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Chronic decompensated heart failure (HF) is costly to manage because of
frequent episodes of acute decompensation that result in hospitalization.
Patients with chronic decompensated HF may have inadequate hemodynamic
responses or limited tolerance of oral HF medications and therefore may require
parenteral administration of vasoactive agents. Intermittent infusions of
inotropic agents are no longer recommended, but preliminary data suggest that
intermittent nesiritide may be a safe and effective adjunct to oral drug therapy
for select patients at risk for further episodes of decompensation. In other
patients, nonpharmacologic approaches used in combination with drug therapy
may help improve functional status and reduce mortality.
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Heart failure (HF) is a major public health problem that affects an esti-
mated 5 million people in the United States, with 550,000 cases newly
diagnosed each year.1 HF is listed as the primary diagnosis in nearly 

1 million hospital discharges and accounts for an estimated 3.8 million out-
patient visits each year.1,2 With the aging of the American population, these
numbers are expected to increase significantly in the coming decades.3
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Because of its chronic nature, HF
adversely impacts quality of life and
substantially increases mortality. At
any given time, 30% to 40% of pa-
tients with HF are classified as New
York Heart Association (NYHA) func-
tional class III or IV, with symptoms
at rest or during mild exertion.4 Pa-
tients with HF are at a 6- to 9-times-
higher risk of sudden cardiac death
than the general population, and
high mortality rates are present in
this population throughout the
course of disease.1 In a retrospective
population-based study, 34% of men
and 32% of women died within 
1 year of their first hospital admis-
sion for HF.5 Similarly, the Framing-
ham Heart Study found that 59% of
men and 45% of women with a di-
agnosis of HF in the 1990s died
within 5 years.6

Each year, more than 40,000 pa-
tients with HF progress to the end
stage of disease.7 These patients have
persisting symptoms while at rest or
with minimal exertion, and are of-

ten unable to perform most activities
of daily living.4 In this setting, med-
ical treatment is often insufficient
for preventing recurrent episodes of
acute decompensation, and as a re-
sult, patients typically require re-
peated or prolonged hospitalizations
for intensive management. Elderly
patients are particularly susceptible
to hospital readmissions.

According to the National Hospi-
tal Discharge Survey, HF is the largest
single cause of hospital admissions
and readmissions in persons older
than 65 years.8 Readmission rates of
29% to 47% at 3 to 6 months have
been reported in elderly patients with
HF.9–11 Moreover, readmission rates
of up to 21% have been reported in

this patient population within 2 to 
4 weeks of discharge.12–14 Although
recent therapeutic advances have re-
duced mortality rates, hospital ad-
missions are still on the increase. In
2001, the number of hospitalizations
for HF was more than 2.5 times
higher than it was in 1979.1

In addition to high morbidity and
mortality, HF is associated with a
substantial economic burden. The
total annual cost of HF is estimated
at $28.8 billion, which includes
$26.7 billion in direct medical costs
and $2.1 billion in indirect costs as-
sociated with lost productivity re-
sulting from premature mortality.1

Hospitalization and other inpatient
care, such as nursing home care, ac-
count for nearly 65% of the direct
medical cost. Of note, about 75% of
the costs associated with hospital-
ization accumulate within the first
48 hours of admission.15 These data
indicate that acute decompensated
HF is the primary driver of costs in
the management of HF.

The Centers for Medicare & Med-
icaid Services provide financial 
incentives to encourage efficient in-
patient treatment of acute decom-
pensated HF and limit early read-
missions.16 Hospitals are reimbursed
based on the diagnosis but receive no
additional payment for patients
readmitted within 30 days under the
same diagnosis-related group code.
Consequently, health care facilities
are under economic pressure to
shorten hospital lengths of stay
while preventing 30-day readmis-
sions. By reducing hospitalization
rates as well as limiting 30-day read-
mission rates, it should be possible
to significantly reduce the economic
cost of treating HF.

Patients with symptomatic HF
who are at high risk for repeated
hospital admissions have recently
been described as having “chronic
decompensated HF.”17 These pa-
tients are suitable targets for novel
therapies that reduce the need for
hospitalization, improve quality of
life, and possibly provide a survival
advantage. This review will de-
scribe strategies to improve the
management of chronic decom-
pensated HF in the outpatient set-
ting in order to prevent hospital
admissions and reduce the overall
costs of treating HF.

Pharmacologic Treatment of
Patients With Chronic
Decompensated HF
Traditional Therapies
Oral diuretics, �-blockers, and an-
giotensin-converting enzyme (ACE)
inhibitors are recommended for 
routine use in patients with mild to
moderate HF.4 Diuretics reduce vol-
ume overload and effectively reduce
symptoms caused by fluid retention,
but there is little evidence that they
improve outcomes in patients with
HF. �-Blockers and ACE inhibitors 
reduce neurohormonal activation,
thereby decreasing the additional tis-
sue damage and remodeling medi-
ated by catecholamines, angiotensin
II, and aldosterone.

Multiple studies with a variety of
different drug classes, including 
�-blockers, ACE inhibitors, and, more
recently, angiotensin II receptor
blockers and aldosterone antagonists,
show that suppressing neurohor-
monal activation reduces mortality
and HF hospitalizations.18–23 In pa-
tients with chronic decompensated
HF, however, these oral agents are 
effective but not always adequate 
to achieve and maintain the hemo-
dynamic responses necessary for
symptom control.4 Neurohormonal
mechanisms become increasingly

HF is the largest single cause of hospital admissions and readmissions in per-
sons older than 65 years.



important for maintaining hemody-
namic stability as HF progresses, and
consequently, blocking neurohor-
mones can lead to hypotension, re-
nal insufficiency, and even worsen-
ing HF in those with chronic
decompensated HF.4 As a result, pa-
tients with decompensated HF may
tolerate only small doses of these
neurohormonal antagonists, if they
tolerate them at all.

Intravenous therapies are often re-
quired to maintain hemodynamic
and clinical stability in patients with
chronic decompensated HF. Inter-
mittent infusions of inotropic agents
have been used to supplement the
effects of oral drugs. Although effec-
tive in improving hemodynamics
and providing symptom relief over
the short term, inotropes also in-
crease heart rate, raise myocardial
oxygen demand, worsen ischemia,
and promote arrhythmias.24–26 In-
otropic agents also may adversely in-
crease neurohormonal and cytokine
levels.27 It is difficult to advocate in-
termittent use of these drugs when
long-term administration has been
shown to increase mortality.28,29

In the only placebo-controlled
trial of intermittent intravenous in-
otropic therapy published to date, 19
patients with chronic decompen-
sated HF were randomly assigned to
receive dobutamine or placebo for a
24-hour period every 2 to 3 weeks for
6 months.30 The study showed that
intermittent intravenous dobuta-
mine had no effect on the need for
hospitalization or on survival. Ac-
cording to current American College
of Cardiology/American Heart Asso-
ciation guidelines, intermittent infu-
sions of inotropic agents are not use-
ful or effective and may even be
harmful in patients with chronic de-
compensated HF.4

Inadequate efficacy, difficult dos-
ing regimens, and frequent adverse
effects have limited the use of older

peripheral vasodilators, such as ni-
troglycerin and nitroprusside, in out-
patient treatment of chronic decom-
pensated HF.

Nesiritide
Nesiritide is a recombinant human
B-type natriuretic peptide that is
identical to the endogenous hor-
mone secreted by the ventricular
myocardium in response to in-

creased wall stress and volume over-
load. Nesiritide produces a combina-
tion of beneficial hemodynamic,
neurohormonal, and renal effects in
patients with HF. Because nesiritide
exerts no direct inotropic action on
the myocardium, the hemodynamic
improvements reflect a balanced va-
sodilation that leads to reductions in
both preload and afterload. Nesiri-
tide also has been shown to reduce
plasma concentrations of neurohor-
mones, including norepinephrine
and aldosterone,31 while increasing
urine volume and urine sodium ex-
cretion.32

Nesiritide is well established in
the management of hospitalized pa-
tients with acute decompensated 
HF. Clinical trials show that nesiri-
tide compares favorably to standard
agents such as nitroglycerin and
dobutamine.33 In the Vasodilation
in the Management of Acute Con-
gestive heart failure (VMAC) trial,
nesiritide was significantly more ef-
fective than nitroglycerin and
placebo in improving pulmonary
capillary wedge pressure (PCWP)
and other hemodynamic parame-
ters in patients with decompen-
sated HF and dyspnea at rest.34

Moreover, nesiritide significantly
improved both dyspnea (P � 0.027)

and global clinical status (P �

0.013) at 24 hours compared with
nitroglycerin.35 Outcomes at 30
days and 6 months did not differ
between nesiritide and nitroglyc-
erin.34 The Prospective Randomized
Evaluation of Cardiac Ectopy with
Dobutamine or Nesiritide Therapy
(PRECEDENT) trial showed that 
nesiritide and dobutamine were
similarly effective in improving the

signs and symptoms of congestive
HF in patients with acute decom-
pensation, but unlike dobutamine,
nesiritide did not increase ventric-
ular ectopy.26

Renal insufficiency is a frequent
comorbid condition in patients with
chronic HF.5 In the VMAC trial, ne-
siritide-induced reductions in PCWP
were similar both in patients who
had HF with renal insufficiency
(serum creatinine level � 2 mg/dL)
and those with normal renal func-
tion (serum creatinine level � 2
mg/dL).36 By 24 hours, 83% of pa-
tients with renal insufficiency re-
ported improvements in dyspnea.
Overall, nesiritide was well tolerated
by both groups of patients, and re-
nal function was preserved. These
findings indicate that nesiritide is a
safe and effective option for patients
with HF and comorbid renal disease.

Nesiritide possesses several prop-
erties and characteristics that make
it an appropriate agent to use in 
the outpatient setting. Nesiritide
does not have inotropic or chrono-
tropic effects, nor is it proarrhyth-
mic.26,33,37,38 The most common ad-
verse event seen with nesiritide in
clinical trials was dose-related hy-
potension. At the clinically recom-
mended dose of 0.01 �g/kg/min, the
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incidence of hypotension with ne-
siritide was 11%, which is not sig-
nificantly different from the rates
observed in all control patients
(10%) or those treated with nitro-

glycerin (12%).39 The hypotension
was usually asymptomatic or mild
and typically responded to tempo-
rary discontinuation of the nesiritide
infusion, with treatment reinitiated
at a lower dose after resolution of the
hypotension. Some symptomatic pa-
tients required intervention with a
small-volume crystalloid infusion.39

Recent data support the safety and
feasibility of nesiritide for the treat-
ment of chronic decompensated HF
in the outpatient setting. The Fol-
low-Up Serial Infusions of Nesiritide
(FUSION)-I study was a multicenter,
randomized, open-label, 12-week
evaluation of 210 patients with de-
compensated HF who had had class
III/IV disease for at least 60 days and
had received 2 or more intravenous
treatments for acute decompensated
HF within the preceding 12-month
period, at least 1 of which was within
5 to 30 days of enrollment.40 All pa-
tients were receiving optimal oral
medications for HF.

Patients were randomly assigned
to receive either usual care or usual
care plus intermittent nesiritide in-
fusions on an outpatient basis. Ne-
siritide was infused as a bolus dose
of 1 or 2 �g/kg, followed by a steady
dose of 0.005 or 0.01 �g/kg/min, re-
spectively, for 4 to 6 hours. The 
infusions were administered twice
weekly to biweekly, depending on
hydration status and HF symptoms.
Patients receiving usual care alone
were allowed to receive inotropic
agents if the investigator deemed

these agents necessary to alleviate
symptoms.

A total of 1645 nesiritide infu-
sions were administered; only 11 in-
fusions (�1%) were discontinued

because of an adverse event, most
commonly asymptomatic hypoten-
sion (n � 4) and symptomatic hy-
potension (n � 2) (Table 1).40 Over-
all, the treatment groups had a
similar frequency of adverse events
during the 12-week study, and each
group reported improvements in
quality of life at weeks 4, 8, and 12
as measured by the Minnesota Liv-
ing With Heart Failure question-
naire. Clinical outcomes did not 
differ significantly between the ne-
siritide and usual-care groups. How-
ever, in a prospectively defined,
higher-risk subgroup (ie, patients
with at least 4 of 7 prognostic fac-
tors for hospitalization and death),
nesiritide significantly reduced the
incidence of all-cause death and

hospitalization (52% vs 78%; P �

.038) and provided significantly
more days alive and out of the hos-
pital (77 vs 67 days; P � .027). Ne-
siritide also produced acute reduc-
tions in both aldosterone and
endothelin levels.40

Based on the strong findings in
the FUSION-I trial, another larger
trial,40 FUSION-II, has been devel-
oped and enrollment is now under
way. FUSION-II is a randomized dou-
ble-blind study involving 900 pa-
tients with HF at high risk for re-
hospitalization. Based on FUSION-I,
high-risk patients with HF in the out-
patient clinical setting will be ran-
domized to 1 of 4 treatment arms
and will receive serial administration
of either placebo or nesiritide infu-
sions (0.01 �g/kg/min) once or twice
weekly for 12 weeks, followed by a
12-week follow-up. In addition to
monitoring efficacy and safety, 
FUSION-II will control for increased
counseling and education that is typ-
ical of disease management clinics.

Finally, the safety and efficacy of
nesiritide in the outpatient treat-
ment of chronic decompensated 
HF has been evaluated in several

Table 1
Nesiritide Infusion Tolerability: Results From the First Follow-Up Serial

Infusions of Nesiritide (FUSION)-I Trial

All Patients
Receiving

0.005 0.01 Nesiritide
(n � 72) (n � 69) (N � 141)

Total number of infusions 819 826 1645
Infusions completed, n (%) 814 (99) 814 (99) 1628 (99)
Infusions stopped because of 4 (� 1) 7 (� 1) 11 (� 1)

adverse event, n (%)
Infusions stopped for administrative 1 (� 1) 5 (� 1) 6 (� 1)

reasons, n (%)
Patients with infusion stopped because 4 (6) 5 (7) 9 (6)

of adverse event, n (%)

Adapted with permission from Yancy et al.40

Nesiritide Dose
(�g/kg/min)

Nesiritide was significantly more effective than nitroglycerin and placebo in
improving pulmonary capillary wedge pressure and other hemodynamic pa-
rameters in patients with decompensated HF and dyspnea at rest.
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smaller, single-center studies (Table
2).41–46 Data from FUSION-I and
those of several smaller studies sup-
port the treatment of symptomatic
patients with decompensated HF
with nesiritide in an outpatient set-
ting. Further investigation, includ-
ing definitive trials of nesiritide in
patients with chronic decompen-
sated HF, is necessary.

Investigational Agents
Tezosentan. Tezosentan is a dual-

endothelin (A/B) receptor antagonist
that reduces PCWP and improves
cardiac index in patients with acute
decompensated HF.47 When infused
at doses of 50 or 100 mg/h, tezosen-
tan improved hemodynamic param-
eters but not clinical outcomes. In a
recent study of patients with HF 

hospitalized with dyspnea at rest,
tezosentan given in doses of 5 or 
25 mg/h produced dose-dependent
hemodynamic improvement, with
effects peaking at 3 hours.48 How-
ever, urine output declined at the
higher dose, and endothelin levels
increased at both doses. At a dose of
1 mg/h, the improvement in hemo-
dynamics occurred gradually and

Table 2
Clinical Experience With Nesiritide in Outpatient Treatment of Heart Failure

Reference Design Patients Nesiritide Dose Findings

Altschul RCA 65 patients with NYHA 2-�g/kg bolus followed by Nesiritide reduced hospital days by 
et al41,42 class III/IV HF receiving 0.01-�g/kg/min infusion for 94% when compared with the

maximum standard care 4 h 1–3 times/wk for a mean 1-year period before treatment; 
with poor quality of life of 33 wk (range, 4 to 77 wk) NYHA functional class improved 

in 89% of patients, and oral diuretic 
use declined in 45% of patients.

Beck et al43 RCA 28 HF patients receiving 2-�g/kg bolus followed by Symptomatic hypotension occurred 
optimal oral therapy 0.01-�g/kg/min infusion during 10 (2.2%) of 449 treatments; 

for 4–6 h 1–2 times/wk; mean 9 episodes resolved with discon-
of 16 treatments per patient tinuation of nesiritide, and 1 

episode required fluid infusion; 
there were no recurrences with 
subsequent nesiritide therapy.

Bhaskaran OL 14 patients with NYHA class 2-�g/kg bolus followed by 0.01- Nesiritide significantly improved 
et al44 III/IV HF with persisting to 0.03-�g/kg/min infusion for hemodynamics, LVEF, and NYHA 

volume overload despite 6 h once weekly for 12 wk functional class. Nesiritide 
maximum standard significantly reduced arrhythmias, 
therapy use of diuretics, and use of IV

inotropic agents and significantly 
improved parameters of renal 
function.

Squires & OL 30 patients with NYHA class 2-�g/kg bolus followed by Nesiritide significantly improved 
Vora45 IIIb/IV HF receiving 0.01-�g/kg/min infusion for quality of life associated with 

outpatient inotropic 4 h twice weekly for 3 mo physical functioning; no signif-
therapy* icant differences in hemodynamics 

were observed on switching from 
inotropic therapy to nesiritide.

Mulki CC 16 patients with HF with 2-�g/kg bolus followed by 0.01- No recurrent admissions were ob-
et al46 previous HF admissions, �g/kg/min infusion for 4 h for served during the follow-up period. 

persisting volume overload, a mean of 30 wk (range, 3 to Nesiritide significantly improved 
receiving maximal medical 58 wk) diuresis, improved functional 
therapy class and hemodynamics, 

with favorable safety profile. 

RCA, retrospective chart analysis; HF, heart failure; NYHA, New York Heart Association; LVEF, left ventricular ejection fraction; OL, open-label; CC,
case-controlled study.
*Patients either continued existing inotropic therapy with milrinone and/or dobutamine (n � 16) or were switched to nesiritide (n � 14).



reached statistical significance at 24
hours, continuing after the infusion
was stopped. A trend toward im-
provement in subjective dyspnea
scores and worsening HF events was
observed mainly in patients treated
with the 1-mg/h dose. Until this
agent is evaluated further, the use of
tezosentan in the outpatient setting
would be extremely premature.

Levosimendan. Levosimendan is
a calcium sensitizer that increases
the sensitivity of cardiac myofila-
ments to calcium.49,50 This agent
also inhibits phosphodiesterase type
III and has potassium-channel ago-
nist properties. In the Levosimendan
Infusion versus Dobutamine (LIDO)
trial, levosimendan was compared
with dobutamine in 203 hospitalized
patients with low-output HF.51 Lev-
osimendan was administered at a
loading dose of 24 �g/kg over 10 min-
utes and then infused continuously
at a dose of 0.1 �g/kg/min for 24
hours; dobutamine was infused con-
tinuously at a dose of 5 �g/kg/min,
without a loading dose. Infusion rates
were doubled after 2 hours in patients
with inadequate responses.

Levosimendan produced hemo-
dynamic improvement (defined as a
� 30% increase in cardiac output
and � 25% decrease in PCWP at 24
hours) in significantly more patients
than did dobutamine (28% vs 15%;
P � .05). This advantage was ac-
companied by a reduction in all-
cause mortality at 180 days in the
levosimendan group as compared
with the dobutamine group (mor-
tality rate, 26% vs 38%; P � .05).51

However, in other clinical studies of
levosimendan for the treatment of
acute decompensated HF, improve-
ments in dyspnea and fatigue have
not been consistently seen.49 After a
24-hour infusion, active metabolites
of levosimendan substantially in-
crease heart rate, although this agent
is generally well tolerated. Cardiac

rate/rhythm disorders and head-
ache are the most frequent adverse
events.49 Limited data preclude the
use of levosimendan in the outpa-
tient setting.

Nonpharmacologic Treatment
of Patients With Chronic
Decompensated HF
Mechanical Devices
Left ventricular assist devices (LVADs)
can improve survival and increase
quality of life in patients who are in-
eligible for cardiac transplantation.
In the Randomized Evaluation of
Mechanical Assistance for the Treat-
ment of Congestive Heart Failure
(REMATCH) study, 129 patients with
end-stage HF who were ineligible for
transplantation were randomly as-
signed to receive an LVAD or opti-
mal medical management.52 The use
of an LVAD significantly reduced all-
cause mortality by 48% and im-
proved quality of life at 1 year, but
the frequency of serious adverse
events was increased by 2.35 times
(95% confidence interval [CI],
1.86–2.95) compared with optimal
medical care alone. Infection, bleed-
ing, and device malfunction were
the most common serious adverse
events.

Cardiac resynchronization through
simultaneous pacing of the right
and left ventricles may be useful in
patients with ventricular dyssyn-
chrony.53,54 Clinical studies demon-
strate that cardiac resynchronization
improves functional status, exercise
capacity, and quality of life and may
also improve cardiac structure and
function and lower neurohormonal
levels.53–55 In a meta-analysis of 4
randomized trials involving 1634 pa-
tients, cardiac resynchronization sig-
nificantly reduced death from pro-
gressive HF by 51% (odds ratio [OR],
0.49; 95% CI, 0.25–0.93) and hospi-
talizations for HF by 29% (OR, 0.71;

95% CI, 0.53–0.96) relative to con-
trols.56

When preliminary data from a
fifth large, randomized, controlled
study were included in the meta-
analysis, cardiac resynchronization
was found to also significantly re-
duce all-cause mortality by 26% (OR,
0.74; 95% CI, 0.56–0.97).57 The re-
cently completed Comparison of
Medical Therapy, Pacing, and Defib-
rillation in Heart Failure (COMPAN-
ION) trial found that cardiac resyn-
chronization with a pacemaker
decreases the combined risk of death
from any cause or first hospitaliza-
tion and, when combined with an
implantable defibrillator, signifi-
cantly reduces mortality.58 However,
analysis of these trials suggests that
cardiac resynchronization therapy
does not improve functional capac-
ity or well-being in a large percent-
age of patients.53 Moreover, the mag-
nitude of the observed benefits in
these trials appears to differ, sug-
gesting a large degree of heterogene-
ity of trial results.

Surgery
Cardiac transplantation to date has
been considered one of the best op-
tions for patients with end-stage HF
that is unresponsive to medical man-
agement, but its use is limited by or-
gan availability and the advanced
age and comorbidities of many pa-
tients with HF.59,60 At present, car-
diac transplantation is available to
no more that 2500 patients annually
in the United States. A variety of
other surgical procedures exist for
the treatment of advanced HF, de-
pending on disease etiology and 
anatomic dysfunction. These proce-
dures include coronary revascular-
ization, mitral valve repair or re-
placement, cardiomyoplasty, and
left ventricular volume reduction.61

The National Institutes of Health
is currently sponsoring the Surgical
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Treatments for Ischemic Heart Fail-
ure (STICH) trial, which will com-
pare several surgical procedures with
medical therapy for HF manage-

ment.62 Better understanding of the
role and timing of surgical proce-
dures and of patient selection should
change the face of management op-
tions for advanced HF.

The HF Clinic
Most HF care is delivered in an out-
patient setting, but a gap exists be-
tween the services that can be of-
fered in most physicians’ offices
and those provided routinely dur-
ing a hospital stay. The concept of
the HF clinic has been created in an
effort to address this gap as well the

escalating costs of repeated hospi-
talizations, many of which occur
within a capitated reimbursement
structure.63 Typically, the HF clinic

provides a multidisciplinary pro-
gram with primary involvement of
a nurse, cardiologist, and ancillary
staff.

The structure of the clinic varies
depending on the needs and re-
sources available to each institution
or practice, but in general, it offers a
variety of services that may include
patient and physician education,
drug titration protocols, outpatient
administration of intravenous agents,
nurse telemanagement, telephone
triage, critical pathway and guideline
development, rehabilitation and ex-

ercise training, heart transplant eval-
uation, and participation in clinical
research. The benefits of this model
have been established in case-control
and randomized trials, which show
that patients treated in HF clinics
have improved symptoms, better
quality of life, greater exercise toler-
ance, and fewer hospitalizations.64

Moreover, a reduction in the cost of
managing HF has been attributed to
the HF clinic.

Conclusions
Chronic decompensated HF affects a
significant number of persons and is
costly to manage, principally be-
cause of frequent episodes of acute
decompensation. Because they have
inadequate hemodynamic responses
to oral HF medications or may have
limited tolerance of them, patients
with chronic decompensated HF
may require parenteral administra-

Patients treated in HF clinics have improved symptoms, better quality of life,
greater exercise tolerance, and fewer hospitalizations.

Main Points
• Patients with chronic decompensated heart failure (HF) are in need of therapies that reduce the need for hospital-

ization and the associated costs, improve quality of life, and possibly provide a survival advantage. In this popu-
lation, oral agents, such as �-blockers, ACE inhibitors, angiotensin II receptor blockers, and aldosterone antago-
nists, are effective but not always adequate for symptom control, and intravenous inotropic agents may even be
harmful.

• Nesiritide, a recombinant human B-type natriuretic peptide, has been shown to improve pulmonary capillary wedge
pressure and dyspnea, and to be safe for use in patients with chronic HF and comorbid renal disease. Its most com-
mon adverse event is dose-related hypotension.

• Data from the Follow-Up Serial Infusions of Nesiritide (FUSION)-I study support the safety and feasibility of nesir-
itide for the treatment of chronic decompensated HF in the outpatient setting: nesiritide infusions added to usual
care significantly reduced the incidence of all-cause death and hospitalization in a high-risk subgroup. FUSION-II,
currently under way, will further explore the efficacy and safety of nesiritide in comparison with placebo in high-
risk patients.

• Tezosentan, a dual-endothelin (A/B) receptor antagonist, and levosimendan, a calcium sensitizer, have both been
shown to produce hemodynamic improvement in patients with HF; however, more data are needed before they
can be recommended for use in the outpatient setting.

• Studies demonstrate that cardiac resynchronization with mechanical devices improves functional status, exercise
capacity, and quality of life and may also improve cardiac structure and function and lower neurohormonal lev-
els, although findings among studies have differed significantly, with outcomes regarding functional capacity and
well-being not as encouraging.

• A multidisciplinary treatment program offered through an HF clinic has been shown to be a beneficial and cost-
effective way to bridge the gap to outpatient management of HF.



tion of vasoactive agents. Intermit-
tent infusions of inotropic drugs
may improve short-term hemody-
namics, but these agents are no
longer recommended because of an
increased risk of adverse events and
mortality.

Preliminary data suggest that in-
termittent nesiritide infusions may
be a safe and effective adjunct to oral
pharmacotherapy. The hemody-
namic benefits with nesiritide are
similar to those obtained with inter-
mittent administration of inotropic
agents and result in improved qual-
ity of life. Nesiritide is generally well
tolerated, although symptomatic hy-
potension, which tends to be transi-
tory and easily managed, may occur
occasionally. In select patients, a
combination of pharmacologic and
nonpharmacologic therapies can re-
duce mortality and improve func-
tional status. As data are generated
in the Acute Decompensated Heart
Failure National Registry (ADHERE)
database, further advances and re-
finements in the management of
chronic decompensated HF may be-
come apparent.

References
1. American Heart Association, American

Stroke Association. Heart Disease and Stroke
Statistics—2004 Update. American Heart
Association. Available at: http://www.
americanheart.org/downloadable/heart/10
72969766940HSStats2004Update.pdf. Ac-
cessed October 31, 2004.

2. Schappert SM. Ambulatory care visits to
physician offices, hospital outpatient de-
partments, and emergency departments:
United States, 1997. Vital Health Stat 13.
1999;143:i–iv, 1–39.

3. Ansari M, Massie BM. Heart failure: how big
is the problem? Who are the patients?
What does the future hold? Am Heart J.
2003;146:1–4.

4. Hunt SA, Baker DW, Chin MH, et al.
ACC/AHA guidelines for the evaluation
and management of chronic heart failure
in the adult: executive summary. A report
of the American College of Cardiology/
American Heart Association Task Force on
Practice Guidelines (Committee to revise
the 1995 Guidelines for the Evaluation and
Management of Heart Failure). J Am Coll
Cardiol. 2001;38:2101–2113.

5. Jong P, Vowinckel E, Liu PP, et al. Progno-
sis and determinants of survival in patients
newly hospitalized for heart failure: a pop-
ulation-based study. Arch Intern Med.
2002;162:1689–1694.

6. Levy D, Kenchaiah S, Larson MG, et al.
Long-term trends in the incidence of and
survival with heart failure. N Engl J Med.
2002;347:1397–1402.

7. Costanzo MR, Augustine S, Bourge R, et al.
Selection and treatment of candidates for
heart transplantation: a statement for
health professionals from the Committee
on Heart Failure and Cardiac Transplanta-
tion of the Council on Clinical Cardiology,
American Heart Association. Circulation.
1995;92:3593–3612.

8. Kozak LJ, Lawrence L. National hospital
discharge survey: annual summary, 1997.
Vital Health Stat 13. 1999:i–iv, 1–46.

9. Rich MW, Beckham V, Wittenberg C, et al.
A multidisciplinary intervention to prevent
the readmission of elderly patients with
congestive heart failure. N Engl J Med. 1995;
333:1190–1195.

10. Vinson JM, Rich MW, Sperry JC, et al. Early
readmission of elderly patients with con-
gestive heart failure. J Am Geriatr Soc.
1990;38:1290–1295.

11. Gooding J, Jette AM. Hospital readmissions
among the elderly. J Am Geriatr Soc. 1985;
33:595–601.

12. Ashton CM, Kuykendall DH, Johnson ML,
et al. The association between the quality
of inpatient care and early readmission.
Ann Intern Med. 1995;122:415–421.

13. Aghababian RV. Acutely decompensated
heart failure: opportunities to improve care
and outcomes in the emergency depart-
ment. Rev Cardiovasc Med. 2002;3(suppl 4):
S3–S9.

14. Thomas JW, Holloway JJ. Investigating
early readmission as an indicator for qual-
ity of care studies. Med Care. 1991;29:377–
394.

15. O’Connell JB. The economic burden of
heart failure. Clin Cardiol. 2000;23(3 suppl):
III6–III10.

16. Peacock WF. Acute emergency department
management of heart failure. Heart Fail Rev.
2003;8:335–338.

17. Yancy CW, Burnett JC Jr, Fonarow GC, Sil-
ver MA. Decompensated heart failure: Is
there a role for the outpatient use of ne-
siritide? Congest Heart Fail. 2004;230–236.

18. SOLVD Investigators. Effect of enalapril on
survival in patients with reduced left ven-
tricular ejection fractions and congestive
heart failure. N Engl J Med. 1991;325:293–
302.

19. CONSENSUS Trial Study Group. Effects of
enalapril on mortality in severe congestive
heart failure. Results of the Cooperative
North Scandinavian Enalapril Survival
Study (CONSENSUS). N Engl J Med. 1987;
316:1429–1435.

20. Maggioni AP, Anand I, Gottlieb SO, et al, on
behalf of the Val-HeFT Investigators. Effects
of valsartan on morbidity and mortality in
patients with heart failure not receiving an-
giotensin-converting enzyme inhibitors. J
Am Coll Cardiol. 2002;40:1414–1421.

21. Packer M, Bristow MR, Cohn JN, et al. The
effect of carvedilol on morbidity and mor-
tality in patients with chronic heart failure.
N Engl J Med. 1996;334:1349–1355.

22. Pitt B, Zannad F, Remme WJ, et al, for the
Randomized Aldactone Evaluation Study
Investigators. The effect of spironolactone
on morbidity and mortality in patients
with severe heart failure. N Engl J Med.
1999;341:709–717.

23. Pitt B, Remme W, Zannad F, et al, for the
Eplerenone Post–Acute Myocardial Infarc-
tion Heart Failure Efficacy and Survival
Study Investigators. Eplerenone, a selective
aldosterone blocker, in patients with left
ventricular dysfunction after myocardial
infarction [Erratum appears in N Engl J Med.
2003;348:2271]. N Engl J Med. 2003;348:
1309–1321.

24. DiDomenico RJ, Park HY, Southworth MR,
et al. Guidelines for acute decompensated
heart failure treatment [Erratum appears in
Ann Pharmacother. 2004;38:1092]. Ann
Pharmacother. 2004;38:649–660.

25. Tisdale JE, Patel R, Webb CR, et al. Elec-
trophysiologic and proarrhythmic effects
of intravenous inotropic agents. Prog Car-
diovasc Dis. 1995;38:167–180.

26. Burger AJ, Horton DP, LeJemtel T, et al. Ef-
fect of nesiritide (B-type natriuretic pep-
tide) and dobutamine on ventricular ar-
rhythmias in the treatment of patients with
acutely decompensated congestive heart
failure: the PRECEDENT Study. Am Heart J.
2002;144:1102–1108.

27. Aronson D, Horton DP, Burger AJ. The ef-
fect of dobutamine on neurohormonal and
cytokine profiles in patients with decom-
pensated congestive heart failure [Abstract
095]. J Card Fail. 2001;7(3 suppl 2):28.

28. Ewy GA. Inotropic infusions for chronic
congestive heart failure: medical miracles
or misguided medicinals? J Am Coll Cardiol.
1999;33:572–575.

29. Packer M, Carver JR, Rodeheffer RJ, et al.
Effect of oral milrinone on mortality in se-
vere chronic heart failure. N Engl J Med.
1991;325:1468–1475.

30. Elis A, Bental T, Kimchi O, et al. Intermit-
tent dobutamine treatment in patients with
chronic refractory congestive heart failure:
a randomized, double-blind, placebo-con-
trolled study. Clin Pharmacol Ther. 1998;
63:682–685.

31. Abraham WT, Lowes BD, Ferguson DA, et
al. Systemic hemodynamic, neurohor-
monal, and renal effects of a steady-state
infusion of human brain natriuretic pep-
tide in patients with hemodynamically de-
compensated heart failure. J Card Fail.
1998;4:37–44.

32. Marcus LS, Hart D, Packer M, et al. Hemo-
dynamic and renal excretory effects of hu-
man brain natriuretic peptide infusion in
patients with congestive heart failure. A
double-blind, placebo-controlled, random-
ized crossover trial. Circulation. 1996;94:
3184–3189.

33. Colucci WS. Nesiritide for the treatment of
decompensated heart failure. J Card Fail.
2001;7:92–100.

34. Publication Committee for the VMAC In-

Decompensated Heart Failure in the Outpatient Setting

VOL. 5 SUPPL. 4 2004 REVIEWS IN CARDIOVASCULAR MEDICINE S35

�



Decompensated Heart Failure in the Outpatient Setting continued

S36 VOL. 5 SUPPL. 4 2004 REVIEWS IN CARDIOVASCULAR MEDICINE

vestigators. Intravenous nesiritide vs nitro-
glycerin for treatment of decompensated
congestive heart failure: a randomized con-
trolled trial. JAMA. 2002;287:1531–1540.

35. Young JB. Sustained symptom improve-
ment with nesiritide (B-type natriuretic
peptide) compared to IV nitroglycerin in
patients with acute decompensated heart
failure [Abstract 2484]. Circulation. 2001;
104(suppl):II–525.

36. Butler J, Emerman C, Peacock WF, et al, on
behalf of the VMAC Study Investigators.
The efficacy and safety of B-type natriuretic
peptide (nesiritide) in patients with renal
insufficiency and acutely decompensated
congestive heart failure. Nephrol Dial Trans-
plant. 2004;19:391–399.

37. Burger AJ, Elkayam U, Neibaur MT, et al.
Comparison of the occurrence of ventricu-
lar arrhythmias in patients with acutely 
decompensated congestive heart failure re-
ceiving dobutamine versus nesiritide ther-
apy. Am J Cardiol. 2001;88:35–39.

38. Roden RL, Asano K, Wichman S, et al. In-
otropic effect of human B-type natriuretic
peptide in the failing human heart [Ab-
stract 008]. J Card Fail. 1998;4(3 suppl):19.

39. Emerman CL. Safety and efficacy of nesir-
itide for the treatment of decompensated
heart failure. Rev Cardiovasc Med. 2002;3
(suppl 4):S28–S34.

40. Yancy CW, Saltzberg MT, Berkowitz RL, et
al. Safety and feasibility of using serial in-
fusions of nesiritide for heart failure in an
outpatient setting (from the FUSION I
Trial). Am J Cardiol. 2004;94:595–601.

41. Altschul L, Masciello M, Massaro G. Inter-
mittent outpatient use of nesiritide reduces
hospitalizations in patients with advanced
congestive heart failure [Abstract 411]. J
Card Fail. 2003;9(suppl):S109.

42. Altschul L, Masciello M, Massaro G. Sus-
tained benefits in patients treated with in-
termittent infusions of nesiritide in an out-
patient setting [Abstract 412]. J Card Fail.
2003;9(suppl):S110.

43. Beck W, Bruton O, Christensen K, et al. Is
outpatient nesiritide safe for hypotensive
heart failure patients? [Abstract 365]. J Card
Fail. 2003;9(suppl):S98.

44. Bhaskaran A, Siegel RM, Barker B, et al.
Safety and efficacy of nesiritide use in an
out-patient heart failure program: initial re-
sults [Abstract 367]. J Card Fail. 2003;9(5
suppl):S98.

45. Squiers JP, Vora KN. Results from a pilot
study to determine the feasibility in tran-
sitioning outpatient CHF patients from in-
termittent intravenous inotrope therapy 
to nesiritide [Abstract 334]. J Card Fail.
2003;9(suppl):S90.

46. Mulki GM, Pisano C, Gallagher C, et al.
Safety and efficacy of intermittent, short-
term, outpatient nesiritide infusion for the
treatment of decompensated heart failure
[Abstract 246]. J Cardiac Fail. 2003;9(suppl):
S68.

47. Tovar JM, Gums JG. Tezosentan in the
treatment of acute heart failure. Ann Phar-
macother. 2003;37:1877–1883.

48. Cotter G, Kaluski E, Stangl K, et al. The he-
modynamic and neurohormonal effects of
low doses of tezosentan (an endothelin A/B
receptor antagonist) in patients with acute
heart failure. Eur J Heart Fail. 2004;6:
601–609.

49. Innes CA, Wagstaff AJ. Levosimendan: a re-
view of its use in the management of acute
decompensated heart failure. Drugs. 2003;
63:2651–2671.

50. Lehtonen LA, Antila S, Pentikäinen PJ.
Pharmacokinetics and pharmacodynamics
of intravenous inotropic agents. Clin Phar-
macokinet. 2004;43:187–203.

51. Follath F, Cleland JG, Just H, et al, for the
Steering Committee and Investigators of
the Levosimendan infusion versus Dobut-
amine (LIDO) Study. Efficacy and safety of
intravenous levosimendan compared with
dobutamine in severe low-output heart fail-
ure (the LIDO study): a randomised dou-
ble-blind trial. Lancet. 2002;360:196–202.

52. Rose EA, Gelijns AC, Moskowitz AJ, et al,
for the Randomized Evaluation of Me-
chanical Assistance for the Treatment of
Congestive Heart Failure (REMATCH)
Study Group. Long-term mechanical left
ventricular assistance for end-stage heart
failure. N Engl J Med. 2001;345:1435–
1443.

53. Mehra MR, Greenberg BH. Cardiac resyn-
chronization therapy: caveat medicus! J Am
Coll Cardiol. 2004;43:1145–1148.

54. Blanc JJ, Bertault-Valls V, Fatemi M, et al.
Midterm benefits of left univentricular pac-
ing in patients with congestive heart fail-
ure. Circulation. 2004;109:1741–1744.

55. Abraham WT, Hayes DL. Cardiac resyn-
chronization therapy for heart failure. Cir-
culation. 2003;108:2596–2603.

56. Bradley DJ, Bradley EA, Baughman KL, et
al. Cardiac resynchronization and death
from progressive heart failure: a meta-anal-
ysis of randomized controlled trials. JAMA.
2003;289:730–740.

57. Salukhe TV, Dimopoulos K, Francis D. Car-
diac resynchronisation may reduce all-cause
mortality: meta-analysis of preliminary
COMPANION data with CONTAK-CD, In-
Sync ICD, MIRACLE and MUSTIC. Int J Car-
diol. 2004;93:101–103.

58. Bristow MR, Saxon LA, Boehmer J, et al.
Cardiac-resynchronization therapy with or
without an implantable defibrillator in ad-
vanced chronic heart failure. N Engl J Med.
2004;350:2140–2150.

59. Smith L, Farroni J, Baillie BR, Haynes H.
Heart transplantation an answer for end-
stage heart failure. Crit Care Nurs Clin North
Am. 2003;15:489–494.

60. Koerner MM, Durand JB, Lafuente JA,
Noon GP, Torre-Amione G. Cardiac trans-
plantation: the final therapeutic option for
the treatment of heart failure. Curr Opin
Cardiol. 2000;15:178–182.

61. Radovancevic B, Frazier OH. Surgical ther-
apies for heart failure. Curr Opin Cardiol.
2000;15:161–165.

62. The STICH Trial Website. Available at:
http://www.stichtrial.org/disclaimer/index.cfm.
Accessed October 31, 2004.

63. Silver MA. The heart failure clinic. In: Ho-
senpud JD, Greenberg BH, eds. Congestive
Heart Failure. 2nd ed. New York: Lippincott,
Williams & Wilkins; 2000:695–700.

64. Smith LE, Fabbri SA, Pai R, et al. Sympto-
matic improvement and reduced hospital-
ization for patients attending a cardiomy-
opathy clinic. Clin Cardiol. 1997;20:949–
954.


