


Heart Failure in the
Emergency Department
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The author provides a comprehensive review
of diagnosing and treating heart failure in the ED,
including patient disposition and outcomes.

atients with heart failure (HF) pres-

ent daily to busy EDs. An estimated

6.5 million Americans are living

with this diagnosis, and the number
is predicted to grow to 8 million by 2023.
Most HF patients (82.1%) who present to
EDs are hospitalized, while a selected mi-
nority are either managed in the ED and
discharged (11.6%) or managed in obser-
vation units (OU) (6.3%).> The progno-
sis after HF is initially diagnosed is poor,
with a 5-year mortality of 50%,° and after
a single HF hospitalization, 29% will die
within 1 year.*

One-third of the total Medicare budget
is spent on HF, despite the fact that HF
represents only 10.5% of the Medicare
population.” Up to 80% of HF costs are
for hospitalizations, which cost an aver-
age of $11,840 per inpatient admission.*®
The high costs are due to an average length
of stay (LOS) of 5.2 days’ (Table 1). But
since the mean LOS covered by the HF-
diagnosis-related group is 3.9 days,? hospi-

tals lose an average of $2,600 for each ad-
mission,*'® which becomes a great concern
for hospital administrators.

Adding to hospital costs is the degree of
“reactivism,” with approximately 20% of
patients discharged from the ED returning
within 2 weeks, of whom nearly 50% will
be hospitalized."* Following HF hospital-
ization and discharge, the 30-day read-
mission rate is 26.2%,? increasing to 36%
by 90 days.’? The Centers for Medicare &
Medicaid Services (CMS) has incentivized
hospitals and providers to reduce admis-
sions, but penalize hospitals that do not.
Overall, CMS will reduce payments by up
to 3% to hospitals with excess readmis-
sions for select conditions, including HF.*?

Causes of Heart Failure

Heart failure represents a final common
pathway, which in the United States is
most often due to coronary artery disease
(CAD). Many types of pathology ultimately
result in left ventricular (LV) dysfunction,
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HEART FAILURE IN THE ED

Table 1. Distribution of Length of Stay in Hospitalized
Acute Heart Failure Patients?

Inpatient Length of Stay, d Distribution
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and much of its rising prevalence is a re-
sult of the success we now have in man-
aging historically fatal cardiovascular (CV)
conditions. These include hypertension,
diabetes mellitus (DM), CAD, and valvular
and other CV structural conditions.

Heart failure is caused by either a dilated
ventricle with a reduced ejection fraction
(HFrEF) and inability to eject volume, or
a stiffened ventricle with a preserved EF
(HFpEF) that is unable to receive increased
venous return. Both conditions acutely de-
compensate pulmonary congestion. A pre-
served EF is defined as an EF at or greater
than 50%, whereas a reduced EF is at or
less than 40%, with the 41% to 49% range
considered as borderline preserved EF.?

While there are important differences in
the treatment of chronic and subacute HF,
driven by the EF, the effect of EF on early
decision-making and treatment in the ED
is negligible: Although the probability of
HFpEF increases with increasing initial
ED systolic blood pressure (SBP), clinical
presentation and treatment in the ED are
initially identical—regardless of the EF.

Noninvasive continuous transcutaneous
hemodynamic monitoring is available for
ED use, and may provide further insight
into the underlying pathophysiology. A
study of 127 acute heart failure (AHF) ED
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patients identified three hemodynamic
AHF phenotypes. These include normal
cardiac index (CI) and systemic vascular
resistance index (SVRI), low CI and SVRI,
and low CI and elevated SVRI.** While it is
attractive to suggest therapeutic interven-
tions based on these measurements, out-
come data are lacking.

Presentation
The most common ED presentation of pa-
tients suffering from AHF is dyspnea sec-
ondary to volume overload, or as the result
of acute hypertension with relatively less
volume overload. However, regardless of
the cause of dyspnea, it is not only the most
common resulting complaint, but one that
requires immediate treatment. Ultimately,
59% of all HF admissions are attributed to
volume overload and dyspnea (Figure 1).'°
Heart failure can also present in a more
protean manner, with cough, fatigue, and
edema, as well as more subtle symptoms
predominating and resulting in a compli-
cated differential diagnosis (Table 2).1
Because HF is a disease that most sig-
nificantly affects older patients who fre-
quently have concomitant morbidities (eg,
myocardial ischemia, chronic obstructive
pulmonary disease [COPD] exacerbation,
uncontrolled DM), other less clinically ob-
vious disease presentations may actually
be the cause of the AHF exacerbation.

Diagnosis

A focused history and physical exami-
nation that is part of all ED evaluations
should be expedited whenever there is
evidence of hemodynamic instability or
respiratory compromise. An early working
diagnosis is essential to avoid a delay in
appropriate treatment, which is associated
with increased mortality.

When HF is likely, the potential etiology
and precipitants for decompensation must
be considered. This list is long, but medi-
cation noncompliance and dietary indis-
cretion are the most common causes.

Continued on page 446
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Infection 5%
Hypertension 5%

COPD 6%

Dysrhythmia
1%

Na retention 51%

Angina/MI 21%

Figure 1. Distribution of heart failure decompensation etiology in a study of 585
hospitalized patients.>@

Abbreviations: COPD, chronic obstructive pulmonary disease; MI, myocardial infarction;
Na, sodium.

aData were derived from Bennett SJ, Huster GA, Baker SL, et al. Characterization of the precipi-
tants of hospitalization for heart failure decompensation. Am J Crit Care. 1998;7(3):168-174.

Symptoms and Prior History of HF

The classic symptoms for AHF include
dyspnea at rest or exertion, and orthopnea,

both of which unfortunately have poor
sensitivity and specificity for AHF. As an
isolated symptom, dyspnea is of marginal
diagnostic utility (sensitivity and specifici-
ty for an HF diagnosis is 56% and 53%, re-
spectively), and orthopnea is only slightly
better (sensitivity and specificity 77% and
50%, respectively). A prior HF diagnosis
makes repeat presentations much more
likely (sensitivity and specificity 60% and
90%, respectively)."”

Physical Examination

Simple observation and a directed exami-
nation can rapidly point to the diagnosis
(Figure 2). The examination findings of
AHF include jugular venous distention
(JVD), dependent edema, rales, and a third
heart sound (S3) on cardiac auscultation.
While edema and rales have limited diag-
nostic sensitivity (50%-78%), and specific-
ity (60%-78%), the presence of JVD makes
HF much more likely (sensitivity and
specificity of 39% and 92%, respectively).
Although the absence of an S3 sound can-
not exclude its presence (sensitivity 13%),

Table 2. Differential Diagnosis in Suspected Acute Heart Failure'®

Cardiac Pulmonary Miscellaneous
Angina Aspiration pneumonitis Anaphylaxis
Arrhythmia Asthma Anemia

Atrial fibrillation Cancer Mediastinitis

Chordae tendineae rupture

Chronic obstructive pulmonary disease

Metabolic acidosis

Myocardial infarction Foreign body

Panic attack

Pericardial effusion Pleural effusion Pneumomediastinum
Pneumonia Renal failure
Pneumothorax Toxins

Pulmonary embolism/infarction

Pulmonary hypertension
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HEART FAILURE IN THE ED

Immediate intubation?

No

No

Jugular venous distention?

No Rales >1/3 of chest?

No Significant exp. wheezing?

No Inspiratory stridor?

/1/1/1/1/]

Clear lung fields?

> Yes > Intubate immediately, then continue
at “jugular venous distention?” below
> Yes | Consider AHF, tension pneumothorax,
- ~1 or tension pericardium
> Yes » Consider AHF, or pneumonia
>| Yes | Consider COPD/asthma, pneumonia,
- ~| or bronchitis may also be present
> Yes _| Consider upper airway obstruction due to
- ~1 foreign body, anaphylaxis
>| Yes | Consider PE, toxin, compensation for meta-
” ~| bolic acidosis, psychogenic etiology

Figure 2. Algorithm detailing a rapid diagnostic approach to patients presenting with acute severe dyspnea.
Abbreviations: AHF, acute heart failure; COPD, chronic obstructive pulmonary disease; PE, pulmonary embolism.

detection of an S3 (ventricular gallop) is
one of the best clinical indicators for HF
(specificity 99%)."” Ultimately, most AHF
signs/symptoms have low sensitivity to ex-
clude its diagnosis, but greater specificity
in identifying AHF.

Electrocardiography

Because CAD is one of the most common
underlying AHF etiologies, an electrocar-
diogram (ECG) should always be obtained
early for a patient presenting with poten-
tial AHF. Although the ECG does not usu-
ally contribute to ED management, the
identification of new ST-segment changes
or a malignant arrhythmia will guide criti-
cal management decisions.

Imaging Studies

Chest X-ray Imaging. A chest X-ray (CXR)
study must be considered early when a
patient presents with signs and symptoms
suggestive of AHF. Although the classic
findings of HF (eg, Kerley B lines [short
horizontal lines perpendicular to the
pleural surface],'® interstitial congestion,
pulmonary effusion) can lag behind the
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clinical presentation, and also be nondiag-
nostic in the setting of mild HF, the CXR is
an effective aid in identifying other causes
of dyspnea such as pneumonia. Ultimate-
ly, the utility of the CXR for diagnosis is
similar to that of the history and physical
examination in that it will be diagnostic
when positive but cannot exclude AHF if
normal.

Ultrasound. Because it is fast, inexpensive,
noninvasive, and readily available in the
ED, ultrasound is frequently used to evalu-
ate potential HF patients. Several studies
have demonstrated that the presence of B
lines in two or more regions is specific for
AHF (specificity 75%-100%), although the
sensitivity may be limited (40%-91%).1%2!
The presence of inferior vena cava (IVC)
dilation is also associated with adverse
outcomes.”” In 80 patients hospitalized
with acute decompensated HF (ADHF),
a dilated IVC (21.9 cm) at admission was
associated with higher 90-day mortality
(25.4% vs 3.4%, P = 0.009).? These find-
ings may be considered in groups: In an
evaluation of the combination of LV EF,
IVC collapsibility, and B lines for an HF
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ED patient with dyspnea

ECG, physical examination, NP level, chest X-ray

BNP <100 pg/mL BNP 100-500 pg/mL BNP >500 pg/mL
NTproBNP <300 pg/mL NTproBNP 300-900 pg/mL NTproBNP >900 pg/mL
CHF very unlikely Baseline LV dysfunction, CHF very likely
(2%) underlying cor pulmonale, (95%)

pulmonary embolism

VYes No
Possible CHF CHF likely
exacerbation (75%)

(25%)

Figure 3. Algorithm showing natriuretic peptide decision cutpoints.

Abbreviations: BNP, B-type natriuretic peptide; CHF, congestive heart failure; COPD, chronic obstructive pulmonary disease; ECG, electrocardiogram;
LV, left ventricular; NP, natriuretic peptide; NTproBNP, N-terminal proBNP.

diagnosis, the combination of all three
had a poor sensitivity (36%) but an excel-
lent specificity (100%), and any two of the
three had a specificity of at least 93%.%

Laboratory Evaluation
Myocardial Strain: BNP/NTproBNP. Natriuretic
peptides (NPs) are not AHF-specific, but
rather they are synthesized and released
by the myocardium in the setting of myo-
cardial pressure or volume stress. They are
manufactured as preproBNP, then enzy-
matically cleaved into the active BNP and
the inactive fragment N-terminal proBNP
(NTproBNP). The predominant hormonal
effects of BNP are vasodilation and natri-
uresis, as well as antagonism of the hor-
mones associated with sodium retention
(aldosterone) and vasoconstriction (endo-
thelin, norepinephrine).

As AHF results in myocardial stress, NP
elevation provides diagnostic and prog-

448 EMERGENCY MEDICINE B OCTOBER 2017

nostic information. Clinical judgment sup-
ported by a BNP greater than 100 pg/mL
is a better predictor of AHF than clinical
judgment alone (accuracy 81% vs 74%, re-
spectively).? While low levels (BNP <100
pg/mL or NTproBNP <300 pg/mL) reliably
exclude the diagnosis of HF (sensitivi-
ties >95%), higher levels (BNP >500 pg/
mL, NTproBNP >900 pg/mL) are useful as
“rule-in” markers, with specificity greater
than 95%. The NTproBNP also requires
adjustment for patients older than age 75
years, with a higher level (>1,800 pg/mL)
to rule-in HF. The NP grey zone (BNP 100-
500 pg/mL, NTproBNP 300-900 pg/mlL)
requires additional testing for accurate di-
agnoses (Figure 3).2>2

There are several confounders to the
interpretation of NP results: NPs are nega-
tively confounded by the presence of obe-
sity, resulting in a lowering of the value
as compared to the clinical presentation.

www.emed-journal.com



Thus, the measured BNP level should be
doubled if the patient’s body mass index
exceeds 35 kg/m?.*® Secondly, because NP
metabolism is partially renal dependent,
elevated levels may not reflect AHF in the
presence of renal failure. If the estimated
glomerular filtration rate is less than 60
mL/min, measured BNP levels should be
halved.®!

AHF vs Myocardial Ischemia: Troponin Levels.
Large registry data using contemporary
troponin assays clearly identify the asso-
ciation between elevated troponin levels
(>99th percentile in a healthy population)
and increased short-term risk. With the US
Food and Drug Association (FDA) approv-
al of a high-sensitivity troponin (hs-cTnT)
assay, a greater frequency of elevated car-
diac troponin T (¢TnT) and cardiac tropo-
nin I (cTnl) will be identified in AHF pa-
tients in the ED.

In one retrospective study of 4,705 AHF
patients in the ED, hs-cTnT were elevated
in 48.4% of cases (25.3% in cTnl, 37.9%
in ¢TnT, and 82.2% in hs-cTnT). Although
1-year mortality was higher in those with
elevated troponin (adjusted heart rate [HR]
1.61; CI 95% 1.38-1.88), elevated troponin
was not associated with 30-day revisits to
the ED (1.01; 0.87-1.19) and high sensitive
elevations less than double the reference
value had no impact on outcomes.** Thus,
in terms of management of AHF in the ED,
slightly elevated stable serial troponins
are more consistent with underlying HF,
and should be managed as such. This is
not true of rising/falling troponin levels,
which should still engender concern for
underlying myocardial ischemia and a dif-
ferent management pathway.

Renal Function. Comprised renal function
is an important predictor of AHF outcome.
Large registry data from hospitalized HF
patients demonstrate that a presenting
blood urea nitrogen level greater than 43
mg/dL is one of the most important predic-
tors of increased acute mortality,* and lev-
els below 30 mg/dL identify a cohort likely
to be successfully managed in an observa-
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tion environment.* Creatinine is a helpful
lagging indicator of mortality, with high-
er levels (>2.75 mg/dL) associated with
increased short-term adverse outcomes
and decreased therapeutic responsiveness
(Figure 4).

For patients presenting with ADHF, a
newer test recently approved by the FDA
uses the product of the urine markers tis-
sue inhibitor of metalloproteinase-2 and
insulin-like growth factor-binding protein
7, to generate a score predictive of acute
kidney injury.*® While promising, no stud-
ies of ED outcomes are currently available.

Volume Assessment
Objective volume assessment is useful
for diagnosis and prognosis in AHF. Bio-
impedance vector analysis (BIVA) is a
rapid, inexpensive, noninvasive technique
that measures total body water by placing a
pair of electrodes on the wrist and ipsilat-
eral ankle. The BIVA measurements have
strong correlations with the gold standard
volume-assessment technique of deute-
rium dilution (r > 0.99).?¢ In HF, BIVA can
assess volume depletion®” and overload,*
and identifies differences in hydration
status between 90-day survivors and non-
survivors (P < 0.01).%°

Used in combination with BNP, one pro-
spective study of 292 dyspneic patients
found that, while BIVA was a strong predic-
tor of AHF (C-statistic 0.93, P = 0.016), the
most accurate volume status determination
was the combination of both (C-statistic,
0.99; P = 0.005), for which the combined
accuracy exceeded either alone.*® Finally,
in 166 hospitalized HF patients discharged
by BNP and BIVA parameters, vs 149 dis-
charged based on clinical impressions,
those assessed with BNP and BIVA had
lower 6-month readmissions (23% vs 35%,
P =0.02) and overall cost of care.*!

Combination Technologies

Obviously, EPs may consider multiple
technologies to arrive at an accurate diag-
nosis. One prospective evaluation enrolled
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<«—— Less than BUN 43 More than ——
| N = 33,324 |
2.68% 8.98%
n=25,122 n=7202
< SBP 115 > < SBP 115 >
|— n = 24,933 —| |— n=7150 —|
5.49% 2.14% 15.28% 6.41%
n = 4099 n = 20,834 n = 2048 n=5102
< SCr 2.75 >
|— N = 2045 —|
12.42% 21.94%
n = 1425 n =620

Figure 4. Chart outlining predicting factors of mortality in patients with acute heart failure.
Abbreviations: BUN, blood urea nitrogen; SBP, systolic blood pressure; SCr, serum creatinine.

236 patients to determine the diagnostic
accuracy for AHF in the ED and reported
lung ultrasound, CXR, and NTproBNP had
a sensitivity of 57.7% and 88.0%, 74.5%
and 86.3%, and a specificity of 97.6% and
28.0%. The best overall combination was
the CXR with lung ultrasound (sensitivity
84.7%, specificity 77.7%).4

Another prospective study evaluated IVC
diameter, bioelectrical impedance analysis
(BIA), and NTproBNP in 96 elderly patients.
ADHF patients had higher IVC diameters
and lower collapsibility index, lower resis-
tance and reactance, and higher NTproBNP
levels. While all had high and statistically
similar C-statistics (range 0.8 to 0.9) for an
ADHF diagnosis, they concluded that IVC
ultrasonography and BIA were as useful as
NT-proBNP for diagnosing ADHF.

Diagnostic Scoring Systems

A scoring system has been proposed to im-
prove diagnosis in the ED. Unfortunately,
the value over clinical impression has not
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been clearly proven, though one random-
ized, controlled trial did not show statisti-
cally significant improvement in diagnos-
tic accuracy when compared to standard
care (77% vs 74%, P=0.77).%

Differential Diagnosis
The differential diagnosis for acute dys-
pnea is long and potentially arcane. Efforts
should focus on excluding non-HF causes
of dyspnea, while considering the high
risk of alternative etiologies for signs and
symptoms. These include asthma, COPD,
pneumonia, and pulmonary embolism,
which may represent the primary patholo-
gies in a patient with a history of HF, or be
the cause of a HF exacerbation. Additional
causes of noncardiogenic pulmonary ede-
ma should also be considered (eg, acute
respiratory distress syndrome, toxins, etc).
Acute coronary syndrome and dyspnea
may be angina equivalents—one important
consideration.

Continued on page 452
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Continued from page 450

Table 3. Relative Intensity of Acute Heart Failure Interventions Based on Presentation
Systolic Blood Pressure®!

Presenting Systolic Blood Pressure (mm Hg)?

Therapy <100 100-140 >140
Intravenous diuretics + ++ +
Sublingual nitrates ++
Transdermal nitrates ++ ++
Intravenous vasodilators + o+
Intravenous inotropes/pressors ++

Mechanical support +

aPlus sign represents the relative intensity of use.

Treatment and Management

Airway Management

Treatment of CH in the ED must always
start with an immediate airway evaluation,
with the possible need for endotracheal in-
tubation preceding all diagnostic or other
management considerations. Intubation
is a decision most successfully based on
physician clinical assessment, including
oxygen (O,) selection rather than waiting
for the results of objective measures such
as arterial blood gas analysis.

Oxygen

Supplemental O, should be administered
to maintain an O, saturation above 95%,
but obviously is unnecessary in the ab-
sence of hypoxia.

Noninvasive Ventilation
Two kinds of noninvasive ventilation
(NIV) are available, continuous positive
airway pressure and bilevel positive air-
way pressure ventilation. The physiologi-
cal differences between these types of NIV
have little bearing on ED treatment.
Noninvasive ventilation has not been
clearly shown to provide long-term mortal-
ity benefit. Large registry data* report that
outcomes are no worse than the alternative
of endotracheal intubation, while multiple
systematic reviews,*“® meta-analysis,*’
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and Cochrane reviews***® have estab-
lished NIV as an acute pulmonary edema
intervention that provides reductions in
hospital mortality (numbers needed to
treat [NNT] 13) and intubation (NNT 8),
the prospective randomized C3PO (Con-
genital Cardiac Catheterization Project on
Outcomes) trial*® failed to demonstrate any
mortality reduction.

In patients with severe respiratory dis-
tress, NIV is a reasonable strategy during
the aggressive administration of medical
therapy in an attempt to avoid endotrache-
al intubation. However, NIV is not a stand-
alone therapy and though its use may obvi-
ate the need for immediate intubation, its
implementation should not be considered
definitive management.

Correction of Abnormal Vital Signs:
Abnormal SBP

Vital signs are an important determinant of
therapy, driving treatment strategies. Inter-
ventions for HF are based on the patient’s
SBP, in particular correction of symptom-
atic hypotension and hypertensive HF
(Table 3).>*

Symptomatic Hypotension. The presence of
symptomatic hypotension is an extremely
poor prognostic finding in AHF. Inotrope
therapy may be considered, but it does
not reduce mortality except as a bridge to
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mechanical interventions (LV assist device
or transplant).’”** Temporary inotropic
support is recommended for cardiogenic
shock to maintain systemic perfusion and
prevent end organ damage.® The inotropic
support includes administration of dopa-
mine, dobutamine, or milrinone, though
none have been proven to be superior over
the other. The lowest possible dose of the
selected inotrope should be used to limit
arrhythmogenic effects. Inotropic agents
should not be used in the absence of se-
vere systolic dysfunction, or low BP, or
impaired perfusion, or evidence of signifi-
cantly decreased cardiac output.

Hypertensive Heart Failure. Defined as the
rapid onset of pulmonary congestion with
an SBP greater than 140 mm Hg, and com-
monly greater than 160 mm Hg, these
patients may have profound dyspnea, re-
quiring endotracheal intubation. However,
in this situation, aggressive vasodilation
is typically rapidly effective. Overall, pa-
tients presenting with an elevated SBP
have lower rates of in-hospital mortality,
30-day myocardial infarction (MI), death,
or rehospitalization, and a greater likeli-
hood of discharge within 24 hours—as
long as the elevated SBP is aggressively
and rapidly treated.

Pharmacological Therapy
Pharmacological management is the main-
stay for treating HF. No other acute therapy
(eg, NIV) has demonstrated a morality ben-
efit (see Table 4 for specific dose and ad-
ministration strategies).®® The time to initi-
ate pharmacological therapy and whether
an aggressive approach is indicated must
be based on the severity of the clinical
symptoms and objective risk stratification
measures (eg, NP, troponin levels).
Furosemide. Except for hypertensive HF—
in which case BP lowering is the most im-
portant goal—diuretics are a mainstay of
AHF treatment, and consensus guidelines
provide a class I recommendation for their
use® The DOSE (Diuretic Strategies in Pa-
tients with ADHF) trial®® prospectively
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evaluated diuretics in 308 hospitalized
AHF patients and found no outcome dif-
ferences in administration route (bolus or
continuous infusion) or dose (high vs low
dose). This study reported trends toward
greater improvement with higher furose-
mide dosing, as well as greater diuresis,
but at a cost of transient worsening of renal
function.

In general, diuretics should be adminis-
tered in an intravenous (IV) dose equal to
1 to 2.5 times the patient’s usual daily oral
dose. For patients who are diuretic-naive,
a dose of 40 mg IV furosemide or 1 mg IV
bumetanide, with subsequent dosing titrat-
ed to urine output, is recommended.

Vasodilators. In patients with both AHF
and even mildly elevated BP, vasodilators
can be extremely effective in achieving
symptom improvement. The choice of va-
sodilator, and how aggressive to increase
dosing, depends upon symptom severity.
The purpose of vasodilators is to lower BP
and therefore, should not be used in the
setting of hypotension or signs of hypoper-
fusion. Flow-limiting, preload-dependent
CV states (eg, right ventricular infarction)
increase the risk of hypotension, and are
relative contraindications to the use of va-
sodilators. For patients who are severely
dyspneic and with critical presentations,
the emergency physician (EP) should pre-
clude a detailed history and examination
to initiate immediate therapy with short-
acting agents that can be terminated rap-
idly in the case of an adverse event (eg, un-
expected hypotension) are preferred.

Nitroglycerin. Nitroglycerin is the vaso-
dilation agent of choice for hypertensive
AHF. It is a short-acting, rapid-onset, ve-
nous and arterial dilator that decreases
BP by preload reduction, and by afterload
reduction in higher doses. Nitroglycerin
has coronary vasodilatory effects associ-
ated with decreased ischemia, but should
be avoided in patients taking phosphodi-
esterase inhibitors.® Its most common side
effect is headache, and hypotension occurs
in about 3.5% of patients.>”
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Table 4. Acute Heart Failure Medications®®

Medication and Repeat Onset Complications/
Delivery Route Dose Dosing Time (min) Peak Duration Contraindications
Nitroglycerin 0.4 mg 1-5min 1-8 5 min 20-30 min Hypotension
(sublingual)
Nitroglycerin 1-2mg 6h 15-30 2h 10-12h Absorption can be
(transdermal patch) delayed if poor skin
perfusion; prolonged
hypotension
Nitroglycerin Start at Increase every 2-5 At onset 5-10 min Headache,
(intravenous) 35-50 mcg/ 2-5min hypotension in 3.5%,
min tachyphylaxis
after 4 h
Nitroprusside Start at Increase every 1 At onset 1-2 min Hypotension,
(intravenous) 0.3 mcg/min 2-5 min cyanide/thiocyanate
toxicity, coronary
steal
Enalaprilat 0.625-0.125 15 min 15 2-4h 6-12 h Delayed/prolonged
(intravenous) mg (max 5 mg) hypotension; avoid if
pregnant
Clevidipine 2-32 mcg/h Increase every 1-2 At onset 1-5 min Tachycardia, egg
(intravenous) 3 min allergy
Nicardipine 5-15mg/h 1-2 3 min 1h Tachycardia
(intravenous)
Furosemide If no prior 20-30 min 15-20 1-2h 4-6h Hypokalemia,
(intravenous) dose given: at higher dose Hypomagnesemia,
20-40 mg if no effect hypovolemia,
If prior dose ototoxicity, prerenal
given: half of azotemia, sulfa allergy
1-2.5 times
daily use
every 12 h
Bumetanide 1-3mg Same as above 10 1h Same as above
(intravenous) (max 10 mg)
Torsemide 10-20 mg Same as above 10 1-2h 2-4 h Same as above
(intravenous)

Commonly given as a continuous infu-
sion at IV doses up to 400 mcg/min, ni-
troglycerin may be associated with higher
costs and longer LOS.*® Some authors sug-
gest that bolus nitroglycerin therapy may
be superior: In a retrospective study of 395
patients, an IV bolus of nitroglycerin 0.5
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mg was superior to both an infusion, or a
combination of bolus and infusion, as dem-
onstrated by lower rates of ICU admission
(48% vs 67% and 79%, respectively, P =
0.006) and shorter hospital stays (4.4 vs 6.3
and 7.3 days, respectively, P = 0.01). In all
cohorts, adverse event rates were similar for
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hypotension, troponin elevation, and creat-
inine increase over 48 hours.*

Nitroprusside. Nitroprusside is a potent ar-
terial and venous dilator that causes rapid
decrease in BP and LV-filling pressures. It
is usually considered more effective than
nitroglycerin, despite a small study show-
ing similar hemodynamic responses.®

Initial dosing of nitroprusside starts at
0.3 pg/kg/min IV, and is increased every 5
minutes to a maximum of 10 mcg/kg/min,
based on BP and clinical response. The
most common acute complication of ni-
troprusside infusions is hypotension. Cy-
anide toxicity may occur with prolonged
use, high doses, or in patients with renal
failure.®®

Nesiritide. Exogenously administered, the
B-type NP nesiritide is effective in lower-
ing BP and improving dyspnea in AHF,*
although large prospective studies showed
it had little long-term advantage over stan-
dard care.® In a small, randomized, con-
trolled trial, nesiritide reduced 30-day
revisit LOS when given in an OU.®* The
22-minute half-life of nesiritide is longer
than that of the nitrates, and its side effect
is predominately hypotension, which oc-
curs at rates similar to those of other vaso-
dilators.*

Angiotensin Converting Enzyme Inhibitors.
Because angiotensin converting enzyme
inhibitors (ACEIs) have chronic mortality
reduction benefits, their use in the acute
setting is theoretically attractive, however,
this has been poorly proven in AHF ED pa-
tients. In a retrospective review of 103 pa-
tients with elevated NTproBNP levels re-
ceiving bolus IV enalaprilat within 3 hours
of presentation, the mean SBP decreased
by 30 mm Hg, with only 2% of patients
developing hypotension.®® However, with
the longer half-life of ACEIs, if hypoten-
sion occurs, the potential for a prolonged
BP-lowering effect exists.

Calcium Channel Blockers. Clevidipine and
nicardipine are rapidly acting IV calcium
channel blockers that lower BP by selec-
tive arteriolar vasodilation and increased
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cardiac output as vascular resistance de-
clines.’® Because these agents have no
negative inotropic or chronotropic effects,
they may be beneficial in hypertensive
AHF. In an open-label trial of 104 hyper-
tensive AHF patients, clevidipine was
more effective than standard care for the
rapid control of BP and relief of dyspnea.*

Morphine. Large registry analyses have
demonstrated potential harm with the rou-
tine use of morphine,® as do recent pro-
pensity score matched analyses.®® Until
there are studies demonstrating benefit,
the use of morphine at present should be
reserved for palliative care.

Time to Treatment

Although a randomized controlled trial on
the importance of time to treatment of AHF
is unlikely to ever be completed, data suggest
that, as in the case of MI, delayed AHF ther-
apy is associated with adverse outcomes. In
a study of 499 suspected AHF patients trans-
ferred by ambulance, patients randomized to
immediate therapy vs those whose therapy
was not initiated until hospital arrival (mean
delay of 36 minutes), had a 251% increase in
survival (P < 0.01).%”

Furthermore, the delayed administration
of vasoactive agents, defined as medica-
tion administered to alter hemodynamics
(eg, dobutamine, dopamine, nitroglycerin,
nesiritide) is also associated with harm,%®
and registry studies demonstrate increased
death rates (n = 35,700).%° Finally, another
registry (n = 14,900) study demonstrated
early IV furosemide is associated with
decreased mortality.” This latter finding
was also validated in a prospective obser-
vational cohort study (mortality 2.3 vs 6.0
in early vs delayed therapy groups, respec-
tively).”

Patient Disposition

One of the unique features of emergency
medicine is the need to determine, with
very limited information and time, a pa-
tient’s very short-term clinical trajectory.
Few physicians are required to have great-
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er accuracy with less information or time
than do EPs. Several studies report objec-
tive data points and risk scores to assist in
this task, but none has been universally ad-
opted, reflecting the challenge of applying
population data to individuals.

Short-term Prognosis

In 1,638 patients evaluated for 14-day out-
comes, an HR lower than 50% maximal
HR (MHR), and an SBP greater than 140
mm Hg were associated with the lowest
rate of serious adverse events (SAEs) (6%)
and hospitalization (38%).”> An MHR over
75% was associated with the highest SAE
rate, although SAEs decreased as SBP in-
creased (30%, 24%, and 21% with SBPs
<120 mm Hg, 120-140 mm Hg, and >140
mm Hg, respectively).”?

Risk Scores

In a prospective, observational cohort
study of 1,100 ED patients, the Ottawa
Heart Failure Risk Scale, combined with
NTproBNP values, had a sensitivity of
95.8%—at the cost of increasing the ad-
mission rate (from 60.8% to 88%)—for
serious adverse events (defined as death
within 30 days), admission to a monitored
unit, intubation, NIV, MI, or relapse result-
ing in hospital admission within 14 days.”

Observation Unit
Overall, 44% of in-patient HF admissions
are for less than 3 days (Table 1), sup-
porting the practice of managing selected
patients in shorter clinical-care environ-
ments than in inpatient units. Further,
ED patients presenting with moderate
dyspnea require both a diagnosis and an
evaluation of their therapeutic response
to determine the need for hospitalization.
However, evaluating therapeutic response
requires more time than is available in the
typical ED. Thus, an ED OU offers the fol-
lowing:

(1) The OU provides the EP with a longer
evaluation time, and therefore a more ac-
curate disposition may be effected;
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(2) Costs are significantly lower in pa-
tients managed in an ED OU; and

(3) Patient satisfaction may be improved,
as most patients prefer home management
over hospitalization.

All three of these opportunities are sup-
ported by a number of studies,’*”® with val-
idated entry and exclusion criteria, treat-
ment algorithms and discharge metrics.
Most recently, in a registry of hospitals in
Spain, patients presenting to hospitals that
had OUs had a 2.2-day shorter LOS, lower
30-day ED revisit rate, and similar mortal-
ity rates compared to those in institutions
without OUs—although these beneficial ef-
fects occurred at the cost of an 8.9% higher
admission rate.”

Patient Education
Intuitively, it would be expected that pa-
tient education would reduce return visits,
30-day hospitalizations, and AHF-related
mortality. Unfortunately, it has not been
demonstrated that patient education re-
sults in a consistent benefit at hospital
discharge, or in the outpatient environ-
ment'80—85

Although AHF education in the ED has
been poorly studied, areas that have shown
promise are education occurring before ED
management (ie, in the ED waiting area)
in underinsured patients,* and during ED
care for patients with poor health care lit-
eracy.”” As educational interventions are
both inexpensive and unlikely to result
in harm, their implementation should be
considered.

Conclusion

The spectrum of HF is a common pre-
sentation in the ED. Because HF gener-
ally appears as dyspnea, in a cohort with
multiple comorbidities, the diagnosis can
be challenging. This is complicated by
the fact that patients with severe presen-
tations may require life-saving interven-
tions long before a clinical evaluation is
completed (or even initiated). The skill of
the EP, and his or her ability to improve
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the clinical condition before intubation is
required, will determine the patient’s tra-
jectory. Conversely, as a chronic condition,
HF may present with moderate symptoms
for which a short diuretic “tune-up” in an
observation environment may be appropri-
ate.

How these decisions are made will de-
pend upon the local environment, the
availability of outpatient resources, and
individual patient choices. There are few
chronic diseases that are more complex, are
seen more often in the ED, or that require
more skill and finesse in management.
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