
The treatment of acutely
decompensated heart failure
(ADHF) has changed dramati-
cally in the past decade. As dis-
cussed in Part I, there is a new
understanding of the patho-
physiology and a significant
improvement in our ability to
diagnose heart failure with
BNP and NT-pro BNP testing.
Treatment has also changed.
Standard therapy with mor-
phine has been replaced with
nitroglycerin. Patients are now
maintained on angiotensin-con-
verting enzyme inhibitors
(ACEIs) and beta-blockers. But

few new treatments have been
surrounded by more controver-
sy than the use of a recombi-
nant natriuretic peptide, nesiri-
tide. In reality, it is difficult, if
not impossible, to be impartial
in the interpretation of the liter-
ature on this subject. Although
the authors of this article
attempt to present a balanced
discussion of the use of nesiri-
tide, it is unlikely that the read-
er will interpret it as such.
Those who believe in the use of
the drug likely will find its neg-
ative aspects are over-empha-
sized. Those who believe the
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drug is too expensive and potentially dangerous likely will focus
on the favorable discussion. The final verdict on nesiritide is not
yet clear.

—Sandra M. Schneider, MD, FACEP, editor

Management of Heart Failure in the Emergency
Department

A key role is played by the emergency physician in the emer-
gency department (ED) regarding evaluation and management of
the HF patient. The ED physician must have a firm understand-
ing of the hemodynamic classifications of ADHF. An early goal
directed therapy (EGDT-HF) approach emphasizes aggressive
treatment, because preliminary evaluations have shown that
patients treated early tend to have shorter hospital stays and bet-
ter outcomes than patients whose intervention is delayed.1,2

The aim of EGDT-HF is listed in Table 1. Care needs to focus
on rapid initiation of proven therapies that improve patient symp-
tom and cardiorespiratory status without placing the patient at
risk for immediate (i.e., arrhythmia, hypotension, ischemia) or
delayed (i.e., worsening renal insufficiency, toxicity) adverse
events.3

During patient assessment, start with oxygen, the ABCs (air-
way, breathing, circulation), and an electrocardiogram (ECG).
Pharmacologic treatment is aimed at decreasing right-sided fill-
ing (preload) and increasing left-sided emptying. The latter is
achieved by decreasing systemic vascular resistance (SVR, or
afterload). Improving LV contractility (inotropic support) is nec-
essary in some cases, but only in the presence of symptomatic
hypotension. Inotropes, such as dobutamine and milrinone,
increase myocardial contractility, but carry adverse side effects,
and thus should be avoided when possible. Table 2 illustrates an
overview of current treatment choices for ADHF in the ED.

Diuretics, vasodilators, and inotropic agents have been effec-
tive in the treatment of patients with heart failure, but only agents
that are capable of antagonizing the neurohormonal response
have demonstrated a beneficial effect on mortality.4 Neurohor-
monal antagonists include angiotensin-converting enzyme
inhibitors (ACEIs), angiotensin II receptor blockers (ARBs),
beta-blockers, and aldosterone antagonists. 

Patients with ADHF frequently present with worsened symp-
toms in a hypervolemic state. Therapy initially may target this
excess fluid by incorporating diuretics along with vasodilators to
help reduce the overloaded state. Treatment options for patients
with HF are directed at the pathophysiological mechanisms that
are stimulated in HF.5 Nitroglycerin (NTG) is a vasodilator and
should be a first-line therapy. Administered sublingually, it is a
rapid and effective treatment, and is followed by topical NTG or
intravenous NTG.6 ACEIs and ARBs decrease afterload by inter-
fering with the renin-angiotensin-aldosterone (RAAS), leading to
peripheral vasodilatation. They also affect LV hypertrophy,
remodeling, and renal blood flow. Heart failure leads to increased
aldosterone production by the adrenal glands, which stimulates
renal sodium retention and potassium excretion and promotes
ventricular and vascular hypertrophy. ACEIs may be considered
as second-line therapy after NTG.  

Referring back to hemodynamic profile assessment in Figure
1, if there is adequate blood pressure, vasodilators and diuretics
are good treatment modalities. The cold and wet patient is fluid
overloaded with diminished perfusion. Those with elevated SVR
should improve with vasodilators and diuretics and, for sympto-
matic hypotension, the addition of a pressor agent must be con-
sidered. The cold and dry patient is poorly perfused. A fluid
bolus will be required and, if unresponsive to this, inotropic sup-
port and pressors must be added. Most patients presenting to the
ED with ADHF will be fluid overloaded and have adequate per-
fusion (warm and wet).
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Table 1. Early Goal-Directed Therapy HF

• Hemodynamic and respiratory improvement
• Prompt relief of symptoms
• Enhance decision-making in the ED with an emphasis on timely 

transition to inpatient care if indicated
• Early initiation of therapy to facilitate hospital discharge
• Avoidance of high resource utilization



Treatment for Acute Decompensated Heart 
Failure

Emergency treatment should start with assessing the vital
signs and the ABCs. Patients who are extremely short of breath
need an immediate airway assessment. This could lead to consid-
eration of supplemental oxygen via nasal cannula or mask
options. Persistent hypoxia in the continued dyspneic/tachypneic
patient must provoke consideration for intubation or an airway
adjunct such as BiPAP or CPAP.

Noninvasive Ventilation. All patients presenting to the ED
with HF should receive supplemental oxygen. More aggressive
adjuncts must be considered in patients with severe respiratory
distress and dyspnea. In case of impending respiratory failure,
endotracheal intubation is a consideration. However, noninvasive
ventilatory techniques may be considered in selected patients.  

The goal is to maintain the patency of the stiff fluid-filled
alveoli and to prevent collapse during exhalation. By keeping
alveoli open, the work of breathing is decreased. Other benefits
include better oxygen and CO

2
exchange, increased intrathoracic

pressure, and increased cardiac output secondary to decreased
preload and afterload. Such a therapeutic strategy must be con-
sidered early.

There are two noninvasive ventilatory techniques: continuous
positive airway pressure (CPAP) and bi-level positive airway
pressure (BiPAP).7 Patients must be awake and be able to cooper-
ate with instructions. Patients who are obtunded, apneic, or near
respiratory arrest must be excluded from consideration. Settings
are determined by the individual patient, but consider a lower
setting initially, such as an IPAP of 10 and an EPAP of 5, to
allow the patient to tolerate and adjust. Then titrate settings
upward in increments of 2-4 to achieve desired effects, based on
patient comfort, persistent dyspnea, and blood gas monitoring.

Little evidence exists that suggests one technique is superior
to the other, although some smaller studies suggest CPAP may be
superior.8 CPAP maintains a constant pressure throughout all
phases of the respiratory cycle. BiPAP allows for separate pres-
sure and control in inhalation and exhalation and provides
greater potential comfort.

Inotropic/Pressor Therapy. Following airway and breathing
management, consider the blood pressure. Patients with persist-
ent hypotension (systolic blood pressure < 85 mmHg) are candi-
dates for pressor support. While generally discouraged in ADHF

because of increased mortality risk, it is sometimes necessary to
add inotropic and pressor agents despite deleterious effects such
as ventricular ectopy. No single agent has been found to be clini-
cally superior, but adrenergic agents may have a role in certain
hemodynamic states. Adrenergic agents include the cate-
cholamines dobutamine and dopamine, and the phosphodi-
esterase inhibitors milrinone and amrinone. 

Dopamine may be preferable in patients with low blood pres-
sure. This is because inodilators dobutamine and milrinone
reduce SVR. Milrinone has even greater vasodilating unloading
properties. Milrinone was evaluated for short-term use in acute
exacerbations of CHF in the OPTIME-CHF trial and was not
shown beneficial.9 The primary objective of the Prospective
Randomized Evaluation of Cardiac Ectopy with Dobutamine or
Nesiritide Therapy (PRECEDENT) study was to compare the
effects of nesiritide vs. dobutamine on heart rate and ventricular
arrhythmias during the first 24 hours of ADHF treatment.10

Nesiritide did not aggravate preexisting ventricular tachycardia
or frequency of premature ventricular beats. Dobutamine signifi-
cantly increased ventricular tachycardia events. Both agents
were equally effective in improving signs and symptoms of
heart failure.

There are drawbacks to the catecholamine class. In ADHF
patients, circulating catecholamine levels are already running
high, thus high doses of dopamine or dobutamine are needed for
the effect on “burned out” receptors. This can result in tachycar-
dia, tachydysrhythmias, and ischemia due to increased myocar-
dial O

2
consumption. Tolerance can develop rapidly, requiring

escalating dosages and, thus, the potential to produce more
adverse effects.11
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Table 2. Current Treatments for Acutely
Decompensated Heart Failure

DIURETICS

Reduce fluid volume

VASODILATORS

Decrease preload and afterload

INOTROPES

Increase contractility

NATRIURETIC PEPTIDES

Decrease preload and afterload, reduce fluid volume

Figure 1. Hemodynamic Profile Assessment
for Patient Selection and Treatment

Congestion at Rest

No Yes

Warm and dry
PCWP normal
CI normal
(compensated)

Warm and wet
PCWP elevated
CI normal

Cold and dry
PCWP low/normal
CI decreased

Cold and wet
PCWP elevated
CI decreased

Yes

Low 
perfu-
sion at
rest

Nitroglycerine,
vasodilators,
nitroprusside,
or natriuretic
peptide 
(nesiritide)

Normal
SVR

No

Elevated
SVR

Inotropic Drugs
Dobutamine
Milrinone
Calcium sensitizers

Signs and Symptoms of
Congestion
• Orthopnea/PND
• JVD
• Ascites
• Edema
• Rales

Possible Evidence of Low Perfusion
• Narrow pulse pressure
• Sleepy/obtunded
• Low serum sodium
• Cool extremities
• Hypertension with ACE inhibitor
• Renal dysfunction (one cause)



The phosphodiesterase inhibitors (milrinone) function inde-
pendently of adrenoreceptor activity and plasma catecholamine
level. Tolerance is not likely to develop. These agents decrease
preload and afterload as well as provide inotropic support. There
are seven studies that compared milrinone to dobutamine in
patients with severe ADHF. Increases in stroke volume (SV) and
cardiac index (CI) were similar for both agents but milrinone
demonstrated greater reduction in PCWP (preload) and SVR
(afterload), no increase in myocardial O

2
consumption, and less

tachycardia.12-15

Overall, the routine use of inotropes as HF therapy is not indi-
cated in either the short- or long-term setting. Inotropes are
potentially appropriate as treatment for cardiogenic shock,
diuretic/ACEI-refractory HF decompensation, or as a short-term
bridge to definitive treatment, such as revascularization or car-
diac transplantation. Milrinone provides preload and afterload
reduction in addition to inotropic support. This is advantageous
for patients with borderline hypotension. To summarize
inotropes: because of their association with increased mortality
in nearly every study performed (OPTIME, PRECEDENT, SUR-
VIVE, etc), inotropes generally are discouraged for routine use
in HF (see HFSA guidelines). In the fewer than 2% of HF
patients presenting to the ED with symptomatic hypotension,
defined as SBP < 85 mmHg, they may be considered.  

Diuretics. Diuretics are
the mainstay in most patients
being managed for HF. Loop

diuretics such as furosemide
(Lasix) reduce preload by
removing total body fluid
through diuresis. Furosemide
20-200 mg is administered
intravenously to alleviate lung
edema due to fluid overload,
with the initial dose based on
prior diuretic history.16 Subse-
quent dosing is determined by
the diuretic response. This
effect will have a 30-120
minute delay. Also, patients
with chronic pulmonary
edema may have a signifi-
cantly reduced renal blood
flow, approximately 20% of
normal, due to increased
afterload. The direct vasoac-
tive effect (venodilation) has
been proposed to reduce pre-
load within 5-10 minutes.
However, there are no con-
vincing studies supporting an
immediate effect.17

The decrease in preload
via diuresis is a delayed
effect. Diuretics also can sen-

sitize patients to the hemodynamic effects of ACEIs by decreas-
ing intravascular volume. Note that diuretics are not indicated as
chronic monotherapy for ADHF. There is evidence to suggest
that aggressive continuous IV infusion of furosemide can be
administered safely and may shorten hospitalization. Howard and
Dunn evaluated aggressive high-dose diuresis using continuous
furosemide infusion in an elderly population with class IV HF.18

Complications from loop diuretics are well described. (See
Figure 2.) Furosemide produces an initial activation of the sym-
pathetic nervous system, which in turn increases heart rate, SVR,
and myocardial oxygen demand. The result is decreased SV, CO,
and tissue perfusion. Furosemide also produces initial activation
of the renin-angiotensin system, not a favorable response in these
patients. Loop diuretics also induce hypokalemia that can be
quite severe in patients undergoing aggressive diuresis. There-
fore, close monitoring or electrolytes and urinary response is
needed. Finally, a widening QT interval on ECG may suggest
hypocalcemia, hypokalemia, or hypomagnesemia, so check elec-
trolytes in this event.

Chronic diuretic use results in tachyphylaxis. Decreased per-
fusion of the kidney results in decreased delivery of loop diuret-
ics. Decreased glomerular filtration rate results in decreased fil-
tered load of sodium. Volume depletion activates plasma rennin
activity and stimulates the sympathetic nervous system; elevated
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Figure 2. Complications of Diuretic Therapy for Heart Failure

Diuretic Therapy

Renal reabsorption of Na (and Mg) Hypomagnesemia

Hyponatremia Saluresis and Diuresis

?Plasma volume

? Cardiac output ? Renal blood flow ? PRA

Postural Hypotension ? GFR ? Aldosterone

Kaliuresis

Hypokalemia

Glucose intolerance

? Distal Ca++ 
reabsorption

? Calcium clearance

Hypocalcemia

? Proximal reabsorption

? Uric acid clearance

Hyperuricemia

Pre-renal axotemia

GFR = glomerular filtration rate; PRA = plasma rennin activity



catecholamine levels lead to increased proximal tubule reabsorp-
tion of sodium as aldosterone stimulates increased distal reab-
sorption of sodium.

The two types of diuretic resistance are: 1) the “braking phe-
nomenon”; and 2) long-term tolerance. The braking phenomenon
is the result of a decrease in response to a diuretic after the first
dose has been administered. Long-term tolerance is the result of
tubular hypertrophy compensating for salt loss. The end result in
either case is diminished or lost diuretic response before resolu-
tion of edema has been achieved. Clinical presentation can
include edema that persists despite compliance with diet and
diuretic dose previously efficacious in maintaining euvolemia.

Vasodilators. Vasodilator therapy is an attempt to reduce pre-
load and therefore capillary wedge pressure. If there is adequate
blood pressure, vasodilators and diuretics are the treatment
modalities. This is also the treatment option to consider initially
in the patient with persistent hypertension.  

The ADHERE registry has provided some information to
guide ED therapy in patients at high risk for adverse outcomes.19

Outcomes based on the early use of intravenous vasoactive thera-
py, defined as any agent administered to obtain a hemodynamic
affect, have been evaluated.20 Vasoactive agents included nitro-
glycerin, nesiritide, nitroprusside, dobutamine, dopamine, etc.
This report included data from 46,599 patients analyzed to deter-
mine vasoactive usage. The comparison was between 4,096
patients who received IV vasoactive therapy in the ED (a mean
of 1.1 hours after arrival) and 3,499 patients who received
vasoactive therapy in the hospital (a mean of 22.2 hours after
presentation). Outcomes between the two groups were signifi-
cantly different. Early therapy was favored both statistically and
clinically in parameters including mortality, ICU and overall
length of stay, and use of invasive procedures.21

Nitroglycerin (NTG). NTG should be considered a first-line
treatment choice for ADHF. Nitrates are given sublingually or
intravenously for rapid, reliable preload as well as afterload
reduction. There are multiple studies comparing NTG vs. mor-
phine or furosemide for preload reduction, and NTG is clearly
safer and faster.22 Moderate to higher doses (100-200 micro-
grams per minute) reduce SVR (afterload) as well, by maintain-
ing or improving SV and CO. Another benefit of nitrates is the
short half-life which limits the time of any adverse effects.

NTG is better and safer than morphine or furosemide to
reduce preload. Sublingual (SL) NTG provides a rapid and effec-
tive means of initiating treatment, and can be followed by IV
NTG if severe symptoms exist or if the patient is in extremis.
Topical NTG can follow SL NTG for moderate symptoms. NTG
can be used SL or intravenously in moderate to high doses (> 60
micrograms/minute). This is a very good agent for simultaneous
preload and afterload reduction. Dosing can start at 10-20 micro-
grams/minute and can titrate quickly every 3-5 minutes to reach
200-300 micrograms/minute if needed to achieve desired effect.

Natriuretic Peptides. Nesiritide is a recombinant natriuretic
peptide that causes vasodilation and increases renal blood flow
and urine output. The result is rapid symptomatic and hemody-
namic improvement in patients with ADHF.23 Nesiritide also

exhibits lusitropic (relaxing) effects on cardiac muscle. Because
of its vasodilation, nesiritide causes hypotension in a significant
portion of patients. It is also quite costly. 

Nesiritide has been shown to be capable of dose-related
decreases in PCWP (preload) and SVR (afterload) as well as
increases in CI.23 These are favorable effects in ADHF while also
avoiding increases in heart rate or incidence of arrhythmias. 

Nesiritide has been studied in 10 clinical studies. The Vasodi-
lation in the Management of Acute HF (VMAC) study compared
the addition of intravenous nesiritide or intravenous NTG to stan-
dard HF therapy.24 The VMAC study included “real world”
ADHF patients; 84% were NYHA class III or IV, 21% had renal
insufficiency (defined as serum creatinine > 2.0 mg/dL), 15%
had preserved systolic function (ejection fraction > 40%), and
47% had diabetes. Administered as a 2 mcg/kg bolus followed by
maintenance infusion of 0.01 mcg/kg/min, nesiritide resulted in
decreased filling pressures and improvement in dyspnea com-
pared to standard therapy (standard therapy could include IV
diuretics, dobutamine, dopamine, and long-term therapies).

The previously mentioned PRECEDENT study looked at 255
randomized patients and the effect of nesiritide or dobutamine on
ventricular arrhythmias in the treatment of ADHF. Nesiritide
reduced or had a neutral impact on ventricular ectopy while
dobutamine was associated with increased arrhythmias and
increased heart rate.10

With the increased use of Observation Units (OU) for the
treatment of patients with ADHF, the use of nesiritide in the OU
setting has been studied in the Prospective Randomized Out-
comes Study of Acutely Decompensated Congestive Heart Fail-
ure Treated Initially in Outpatients with Natrecor (PROACTION)
trial. This was a randomized, double-blinded, placebo-controlled
pilot study of 250 patients. Patients were treated with standard
therapy at the discretion of the treating physician and received
either nesiritide or placebo. Neither group was treated with nitro-
glycerin (considered a first-line treatment). Hypotension was
more common in the nesiritide group and that led to a slight
increase in adverse events over standard treatment (45% vs 37%;
p = 0.235). There was a slight decrease in the need for hospital-
ization after observation in the nesiritide group (49% vs 555; p =
0.436). More patients who received standard therapy were read-
mitted within 20 days (23% vs 10%; p = 0.058). No renal func-
tion data were reported. Mortality within 30 days was 4% with
nesiritide and 1% with standard therapy (p = 0.213).25

Two meta-analyses26,27 have reported a trend toward increased
mortality and worsening renal function with nesiritide in ADHF
patients. The Sackner-Bernstein mortality report is a selective
analysis of only a portion of existing data.27 However, these
adverse trends raise questions that warrant further investigation
with a well-designed randomized control trial. 

An expert panel of cardiology and heart failure clinicians
chaired by Eugene Braunwald, MD, met in June 2005 to review
and assess data associated with the use of nesiritide after ques-
tions of safety were raised.28 After an in-depth discussion of sub-
stantial additional analyses of existing data, the panel made the
conclusions and recommendations in Table 3.

July 24, 2006/Emergency Medicine Reports 189



Nitroprusside–Vasodilation. Some patients with extremely
elevated blood pressure or SVR require additional afterload
reduction (beyond NTG). Nitroprusside (NTP) is a potent
vasodilator that relaxes both arterioles and venous smooth muscle.
This decrease in preload and afterload can improve CO and SV.
An intravenous infusion starts at 0.1-0.2 microgram/kg/minute
with titrated increases every 5 minutes.

There are potential adverse effects. Blood pressure can drop
precipitously and must be monitored closely. This generally
requires arterial pressure monitoring. Nitroprusside or any
vasodilator can theoretically precipitate a “coronary steal” syn-
drome that can result from impaired flow to an area of a fixed
coronary lesion. Patients with renal failure are at greater risk for
thiocyanate toxicity, and reflex tachycardia can result from the
vasodilation and in turn affect myocardial oxygen consumption.  

Morphine. Morphine sulfate is considered an acceptable treat-
ment choice for patients presenting in ADHF, and is a common
addition to the NTG regimen for preload reduction. There is,
however, surprisingly little evidence to support the use. Histori-
cally, morphine has been considered “perhaps the most important
agent used in treatment of acute pulmonary edema.”29 In fact,
there is significant evidence that it can cause respiratory and
myocardial depression at high doses. Its histamine-related side
effects such as rash, urticaria, nausea, and vomiting can actually
increase catecholamine release, which can increase afterload.17

The effect of preload reduction comes from studies done back
in the 1970s in which morphine was noted to produce venodila-
tion in the hands and forearms of patients with pulmonary
edema.29 More recently, Peacock et al. performed a retrospective
analysis using the ADHERE registry, stratifying patients by
whether they received morphine at any time during their hospi-
talization.30 This is illustrated in Table 4. In ADHF, use of mor-
phine was associated with longer hospitalizations, more frequent
and longer ICU admissions, and a greater risk of mortality.

Morphine should not be considered as a first-line agent in the
treatment of ADHF due to the absence of safety and efficacy data
and because it has never been shown to improve outcomes in
ADHF patients. Morphine can be considered to reduce patient
anxiety and decrease the work of breathing, which in effect can
theoretically diminish central sympathetic flow. Consider an ini-

tial dose of 2-4 mg over a three-minute period, to be repeated if
necessary at five- to 15-minute intervals.

Angiotensin-Converting Enzyme Inhibitors (ACEIs). Ini-
tial activation of the RAAS is beneficial as a response to
decreased cardiac output, but chronic activation leads to adverse
hemodynamic consequences. Systemic vascular resistance
increases in response to higher levels of angiotensin, and elevat-
ed aldosterone leads to sodium retention. The basis of most treat-
ments shown to reduce mortality in chronic HF is the interrup-
tion of the RAAS. ACEIs block the pathway between
angiotensin I and angiotensin II, which is a vasoconstrictor that
also stimulates production of aldosterone, although some
angiotensin II still is produced by ACE-independent pathways.

ACEIs reduce both arterial and venous resistance and lower the
impedance to LV ejection of blood. Patients with symptomatic LV
dysfunction and chronic heart failure derive a mortality reduction
from ACEI therapy,31,32 and there are limited studies of severe
chronic HF that demonstrate significant improvements in hemody-
namics immediately after administration of an ACEI. These data
suggest a potential ED role for acute administration of ACEIs.33-35

In a single small limited study, Hamilton, et al. performed a ran-
domized double-blind controlled analysis in 48 patients with pul-
monary edema.35 Each patient was treated with standard therapy
consisting of NTG, furosemide, and morphine. In patients with
systolic blood pressure (SBP) > 110, captopril 25 mg was given
sublingually. A reduced dose of 12.5 mg SL was given if SBP was
in the range of 90-110. They noted a clinically significant reduc-
tion in “stress scores” by 30 minutes as determined by four param-
eters: patient reported dyspnea, physician judgment of respiratory
distress, diaphoresis, and level of bed elevation tolerance.
Although more research is needed before ED use can be recom-
mended, ACEIs provide a rapid reduction in afterload and preload,
and a rapid reduction in subjective level of distress.

Relative contraindications to using ACEIs include orthostatic
hypotension and elevated creatinine. A history of anaphylaxis is
an absolute contraindication. Consider the likelihood that a
patient has renal insufficiency if presenting to the ED in ADHF
and chronic management does not include an ACEI. 

Ultrafiltration in Heart Failure. This technique is provided
in some hospital centers for ADHF patients with severe volume
overload (> 15 lbs). Ultrafiltration requires central venous access
and can remove fluid while maintaining intravascular fluid vol-
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Table 3. Braunwald Panel Report

1. Use of nesiritide should be limited to patients presenting to the
hospital with acutely decompensated HF who have dyspnea at
rest.
2. Physicians considering the use of nesiritide should consider:
its efficacy in reducing dyspnea, possible risks of the drug, avail-
ability of alternate therapies to relieve symptoms.
3. Nesiritide should not be used: to replace diuretics to enhance
diuresis, for intermittent outpatient infusion, for scheduled repeti-
tive use, to improve renal function.
4. The manufacturer (Scios) should inform physicians about
acceptable nesiritide use.

Table 4. Overall Outcomes30

OVERALL MORPHINE NO MORPHINE P VALUE
OUTCOMES

Mortality (%) 10.7 1.8 < .0001
Median hospital 5.1 4.1 < .0001

LOS
ICU admit rate 28.9 12.4 < .0001
ICU LOS 2.3 2.0 < .0001

LOS = Length of stay; ICU = Intensive care unit



ume by filtering at the same rate as fluid is reabsorbed from the
interstitium. Advantages include preservation of renal function,
prevention of electrolyte imbalance, and a predictable and pro-
grammable amount of fluid removal. Furthermore, by not requir-
ing diuretic use, the adverse effects of diuretics can be avoided.

The proposed sustained benefits of ultrafiltration include effi-
cacy of sodium and water removal as compared to diuretics alone
and reduced neurohormonal activation. It can provide a “diuretic
holiday” allowing for increased diuretic responsiveness when
resumed. Some hospital centers have established protocols for
ADHF patients with volume overload and diuretic resistance.

Medications to Avoid in HF Patients
Nonsteroidal anti-inflammatory drugs (NSAIDs) should be

avoided in patients with HF. Though not associated with a first
occurrence of HF, it can cause worsening of existing HF.36-38 The
suspected causal mechanism is an increase in afterload resulting
from NSAID-induced systemic vasoconstriction. NSAID use
also may blunt the renal effects of diuretics.  

Potential interaction between NSAIDs and ACEIs can result
in reduced renal perfusion and increased SVR. It is also recom-
mended that calcium-channel blockers not be used for vasodila-
tor therapy in patients with HF. ACEIs and beta-blockers are the
preferential choices. Antiarrhythmics also have been shown to
increase mortality.

Admission and Discharge Protocols
A significant component of disease management in HF

patients concerns admission orders. Standardized orders provide
consistent and complete care from the ED to the hospital floor,
including medications, labs, ancillary test orders, and strict fluid
management. In many ED settings, the patients can then spend
12-24 hours in the ED waiting for an available floor bed. Regard-
less of the hours spent in the ED prior to bed availability, the
transition from the ED to the inpatient status must be seamless.
These patients must receive appropriate treatment while care is
transitioning from the ED physician to the admitting team.

Why standardized orders? They not only allow for objective
data and objective findings for patients, but provide physicians
with some autonomy and subjectivity because not every
patient fits a protocol. Standing orders ensure guideline com-
pliance from the literature while allowing for individual
patient adjustments.

A patient discharge checklist may be helpful for patients
being discharged from the ED or observation unit. This makes it
easier for the physician and patient to follow a care plan. This
also improves JCAHO compliance. This checklist is a method of
ensuring those patients that meet criteria for specific interven-
tions (i.e., medications, smoking cessation, cardiac rehabilita-
tion) are given the appropriate medications and instructions upon
discharge.

HF education is a critical component of disease management.
HF is a complex disease process with a large social component,
not only with follow-up, but also with dieting and medication
compliance. A study in 1990 suggested that of the people read-

mitted to the hospital, almost half were due to diet and medica-
tion compliance alone.39

Unlike other acute disease processes such as pneumonia and
pyelonephritis, ADHF exacerbations are treated until the subjects
return to their baseline compensated state. The underlying dis-
ease process is never cured. Thus as a result, patient behavior
after acute treatment may have a tremendous impact on the pro-
gression of the disease process and subsequent morbidity and
mortality.40

Observation Units
Diagnostic workup and therapy targeted at ADHF, when pro-

vided in the ED observation unit, is associated with decreased
ED revisits at one week and one month without an increase in
mortality.91 Despite the recent advancements in therapeutic
options that have improved the prognosis for many heart failure
patients, ADHF episodes still occur. Timing to rapid sympto-
matic and hemodynamic stabilization is critical. (See Table 5.)

The final figure is for reference and can be applied to any ED
setting. Figure 3 represents an algorithm to stratify patients to an
observation unit. This algorithm was developed and currently is
utilized to identify patients appropriate for the observation unit at
the Cleveland Clinic.41 The entry criteria, exclusion criteria, and
discharge criteria are identified here. This decision tree is the
result of a coordinated effort with both the ED and the cardiolo-
gy department. This diagnostic and therapeutic algorithm, along
with aggressive monitoring by nursing staff, detailed patient edu-
cation, cardiology consultation, and follow-up arrangements at
time of discharge, comprise the complete observation unit treat-
ment protocol.

Summary of the Treatment of Acute 
Decompensated Heart Failure

The ED remains the most important entry point for patients
with HF. Short-term management decisions affect long-term out-
come. Evidence suggests that rapid initiation of therapy shortens
total and ICU length of stay (LOS). Collaboration between in-hos-
pital and ED physicians is needed to optimize care of heart failure.  

Refer back to Figure 1, which categorizes patients based on
perfusion status and volume status. A majority of these patients
are “warm and wet.” Treatment strategy is based on risk—80%
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Table 5. Improving Treatment of ADHF

DISPOSITION TIME (HOURS)

From initial ED 
physician evaluation

Initial ED contact 0
Establish ADHF diagnosis 0 - 2
Initiate IV ADHF therapy 2 - 4
Assess response to initial therapy 4 - 6
Reassess response to therapy 6 - 8
Determine patient disposition 4 - 12
Transfer patient 4 - 24
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Figure 3. Decision Tree for HF Patients in the ED

ED HF diagnosis

HF OU Entry Criteria
Must have at least one from each category:

1. BNP > 100pg/mL 3. Examination
2. History a. Jugular venous distention in pulsation

a. Orthopnea b. Positive abdominal jugular reflex
b. Dyspnea on exertion c. S3/S4
c. Paroxysmal nocturnal dyspnea d. Inspiratory rales
d. Shortness of breath e. Peripheral edema
e. Swelling of legs or abdomen 4. Chest radiograph
f. Weight gain a. Cardiomegaly

b. Pulmonary vascular congestion
c. Kerley’s B lines
d. Pulmonary edema
e. Pleural effusion

HF OU Protocol
Monitoring
• Continuous ECG and pulse oximetry
• Strict input and output, 1800 mL fluid restriction, no added salt diet
• Patient weight
Therapy (based on patient status and clinical judgment)
• ACE inhibitor recommended (may initially hold if using nesiritide)
• Topical nitrates
• Furosemide algorithm

Up to double daily 24-h dose, given as single IV bolus (180 mg maximum)
Double previously administered dose and repeat if fail to meet 2-h urine output goal
2-h urine output goals: 500 mL if creatinine < 2.5 mg/dL; 250 mL if creatinine > 2.5 mg/dL

• Nesiritide* 2 mcg/kg IV bolus followed by 0.01 mcg/kg/min
Diagnostic Procedures
• Ejection fraction, measured by electrocardiography, unless systolic HF is known or diastolic
HF was diagnosed within 1 y
• CK-MB and troponin T measured every 6 h for 12 h
Consultations/Education
• HF specialist consult in all, social work, home health care, and dietary, as indicated
• View 15-min HF video and smoking cessation video, as indicated
• Receive personalized discharge instruction packet

HF OU Discharge Criteria
1. Subjective improvement
2. Ambulatory, without persistent orthostasis
3. Resting heart rate < 100 beats/min
4. Systolic blood pressure > 85 mmHg
5. Total urine output > 1L and no new decrease in urine output
below 30 mL/h (or 0.5 mL/kg/h)
6. Room air oxygen saturation > 90% (unless on home oxy-
gen)
7. All CK-MB < 8.8 ng/mL, and troponin T < 0.1 ng/mL
8. No ischemic-type chest pain
9. No new clinically significant arrhythmia
10. Stable electrolyte profile Inpatient hospital admission

Regular unit/telemetry
ICU

Admit to HF OU

Outcome
Outcome

HF OU Exclusion Criteria
1. Unstable vital signs

a. Heart rate > 130 beats/min
b. SBP < 85 mmHg or > 175 mmHg after treatment
c. O2 saturation < 90%

2. Unstable airway
3. Evidence of acute cardiac ischemia

a. Ongoing ischemic chest pain
b. Positive serum marker of ischemia (troponin, CK-MG)
c. ECG with ischemic change (or left bundle-branch block 

not known to be old)
4. Cardiac arrhythmia requiring continuous IV intervention
5. Inadequate systemic perfusion

* Future studies will clarify the exact role for nesiritide.

Key: HF = heart failure; OU = observation unit; S3 = third heart sound; S4 = fourth heart sound; IV = intravenous; CK-MB = creatinine
kinase, MB fraction; SBP = systolic blood pressure
Reprinted from: Annals of Emergency Medicine, 47, Peacock WF 4th, Young J, Collins S, et al. Heart failure observation units: Optimiz-
ing care. 22-33; 2006, with permission from American College of Emergency Physicians.



of patients will fall into intermediate risk, with 10% low risk, and
10% high risk. A majority of these patients do well because more
than 50% of these admissions are due to medication noncompli-
ance. The majority of these patients will do well with nitrates,
furosemide, and adjustment of oral medications. The higher risk
patient, however, needs early administration of IV vasodilator
therapy.

Most patients are “warm and wet” and not in cardiogenic
shock. High BUN, low systolic pressures, and high creatinine are
an indication of higher disease severity. So treatment based on
low, moderate, or critical severity in warm and wet patients
depends on the ancillary data.  

Chronic Management
Heart failure is not curable. Patients are maintained on a vari-

ety of medications to optimize their cardiac function and fluid
status. Digoxin affects the Na+/K+ -ATPase pump in the
myocardial cell, increasing contractility. Once the mainstay of
treatment, most patients now are maintained without the use of
digoxin. Diuretics decrease preload by stimulating natriuresis in
the kidneys. Beta-blockers inhibit the sympathetic nervous sys-
tem and adrenergic receptors. Although they once were consid-
ered contraindicated in heart failure, if patients can tolerate them,
they can be very helpful. Aldosterone antagonists counteract the
many effects of aldosterone. Inotropes such as dobutamine and
milrinone increase myocardial contractility, and may be infused
periodically as an outpatient. These agents slow heart rate,
decrease BP, and have a direct beneficial effect on the myocardi-
um, enhancing reverse remodeling. 

Vasodilator therapy such as combination therapy with
hydralazine and isosorbide dinitrate decreases afterload by coun-
teracting peripheral vasoconstriction. The combination of
hydralazine and isosorbide dinitrate, used long-term, was associ-
ated with a higher mortality rate than enalapril (25% vs 18% in 2
years) in the second VA Cooperative Heart Failure Trial (V-HeFT
II).42 Selected agents that also block the alpha-adrenergic recep-
tors can cause vasodilatation. Cardiac resynchronization therapy
and biventricular pacing improves LV function and favors reverse
remodeling. Nesiritide has been used to decrease preload by
stimulating diuresis and decrease afterload by vasodilatation.

Angiotensin II Receptor Blockers. ARBs serve to antagonize
the RAAS by preventing the effect of angiotensin at the receptor. 

The ARBs’ therapeutic effects are secondary to their ability to
block the angiotensin receptor. Patients who have failed ACEIs
due to secondary symptoms such as cough or due to angioedema
are considered for ARB therapy. Though the efficacy of ARBs is
similar to that of ACEIs, they are not superior and are not consid-
ered first-line agents for chronic HF.43

Beta-Blockers. Once contraindicated, beta-blockers counter-
act the harmful effects of the sympathetic nervous system and are
currently advocated for chronic treatment in HF. Several studies
suggest that the use of beta-blockers can reduce mortality and
hospitalizations.44,45 All patients with HF should be considered for
beta-blocker therapy, except in those situations listed in Table 6.

Spironolactone. In chronic HF, aldosterone levels are elevat-

ed as a result of stimulation by angiotensin II and decreased
hepatic clearance. Aldosterone not only causes more retention of
salt and water by kidneys, but also has the deleterious effects in
blood vessels and myocardium. Conversely, blocking its receptor
with spironolactone or eplerenone has pleiotropic beneficial
effects, improving endothelial function and reducing inflamma-
tion, collagen synthesis, and thrombosis.

Spironolactone, an aldosterone blocker, was used and evaluated
in patients with NYHA III or IV HF in the Randomized Aldactone
Evaluation Study. This study demonstrated a 30% reduction in
mortality and hospitalization.46 Hyperkalemia is a potential side
effect, thus spironolactone should be avoided in patients with renal
insufficiency or hyperkalemia. Spironolactone is recommended in
NYHA III or IV HF patients for chronic outpatient management.

Future Diagnostics
Thoracic electrical bioimpedance (TEB) is a new noninvasive

technology that can provide information about cardiac output and
contractility and thoracic fluid content.4 This technology was first
developed by the National Aeronautics and Space Administration
in the 1960s.47 The field of impedance cardiography (ICG) is the
study of waveforms derived from TEB. Recently, ICG has been
used in the ED to evaluate potentially unstable patients.

In patients presenting with shortness of breath as a primary
complaint, the ED-IMPACT trial demonstrated that information
obtained through ICG monitoring changed diagnosis and treat-
ments 5.3% and 23.6% of the time, respectively.48 Information
collected from ICG monitoring can help steer goal-directed ther-
apy of ADHF and monitor results of therapeutic interventions or
any changes in clinical condition.49

Future Therapeutics
Arginine Vasopressor Antagonists. Arginine Vasopressin

(AVP) is a powerful vasoconstrictor and promotes water reab-
sorption by the kidneys. Elevated levels of AVP have been report-
ed in chronic HF. Early trials of V1 receptor anatagonists have
demonstrated a favorable hemodynamic response with an
increase in urine output.50

Calcium Sensitizers (Levosimendan). Levosimendan is a
new agent that sensitizes troponin C to calcium. This works inde-
pendently of adrenoreceptor activity and plasma catecholamine
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Table 6. Contraindications to Beta-Blockers

• Unstable hemodynamics, or congested and requiring IV diuresis
• Severe bronchospastic airway disease
• Symptomatic bradycardia
• Advanced heart block
• Acute vascular insufficiency or worsening claudication/rest pain
• Class IV stable HF (therapy should be provided by HF 

specialist)
• Inotropic therapy/cardiogenic shock
• Severe conduction system disease (unless protected by 

pacemaker)



levels. Compared with dobutamine in patients with severe low
output CHF, levosimendan initially demonstrated more signifi-
cant improvements in CO and PCWP and lower 180-day mortali-
ty (26% vs 38%).51 More recently, levosimendan was associated
with similar mortality as related to dobutamine.

Aldosterone Blockers (Eplerenone). Eplerenone, a selective
aldosterone blocker, was evaluated in the eplerenone post-acute
myocardial infarction HF efficacy and survival study (patients
with LV dysfunction).52 Patients who received eplerenone had
reduced mortality, hospitalizations, stroke, arrhythmias, and HF.

Summary
Acute decompensated heart failure is a common presentation

to the ED, and volumes of these patients are growing. The first
step required for effective and accurate therapy is to make an
accurate diagnosis in the ED.

• Traditional diagnostic modalities often are inaccurate. Add
BNP or NT-pro BNP testing to the physical exam findings, CXR,
and ECG, especially when the diagnosis is unclear.

• Treatment should be based on the concept of fluid redistrib-
ution; ADHF patients may be hypervolemic, euvolemic, or hypo-
volemic. ADHF does not equal volume overload.

• NTG should be the first-line agent and do not hesitate to
titrate to effective doses. SL NTG is easy to use and start with,
and IV NTG is a good single agent.

• There is preliminary data that suggests a potential ED role
for the acute administration of ACEIs. In those studies, patients
were treated with captopril 12.5 mg to 25 mg po or sublingual, or
enalaprilat 1.25 IV. Onset of action was 15-30 minutes. Caution
should be used when treating patients with a systolic blood pres-
sure of less than 90 mmHg. While there is anecdotal evidence to
support the use of ACEIs in acute heart failure, there needs to be
more evidence it can be recommended as standard of care.53-56

• Furosemide is to be used after initiating preload and after-
load reduction.

• Morphine—no good indication to continue using it in any
ADHF algorithm. There is no proven benefit and certainly poten-
tial for harm. NTG is a better choice to reduce preload and ben-
zodiazepines are better for anxiolysis.

• Nesiritide may be useful in the inpatient setting such as
telemetry or the observation unit. There remains controversy over
it effect on mortality and renal function. More studies are pending.  

• Routine use of inotropes as HF therapy is not indicated in
either short- or long-term setting. Milrinone is better than dobut-
amine from hemodynamic standpoint. Mortality rates are similar
for all inotropes. The role of levosimendan will be based on
future studies. Inotropes may be appropriate as palliative meas-
ure in patients with end-stage HF and/or hospice care.

• Consider early use of noninvasive positive pressure ventila-
tion. It produces more rapid improvement, may avoid an intuba-
tion, and has been shown to decrease hospital lengths of stay and
hospital costs.45

• Most patients who present to the ED with ADHF will
require admission to telemetry or an observation unit.

• With proper patient selection by risk stratification, patients

admitted to an observation unit are associated with decreased
readmission rates with no proven increase in mortality.

• The greatest negative prognostic factors are renal dysfunc-
tion and low BP.
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Physician CME Questions

21. Early goal-directed therapy for heart failure includes:

A. hemodynamic and respiratory improvement. 

B. prompt relief of symptoms.

C. early initiation of therapy.

D. All of the above.

22. CPAP or BiPAP can be used in some patients with heart failure to

improve oxygenation and decrease the work of breathing. Which of

the following statements is true?

A. BiPAP is more effective than CPAP.

B. Both require the patient to be awake and cooperative.

C. BiPAP is most useful in the intubated patient. 

D. They should be started at the maximum level of the machine and

titrated down based on blood gases.

23. Inotropic medications such as dobutamine, dopamine, milrinone, and

amrinone are used in some patients with heart failure. Which of the

following statements is true?

A. These drugs are considered first-line treatment in all patients

with heart failure.

B. These drugs decrease ventricular ectopy by improving 

contractility.

C. These drugs are associated with increased mortality.

D. Dopamine and dobutamine are preferred medications in this

class because they do not develop tolerance.

24. First-line treatment for acutely decompensated heart failure is:

A. nesiritide.

B. morphine.

C. dobutamine.

D. nitroglycerin.

25. Which of the following statements is true about the use of nesiritide in

heart failure?

A. Nesiritide is a good replacement for diuretic therapy.

B. Nesiritide is useful when given on a repetitive outpatient basis.

C. Nesiritide has been shown not to increase mortality or worsen

renal function.

D. Controversy remains regarding its effect on mortality and renal

function.

26. Morphine sulfate has long been used in acute pulmonary edema.

Recent research suggests:

A. there may be increased mortality and longer hospitalizations

with its use.

B. histamine release by morphine decreases afterload.

C. morphine should be a first-line drug.

D. the initial dose of morphine should be 5-10 mg.

27. Which of the following medications should be avoided in patients

with heart failure?

A. Aspirin

B. NSAIDs

C. ACE inhibitors

D. Beta-blockers

28. The standard medications commonly used for outpatient maintenance

therapy for heart failure would include all of the following except:

A. angiotensin II receptor blockers.

B. beta-blocker.

C. spironolactone.

D. corticosteroids.

29. Which of the following statements is true for the use of ACE

inhibitors?

A. ACEIs increase arterial vascular resistance and improve

hypotension.

B. ACEIs increase mortality. 

C. There is early evidence that ACEIs may benefit patients in the

ED.

D. ACEIs are especially useful in patients with renal insufficiency.

30. Nitroprusside is useful when patients present with extremely high

blood pressure and acute heart failure. A potential adverse effect is:

A. bradycardia.

B. coronary steal.

C. hypokalemia.

D. hypercalcemia.

CME Answer Key
21. D; 22. B; 23. C; 24. D; 25. D; 26. A; 27. B; 28. D; 29. C;

30. B
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CME Objectives

To help physicians:
• quickly recognize or increase index of suspicion for 

specific conditions; 
• understand the epidemiology, etiology, pathophysiology,

and clinical features of the entity discussed;
• apply state-of-the-art diagnostic and therapeutic techniques 

(including the implications of pharmaceutical therapy 
discussed) to patients with the particular medical problems 
discussed; 

• understand the differential diagnosis of the entity 
discussed; 

• understand both likely and rare complications that may 
occur.
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Early Goal-Directed Therapy HF

• Hemodynamic and respiratory improvement
• Prompt relief of symptoms
• Enhance decision-making in the ED with an emphasis on timely 

transition to inpatient care if indicated
• Early initiation of therapy to facilitate hospital discharge
• Avoidance of high resource utilization

Current Treatments for Acutely 
Decompensated Heart Failure

DIURETICS

Reduce fluid volume

VASODILATORS

Decrease preload and afterload

INOTROPES

Increase contractility

NATRIURETIC PEPTIDES

Decrease preload and afterload, reduce fluid volume

Contraindications to Beta-Blockers

• Unstable hemodynamics, or congested and requiring IV diuresis
• Severe bronchospastic airway disease
• Symptomatic bradycardia
• Advanced heart block
• Acute vascular insufficiency or worsening claudication/rest pain
• Class IV stable HF (therapy should be provided by HF 

specialist)
• Inotropic therapy/cardiogenic shock
• Severe conduction system disease (unless protected by 

pacemaker)

Hemodynamic Profile Assessment 
for Patient Selection and Treatment

Congestion at Rest

No Yes

Warm and dry
PCWP normal
CI normal
(compensated)

Warm and wet
PCWP elevated
CI normal

Cold and dry
PCWP low/normal
CI decreased

Cold and wet
PCWP elevated
CI decreased

Yes

Low 
perfu-
sion at
rest

Nitroglycerine,
vasodilators,
nitroprusside,
or natriuretic
peptide 
(nesiritide)

Normal
SVR

No

Elevated
SVR

Inotropic Drugs
Dobutamine
Milrinone
Calcium sensitizers

Signs and Symptoms of
Congestion
• Orthopnea/PND
• JVD
• Ascites
• Edema
• Rales

Possible Evidence of Low Perfusion
• Narrow pulse pressure
• Sleepy/obtunded
• Low serum sodium
• Cool extremities
• Hypertension with ACE inhibitor
• Renal dysfunction (one cause)

Overall Outcomes

OVERALL MORPHINE NO MORPHINE P VALUE
OUTCOMES

Mortality (%) 10.7 1.8 < .0001
Median hospital 5.1 4.1 < .0001

LOS
ICU admit rate 28.9 12.4 < .0001
ICU LOS 2.3 2.0 < .0001

LOS = Length of stay; ICU = Intensive care unit

Complications of Diuretic Therapy for Heart Failure

Diuretic Therapy

Renal reabsorption of Na (and Mg) Hypomagnesemia

Hyponatremia Saluresis and Diuresis

?Plasma volume

? Cardiac output ? Renal blood flow ? PRA

Postural Hypotension ? GFR ? Aldosterone

Kaliuresis

Hypokalemia

Glucose intolerance

? Distal Ca++ 
reabsorption

? Calcium clearance

Hypocalcemia

? Proximal reabsorption

? Uric acid clearance

Hyperuricemia

Pre-renal axotemia

GFR = glomerular filtration rate; PRA = plasma rennin activity

Improving Treatment of ADHF

DISPOSITION TIME (HOURS)

From initial ED 
physician evaluation

Initial ED contact 0
Establish ADHF diagnosis 0 - 2
Initiate IV ADHF therapy 2 - 4
Assess response to initial therapy 4 - 6
Reassess response to therapy 6 - 8
Determine patient disposition 4 - 12
Transfer patient 4 - 24

Braunwald Panel Report

1. Use of nesiritide should be limited to patients presenting to the
hospital with acutely decompensated HF who have dyspnea at
rest.
2. Physicians considering the use of nesiritide should consider: its
efficacy in reducing dyspnea, possible risks of the drug, availability
of alternate therapies to relieve symptoms.
3. Nesiritide should not be used: to replace diuretics to enhance
diuresis, for intermittent outpatient infusion, for scheduled repetitive
use, to improve renal function.
4. The manufacturer (Scios) should inform physicians about
acceptable nesiritide use.
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Decision Tree for HF Patients in the ED

ED HF diagnosis

HF OU Entry Criteria
Must have at least one from each category:

1. BNP > 100pg/mL 3. Examination
2. History a. Jugular venous distention in pulsation

a. Orthopnea b. Positive abdominal jugular reflex
b. Dyspnea on exertion c. S3/S4
c. Paroxysmal nocturnal dyspnea d. Inspiratory rales
d. Shortness of breath e. Peripheral edema
e. Swelling of legs or abdomen 4. Chest radiograph
f. Weight gain a. Cardiomegaly

b. Pulmonary vascular congestion
c. Kerley’s B lines
d. Pulmonary edema
e. Pleural effusion

HF OU Protocol
Monitoring
• Continuous ECG and pulse oximetry
• Strict input and output, 1800 mL fluid restriction, no added salt diet
• Patient weight
Therapy (based on patient status and clinical judgment)
• ACE inhibitor recommended (may initially hold if using nesiritide)
• Topical nitrates
• Furosemide algorithm

Up to double daily 24-h dose, given as single IV bolus (180 mg maximum)
Double previously administered dose and repeat if fail to meet 2-h urine output goal
2-h urine output goals: 500 mL if creatinine < 2.5 mg/dL; 250 mL if creatinine > 2.5 mg/dL

• Nesiritide* 2 mcg/kg IV bolus followed by 0.01 mcg/kg/min
Diagnostic Procedures
• Ejection fraction, measured by electrocardiography, unless systolic HF is known or diastolic
HF was diagnosed within 1 y
• CK-MB and troponin T measured every 6 h for 12 h
Consultations/Education
• HF specialist consult in all, social work, home health care, and dietary, as indicated
• View 15-min HF video and smoking cessation video, as indicated
• Receive personalized discharge instruction packet

HF OU Discharge Criteria
1. Subjective improvement
2. Ambulatory, without persistent orthostasis
3. Resting heart rate < 100 beats/min
4. Systolic blood pressure > 85 mmHg
5. Total urine output > 1L and no new decrease in urine output
below 30 mL/h (or 0.5 mL/kg/h)
6. Room air oxygen saturation > 90% (unless on home oxy-
gen)
7. All CK-MB < 8.8 ng/mL, and troponin T < 0.1 ng/mL
8. No ischemic-type chest pain
9. No new clinically significant arrhythmia
10. Stable electrolyte profile Inpatient hospital admission

Regular unit/telemetry
ICU

Admit to HF OU

Outcome
Outcome

HF OU Exclusion Criteria
1. Unstable vital signs

a. Heart rate > 130 beats/min
b. SBP < 85 mmHg or > 175 mmHg after treatment
c. O2 saturation < 90%

2. Unstable airway
3. Evidence of acute cardiac ischemia

a. Ongoing ischemic chest pain
b. Positive serum marker of ischemia (troponin, CK-MG)
c. ECG with ischemic change (or left bundle-branch block 

not known to be old)
4. Cardiac arrhythmia requiring continuous IV intervention
5. Inadequate systemic perfusion

* Future studies will clarify the exact role for nesiritide.

Key: HF = heart failure; OU = observation unit; S3 = third heart sound; S4 = fourth heart sound; IV = intravenous; 

CK-MB = creatinine kinase, MB fraction; SBP = systolic blood pressure

Reprinted from: Annals of Emergency Medicine, 47, Peacock WF 4th, Young J, Collins S, et al. Heart failure observation

units: Optimizing care. 22-23; 2006, with permission from American College of Emergency Physicians.




