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Acute Heart Failure

Critical Points

* Assess if preserved versus reduced ejec-
tion fraction heart failure: old records,
echocardiography.

» Evaluate early for myocardial infarction
or acute ischemia: ECG, serial cardiac
enzymes.

e Use noninvasive pressure support venti-
lation often and early.

* Hypotension (do not overlook relative
hypotension) is ominous and should be
corrected early and aggressively (fluids,
dobutamine).

e N-terminal brain natriuretic peptide
(NT-proBNP) or B-type natriuretic pep-
tide (BNP) measurements are of limited
use in renal failure patients.
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e If using nitrates, higher doses may be
more beneficial, but may be of less value
in patients who are on chronic nitrate
therapy.

e If the initial dose of loop diuretics fails
to be effective, consider adding a low-
dose second agent such as thiazides or
spironolactone.

Introduction

Acute heart failure (AHF) affects approximately
5.7 million Americans, with 87,000 new AHF
cases annually [1]. For every large myocardial
infarction saved by an intervention, another heart
failure patient is created. Projections suggest that
the prevalence of AHF will increase 46% from
2012 to 2030, resulting in over 8 million people
with the disease [2, 3]. A disease of the elderly
[4], up to 75% of AHF patients also have preced-
ing hypertension, another reason why emphasiz-
ing follow-up for uncontrolled hypertension in
emergency department (ED) patients presenting
with other complaints is important. Because AHF
disproportionally affects minorities, urban medi-
cal centers evaluate and treat AHF-related prob-
lems more frequently.

AHF is particularly germane to emergency physi-
cians because 80% of patients hospitalized with the
disease are admitted through the ED [5], accounting
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for almost a million ED visits annually in the United
States. Once admitted, patients stay for a median of
3.4 days, a duration that has not changed in a decade
[4]. While most of the cost of AHF is from post-dis-
charge care [6-8], the cost of ED evaluation and sub-
sequent admission are expensive as well [4]. The
treatment rendered by ED physicians impacts patient
outcome and cost [9], not only in those patients dis-
charged from the ED [10], but those who are admit-
ted as outpatients as well [11, 12].

Pathophysiology

The nomenclature of AHF has undergone several
iterations. The classic concept of “heart failure”
has a reduced ejection fraction in which the left
ventricle is dilated with reduced systolic function
(defined as an ejection fraction less than 40%).
This occurs in ~50% of AHF patients. While in
the United States the leading cause is uncon-
trolled hypertension and post-myocardial infarc-
tion loss of myocardium, the worldwide cause is
Chagas disease. To offset falling cardiac output
and perfusion, vasoconstriction is enhanced by
upgrading the renin—angiotensin axis.
Unfortunately, this further taxes a failing heart,
exacerbating the diminished forward flow.

The other half of HF patients has a normal
ejection fraction, defined as an EF equal to or
greater than 50% [13]. Previously, this was
referred to as diastolic AHF because it was
thought that most patients with the symptoms of
AHF and a normal EF had diastolic dysfunction,
but this has been found to not be the case. The
current prevailing theory is that prolonged hyper-
tension causes left ventricular hypertrophy,
decreased renal function, and vascular changes,
all of which impair microvascular perfusion and
cause local ischemia. This disrupts the balance of
autoregulation and vasodilation, causing organ
remodeling, myocardial fibrosis, hypertrophy,
and necrosis. Additionally, pulmonary hyperten-
sion occurs in about 80% [14] of patients with
preserved EF AHF. One potential clue of the
presence of preserved EF AHF is decreased exer-
cise tolerance — as stroke volume fails to rise,
patients develop dyspnea and fatigue.

Although the initial evaluation and treatment
of preserved EF AHF is not drastically different
from classic AHF, the overall behavior of the dis-
ease differs. Secondary analyses of the Irbesartan
in Heart Failure with Preserved Ejection Fraction
(I-PRESERVE) trial reported an annual death
rate of 5.2%, 26% of which was due to sudden
death, 14% AHF, 5% myocardial infarction, and
9% from stroke death [5]. Most of these presenta-
tions will be to the ED.

Classic teaching has centered around two
main components of heart failure: The degree
of fluid overload (wet vs. dry) and the perfu-
sion from diminished cardiac output (warm vs.
cold) [15, 16]. While most presentations are
warm and wet, patients can be hypovolemic
from over-diuresis and can demonstrate a low
perfusion state (cold) that will initially require
resuscitation. Cardiogenic shock is caused by
fluid overload and diminished perfusion (cold
and wet) and is difficult to treat because it
requires resuscitation despite fluid overloaded
patients.

Patient Presentation

The traditional evaluation for acute AHF relies
on qualitative measures and clinical gestalt based
on physical examination findings, patient symp-
toms, and chest radiograph findings [17]. ED
physicians in particular are not good at estimat-
ing the perfusion and fluid status, as one study
found that one in five patients thought to have
AHF in the ED did not have that as a final diag-
nosis [18]. This is echoed by an older study sug-
gesting AHF patients admitted with an AHF
diagnosis were misdiagnosed in approximately
10% of hospital admissions [19].

In patients presenting with what appears to be
AHF, but who do not carry the diagnosis, a fur-
ther evaluation in necessary. In patients from
South or Central America, the presence of a sys-
tolic murmur may be an indication of valvular
damage from Chagas disease. In patients with a
drug abuse history, valvular disease should also
be considered, necessitating a formal echocardio-
gram. All patients need an ECG to evaluate for
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acute or recent infarct as well as left ventricular
hypertrophy or pulmonary hypertension.

Although the Forrester AHF classification was
developed in AMI patients, it lends itself well to
the acutely decompensated reduced EF AHF
population [16]. Patients are classified clinically
on the basis of peripheral perfusion (cool/clammy
skin, cyanosis, altered mental status, or oliguria)
and pulmonary congestion (rales, abnormal chest
X-ray). If the hemodynamic component of the
classification is not readily available in the ED
(cardiac index <2.2 L/min/m? or pulmonary cap-
illary pressure >18 mmHg), they may be found in
old records. Treatment strategy is based accord-
ing to the clinical and hemodynamic status and
its approach is still valuable when assessing AHF
patients. For instance, even though a patient may
be grossly fluid overloaded, she may still need
intravascular volume if hypoperfusion is present
[16]. Mortality was 2.2% in group I, 10.1% in
group II, 22.4% in group 11, and 55.5% in group
IV — not too different from the current cardio-
genic shock population [20].

The one universal finding in compensated
AHEF, regardless of its etiology, is hypertension.
This is from a combination of the worsening
renin—angiotensin feedback loop and anxiety. It
also enables the use of afterload reduction and
diuresis, giving a buffer to the treating
physician.

Physical examination findings, review of sys-
tems, and the elements of the history are by them-
selves limited in attempting to determine the
presence of AHF, but the lack of these findings
does not mean it is not present. While the speci-
ficity of physical examination findings such as a
cardiac third heart sound (S3) (99%), rales (78%),
or JVD (92%) are reasonable, the respective sen-
sitivities are poor (13%, 60%, and 39%) for eval-
uating for AHF [21, 22] as are the likelihood
ratios. In one study, rales on lung examination
were absent in 80% of patients who were found
by pulmonary artery catheter pressure monitor-
ing to have elevated filling pressures [23]. Wang
et al. published a thorough analysis of physical
examination and chest radiographs findings in
acutely decompensated AHF, concluding that the
most useful piece of history is preexisting AHF

and the presence of paroxysmal nocturnal dys-
pnea, orthopnea, and peripheral edema on physi-
cal examination have an acceptable positive
likelihood ratios for the presence of acute decom-
pensated systolic AHF [22].

In patients with preserved EF AHF, decreased
ventricular compliance predisposes them to pul-
monary edema because small changes in volume
can lead to large changes in left ventricular dia-
stolic pressure. The ventricle is unable to tolerate
venous return without elevated diastolic pres-
sures, so small changes in fluid balance will man-
ifest clinically, such as hypertension and dyspnea.
This makes patients very sensitive to vasodilation
and vasoconstriction, and they can also develop
hypotension with aggressive diuresis or vasodila-
tion [14].

Cardiogenic shock is usually obvious and
ominous, as patients have hypotension and other
indicators of poor perfusion, coupled with dys-
pnea and lung rales usually associated with clas-
sic AHF. Although there is usually a component
of dyspnea with cardiogenic shock, poor perfu-
sion can also manifest itself in other ways, such
as altered mental status or worsening renal fail-
ure. These presentations can be more subtle than
straightforward acute AHF decompensation.

Diagnostics

Traditionally, chest radiographs (CXR) are the
mainstay of AHF evaluation, looking for pulmo-
nary edema or other causes of dyspnea
(Table 12.1). But pulmonary edema or increased
vascular markings [24, 25] found on CXR are
poor indicators of the degree of AHF present [22,
25], and chronic heart failure can also account for
findings that can be confused with acute disease
[24, 25]. While pulmonary venous congestion,
cardiomegaly, and interstitial edema are the most
specific test findings for AHF, their absence will
not rule it out [22]. Twenty percent of AHF ED
patients can demonstrate no evidence of conges-
tion on CXR [26].

Surrogate markers have had limited success in
guiding treatment for AHF [27], and risk stratifi-
cation models have yet to prove long-term accu-
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Table 12.1 Summary of diagnostic accuracy of findings on chest radiography and electrocardiography for acute heart
failure in emergency department patients presenting with dyspnea

Pooled Summary LR (95% CI)
Finding Sensitivity Specificity Positive Negative
Chest radiography
Pulmonary venous congestion 0.54 0.96 12.0 (6.8-21.0) 0.48 (0.28-0.83)
Interstitial edema 0.34 0.97 12.0 (5.2-27.0) 0.68 (0.54-0.85)
Alveolar edema 0.06 0.99 6.0 (2.2-16.0) 0.95 (0.93-0.97)
Cardiomegaly 0.74 0.78 3.3 (2.4-4.7) 0.33 (0.23-0.48)
Pleural effusion 0.26 0.92 3.2(2.4-4.3) 0.81 (0.77-0.85)
Any edema 0.70 0.77 3.1 (0.60-16.0) 0.38 (0.11-1.3)
Pneumonia 0.04 0.92 0.50 (0.29-0.87) 1.0 (1.0-1.1)
Hyperinflation 0.03 0.92 0.38 (0.20-0.69) 1.1 (1.0-1.1)
Electrocardiography
Atrial fibrillation 0.26 0.93 3.8 (1.7-8.8) 0.79 (0.65-0.96)
New T-wave changes 0.24 0.92 3.0 (1.7-5.3) 0.83 (0.74-0.92)
Any abnormal finding 0.50 0.78 2.2 (1.6-3.1) 0.64 (0.47-0.88)
ST-segment elevation 0.05 0.97 1.8 (0.80-4.0) 0.96 (0.95-1.0)
ST-segment depression 0.11 0.94 1.7 (0.97-2.9) 0.95 (0.90-1.0)

LR likelihood ratio, CI confidence interval
Used with permission from Collins et al. [35]

racy in long-term outpatients. However, they are
of good value in the ED setting. The mainstay of
the suspected AHF diagnostic armamentarium
are N-terminal brain natriuretic peptide
(NT-proBNP) and B-type natriuretic peptide
(BNP). Serum natriuretic testing is supported as a
Level B guideline in the ACEP Clinical
Guidelines for heart failure [17] and is highly
recommended by the American College of
Cardiology Foundation (ACCF)/American Heart
Association [28]. The ACEP Guidelines for AHF
specifically stating that a single BNP or
NT-proBNP level can improve the diagnostic
accuracy for the presence of AHF when com-
pared to standard clinical judgment alone. When
ruling out AHF in the acutely dyspneic patient, a
BNP < 100 pg/dL or NT-proBNP < 300 pg/dL
makes AHF less likely (negative LR =0.1). When
trying to rule in ADHF, a BNP > 500 pg/dL or
NT-proBNP > 1000 pg/dL is present (positive
LR =6) [17].

Natriuretic peptide measurement is most use-
ful when trying to rule out the presence of AHF in
patients presenting with dyspnea [29, 30].
Specifically, a value <100 pg/mL yields a nega-
tive LR = 0.11 (95% CI, 0.07-0.16) [22, 31]. In
one study, BNP had greater utility than CXR for
diagnosing AHF [29]. There are limitations to the

usefulness of BNP, namely that it increases with
age and are affected by weight and ethnicity [31].
Since BNP is released from atrial stretching, con-
ditions that cause distention can also cause false
elevated levels, such as pulmonary embolism,
pulmonary hypertension, and hemodialysis.
Since it is cleared renally, chronic or acute kidney
disease will also cause elevated levels. Finally,
genetic variation can alter BNP levels and obesity
can cause falsely low BNP values [32].

BNP levels can also help guide initial treat-
ment. If a prior BNP level is known, a level
greater than 50% suggests volume overload, as
does a dyspneic patient with a history of AHF
found with a BNP level >600 pg/ml for BNP or
>6000 pg/ml for proBNP. If being discharged
from the ED, remember a decrease in BNP in
response to treatment is important, as the final
BNP level seems to be the most accurate predic-
tor of death or readmission. A BNP in the 350—
400 pg/ml or NT-proBNP in the 4000 pg/ml
range at the time of discharge predicts a stable
posthospital course [33].

Bedside cardiac ultrasonography is a more
recent addition to diagnostics that holds promise
for determining the etiology of dyspnea. It pro-
vides a real-time assessment of left ventricular
function and volume status, and can be repeated
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as treatment is rendered. ED physicians can esti-
mate ejection fraction with good interrater reli-
ability [34], and volume status can be estimated
by inferior vena cava (IVC) diameter and its
degree of change with respiratory variation, spe-
cifically looking for dilation without any respira-
tory variation, consistent with fluid overload
[35]. Pulmonary edema may be evident on pul-
monary ultrasound (US) by looking for sono-
graphic B lines, which occur most commonly in
patients with AHF and correlate with elevated
PCWP and pulmonary edema [36]. When used in
conjunction with serum markers, US accuracy
improves [37]. For further discussion on US, see
Chap. 35.

More recently, bedside ultrasound has been
used to augment the diagnosis of AHF, particu-
larly when there are other potential causes of dys-
pnea, such as COPD or end-stage renal disease.
One study (n = 130) prospectively examined
patients presenting with dyspnea and for the diag-
nosis of reduced EF AHF and found cardiopulmo-
nary ultrasound had an accuracy of 90% (95% CI:
84-95) versus 81% (95% CI. 72-88) for the com-
bination clinical examination, NT-proBNP and
CXR. In addition to evaluating AHF in the setting
of dyspnea, cardiopulmonary ultrasound can also
shed light into the presence of pneumonia or pleu-
ral effusion with an accuracy of 86% (95% (I,
80-92) and decompensated chronic obstructive
pulmonary disease or asthma with an accuracy of
95% (95% CI, 92-99) [38].

Previously stable AHF often is exacerbated by
other comorbidities. Considerations include:

e Unstable angina/myocardial infarction (par-
ticularly involving right ventricle)

*  Myocarditis

e Poor dietary or
(NSAID use)

e Arrhythmias +/— electrolyte abnormalities

* Hypertensive crisis

e Chordae tendineae rupture or other valvular
regurgitation

e Acute kidney injury/failure

e Aortic valve stenosis

e Sympathomimetic (cocaine) abuse

¢ High-output syndromes (wet beriberi)

medication compliance

e Sepsis/SIRS

e Cardiac tamponade

e Aortic dissection

e Postpartum cardiomyopathy

e Pulmonary hypertension/asthma/COPD

* Pheochromocytoma or thyrotoxicosis crisis
e Critical anemia

Initial Stabilization

Acute HF patients typically present with dyspnea,
ranging from wheezing to complete respiratory
failure. Often, comorbidities such as COPD or
asthma may accompany AHF, and preserved EF
AHEF patients often have a component of pulmo-
nary hypertension that can complicate presenta-
tion and management. The majority of AHF
patients are hypertensive upon presentation, as this
is part of the AHF pathophysiology. Hypotension
in the AHF population is ominous and makes the
usual management (diuresis, afterload reduction)
more challenging. Resuscitation with small vol-
ume of intravenous fluids or initiation of an inotro-
pic agent is reasonable first moves.

An ECG early in the presentation is important
to evaluate for an acute myocardial infarction or
cardiac ischemia (particularly in hypotensive
patients), which may alter the trajectory of the
patient’s care (Table 12.2). A CXR will also allow
a more thorough differential diagnosis, including
pneumonia, pleural effusion, or the presence of
chronic pulmonary disease, in addition to serum
lab work.

Patients with underlying AHF are at risk for a
variety of cardiac arrhythmias, sometimes from
ischemic myocardium or hypokalemia. For ven-
tricular fibrillation or tachycardia, the usual
ACLS guidelines apply. Low doses of beta block-
ade (metoprolol or esmolol) can be used to treat
sinus or supraventricular tachycardias. Atrial
fibrillation or flutters are occasional arrhythmias
that require cardioversion (if unstable),  block-
ade, or amiodarone to slow AV conduction with-
out compromising left ventricular function.
Rarely, theophylline is required in AMI patients
with atropine-resistant bradycardia [15]. If the
bradycardia is nonresponsive to medications,
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Table 12.2 Suggested workup in patients with acute
heart failure

Complete blood count Always

Electrocardiogram Always

PT/PTT/INR If patient anticoagulated or
may need anticoagulation

Basic metabolic panel Always

Cardiac enzymes Always

(troponin)

BNP or NT-proBNP  Always except in renal failure
patients

Echocardiography If no recent one available or if
new issue suspected

Arterial blood gas If acidosis or hypoxia
suspected

Serum lactate Always

Liver function tests If hepatic dysfunction
suspected or AMS

Urinalysis If infection suspected

Chest radiograph Always

Chest radiograph Always

consider temporary transcutaneous or transve-
nous pacing.

Noninvasive Pressure Support
Ventilation

The urgency to treat AHF and cardiogenic shock
is dictated primarily by the pulmonary status of
the patient. Dyspnea and impending respiratory
failure from fluid overload are often the present-
ing complaint and main issue to address. Patients
with chronic AHF, regardless of whether it is pre-
served versus reduced EF, know their disease,
and often before ED presentation, will increase
their diuretic dose as previously instructed by
their cardiologist based on their daily weight in
an attempt to mobilize excess fluid.

Noninvasive pressure support ventilation
(NIPSV), either bilevel positive airway pressure
support or continuous positive pressure airway
support, is the greatest innovation available for
AHF. It improves respiratory distress from car-
diogenic pulmonary edema by preventing alveo-
lar collapse and, to a small extent, helps to
redistribute intra-alveolar fluid that improves pul-
monary compliance. These reduce the work of
breathing that has translated into clinical studies,

as a recently updated Cochrane Review con-
cluded that when compared to standard care
without NIPSYV, its use significantly reduced hos-
pital mortality (relative risk reduction of 0.66)
and endotracheal intubation (relative risk reduc-
tion of 0.52). While this did not translate into
decreases in hospital length of stay, intensive care
unit stay was reduced by 1 day. NPPV is an effec-
tive and safe intervention for the treatment of
adult patients with acute cardiogenic pulmonary
edema based on several small trials [39].

Although only a temporary measure, NIPSV
can buy time while diuresis and afterload reduc-
tion therapy offload excess fluid [17]. It also fre-
quently avoids endotracheal intubation in a
subset of patients who are at a high likelihood of
prolonged intubation because of their comorbidi-
ties. Altered mental status can sometimes cause
NIPSV to fail because of an uncooperative
patient, and it should also be avoided in patients
at risk for vomiting or aspiration. NPPV, particu-
larly the EPAP (or CPAP), reduces preload as
well as afterload and acts as a mild LV assist
device.

Definitive Treatment

Before initiating treatment, get a sense of the car-
diac function, specifically the degree of preload,
afterload, and contractility. This can be done with
a chart review for the patient’s most recent echo-
cardiography or catheterization report. Not only
is systolic function important, but particular
consideration should be given to the patient’s dia-
stolic function.

If a recent cardiac assessment is unavailable, a
bedside-limited transthoracic echocardiography
(LTTE) examination can be done to get a rough
idea of fluid status and contractility, as well as
determine the presence of a pleural or cardiac
effusion. Collins et al. [35] suggest an approach
based on presenting blood pressure that is helpful
(Table 12.3). Therapy can be guided based on
patient blood pressure: hypertensive
(SBP > 140 mm Hg), normotensive (SBP 100-
140 mm Hg), or hypotensive (SBP < 100 mm
Hg) [40, 41]. Hypertension is an important target
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Table 12.3 Associated clinical characteristics and treatment approaches based on emergency department presentation

phenotype

ED presentation phenotype
Low BP (SBP < 100 mm Hg)
Likely CAD and CRI

Normal BP (SBP 100-140 mm
Hg)

Subacute symptoms

High BP (SBP > 140 mm Hg) History of HTN

Abrupt symptom onset
Flash pulmonary edema
Multiple non-CV comorbidities

Clinical characteristics
Known/suspected low LVEF

Preserved or reduced LVEF
Dietary/medical indiscretion

Treatment

Diuretics (+++)
Inotropes/vasopressors (++)
Mechanical support (+)
Diuretics (++)

IV vasodilators (+)
Topical nitrates (++)
Topical/SL nitrates (++)
Diuretics (+)

IV vasodilators (+++)
NIV

Adapted from and used with permission from Collins et al. [35]
+ relative intensity of use, BP blood pressure, SBP systolic blood pressure, LVEF left ventricular ejection fraction, CAD
coronary artery disease, CRI chronic renal insufficiency, /V intravenous, HTN hypertension, SL sublingual, N/V nonin-

vasive ventilation

because AHF patients may present with volume
redistribution rather than volume overload, in
which congestion is due to increased afterload
rather than excess fluid. This is also important in
diastolic AHF patients, who are known to present
with a rapid onset of dyspnea and flash pulmo-
nary edema. While for volume overloaded
patients, intravenous loop diuretics remain the
primary ED pharmacologic therapy, patients with
volume redistribution may respond better to
vasodilation therapy [42].

There are specific instances when emergent
surgery is required in patients presenting with
new or suddenly worsening AHF (of note, a bed-
side echocardiogram will help diagnose a major-
ity of the following):

e Cardiogenic shock after AMI

e Postinfarction ventricular septal defect or free
wall rupture

e Prosthetic valve failure or thrombosis

e Aortic aneurysm or aortic dissection rupture
into the pericardial sac

e Acute mitral regurgitation from infection,
ischemia or trauma

° Acute aortic regurgitation from infection,
ischemia, dissection

e Mechanical assist device failure

The classic medication class used as an initial
intervention for AHF for both EMS [43] and ED
physicians [35] is loop diuretics, most commonly

furosemide (Table 12.4). Despite its widespread
usage (88% of the patients in on large database
received IV diuretics during their admission)
[44], there have been limited studies evaluating
this drug class. Diuretics cause a decrease in
plasma and extracellular fluid volume, leading to
reduced ventricular filling pressures, peripheral
congestion, and pulmonary edema. They also
cause an early but temporary vasodilation effect
with the first dose, as well as a reduction in neu-
rohormonal activation [45]. Failure to respond to
diuretics may be caused by intravascular volume
depletion, rebound sodium uptake after volume
loss, decreased tubular secretion from renal fail-
ure or nonsteroidal drug use (NSAIDs), and
decreased renal or gut perfusion (not absorbing
oral diuretics) from low cardiac output.

If the patient fails to respond to the initial
dose of loop diuretics, consider adding a thia-
zide, as low-dose combinations can be more
effective with fewer secondary effects than the
use of higher doses of a single drug. Similarly,
using diuretics in conjunction with dobutamine,
dopamine, or nitrates can be effective and pro-
duce fewer secondary effects than increasing the
dose of the diuretic [15]. The use of diuretics
alone is further discouraged by the ACEP guide-
lines that caution against “aggressive” diuretic
monotherapy, as it is unlikely to prevent the need
for endotracheal intubation compared with
aggressive nitrate monotherapy. These guide-
lines further recommend if diuretics are used,
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Table 12.4 Medications commonly used in acute decompensated heart failure

Medication
Vasodilators
Nitroglycerin
Isosorbide dinitrate
Nitroprusside
Natriuretic peptides

Nesiritide®

Loop diuretics
Furosemide
Bumetanide
Torasemide

Thiazide diuretics
Metalozone

Hydrochlorothiazide

Inotropes
Dobutamine

Milrinone

“ "Same as Above

Indication

Afterload reduction,
blood pressure control

Afterload reduction,
blood pressure control
Hypertensive urgency or
emergency

Acute HF, failed other
measures

Afterload reduction,
diuresis

Prior patient use, diuresis

Prior patient use, diuresis

Augment loop diuresis

| sodium reabsorption in
distal tubule

Enhances cardiac
contractility and diuresis
if used with diuretics
Enhances cardiac
contractility

Dosing

Start 10 pg/min,
increase by 10,
Max 200 pg/min
Start 1 mg/h,
Max 10 mg/h
0.3-5 pg/kg/min

2 pg/kg IV bolus,
then 0.01—
0.03 pg/kg/min

Mild to moderate:

40 mg PO/IV
Severe: 80 mg IV
0.5-4 mg PO or
v

10-20 mg PO or
v

2.5-5.0 mg PO

25-50 mg PO

2-20 pg/kg/min
IV infusion, no
bolus

50 pg/kg bolus,
then 0.3-0.7 pg/
kg/min

Side effect

Hypotension,
headache

Hypotension, CN
toxicity

Hypotension, atrial

fibrillation

Dehydration,
ototoxicity renal
injury

Worsening renal
failure

« 2

Tachycardia (try
fluid bolus),
hypotension
Arrhythmias,
hypotension
tachycardia

Miscellaneous

Decreased efficacy with
chronic use

Decreased efficacy with
chronic use

Watch for cyanide
toxicity in renal failure

Infusion only if
hypotension a concern

If first dose fails,
consider adding another
agent below

Monitor Na, K, and
creatinine closely
Monitor Na, K, and
creatinine closely

Use in renal
insufficiency

« 1)

Insert arterial and
central catheters

Insert arterial and
central catheters

they should be administered judiciously, given
the potential for worsening renal and long-term
mortality [17].

Nitrates are another classic drug class that has
been a mainstay for treatment of acute AHF with
a paucity of convincing evidence. The mecha-
nism of action addresses the arterial endothelial
dysfunction and impaired endothelium-
dependent dilation [46] known to occur in AHF,
relieving pulmonary congestion without compro-
mising stroke volume or increasing myocardial
oxygen demand in AHF. While at low doses,
nitrates should only induce venous dilation, and
as the dose is gradually increased, arterial dilata-
tion occurs as well. When titrated properly,
nitrates can reduce left ventricular pre- and after-
load without impairing tissue perfusion.

A recent Cochrane review [47] looked at four
studies (634 participants) that met their inclusion
criteria, with no significant difference in the
rapidity of symptom relief between intravenous
nitroglycerin and intravenous furosemide/mor-
phine after 0.5, 3, or 24 hours, suggesting little
evidence to support the use of intravenous nitrate
vasodilator therapy in the AHF population. Other
measures, such as the need for mechanical venti-
lation, change in blood pressure, and progression
to myocardial infarction, suggest there was a sig-
nificantly higher incidence of adverse events
after 3 hours with nitroglycerin compared with
placebo (odds ratio 2.29, 95% CI 1.26—4.16), but
this was based on a single study. A more recent
meta-analysis suggests intravenous vasodilators,
when used in acute AHF in the ED, are safe and
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improve short-term symptoms but have no impact
on mortality [48].

The studies evaluating nitrates used relatively
lower doses that may have a limited effect in
improving clinical status, so consider higher
doses with the understanding that it is also best to
avoid nitrates in hypotensive and relatively hypo-
tensive patients, meaning patients who on any
given day are profoundly hypertensive, but have
what would be considered a normal blood pres-
sure when you are considering treatment. In
patients who are chronically on nitrates, even
higher doses may not work because of the rapid
development (12-24 h) of tolerance (especially
when given intravenously) [15].

Sodium nitroprusside is another short-acting
vasodilator that can be considered in patients
with severe heart failure, particularly those with
predominantly increased afterload (hypertension
or mitral regurgitation). It must be titrated cau-
tiously and requires an arterial line. Also, pro-
longed  administration can  accumulate
thiocyanide and cyanide, so should be used with
caution in renal or hepatic failure patients. To fur-
ther argue against its use, it may cause “‘coronary
steal syndrome” in ischemic patients by shifting
blood toward healthy myocardium whose coro-
naries dilate and away from those areas where the
vessels are diseased or obstructed and cannot
dilate [15].

Inotropes

Typically, the use of inotropic support has been a
last resort in the ED, as using these medication
means an ICU bed will be needed for admission,
and patients need arterial and central lines (except
for dobutamine or milrinone, since no alpha
effects) to safety titrate these medications. Of all
of the sympathomimetics used in the manage-
ment of acute heart failure, dopamine and dobu-
tamine are the most common. Both target
beta-adrenergic receptors and have positive ino-
tropic effects at lower doses. Dopamine, at higher
doses, can increase systemic vascular resistance
which may impact cardiac output, making dobu-
tamine a better choice for patients with normal

MAPs who need an inotropic agent. Dobutamine
is not without its drawbacks, as the peripheral
vasodilatory effects that make it useful in acute
AHF can also cause tachyarrhythmias. For fur-
ther discussion on vasopressors, see Chap. 32.

Although initiating vasopressors in the ED is
time-consuming, earlier initiation of vasoactive
therapy may impact outcomes based on the large
Using the Acute Decompensated Heart Failure
(ADHERE) registry [9]. Although this study was
not prospective or randomized, the investigators
evaluated if vasoactive agents were used early
(defined as <6 hours) versus later impacted inpa-
tient mortality and found in-hospital mortality
was significantly lower in the early group
(OR = 0.87; 95% CI: 0.79-0.96; P = .000).
Furthermore, the adjusted odds of death increased
6.8% for every 6 hours of treatment delay (95%
CI, 4.2-9.6; p < .0001). Thus, the therapy initi-
ated in the ED may impact overall mortality and
should be considered earlier rather than later.

Milrinone in one prospective study showed
that there was no difference when compared
against placebo in days of hospitalization, but
there were significant occurrences of hypoten-
sion, ventricular fibrillation, and tachycardia.
These results suggest that routine use of milri-
none in most patients admitted with AHF is not
indicated, but those select patients with low car-
diac output (cold) and hypervolemia (wet) might
benefit if other modalities are contraindicated or
have failed [49].

Even in hypotensive patients, an assessment
of volume is important because they may still be
fluid overloaded. For such patients, inotropes
should be used as a last resort or if there is clear
evidence of shock or organ hypoperfusion [35].

ACE-I

ACE inhibitors work by interrupting the
renin—angiotensin system that results in
decreased preload and decreased afterload. To
date, no controlled, randomized clinical trials
exist that evaluate the use of ACE inhibitors in
AHF, but they are well accepted in chronic
management [28].
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Beta Blockers

While beta-blocker therapy is commonly used in
chronic AHF because they reverse cardiac remod-
eling, improve the quality of life, and reduce
mortality [28], it has come under greater scrutiny
in those patients with preserved EF [50]. Overall,
there is no role of beta-blockers in the acute man-
agement of AHF. That being said, in patients with
preserved EF, tachycardia can decrease preload
and cardiac output, and a small dose of beta
blocker (for instance, metoprolol 5 mg IV, slow
push) that lowers the heart rate may paradoxi-
cally improve output.

Hydralazine

As a vasodilator primarily targeting arteries and
arterioles, hydralazine decreases peripheral resis-
tance and decreasing afterload and should be an
ideal agent for acute AHF. However, for treat-
ment of AHF, it has been poorly studied and data
is limited [48]. Should urgent blood pressure
reduction be needed in an AHF patient, hydrala-
zine would be a prudent choice, but be aware of
rebound hypertension once its effects wear off.

Calcium Sensitizers

Levosimendan is a newer drug class for the treat-
ment of AHF currently available in Europe, but
not in the United States. Its mechanism of action
is increasing calcium activity inside the cardiac
cell (therefore increasing contractility); and
relaxation of smooth muscle (causing vasodila-
tion) [51]. Currently, it is under consideration at
the FDA for clinical use.

Ultrafiltration

In patients with chronic renal failure, removal of
excess fluids is a prudent indication for those
with respiratory failure or in embarrassment. In
patients without chronic renal failure, continuous
renal replacement therapy, specifically ultrafiltra-

tion, may be considered in refractory cases in
which fluid overload and pulmonary congestion
from a specific source (renal failure, acute myo-
cardial infarction) is identified. Those patients
with persistent congestion despite diuretic ther-
apy, with or without impaired renal function, may
be candidates for continuous venovenous ultrafil-
tration after discussion with cardiology and renal
consultants [15].

Disposition

With aggressive treatment in the ED, impending
respiratory failure can be reversed effectively,
sometimes making disposition (ICU vs. floor) a
challenge. A trial of time off NIPSV or follow-up
ABG can assist in disposition. Positive cardiac
markers or new/worsened renal failure can also
help an ICU disposition occur.

Both fields of cardiology and emergency med-
icine struggle with how to disposition those
patients with mild heart failure, as these patients
often have subclinical inadequate perfusion
whose symptoms are reversed but have not had
the underlying pathophysiology addressed [52].
This accounts for the high readmission rate
encountered with AHF. If close follow-up can be
arranged or the patient is well known by their
primary physician, discharge home is possible.
Otherwise, an observation stay may be in order.
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