
Substantial evidence from numerous randomized
controlled trials supports contemporary methods of
outpatient management of chronic systolic heart

failure.1 In contrast, few prospective randomized evalua-
tions of short-term therapies intended for the manage-
ment of acutely decompensated heart failure (ADHF)
are available to guide in-hospital treatment. Execution
of large, well-designed studies in ADHF is challenging,
given the heterogenous patient population, diverse clin-
ical presentations, and lack of an accepted, evidence-
based approach that constitutes “standard care.” In this
regard, no acute therapy for ADHF has been shown to
improve short- or long-term mortality rates in a random-
ized clinical trial. To the contrary, the use of available
positive inotropic agents has been associated with an
increased risk of death compared to other therapies.2-4

Nesiritide is the only therapy that has been shown in
randomized controlled trials of ADHF to provide signifi-
cant symptomatic and hemodynamic improvement
compared to placebo, when added to standard care.
However, nesiritide has not been studied in a trial
prospectively designed or adequately powered to evalu-
ate its effect on mortality. Recently, a meta-analysis of
3 trials reported that nesiritide might be associated with
an increased mortality risk.5 The present article reviews
all of the mortality data that are available for nesiritide,

including all 7 randomized controlled clinical evalua-
tions that have been completed to date.6-11 These 7
prospective, controlled clinical trials of nesiritide are
summarized in Table 1. Of note, these trials differed with
respect to nesiritide dose, control treatment, setting, and
duration of follow-up. Six of 7 evaluations assessed single
infusions in a hospital setting. As noted above, none of
these trials was designed or powered to assess mortality
as a primary or key secondary endpoint.

In the present analysis, mortality was evaluated at
30 days for all 7 trials that collected 30-day mortality
data. In total, 1717 subjects (nesiritide: n � 1059; con-
trol: n � 658) were evaluated, 84 of whom (nesiritide:
n � 56 [5.3%]; control: n � 28 [4.3%]) died within
30 days of randomization (P � 0.299). Figure 1 depicts
the 30-day mortality data for the 7 individual trials and
2 pooled analyses. Mortality hazard ratios (HR) at 30 days
for nesiritide relative to control in the 7 individual trials
ranged from 0.38 to 4.99. By far the highest HR (4.99)
comes from Study 704.341. This HR is more than 3 times
that of the next highest HR (1.56) and is included in the
95% confidence interval (CI) of only 1 of the other trials.
In this study, 5 deaths (4%) occurred in patients treated
with nesiritide, and 1 death (1%) occurred in a patient
treated with standard care (P � 0.213). No deaths oc-
curred during study drug infusion. Five of the deaths
(4 nesiritide, 1 standard care) occurred more than
2 weeks after discontinuation of study drug. The timing
and causes of death were as follows. Deaths in the nesir-
itide group occurred as: accidental injury on day 4,
hepatic carcinoma on day 15, congestive heart failure
on day 16, apnea on day 28, and expiration in sleep on
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day 30. The standard care death occurred as sudden
death on day 18.

When data from all 7 trials are pooled, the HR (95% CI)
for 30-day mortality for nesiritide relative to control is
1.27 (0.81–2.01). Because the study design for 704.348
was significantly different from the other studies, 30-day
mortality results were also analyzed excluding this
study. The pooled 30-day mortality HR (95% CI) for the
6 hospital-based studies is 1.34 (0.84–2.15).

Six-month mortality data were also evaluated and are
depicted in Figure 2. A total of 1167 subjects (nesiritide:
n � 724; control: n � 443) participated in the 4 trials

with a 6-month follow-up duration. During this time
period, 248 deaths occurred with no significant differ-
ence in deaths between nesiritide (n � 154 [21.7%]) and
control (n � 94 [21.5%]) subjects (P � 0.725). In the 4
individual trials, 6-month mortality HRs ranged from
0.74 to 1.25 with a 6-month mortality HR (95% CI) of
1.05 (0.81–1.36) in the 4-trial pooled analysis. Finally, in
Study 704.348, 6-month mortality data were not col-
lected; the 16-week mortality HR (95% CI) was 0.68
(0.29–1.60) (Figure 2).

There were few deaths in these studies, so the confi-
dence limits around the HRs for mortality are wide. In

Table 1
Randomized Controlled Nesiritide Trials With Mortality Data

Median (IQR)
Study Duration of Patients Mortality Data 

Study Number Infusion (hours) Nesiritide Dose* Control Nesiritide Control Assessed (days)

Mills et al6 704.311 24.0 (24.0-24.1) 0.015, 0.03, or 0.06 Placebo 74 29 30

Efficacy trial7 704.325 24.2 (7.8-47.7) 0.015 or 0.03 Placebo 85 42 30, 180

Comparative trial7 704.326 30.4 (23.0-65.1) 0.015 or 0.03 Standard care 203 102 30, 180

PRECEDENT8 704.329 24.1 (24.0-46.5) 0.015 or 0.03 Dobutamine 163 83 30, 180

VMAC9 704.339 24.3 (24.0-44.2) 0.01 Nitroglycerin/ 273 216 30, 180
Standard care

PROACTION10 704.341 16.9 (12.2-21.9) 0.01 Standard care 120 117 30

FUSION I11 704.348 Not Applicable 0.005 or 0.01 Standard care 141 69 30, 112

IQR indicates interquartile range.
*mcg/kg/min.

Figure 2. Mortality hazard ratios, 95% confidence intervals, and percent mortality
(Kaplan-Meier estimate) for randomized and treated patients with nesiritide relative
to control through 6 months (day 180) for each of the 4 trials in which these data
were collected and for a pooled analysis of these 4 trials as well as through week 16
for Study 704.348.
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Figure 1. Mortality hazard ratios, 95% confidence intervals, and percent mortality
(Kaplan-Meier estimate) for randomized and treated patients with nesiritide relative
to control through day 30 for each of 7 individual trials, pooled analysis of the 6
single-infusion hospital-based trials, and pooled analysis of all 7 trials.
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addition, because of the small size and design of these tri-
als, some potentially important baseline imbalances in
mortality risk factors might exist between treatment
groups, the effects of which cannot be ascertained from
these analyses. For example, subjects randomized to ne-
siritide in Study 704.339 (VMAC) were more likely to
have a baseline systolic blood pressure � 100 mm Hg,
a creatinine clearance � 60 mL/min, and prior dopamine
or dobutamine use, when compared to control subjects.
Assessing the potential effects of these baseline imbal-
ances on mortality requires risk-factor adjusted analyses.
However, because of the small number of deaths that oc-
curred in some of these trials, these analyses are difficult
to perform and of questionable validity on an individual
trial basis.

Several factors might explain the difference between
these findings and those of the smaller 3-trial meta-
analysis.5 The current analyses include data from more
trials and over a longer follow-up period. As previously
discussed, given the small number of deaths that oc-
curred within 30 days, it is difficult to draw meaningful
conclusions from 30-day data alone, especially when
these data are further limited by considering only a sub-
set of these trials. The requirement for a double-blind
study design in the 3-trial meta-analysis may have been
unnecessary because death is not a subjective endpoint
that can be influenced by knowledge of treatment as-
signment. In addition, the exclusion of Study 704.329,
which mandated the use of inotropic agents in the con-
trol arm, reduced statistical power without actually elim-
inating the confounding effect of these agents. In the
3 studies included in the meta-analysis, inotrope use at
baseline was significantly greater in patients treated with
nesiritide compared to controls (96/478 [20.1%] vs
44/375 [11.7%], P � .001). Because previous trials suggest
that the use of intravenous inotropic agents increases
mortality risk,2-4 this use could have increased the unad-
justed mortality HR for nesiritide relative to control.
Finally, unlike the current analyses, the 3-trial meta-
analysis counts data from 2 subjects as nesiritide-related

deaths, though these patients, who were initially ran-
domized to nesiritide, died prior to receiving any nesiri-
tide therapy. By a strict intent-to-treat analysis this may
seem proper; however, in retrospectively judging the
effects of the drug on mortality in a pooled analysis, it
does not make sense to include these patients.

Taken together, the current analyses show nominal
increases in mortality, but the increases are not statisti-
cally significant and thus remain of uncertain clinical
significance.
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