1. Cardiomegaly With Pulmonary Vascular  
Congestion Suggestive of Pulmonary Edema

Portable upright chest X-ray. Mild blunting of left costophrenic angle suggestive of pleural effusion. 
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use of noninvasive ventilation in con-
junction with medical therapy appears 
to reduce the need for intubation com-
pared to medical therapy alone.35 

High-flow nasal cannula (HFNC) 
has been increasingly popular for treat-
ment of respiratory failure. HFNC 
provides warmed and humidified oxy-
gen through a nasal cannula at flow 
rates higher than the traditional nasal 
cannula. Limited data exist for the 
role HFNC plays in the management 
of acute heart failure. In small studies, 
the use of HFNC was associated with 
improvement in subjective dyspnea, 
respiratory rates, and oxygenation.36,37 
While more evidence is being gathered, 
this modality may be useful in the man-
agement of acute heart failure.  

If patients cannot tolerate or are not 
suitable for noninvasive ventilation, the 
emergency physician should consider 
endotracheal intubation and mechanical 
ventilation. The need for intubation in 
acute heart failure is relatively uncom-
mon. Considerations for intubation 
include altered mental status, inability 
to tolerate noninvasive ventilation, 
and continued deterioration despite 
appropriate medical management. 
Hypercapnia due to impending respira-
tory failure may present with alterations 
in consciousness. Rapid sequence intu-
bation remains the standard approach 
with administration of a dissociative 
and paralytic agent. After intubation, 
ventilatory settings should be titrated 
carefully to maintain adequate oxygen-
ation with careful monitoring of the 
patient’s hemodynamic status.  

After addressing oxygenation and 
ventilation, evaluation of cardiovascular 
hemodynamics can guide the use of 
vasodilating agents. Nitrates function 
through the activation of enzymes that 
relax smooth muscle and lead to vasodi-
lation. At lower doses, nitrates provide 
vasodilation, which can help reduce 
preload. Escalation of dosing eventu-
ally affects afterload reduction through 
arteriolar dilation. 

In the acute setting, nitroglycerin 
can be administered either sublin-
gually or transdermally, alleviating 
the immediate need for intravenous 
access. Transdermal application can 
have inconsistent absorption rates, 
making it a less than ideal agent. 

Once intravenous access is established, 
nitroglycerin can be administered as 
a continuous drip. Nitroglycerin has 
rapid onset and offset, making it a good 
agent for rapid fluctuations in blood 
pressure. The intravenous drip then can 
be titrated based on vital signs, clini-
cal presentation, and overall response 
to therapeutic interventions. Use of 
sodium nitroprusside has fallen out of 
favor because of the risk of cyanide tox-
icity and increased rates of unintended 
hypotension. 

Furosemide, a loop diuretic, is another 
medication frequently used in patients 
with ADHF. Currently, there is lim-
ited statistical evidence on the safety 
and efficacy of routine use; however, 
extensive observational experience has 
demonstrated symptomatic relief.38 
The administration of loop diuretics 
should be considered promptly, as early 
administration has been associated with 
lower in-hospital mortality.39 Careful 
consideration should be given prior 
to administration of this medication. 
Patients who are hypotensive or who 
potentially may need fluid challenges or 
other medications to augment perfusion 
may not be appropriate candidates for 
diuretic use.

The use of opioid analgesics remains 
a controversial topic in the management 
of heart failure. Morphine sulfate has 
properties associated with the release of 
vasoactive histamine, which can result in 
downstream vasodilation. Additionally, 
morphine may play a role in blunting 
the hyperactive sympathetic nervous 
system activity seen in patients with 
ADHF. Administration of opioids car-
ries a significant adverse risk profile, 
including respiratory depression and 
worsening of hypotension. A systematic 
review of the use of opioids in ADHF 
found no evidence of benefit with some 
evidence of harm.40 

Acute Decompensated 
Heart Failure With 
Inadequate Perfusion

In managing the acute heart failure 
patient with hypotension, it is impor-
tant to distinguish between those 
patients with reduced ejection fraction 
and those with preserved ejection frac-
tion. The management of hypoten-
sion in these two groups can differ 

significantly. For patients with reduced 
ejection fraction and the presence of 
shock, the initial therapy should include 
starting an inotropic agent.23 

Second-line treatment in patients with 
reduced ejection fraction should involve 
the addition of a vasopressor, although 
the practitioner should be aware that this 
may increase left ventricular afterload. In 
patients with severely reduced ejection 
fraction (< 25%) and shock, nonphar-
macologic treatment strategies, such as 
intra-aortic balloon pump, extracorpo-
real circulatory membrane oxygenation 
(ECMO), or ventricular assist devices, 
should be considered as a temporizing 
measure during acute episodes.1 

In contrast, patients with preserved 
ejection fraction and hypotension 
should not receive inotropic support. 
Rather, these patients may benefit from 
the addition of a vasopressor as well as 
diuretics. In the unique cases of patients 
presenting with left ventricular outflow 
obstruction, such as is seen with hyper-
trophic cardiomyopathy, the therapeutic 
approach should include beta-blockers, 
vasopressors, and cautious hydration 
depending on the presence of pulmo-
nary edema.

It is important to note that regardless 
of the intervention used to reverse the 
shock state in a patient with acute heart 
failure, all measures should be consid-
ered temporizing, as there is little to no 
evidence to suggest that these agents 
provide any long-term benefit.40 

Both dobutamine and milrinone are 
recommended as temporizing inotropes 
in the setting of hypotension in patients 
with reduced ejection fraction.1 As 
noted earlier, inotropic therapy should 
not be initiated in patients with pre-
served ejection fraction or patients with 
left ventricular outflow obstruction. For 
patients in whom inotropic support 
has been initiated, continuous cardiac 
monitoring is required. The practitioner 
should consider reducing or stopping 
the infusion if tachydysrhythmias or 
worsening hypotension occurs.13 

Milrinone is a phosphodiesterase 
inhibitor that works by increasing cyclic 
adenosine monophosphate in cardiac 
cells, thus producing a positive inotropic 
effect. Milrinone also reduces systemic 
and pulmonary vascular resistance in 
addition to improving left ventricular 
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compliance. Milrinone has no beta-
adrenergic activity associated with its 
mechanism of action. Therefore, its 
effect is not diminished in patients tak-
ing beta-blocker therapy.41 Dobutamine 
works by binding to beta-1 adrenergic 
receptors, which results in increased 
stroke volume and cardiac output. It 
also has a minor effect in decreasing 
systemic vascular resistance.42 

Again, vasopressor therapy should 
be considered in patients with reduced 
ejection fraction who are refractory to 
inotropic support and in patients with 
preserved ejection fraction or in those 
with outflow obstruction. Although 
there is no evidence to support their 
clinical efficacy or safety, these agents 
still should be considered as a temporiz-
ing measure in patients displaying signs 
of shock. Commonly used vasopres-
sors include norepinephrine, high-dose 
dopamine, and vasopressin.43 

Management of Chronic 
Heart Failure 

Chronic heart failure is a complex 
syndrome that progresses over a sub-
stantial period of time. Most patients 
with heart failure will require medical 

management outside of the emergency 
department. Despite this, it is still 
important for emergency providers to be 
familiar with the foundations of chronic 
heart failure therapy. The principles 
behind long-term therapy involve the 
neurohormonal response of the body 
to the systemic impact of global heart 
failure. 

Angiotensin converting-enzyme 
(ACE) inhibitors provide therapy for 
left ventricular dysfunction by blocking 
angiotensin II and aldosterone secre-
tion. This class of medication has been 
demonstrated to increase survival in all 
classes of chronic heart failure.44 

Beta-blocking agents play an impor-
tant role in increasing ejection fraction 
and decreasing mortality in chronic 
heart failure.45 The adrenergic blockade 
provided by this class helps to combat 
the long-term activation of the sym-
pathetic nervous system in chronic 
heart failure. Long-standing elevation 
of sympathetic activity has deleterious 
effects on the cardiovascular system and 
can worsen heart failure. Current guide-
lines recommend beta-blockers for all 
patients with symptomatic left ventricu-
lar dysfunction.46 

Low-dose diuretics are used to pre-
vent the recurrence of heart failure, 
despite the fact that there are limited 
data to guide use.47 These medications 
tend to carry significant side effects, 
including hypovolemia and electrolyte 
abnormalities. The potassium-sparing 
diuretics spironolactone and eplerenone 
are associated with a reduced risk of 
death in patients with heart failure.48 
They have been shown to improve left 
ventricular functioning in patients 
with severe heart failure who already 
are taking ACE inhibitor and diuretic 
therapy.49 

Digoxin, a cardiac glycoside, works 
by inhibiting ATP-dependent sodium/
potassium pumps in cardiac myocytes. 
Digoxin has been shown to reduce the 
rate of hospitalization in chronic heart 
failure and lower mortality when used 
in conjunction with ACE inhibitor and 
diuretic therapy.50 

Electrical Therapy

Implantable cardioverter defibrilla-
tors (ICD) play an important role in 
the long-term management of patients 
with heart failure with severely 
reduced ejection fraction. Their use 

Table 2. Medications for Acute Heart Failure

Vasodilating Agents

Medication Administration Dosing Notable Adverse Reactions

Nitroglycerin Sublingual 0.4 mg every 1 to 5 minutes Hypotension

Intravenous Drip: 5 to 10 mcg/min with increases in 
increments of 5 to10 mcg/min every 3 to 5 
minutes, max 200 mcg/min 

Hypotension, tachyphylaxis

Nitroprusside Intravenous Drip: 5 to 10 mcg/min titrated every five 
minutes, max 400 mcg/min

Significant hypotension, cyanide 
toxicity, rebound vasoconstriction 
upon discontinuation

Diuretic Agents

Medication Administration Dosing Notable Adverse Reactions

Furosemide Intravenous No prior use: 20 to 40 mg IV push

Prior use: 1 to 2.5 x patient’s home total daily 
dose divided in half and given as IV push

Electrolyte disturbances 
(hypokalemia, hypomagnesemia), 
hyperuricemia, hypotension, 
hypovolemia

Bumetanide Intravenous 1 to 3 mg

Torsemide Intravenous 10 to 20 mg

Adapted from: Tintinalli JE, Stapczynski J, Ma O, et al, eds. Tintinalli’s Emergency Medicine: A Comprehensive Study Guide, 8e New York: McGraw-Hill; 2016. 
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in this patient population has been 
shown to reduce mortality.53 Patients 
with heart failure are at increased risk 
of ventricular dysrhythmias, which 
may lead to sudden cardiac death. In 
several clinical trials, implantation of 
an ICD has been shown to decrease 
mortality when compared to medical 
therapy alone.54 

Patients with heart failure who sur-
vived a sudden cardiac arrest or had an 
episode of sustained ventricular tachy-
cardia are candidates for ICD therapy as 
secondary prevention. Patients receiving 
ICDs have a significant reduction in 
sudden cardiac death.55 

Noncardiogenic 
Pulmonary Edema

Noncardiogenic pulmonary edema 
is characterized by proteinaceous fluid 
accumulation in the alveoli of the lungs 
from a source other than the heart. In 
heart failure (cardiogenic pulmonary 
edema), pulmonary congestion is due 
to elevated pulmonary capillary wedge 
pressures. Noncardiogenic pulmonary 
edema presents similarly, except the 
etiology of fluid accumulation is from a 
different source.56 

The distinction between the sources 
of pulmonary edema is not always obvi-
ous, and in many cases, there may be 
significant overlap between the two. The 
history and physical exam in affected 
patients may demonstrate significant 
hypoxemia and shortness of breath. 
Classically, noncardiogenic pulmonary 
edema presents with radiographic evi-
dence of pulmonary congestion without 
hemodynamic evidence of cardiac dys-
function. In the emergency department, 
the ability to obtain invasive hemody-
namic monitoring (e.g., Swan-Ganz 
catheter) is limited. Therefore, the exact 
etiology of pulmonary edema may be 
surmised based on the preceding his-
torical features.

The major causes of noncardiogenic 
pulmonary edema are acute respiratory 
distress syndrome (ARDS), high alti-
tude pulmonary edema (HAPE), opioid 
overdose, pulmonary embolism, eclamp-
sia, and transfusion-related acute lung 
injury (TRALI).57 

When a patient presents with 
evidence of pulmonary edema, the 
emergency physician must attempt to 

discern the source of fluid overload. 
Although basic management principles 
remain the same, careful attention 
should be paid to the inciting agent 
if it can be deduced in the emergency 
department. Patients with ARDS may 
require significant ventilatory support 
with low tidal volumes. If pulmonary 
embolism is suspected, anticoagulation 
may be required with thrombolytic 
therapy. The specific management plan 
for noncardiogenic pulmonary edema 
should be tailored to the clinical pre-
sentation when evident. 

Disposition 
The majority of patients presenting 

to the emergency department with an 
acute heart failure exacerbation will 
require admission to the hospital set-
ting. Informed decision-making with 
patients can help guide disposition 
based on factors including severity of 
illness and access to care outside of the 
hospital setting.

One of the unique challenges in the 
disposition of patients with acute heart 
failure in the emergency department 
is that no risk stratification tools are 
readily available. Prospective testing of 
four acute heart failure prediction rules 
showed no utility in the emergency 
department setting.56 Therefore, emer-
gency department providers must review 
each clinical encounter for the pres-
ence of high-risk physiologic markers 
associated with morbidity and mortality 
in acute heart failure. These markers 
include renal dysfunction, hypoten-
sion, hyponatremia, elevated BNP, and 
elevated troponin.55

Observation is a reasonable alter-
native for patients with minimal 
symptomology who do not require 
supplemental oxygen and who display 
low-risk features on diagnostic evalu-
ation. If available, the observation set-
ting can allow for continued diuresis 
as well as cardiac monitoring with 
serial cardiac enzyme testing if acute 
coronary syndrome is being evalu-
ated. Most patients will have complete 
symptom resolution in 12 to 24 hours. 
Additionally, the observation unit can 
help expedite the acquisition of a for-
mal echocardiogram and cardiology 
consultation. Linkage to outpatient 
therapy is crucial because follow-up 

within five days has been shown to 
decrease readmissions.57 Newly diag-
nosed cases of mild heart failure from 
the emergency department may benefit 
greatly from a period of observation to 
help with patient education and link-
age to outpatient care. 

Clinical judgment and response to 
therapeutic interventions in the emer-
gency department will help guide place-
ment into a monitored regular floor 
bed or intensive care setting. Physicians 
should consider resources available in 
their hospital setting when triaging 
patients to the inpatient unit. Currently, 
there is no well-validated guideline 
to determine appropriate disposition. 
Patients who require invasive ventilatory 
support or vasopressor therapy for refrac-
tory hypotension typically require inten-
sive care unit (ICU) admission. Roughly 
10-12% of patients in the United States 
are admitted to the ICU for ADHF.58 
According to the 2016 European Society 
of Cardiology heart failure guidelines, a 
patient should be placed in an intensive 
care setting if one or more of the follow-
ing criteria are met:40 

• The patient is intubated or likely 
to require invasive respiratory support/
intubation (tachypnea ≥ 25 breaths per 
minute, accessory muscle usage, and/or 
refractory hypoxemia). 

• Signs and symptoms of hypoper-
fusion and/or systolic blood pressure  
< 90 mmHg are present. 

• The heart rate is < 40 or > 130 beats/
minute.

Regardless of the ultimate disposi-
tion, the emergency physician should 
ensure that patients with heart failure 
have appropriate access to outpatient 
care. When available, measures should 
be taken to engage a patient’s cardi-
ologist in the plan of care. If a patient 
with newly diagnosed heart failure does 
not have appropriate follow-up, the 
emergency physician should attempt to 
assist with linkage of care. Medication 
initiation, lifestyle modification, and 
other interventions can take place in the 
outpatient setting to help reduce heart 
failure-related visits to the emergency 
department.

Summary
Heart failure is an important 

clinical entity that represents a wide 
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spectrum of illness. Acute presenta-
tions in the emergency department 
can present as a diagnostic challenge. 
Most patients who present to the 
emergency department will respond 
rapidly to nitrates, diuretics, and posi-
tive pressure ventilation. Patients in 
shock with evidence of hypoperfusion 
may require inotropic or vasopressor 
support depending on underlying car-
diac physiology.

The differential for acute heart fail-
ure is broad and will vary based on the 
patient’s symptomatology. Although no 
single diagnostic test exists, the emer-
gency physician can use radiography, 
ultrasonography, electrocardiography, 
and laboratory testing to help diagnose 
and manage patients appropriately. 

The overwhelming majority of 
patients presenting to the emergency 
department with ADHF will require 
admission.5 As patients’ life expec-
tancy increases with advancements 
in medical therapy for chronic heart 
failure, the prevalence of heart failure 
is expected to increase greatly over the 
next decade.7 
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CME/CE Questions
1. A 75-year-old male with a known 

history of heart failure has short-
ness of breath at rest and is unable 
to lightly walk without significant 
dyspnea. Which New York Heart 
Association classification best char-
acterizes this patient?
a. Class I
b. Class II (mild)
c. Class III (moderate)
d. Class IV (severe) 

2. What is the leading cause of heart 
failure in developed countries? 
a. Inborn errors of metabolism
b. Cardiomyopathy 
c. Coronary artery disease
d. Intravenous drug use
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defines the relationship between 
cardiac output (CO), stroke volume 
(SV), and heart rate (HR)? 
a. CO = SV × HR 
b. CO = SV + HR
c. CO = SV - HR
d. CO = SV/HR

4. A patient presents to the emergency 
department with respiratory distress 
from suspected heart failure exac-
erbation. Which brain natriuretic 
peptide value most strongly suggests 
heart failure as the etiology for the 
patient’s presentation?
a. 755 pg/mL
b. 59 pg/mL
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5. Which electrocardiogram finding 
has been associated with acute heart 
failure exacerbations? 
a. Presence of U waves
b. Large, inverted T waves 

c. P waves of different morphology
d. Third-degree heart block 

6. A patient with acute decompensated 
heart failure remains tachypneic 
with accessory muscle usage on 
noninvasive positive pressure ven-
tilation and is hypotensive. What is 
the most appropriate disposition of 
this patient?
a. Observation unit
b. Medical/surgical floor bed
c. Intensive care unit 
d. Discharge 

7. Early administration of loop diuret-
ics in hemodynamically stable 
patients with acute decompensated 
heart failure is associated with 
which of the following? 
a. Lower in-hospital mortality
b. Higher in-hospital mortality
c. Increased rates of emergency 

department discharge
d. Decreased rates of intensive care 

unit admissions 
8. Which medication class used in 

chronic heart failure therapy func-
tions through blockage of sodium/
potassium pumps in cardiac 
myocytes?
a. Beta-blockers
b. Angiotensin converting-enzyme 

inhibitors
c. Loop diuretics
d. Cardiac glycosides 

9. Which of the following clinical 
entities is associated with cardio-
genic pulmonary edema?
a. Acute respiratory distress  

syndrome (ARDS)
b. High altitude pulmonary edema 

(HAPE)
c. Transfusion-associated lung 

injury (TRALI)
d. Myocardial ischemia 

10. The use of sodium nitroprusside 
largely has fallen out of favor for the 
management of acute decompen-
sated heart failure because of con-
cern for which toxicity?
a. Salicylate
b. Cyanide 
c. Iron
d. Mercury
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Exclusive to our subscribers RAPID ACCESS MANAGEMENT GUIDELINES

Volume Overload: Acute Decompensated Heart Failure 
in the Emergency Department

Heart Failure Classi� cation Based on Ejection Fraction

Classi� cation Characteristics
Heart failure with preserved 
ejection fraction 

• Ejection fraction is ≥ 50%
• Roughly half of all patients with heart failure
• Occasionally termed diastolic heart failure

Heart failure with mid-range 
ejection fraction

• Ejection fraction is between 41% and 49%
• Patients exhibit symptomatology similar to 

those classi� ed as having a preserved ejection 
fraction

Heart failure with reduced 
ejection fraction

• Ejection fraction of 40% or less
• Occasionally termed systolic heart failure

Medications for Acute Heart Failure

Vasodilating Agents

Medication Administration Dosing Notable Adverse Reactions

Nitroglycerin Sublingual 0.4 mg every 1 to 5 minutes Hypotension

Intravenous Drip: 5 to 10 mcg/min with increases in 
increments of 5 to10 mcg/min every 3 to 5 
minutes, max 200 mcg/min 

Hypotension, tachyphylaxis

Nitroprusside Intravenous Drip: 5 to 10 mcg/min titrated every � ve 
minutes, max 400 mcg/min

Signi� cant hypotension, cyanide 
toxicity, rebound vasoconstriction 
upon discontinuation

Diuretic Agents

Medication Administration Dosing Notable Adverse Reactions

Furosemide Intravenous No prior use: 20 to 40 mg IV push

Prior use: 1 to 2.5 x patient’s home total daily 
dose divided in half and given as IV push

Electrolyte disturbances 
(hypokalemia, hypomagnesemia), 
hyperuricemia, hypotension, 
hypovolemia

Bumetanide Intravenous 1 to 3 mg

Torsemide Intravenous 10 to 20 mg

Adapted from: Tintinalli JE, Stapczynski J, Ma O, et al, eds. Tintinalli’s Emergency Medicine: A Comprehensive Study Guide, 8e New York: McGraw-Hill; 2016. 

Cardiomegaly With Pulmonary Vascular Congestion 
Suggestive of Pulmonary Edema

Portable upright chest X-ray. Mild blunting of left costophrenic angle suggestive of pleural e� usion. 

Supplement to Emergency Medicine Reports, May 1, 2019: “Volume Overload: Acute Decompensated Heart Failure in the 
Emergency Department.” Authors: Michael Ullo, MD, PGY-3 Resident Physician, Department of Emergency Medicine, Rutgers 
New Jersey Medical School, Newark; and Gregory Sugalski, MD, Associate Professor, Department of Emergency Medicine, 
Rutgers New Jersey Medical School, Newark.
Emergency Medicine Reports’ “Rapid Access Guidelines.” © 2019 Relias LLC. Editors: Sandra M. Schneider, MD, FACEP, 
and J. Stephan Stapczynski, MD. Nurse Planner: Andrea Light, BSN, RN, EMT, TCRN, CEN. Executive Editor: Shelly Morrow 
Mark. Executive Editor: Leslie Coplin. Editorial Group Manager: Terrey L. Hatcher. Accreditations Manager: Amy M. Johnson, 
MSN, RN, CPN. For customer service, call: 1-800-688-2421. This is an educational publication designed to present scientific 
information and opinion to health care professionals. It does not provide advice regarding medical diagnosis or treatment for 
any individual case. Not intended for use by the layman.


	EMR050119.pdf
	EMRcard050119SUP1.pdf

