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Abstract

Acute decompensated heart failure (ADHF) is a disease of enormous scope and impact. Despite signif-
icant advances in our understanding of the pathophysiology of the disease, the initial treatment of
ADHF has changed little in the past 40 years. This article, the second in a two-part series, will examine
the emergency department approach to ADHF, including the issues of risk stratification and goal-
directed therapy. It will also review therapeutic interventions, including available medications and the
role of non-invasive ventilation devices for the stabilization and treatment of ADHF.
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Introduction

AS NOTED IN PART I, heart failure (HF) is a disease of
enormous scope and impact. Since most patients
with acute decompensated heart failure (ADHF)
present to the emergency department (ED), emer-
gency physicians are in a unique position to improve
both short- and long-term outcomes. This article will
focus on the initial evaluation and treatment of the
ADHF patient, including issues of risk stratification
and goal-directed therapy, and a review of the med-
ications available to treat the disease.

Initial Evaluation and Risk Stratification

Although heart failure represents a complex in-
terplay between cardiac deficits and compensatory
responses, the common issue across the spectrum of
the disease is a primary deficit in cardiac perfor-
mance. The clinical presentation of this deficit

varies widely, from the patient who is asympto-
matic except during periods of exertion to the pa-
tient who presents in overt shock when cardiac out-
put is no longer able to meet end-organ metabolic
requirements. Since the therapeutic requirements of
these patients are significantly different, the initial
assessment of the ADHF patient should be directed
at determining the degree of cardiac dysfunction.

In 1976, Forrester et al. demonstrated that by
using clinical findings, hemodynamic profiles re-
flective of cardiac function could accurately be
identified in the post-myocardial infarction setting
(1). Recently, this classification was evaluated for
HF patients referred for evaluation in a tertiary
care center (2). The results demonstrate that, based
on clinical evidence of elevated filling pressures
(evaluated by the presence of jugular venous dis-
tention, pulmonary crackles, or peripheral edema),
and the grade of peripheral perfusion (evaluated by
mental status, blood pressure, skin temperature,
peripheral cyanosis, and capillary refill time), HF
patients can be rapidly classified into one of four
groups according to whether congestion is present
(wet or dry) and perfusion is adequate (warm or
cold). This classification scheme is not only help-
ful in directing initial therapy but has also recently
been shown to correlate with six-month mortality
with patients in the wet-cold profile (i.e., cardio-
genic shock), not surprisingly demonstrating an in-
creased risk of death (2).
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Effective use of risk stratification tools to di-
rect therapeutic and disposition decisions for ED
patients is becoming increasingly important (3, 4).
Though studies have attempted to quantify the risk
of mortality and adverse events for patients hospi-
talized for decompensated heart failure (5 – 7),
they are generally limited by their retrospective
nature, small number of subjects, and inability to
identify or evaluate low risk groups for whom ED
discharge might be appropriate. 

Recently, an analysis of data obtained from
65,275 patients in the Acute Decompensated Heart
Failure National Registry (ADHERE) has allowed
for development of a simple risk stratification
scheme based on data that are easily obtained in
the ED setting (8). Using recursive partitioning
techniques, the authors developed a model to pre-
dict in-hospital mortality using the first 33,046 pa-
tients enrolled in the registry. This model was then
tested prospectively, using data from 32,229 sub-
sequent hospitalizations. The results demonstrate
that using initial systolic blood pressure and serum
levels of blood urea nitrogen (BUN) and creati-
nine, patients can be divided into low, intermedi-
ate, and high risk groups based on in-hospital mor-
tality (Table 1). This tool, by enabling clinicians to

classify patients based on short-term mortality
risk, may be helpful in determining aggressiveness
of care. The applicability of the tool to patients
who could be treated and discharged from the ED
is limited, however, by the inclusion of only hos-
pitalized patients in the study.

Several trials have recently evaluated the util-
ity of B-type natriuretic peptide (BNP) levels in
predicting adverse events in patients presenting
with dyspnea (9 – 11). One trial, which analyzed
data from 464 patients diagnosed with ADHF,
showed that patients with BNP < 200 pg/mL have
significantly fewer adverse events at 90 days com-
pared to patients with BNP levels above this level
(9). Although 11% of patients admitted with
ADHF in this study had BNP < 200 pg/mL, this de-
gree of elevation is generally considered indeter-
minate for diagnostic purposes. Similarly, in a
prospective trial that evaluated the predictive value
of BNP levels in 325 patients presenting to the ED
with undifferentiated dyspnea, patients with levels
< 230 pg/mL had a 6-month end point (HF-related
death, hospital admission, or repeat ED visit) of
only 2.5%. On the other hand, BNP levels > 480
pg/mL in this study correlated with a 51% 6-month
event rate (10).

Glossary

ACE = angiotensin-converting enzyme
ADHERE = Acute Decompensated Heart Failure National

Registry
ADHF = acute decompensated heart failure
BiPAP = bilevel positive airway pressure
BNP = B-type natriuretic peptide
BP = blood pressure
BUN = blood urea nitrogen
CCU = coronary care unit
CPAP = continuous positive airway pressure
DVT = deep vein thrombosis
ED = emergency department
ED-1 = endothelin-1
ETI = endotracheal intubation
GMP = guanosine monophosphate

HF = heart failure
K-ATPase = potassium adenosine triphosphatase
LMWH = low-molecular-weight heparin
LOS = length of stay
NIPPV = non-invasive positive pressure ventilation
NTG = nitroglycerin
PCWP = pulmonary capillary wedge pressure
PSV = pressure support ventilation
RAAS = renin-angiotensin-aldosterone system
RCT = random clinical trial
SVR = systemic vascular resistance
VMAC = Vasodilation in the Management of Acute Con-

gestive Heart Failure
VTE = venous thromboembolism

TABLE 1
Risk Stratification for In-Hospital Mortality of Acute Decompensated Heart Failure

Clinical Feature Mortality

Both BUN < 43 mg/dL and systolic BP > 115 mm Hg 2% (low risk)
Either BUN > 43 mg/dL or systolic BP < 115 mm Hg 5 – 6% (intermediate risk)
Both BUN > 43 mg/dL and systolic BP < 115 mm Hg 12 – 22% (high risk)

BUN = blood urea nitrogen; BP = blood pressure.
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Goal-Directed Therapy

The concept of early goal-directed therapy is
familiar to ED physicians. In cases of sepsis, the
practice of goal-directed therapy involves target-
ing specific hemodynamic parameters to optimize
patient outcomes. In a more general sense, the goal
of aggressive reperfusion in acute myocardial in-
farction reflects a similar concept, with dissolution
of the arterial thrombus identified as the initial
therapeutic target. Traditionally, the approach to
ADHF has focused primarily on reduction of
symptoms as the initial goal of therapy. Given the
role of vascular tone on cardiac performance and
the issues of neurohormonal activation discussed
in Part I, the critical question is whether an ap-
proach based purely on reduction of symptoms is
too simplistic to provide optimal short- and long-
term outcomes.

To answer this question it is helpful to clearly
define what parameters might represent legitimate
therapeutic targets in ADHF. In basic terms, HF pa-
tients typically share three physiologic abnormali-
ties: a decline in cardiac performance, an increase
in vascular tone, and varying degrees of volume re-
tention. As pharmacologic interventions can be di-
rected at any of these parameters, a discussion of
the merits of targeting each is provided below.

Targeting Cardiac Performance with 
Inotropic Agents

Historically, the argument for using inotropic
agents in ADHF has been based on the assumption
that HF is a result of progressive volume overload
in the setting of impaired contractility (systolic
dysfunction). Recently, it has been noted that for
up to 50% of patients admitted for decompensated
heart failure, no contractility issue exists (12). In
this group, decompensation develops as a result of
impaired ventricular filling, commonly referred to
as “diastolic dysfunction.” Although differentiat-
ing systolic from diastolic dysfunction is an im-
portant issue for prognosis and management of
chronic disease, in the ED setting the end result of
both processes is typically the same, i.e., elevated
filling pressures which are transmitted backward
to the pulmonary vasculature, resulting in transu-
dation of fluid into the alveoli. Clearly, in patients
presenting with ADHF as a result of diastolic dys-
function, targeting improved contractility as a goal
of initial therapy is unlikely to improve outcomes.
In fact, even among patients with known systolic
dysfunction, the use of inotropic agents is some-
what controversial, since they have been shown to
increase both adverse events and mortality, pre-

sumably as a result of their arrhythmogenic effects
(13). Because of this, the ED use of inotropic
agents in ADHF should generally be limited to the
patient who presents in cardiogenic shock.

Targeting Volume Reduction with Diuretics

As reflected by registry data, volume reduction
via diuresis is the most commonly accepted goal of
initial therapy for the ADHF patient (14). How-
ever, this approach makes sense only if volume
overload is accepted as the primary issue in ADHF.
In reality, with the exception of dialysis-dependent
patients, volume overload in HF is a result of
falling cardiac output, not the primary cause. Al-
though removal of fluid via diuresis will eventu-
ally improve cardiac performance, it is an ineffi-
cient mechanism to do so, particularly in advanced
HF, where issues of renal insufficiency and di-
uretic resistance may complicate the picture (15).
Furthermore, the indirect effects of loop diuretics
may be counterproductive to attempts to return the
patient to a compensated state, for the following
reasons.

Loop diuretics have long been known to cause
an increase in serum norepinephrine, renin and va-
sopressin levels, an effect that can result in reflex
vasoconstriction and a subsequent decrease in car-
diac output (16, 17). Given the prominent role of
neurohormonal activation in the expression and
progression of heart failure as a disease, this effect
is troubling.

From a hemodynamic standpoint, it is common
teaching that the administration of loop diuretics
produces a vasodilatory effect that precedes any
diuresis. In truth, the vasoactive effects of loop di-
uretics are prostaglandin mediated and have been
shown to be blunted in patients receiving aspirin
(18). Since many patients with heart failure have
concomitant ischemic heart disease and will there-
fore be on chronic aspirin therapy, a vasodilatory
response in this group is unlikely to occur.

Furthermore, attempts at diuresis may be ini-
tially ineffective, particularly in advanced HF. As
cardiac output falls and neurohormonal activity in-
creases, renal blood flow declines, leading to de-
creases in the glomerular filtration rate, limiting
both diuretic delivery and efficacy (19). Addition-
ally, chronic diuretic use leads to hypertrophy of the
distal nephron with a subsequent increase in sodium
resorption that manifests clinically as diuretic resis-
tance (20). As a result, patients with advanced dis-
ease often require escalating doses of loop diuretic
to obtain an adequate clinical response (15).

Finally, there is growing evidence that the high
doses of diuretics often required in advanced HF



Vol. 73 No. 2 ACUTE DECOMPENSATED HEART FAILURE—BUCCELLETTI 519

may lead to worsening of renal function in the set-
ting of ADHF (21, 22). In one case control study of
382 patients hospitalized for decompensated heart
failure, high-dose diuretics were independently as-
sociated with the development of worsening renal
function (21). Overall diuresis was not signifi-
cantly different between either study group sug-
gesting that the effect was not related to the devel-
opment of pre-renal azotemia as a result of over-
diuresis. Worsening renal function is clinically sig-
nificant in the treatment of ADHF, since it has been
linked to both prolonged hospital length of stay
(LOS) and increased mortality after discharge
(22).

Filling Pressure Reduction as the Goal of 
Therapy

The vast majority of patients presenting with
ADHF do so with symptoms of dyspnea, the result
of elevated filling pressures transmitted from the
left ventricle to the pulmonary vasculature. As de-
scribed in Part I, filling pressures are a function of
cardiac loading conditions, suggesting that the
most efficient mechanism for lowering filling pres-
sures acutely is to target cardiac loading conditions
via the use of vasodilator agents.

Elevated filling pressures have long been
known to correlate with mortality in heart failure
patients. In a 1994 study of 465 patients hospital-
ized for ADHF, the lowering of filling pressures to
near-normal levels increased the 1-year survival
from 64% to 81% (23). In a more recent prospec-
tive trial of 59 patients admitted for ADHF, similar
results were noted (24). In this group of patients
with advanced HF, aggressive filling pressure re-
duction was attempted with a combination of IV
vasodilator therapy and diuresis. In the 68% of pa-
tients who demonstrated significant reduction in
filling pressures, the cardiac death rate was re-
duced from 47% to 27% and rehospitalization for
cardiac causes decreased from 58% to 8% during
the 19-month follow-up period. Of note, a lack of
adequate response in this study was linked to renal
dysfunction, underscoring the importance of main-
taining adequate renal function in HF patients.

Similarly, targeting filling pressure reduction
with vasodilator therapy in the ED has been shown
to improve short-term outcomes (25). In a 1998
study, Cotter et al. randomized 110 patients pre-
senting with acute pulmonary edema to an initial
treatment approach that emphasized either va-
sodilator therapy (with high-dose IV nitrates and
low-dose diuretics) or aggressive diuresis (with
high-dose diuretics and low-dose IV nitrates). Sig-
nificantly fewer patients in the high-dose IV nitrate

arm required endotracheal intubation (13%) when
compared to those in the high-dose diuretic group
(43%).

The Proaction Trial, a double-blinded, ED ob-
servation-unit-based study, compared standard
therapy to standard therapy plus the IV vasodilator
nesiritide for patients presenting with ADHF (26).
In this study of 237 patients, those who received
nesiritide were significantly less likely to require
hospital admission after ED observation-unit treat-
ment. Furthermore, there was a trend toward re-
duction of 30-day readmission rate among the ne-
siritide group when compared to standard therapy.
This reduction was more pronounced for New
York Heart Association (NYHA) class III and IV
patients (29%), and for those who failed observa-
tion unit therapy and had to be hospitalized (57%),
suggesting that sicker patients received more ben-
efit from the addition of an IV vasodilator.

Finally, data from the ADHERE registry sug-
gest that early initiation of IV vasodilator therapy
results in decreased hospital length of stay (27). In
this retrospective study of over 3,600 patients,
those who received IV vasodilators in the ED
showed a reduction in LOS of nearly 30%, from
9.5 to 6.4 days, compared to patients who received
IV vasodilators after hospitalization. Although
subject to the inherent limitations of retrospective
data, these results support the idea that targeting
filling pressure reduction as the goal of initial ther-
apy with vasodilator therapy may result in more
rapid return to a compensated state.

Treatment of ADHF

Airway Issues / The Role of Noninvasive 
Ventilation

As with every high acuity patient who presents
to the ED, initial treatment in ADHF is directed at
ensuring the adequacy of the patient’s airway,
breathing, and circulation. Many patients with
ADHF present in respiratory distress, and common
indications for endotracheal intubation (ETI)
apply, with the caveat that the respiratory symp-
toms that accompany decompensated heart failure
reflect cardiovascular rather than pulmonary
pathology and are therefore often rapidly re-
versible. This point is important because, in many
cases, aggressive lowering of filling pressures with
vasodilator agents may avert the need for ETI (25).

Patients with moderate-to-severe ADHF inca-
pable of maintaining a peripheral oxygen satura-
tion greater than 90% despite the use of a non-re-
breather mask, may be appropriate for mechanical
support by non-invasive positive pressure ventila-
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tion (NIPPV). NIPPV consists of continuous posi-
tive airway pressure (CPAP), bilevel positive pres-
sure ventilation (BiPAP) or pressure support venti-
lation (PSV). CPAP is typically provided by a de-
vice that generates high flow oxygen with a unidi-
rectional preset valve capable of maintaining a
constant positive pressure throughout the respira-
tory cycle. The associated positive intrathoracic
pressure recruits collapsed alveoli, counteracts
capillary transudation of fluid and reduces the ven-
tricular filling pressure by acting directly on ven-
tricular and atrial walls (28).

BiPAP and PSV require a device capable of
switching between different levels of pressure dur-
ing the respiratory cycle. In the former technique,
the ventilator cycles are based on preset times and
there is no synchronization with patient breath. In
PSV, the ventilator is capable of sensing a patient’s
inspiratory effort (which causes a rapid decline of
pressure and negative flow in the circuit) and deliv-
ers the higher level of pressure to coincide with in-
spiration. By optimizing patient-ventilator synchro-
nization, this system reduces the work of breathing.
Regardless of the technique employed, the aim of
NIPPV is to ventilate and oxygenate patients with-
out ETI, until symptomatic improvement occurs as
a result of pharmacologic therapy (29).

Multiple studies suggest that NIPPV is effec-
tive at improving gas exchange and reducing the
need for ETI in ADHF patients (28, 30 – 33). CPAP
has been shown to be safe and effective for se-
lected patients and is often considered the tech-
nique of choice when NIPPV is considered (28,
30). Data regarding BiPAP remains somewhat con-
troversial, as an early, randomized trial comparing
CPAP to BiPAP demonstrated higher rates of my-
ocardial infarction in the BiPAP group (31). This
finding, perhaps related to the inclusion of more
patients with complaints of chest pain in the
BiPAP group, may reflect inadequate randomiza-
tion rather than risks inherent in the technique it-
self (33).

In a recent ED-based prospective trial that ran-
domized 80 patients presenting with cardiogenic
pulmonary edema to CPAP, BiPAP, or oxygen via
face mask in addition to standard therapy, no car-
diac ischemic complications were noted with ei-
ther NIPPV group (33). Endotracheal intubation
rates were dramatically reduced with both types of
NIPPV (7%) when compared to the oxygen-by-
face-mask group (42%), suggesting that either
CPAP or BiPAP provides a safe, effective means to
avoid ETI during the time interval required for
medication-related improvement. For successful
application of NIPPV, close monitoring, hemody-
namic stability and patient cooperation are re-

quired. Indications and contraindications for
NIPPV are presented in Table 2.

Circulatory Issues / Cardiogenic Shock

Once immediate airway issues are addressed, a
rapid assessment of circulatory function should be
performed, since this will guide initial pharmaco-
logic therapy. As described above, the hemody-
namic profile of the ADHF patient can be deter-
mined at the bedside, based on the presence or ab-
sence of congestion (reflective of filling pressures)
and the adequacy of perfusion (indicative of pump
function) (1). For patients presenting with clinical
evidence of cardiogenic shock, initial therapy
should be directed toward improving end-organ
perfusion via inotropic and vasopressor agents.

Inotropic agents are drugs that improve cardiac
contractility by increasing the amount of intracellu-
lar calcium available to the myocardium (34). As
perfusion pressure is a direct reflection of cardiac
output and systemic vascular resistance, augmenting
contractility provides a potentially effective mecha-
nism for blood pressure support in this setting. Be-
cause the benefit of inotropic agents is predicated on
improving systolic function, indications for ED use
should include patients with known or suspected
systolic dysfunction, clinical evidence of shock, and
signs of pulmonary congestion (wet-cold profile). In
the absence of congestion (dry-cold profile), an ini-
tial small fluid challenge (normal saline: 100 – 250
mL bolus) may be appropriate, since low cardiac
output in this setting may be a reflection of hypov-
olemia secondary to overdiuresis or other volume
loss rather than contractility related.

There is little evidence to guide clinicians re-
garding choice of individual inotropic agents.
Available studies are not easily applied to many
acute patients, since they involved patients in the
post-myocardial-infarction setting, a situation
where inadequate cardiac output may not be a di-
rect result of systolic dysfunction (i.e. papillary
muscle or ventricular wall rupture) (35, 36).
Agents are typically classified according to their
primary mechanism of action, with individual
drugs showing significantly variable inotropic and
peripheral vascular effects.

TABLE 2
Contraindications to Noninvasive Positive Pressure Ventilation

1. Respiratory or cardiac arrest
2. Altered mental status / inability to cooperate
3. Hemodynamic instability
4. Upper airway obstruction
5. Facial deformity that precludes adequate seal
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Catecholamines. The actions of cate-
cholamines depend on their affinity for specific
adrenergic receptors, a phenomenon that is both
medication and dose related. In general, cate-
cholamines provide inotropic effect via activation
of cardiac beta-adrenergic receptors and vasocon-
striction via activation of peripheral vascular
alpha-receptors.

Dopamine is a catecholamine that acts primar-
ily on beta-receptors at low doses (2 – 5 micro-
grams/Kg/min) and on beta- and alpha-receptors at
higher doses (> 10 micrograms/Kg/min). It has a
dose-dependent positive inotropic, chronotropic,
dromotropic and vasoconstrictor effect. The vaso-
constrictor effect results in an increase in systemic
vascular resistance that limits its utility in the set-
ting of severe systolic dysfunction, where in-
creases in afterload result in decreased cardiac out-
put. Furthermore, the chronotropic effects of
dopamine result in tachycardia and consequently
an increase in myocardial oxygen demand, poten-
tially worsening ventricular performance in this
setting. Because of these issues, dopamine is gen-
erally used in combination with other, more potent
inotropic agents for the treatment of cardiogenic
shock (34).

Dobutamine is a synthetic catecholamine with
relatively selective action on cardiac beta1 recep-
tors. It also has a moderate beta2 and a mild alfa2
affinity at high doses. The result is an agent with
primarily inotropic and mild vasodilatory effects.
Although this combination makes it attractive for
the management of refractory systolic heart fail-
ure, its vasodilatory properties make it unsuitable
as a lone agent for the patient in frank shock. For
patients presenting with mild hypotension (systolic
blood pressure between 80 and 90 mm Hg), dobuta-
mine can be initiated as a single agent; and if symp-
tomatic hypotension persists, dopamine can then be
added. Dobutamine is typically started at 2 – 7 mi-
crograms/kg/min and titrated up to 20 micro-
grams/Kg/min based on the hemodynamic response.

Phosphodiesterase inhibitors. Amrinone and
milrinone enhance the entry of calcium into my-
ocardiocytes via phosphodiesterase inhibition.
Though potent inotropic agents, their prominent
vasodilatory effects limit their utility in the hy-
potensive patient. Although interest has developed
regarding the utility of adding milrinone to stan-
dard therapy for the treatment of refractory sys-
tolic HF, a recent trial found that milrinone pro-
vided no benefit compared to placebo and was as-
sociated with higher incidence of symptomatic hy-
potension and new atrial arrhythmias (37).

Calcium sensitizers. Levosimendan belongs
to a promising new class of inotropic agents called

“calcium sensitizers,” which act by increasing sen-
sitivity of troponin-C to intracellular ionized cal-
cium, as well as causing peripheral vasodilation by
opening potassium adenosine triphosphate (K-AT-
Pase) channels in vascular smooth muscle cells.
One randomized prospective study of 203 low-out-
put HF patients suggests that levosimendan is
more effective than dobutamine at improving he-
modynamic parameters, as measured by cardiac
output and pulmonary “capillary” wedge pressure
(PCWP) (38). In this study, lower mortality
through 180 days was also noted in the levosimen-
dan group. Although these results are intriguing,
further study is required and currently levosimen-
dan remains an investigational drug.

Pharmacologic Options for the 
Hemodynamically Stable Patient

For most patients presenting with ADHF, ade-
quate perfusion exists. In this group, as discussed
above, a growing body of evidence suggests that the
goal of therapy should be an early and sustained re-
duction in filling pressures. Vasodilator therapy, by
favorably altering cardiac loading conditions, offers
the most efficient mechanism to achieve this goal.
There are several classes of vasodilators currently
available for the treatment of ADHF. The choice of
agent and route of delivery (oral vs. IV) should be
based on the severity of the presentation and the
likely disposition of the patient.

Vasodilator Drugs

Nitrates. Nitroglycerin (NTG) is the vasodila-
tor most commonly used for the treatment of
ADHF. It acts by increasing intracellular levels of
cyclic guanosine monophosphate (GMP), resulting
in venous and, for higher doses, arterial vasodila-
tion. The advantages of NTG include low cost, pa-
tient comfort and a proven safety profile. Addi-
tionally, in patients requiring a rapid therapeutic
effect or in those in whom IV access is being ob-
tained, sublingual NTG has been shown to provide
a rapid hemodynamic response (39, 40).

Interestingly, the hemodynamic efficacy of
sublingual nitrate preparations may not be noted
with intravenous preparations administered at
usual doses. Data from a study of ADHF in which
one group of patients underwent invasive hemody-
namic monitoring found that significant reduction
of PCWP did not occur until the intravenous NTG
dose was well above 100 micrograms per minute
(41). This was more than twice the mean dose re-
ceived by patients treated without invasive moni-
toring, suggesting that physicians were unlikely to
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achieve adequate dosage unless a PCWP was
available to guide therapy.

Suboptimal dosing aside, there are two pri-
mary obstacles to the effective use of NTG, the
phenomenon of tolerance and its effect on neuro-
hormonal pathways. “Tolerance” refers to the pro-
gressive attenuation of pharmacologic effect that
develops rapidly in high-dose nitrate therapy, lim-
iting efficacy without continuous monitoring and
upward dose titration (42). In the study referenced
in the previous paragraph, investigators found that
maximal wedge pressure reduction with NTG oc-
curred within the first 3 hours of therapy but grad-
ually normalized over the following 21 hours de-
spite intervening diuresis and upward nitrate dose
titration, presumably a reflection of the effect of
tolerance (41).

Though the phenomenon of tolerance is com-
plex and poorly understood, there is evidence that
nitrate-induced neurohormonal activation may
play a significant role (43). Several studies have
demonstrated an increase in plasma concentrations
of catecholamines, renin and endothelin with con-
tinuous nitrate therapy (44 – 46). As the vasocon-
strictive effects of neurohormonal pathways pro-
gressively overshadow the vasodilatory effect of
nitrate therapy, the clinical manifestation of toler-
ance may become apparent. Given the importance
of neurohormonal activation in the development
and progression of heart failure, this potential eti-
ologic mechanism for the phenomenon of toler-
ance raises questions about the suitability of con-
tinuous nitrate therapy in ADHF patients.

As with any vasodilator, nitrates must be
avoided in the presence of hypertrophic cardiomy-
opathies or severe aortic stenosis, since they will
increase the obstructive gradient and reduce cardiac
output. Furthermore, vasodilators must be used
with caution in patients with hypoperfusion or evi-
dence of right ventricular myocardial infarction,
since both of these conditions are pre-load depen-
dent. When patients become acutely hypotensive
during nitrate infusions, these conditions must be
ruled out and the etiology of ADHF re-considered.

Sodium nitroprusside. Nitroprusside is per-
haps the most potent arterial vasodilator available.
Although its short half-life and rapid effect make it
an appealing agent for the treatment of ADHF, its
monitoring requirements limit its applicability to
most ED patients. Furthermore, nitroprusside is
metabolized to thiocyanate—a potential source of
toxicity for infusions lasting more than 24 hours.

ACE Inhibitors. Angiotensin-converting en-
zyme (ACE) inhibitors have been shown in multi-
ple studies to decrease mortality in chronic HF. Al-
though there is less data regarding their use in

ADHF, ACE inhibitors have been shown to be ef-
fective vasodilators in this setting (40, 47, 48). In
one study of 24 ADHF patients randomized to re-
ceive either nitroglycerin or captopril sublingually,
captopril was shown to be as effective at decreas-
ing preload and afterload as nitroglycerin. One
noted benefit of captopril was its longer duration
of action, with return to baseline hemodynamics
not occurring for 2–3 hours after administration of
the medication. Though this duration of action is
an improvement over sublingual NTG, the 8-hour
recommended dosing interval means that captopril
is unlikely to provide the sustained reduction in
filling pressures desired in ADHF.

Regarding their effect on neurohormonal acti-
vation, ACE inhibitors clearly inhibit activation of
the renin-angiotensin-aldosterone system (RAAS)
system, but their effect on adrenergic tone and en-
dothelin activity is less clear (47). Interestingly,
ACE inhibitors have been shown to decrease the
diuretic and natriuretic effect of loop diuretics. In
two prospective studies with a total of 37 HF pa-
tients, the diuretic effect of furosemide was com-
pared after pretreatment with captopril or placebo
(49, 50). In the groups that received captopril, di-
uresis decreased 41 – 43%. Given the small size of
these studies, the clinical relevance of this issue is
not clear. Because ACE inhibitors have been
clearly shown to decrease mortality in chronic
heart failure, they should be started in every pa-
tient within the first 24 hours of admission and in
any case before hospital discharge if no con-
traindications are present (51).

Nesiritide. Nesiritide is a synthetic form of b-
type natriuretic peptide (BNP) that was approved
by the Food and Drug Administration (FDA) for
use in ADHF in 2001. As an analog of the body’s
own counter-regulatory hormone, it embodies many
of the characteristics desired of an ideal agent for
the treatment of ADHF. The beneficial hemody-
namic effects of BNP in ADHF have been demon-
strated in multiple studies, with early work focusing
on the vasodilatory effect of escalating doses of
BNP given either as a bolus or an infusion.

In one early study, nesiritide was found to pro-
vide a dose-related decrease in PCWP, systemic
vascular resistance (SVR), mean pulmonary artery
pressure and mean arterial pressure when given as
a bolus to HF patients (52). At the highest doses,
PCWP and SVR were reduced by 73% and 53%,
respectively. A similar effect was noted in a subse-
quent study in which patients were given a 90-
minute infusion of BNP (53). In this trial of 20 pa-
tients with “severe” HF, the infusion resulted in a
mean decrease of PCWP from 25.1 mm Hg to 13.2
mm Hg. 
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In a 1999 multicenter random clinical trial
(RCT) with 103 heart HF, a 24-hour infusion of ne-
siritide was found to produce significant reductions
in PCWP (27 – 39%) that were dose dependent (54).
Additionally, increases in cardiac index and stroke
volume index were noted, with no concomitant
change in heart rate, suggesting that the improve-
ment in cardiac performance did not come at the ex-
pense of increased myocardial oxygen demand. The
beneficial hemodynamic effects of BNP in this study
were noted within 1 hour of initiating the infusion
and were maintained through the duration of treat-
ment. These results were replicated in a subsequent
RCT of 127 HF patients (55). In this study, nesiritide
use resulted in a 6-hour reduction of PCWP of 6 and
9 mm Hg (dependent on dose) and improvements in
global clinical status in 60 – 67% of patients.

In the Vasodilation in the Management of
Acute Congestive Heart Failure (VMAC) trial, 489
patients with ADHF were randomized to receive
either nesiritide, IV NTG, or placebo (56). The
placebo group was subsequently randomized into
one of the active treatment arms after 3 hours. The
primary end points included change in PCWP
(catheterized group only) and change in dyspnea
symptoms at 3 hours. Significant change in the
PCWP at 3 hours was noted in the nesiritide group
but not the NTG group when compared with
placebo. A recently published subgroup analysis of
patients from the VMAC trial who all underwent
invasive hemodynamic monitoring demonstrated
that patients treated with nesiritide had a mean re-
duction of PCWP of 6.5 mm Hg at 1 hour and 12.2
mm Hg at 24 hours. The available evidence sug-
gests that nesiritide is a potent vasodilator that pro-
vides both early and sustained reduction in filling
pressures in the ADHF patient.

The potential benefits of nesiritide extend be-
yond its efficacy as a vasodilator. Natriuretic pep-
tides have long been known to attenuate neurohor-
monal activity, and not surprisingly, nesiritide has
been shown to decrease sympathetic tone as well
as inhibit production of renin, aldosterone and en-
dothelin (57 – 59). These effects presumably not
only help speed return to a compensated state in
the acute setting but may also slow disease pro-
gression, a process that appears to be largely medi-
ated via neurohormonal pathways.

Additionally, BNP promotes natriuresis and di-
uresis at the level of the kidney while maintaining
glomerular filtration rate and renal blood flow (57,
60). Although clinically this effect appears to be
limited, nesiritide use has been noted to lessen di-
uretic requirements in coronary care unit (CCU)
patients and in patients with renal insufficiency
when compared to NTG (61, 62).

A recent article has raised concerns about the
effect of nesiritide on renal function in decompen-
sated heart failure (63). This meta-analysis of 5
randomized controlled trials found that compared
to controls, patients treated with nesiritide had an
increased risk of developing worsening renal func-
tion, defined as an increase in serum creatinine of
> 0.5 mg/dL (relative risk 1.54; 95% CI
1.20 – 1.99; p=0.001). However, the results of this
study are limited by the authors’ lack of access to
primary data and the inclusion of many patients
who received drug infusion rates well above the
approved dosing range. The latter point is impor-
tant, since symptomatic hypotension, and thus the
potential for renal hypoperfusion, becomes much
more common as the dose of nesiritide increases.
Regardless of the etiology, these results contradict
the commonly held belief that nesiritide provides a
degree of renal protection during treatment of
ADHF. This belief is based on several potentially
beneficial renal actions, including effects on effer-
ent and afferent vascular tone and inhibition of
renin synthesis. In the near future, the effect of ne-
siritide on renal function in ADHF will be more
definitively addressed by a multicenter prospective
trial of approximately 1,900 patients, currently un-
derway in Europe (64).

A more frequently voiced concern about wide-
spread use of nesiritide is its cost. Interestingly,
there is evidence that the use of nesiritide may de-
crease the overall cost of care. This is likely a re-
flection of the fact that the bulk of costs associated
with treatment of any disease are not a function of
the price of medications as much as hospital LOS.
For heart failure patients, medications have been
shown to represent approximately 10% of the total
cost of care (65). Of more importance in overall
cost of care for HF is patient recidivism and fre-
quent hospital readmission. The six-month read-
mission rate for patients with ADHF is approxi-
mately 25%, but it increases to over 45% in high-
risk groups (66). Successful treatment of ADHF
from a financial perspective, therefore, should pre-
sumably focus on decreasing hospital LOS and
readmission rates.

In one study, nesiritide was shown to decrease
health care resource utilization and LOS for pa-
tients admitted to the CCU (63). In this retrospec-
tive, case-controlled evaluation of 216 heart failure
patients admitted to the CCU, patients who re-
ceived nesiritide showed a significant decrease in
CCU LOS and decrease in health care resource
costs, even when the price of the drug was in-
cluded. The PROACTION study demonstrated a
reduction in costs for patients treated with nesiri-
tide compared to standard therapy in an ED obser-
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vation unit (26). Cost reduction was apparently
secondary to a decrease in admission rate, read-
mission rate, and shorter LOS on readmission. Al-
though further study in the form of large prospec-
tive trials is needed, the available evidence sug-
gests that the added expense of using nesiritide for
the treatment of ADHF may be offset by the bene-
fits, specifically by decreases in hospital LOS and
readmission rates.

Many of the potential benefits offered by ne-
siritide for the treatment of ADHF are a result of
both its efficacy as a vasodilator and its ability to
provide neurohormonal blockade, actions that are
intimately related. The impact of these effects on
important outcomes (hospital LOS, readmission
rates, and mortality) has yet to be delineated by
large, randomized, controlled trials.

Diuretics. Clearly, effective management of
ADHF cannot be accomplished without the use of
diuretics. Yet given their known neurohormonal
effects and their potential link to worsening renal
function at high doses, the frequent use of loop di-
uretics as the primary therapeutic agent for ADHF
needs to be questioned. Increasingly, it would ap-
pear that ideal therapy during episodes of decom-
pensation should include diuretics as one part of
an approach that places primary emphasis on the
early and sustained control of filling pressures
with vasodilator therapy. For patients who present
with mild decompensation, particularly in the set-
ting of known dietary indiscretion or medication
noncompliance, an initial trial of diuresis without
the addition of an IV vasodilator may allow for
resolution of symptoms and avoidance of hospital
admission.

When treating ADHF, loop diuretics should be
administered intravenously, as bowel wall edema
can delay absorption (34). Furosemide, the most
commonly used diuretic, should initially be admin-
istered at a dose equal to twice the patient’s usual
dose. If ineffective, repeat dosing at double the ini-
tial amount can be attempted. All loop diuretics
cause potassium and magnesium depletion and at
high doses can lead to ototoxicity. Data from the
SOLVD trial, in fact, suggest a higher mortality for
chronic heart failure patients treated with loop di-
uretics, probably a result of hypokalemic-related
arrhythmias (67). Adequacy of response to therapy
should be based on improvement of symptoms and
urinary output, which generally should exceed 500
mL after two hours.

Diuretic resistance, which often accompanies
advanced HF, necessitates escalating diuretic
doses, a situation that has been linked to worsening
renal function and prolonged hospitalization (21,
22). In this setting, the use of continuous diuretic

infusions has been shown more effective than
bolus therapy in achieving an adequate response
(68). In one prospective case control study of el-
derly, class IV ADHF patients, delivering
furosemide as a constant infusion resulted in a
mean diuresis of 5.0 liters in the first 24 hours of
therapy and 14 liters over the duration of treatment
(69). This group had an average hospital LOS that
was 2.3 days shorter than matched controls, result-
ing in a cost savings of $5,249 per patient as cal-
culated by the authors of the study. Additionally,
renal function in the infusion group remained rela-
tively stable, with an average change in serum cre-
atinine of 0.2 mg/dL during the treatment period.
Although more study is required to determine the
applicability of this approach to all ADHF patients,
it would appear that continuous furosemide infu-
sion offers an efficacious alternative to high-dose
bolus therapy in patients with advanced disease.

Anticoagulant therapy. The importance of
venous thromboembolism (VTE) as a frequent
contributor to morbidity and mortality among pa-
tients hospitalized for medical conditions has been
noted in multiple studies (70–72). Consistently,
admission for ADHF is noted as an independent
risk factor for the development of VTE, particu-
larly among patients with significant left ventricu-
lar dysfunction (73). For patients hospitalized with
high-risk medical conditions (ADHF, chronic ob-
structive pulmonary disease, systemic infections)
the risk of deep vein thrombosis (DVT) has been
reported at approximately 16% (72). A recent re-
view of two RCTs that evaluated the efficacy of
different low-molecular-weight heparin (LMWH)
formulations compared to placebo for prevention
of VTE in 4,783 medical patients found a 50% re-
duction in VTE with a non-significant increase in
major bleeding in the LMWH groups (73). These
and similar results have led expert panels to rec-
ommend consideration of thromboprophylaxis for
all patients admitted for ADHF, particularly those
over the age of 60 (72, 73). Prophylaxis can be
provided with either LMWH (i.e., enoxaparin 40
mg or dalteparin 5000 IU) or unfractionated he-
parin (5000 IU) although a recent meta-analysis of
9 trials comparing LMWH to unfractionated he-
parin found a trend toward greater reduction of
DVT in the LMWH group (74).

Newly Emerging Drugs

A number of investigational drugs are cur-
rently under development for the treatment of
ADHF, several targeting neurohormonal blockade,
specifically endothelin and vasopressin pathways.
Endothelin-1 (ET-1) is a potent vasoconstrictor
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that is increased in ADHF, and tezosentan, an ET
receptor blocker, has recently emerged as a
promising therapeutic agent. Four studies have
been done focusing on the safety and efficacy of
tezosentan. One study, in which 292 ADHF pa-
tients were randomly assigned to tezosentan or
placebo in addition to standard therapy, found that
tezosentan decreased both symptoms and PCWP
more than placebo, with a positive trend in patient
outcomes in the tezosentan group (75). These re-
sults are encouraging but preliminary.

Vasopressin acts through peripheral receptors
mediating both vasoconstriction (V1 receptor) and
water retention in the renal tubules (V2 receptor)
(76). After experimental observations indicated
that vasopressin levels are elevated in ADHF, in-
terest developed in the role of vasopressin receptor
blockade as a mechanism for treatment for the dis-
ease. Tolvaptan, a V2 receptor antagonist, has been
shown in preliminary studies to increase urine out-
put in HF patients, decreasing edema and body
weight during hospitalization while increasing
serum sodium in hyponatremic patients. Although
potentially beneficial, tolvaptin has yet to demon-
strate clinical benefit over standard therapy (76).

Summary

Heart failure is a disease whose incidence and
impact are expected to rise in the coming decades,
mandating development and application of evi-
dence-based treatment strategies. Although ulti-
mately this will require large, ED-based prospec-
tive trials, the evidence currently available under-
scores the importance of filling pressure reduction
as both the initial and long-term goal of heart fail-
ure care. To this end, the use of IV vasodilator
therapy, with attention to issues of neurohormonal
activation, appears to provide the most efficient
mechanism for rapid resolution of symptoms and
slowing of disease progression.
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