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Abstract

Background

Conflicting renal effects of nesiritide have been reported in patients with acute decompen-

sated heart failure. To answer this controversy, we performed a meta-analysis of random-

ized controlled trials to evaluate the influence of nesiritide on renal function in patients with

acute decompensated heart failure.

Methods

Articles were obtained from PubMed, Medline, Cochrane Library and reference review.

Randomized controlled studies that investigated the effects of continuous infusion of nesiri-

tide on renal function in adult patients with acute decompensated heart failure were included

and analyzed. Fixed-effect model was used to estimate relative risk (RR) and weight mean

difference (WMD). The quality assessment of each study, subgroup, sensitivity, and publi-

cation bias analyses were performed.

Results

Fifteen randomized controlled trials were eligible for inclusion. Most of included studies had

relatively high quality and no publication bias was found. Overall, compared to control thera-

pies, nesiritide might increase the risk of worsening renal function in patients with acute

decompensated heart failure (RR 1.08, 95% CI 1.01–1.15, P = 0.023). In subgroup analysis,

high-dose nesiritide strongly associated with renal dysfunction (RR 1.54, 95% CI 1.19-2.00,

P = 0.001), but no statistical differences were observed in standard-dose (RR 1.04, 95% CI

0.98-1.12, P = 0.213), low-dose groups (RR 1.01, 95% CI 0.74-1.37, P = 0.968) and same

results were identified in the subgroup analysis of placebo controlled trials. Peak mean
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change of serum creatinine from baseline was no significant difference (WMD -2.54, 95%

CI -5.76-0.67, P = 0.121).

Conclusions

In our meta-analysis, nesiritide may have a dose-dependent effect on renal function in

patients with acute decompensated heart failure. High-dose nesiritide is likely to increase

the risk of worsening renal function, but standard-dose and low-dose nesiritide probably

have no impact on renal function. These findings could be helpful to optimize the use of

nesiritide in clinical practice.

Introduction
Worsening renal function (WRF) is prevalent in patients with acute decompensated heart fail-
ure (ADHF), and it may independently predict a worse outcome as well as increase the mortal-
ity of ADHF patients [1–3]. Hence, preservation of renal function is one of the major
therapeutic goals in the management of ADHF.

Nesiritide, a recombinant B-type natriuretic peptide (BNP) with a potent vasodilatory prop-
erty, has been approved for the treatment of ADHF, on the basis of its ability to reduce pulmo-
nary-capillary wedge pressure and improve dyspnea [4, 5]. After approval, numerous studies
have investigated the impact of nesiritide on renal function in patients with ADHF, but no con-
sistent conclusions can be drawn from them. A meta-analysis of five randomized studies with
1269 ADHF patients has demonstrated that intravenous administration of nesiritide signifi-
cantly increase the risk of WRF and may cause renal toxicity [6]. However, in the subsequent
clinical trials such as ASCEND-HF [4, 5], ROSE [7] and BNP-CARDS [8], it has been reported
that low-dose (0.005 μg/kg/min without bolus) or standard-dose (2 μg/kg bolus followed by
0.01 μg/kg/min infusion) of nesiritide has no impact on renal function in patients with ADHF.
In addition, a favorable renal effect has also been observed in some small studies [9, 10]. With
these conflicting results, it is still difficult to determine the specific role of nesiritide in renal
function of ADHF patients. To answer the question, we performed an updated meta-analysis
of randomized controlled trials (RCT) to evaluate the renal effect of nesiritide in adult patients
with ADHF, as compared with other anti-heart failure agents or placebo.

Methods

Literature Search and Study Selection
Pertinent articles were systematically searched (until November 30, 2014) in PubMed, Medline
and Cochrane Library by two trained investigators. The following search strategy developed
according to Yan et al [11] was utilized without any restrictions: (nesiritide) and (decompen-
sated heart failure). Backward snowballing was also performed to search potentially relevant
articles from the references of retrieved articles and pertinent reviews.

An article was eligible for inclusion if it met the following criteria: 1) original articles; 2)
RCT design; 3) adult (age� 18 years) participants with ADHF; 4) nesiritide administered
through intravenous infusion; 5) reporting the incidence of WRF or mean change of serum cre-
atinine (SCr) from baseline. Articles which did not meet the aforementioned criteria were
excluded from analysis. This meta-analysis was performed according to the Preferred Report-
ing Items for Meta-Analyses (PRISMA) statement checklist.
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Data Extraction and Quality Assessment
Two authors independently extracted the pertinent data for the meta-analysis, with divergences
resolved by discussion. The following information was abstracted from each study: characteris-
tics of each study (authors, year of publication, journal, country, study design), characteristics
of participants (number, sex, average age, ethnicity), intervention and control treatments
(bolus dose, infusion dose and duration) and clinical outcomes (incidence of WRF and peak
mean change of SCr from baseline during the treatment of nesiritide). If several articles
reported the same clinical trial, the one with the most complete data was included in analysis.
And if a trial was designed with three or more than three groups, the control group was consid-
ered as a whole in the overall analysis and single group was considered separately in subgroup
analysis.

Two authors independently evaluated, with disagreement resolved by discussion, the risk of
bias for the included RCTs in accordance with the following criteria developed by the Cochrane
risk of bias tool: random sequence generation, allocation concealment, blinding of participants
and personnel, blinding of outcome assessment, incomplete outcome data, selective reporting
and other sources of bias.

Statistical Analysis
All the statistical analyses were performed with the use of STATA 12.0 (Stata Corp, College Sta-
tion, Texas). Heterogeneity was evaluated using chi-square test (P� 0.10 indicating significant
heterogeneity) and I2 test. The relationship between nesiritide and incidence of WRF was ana-
lyzed using Mantel-haenszel (M-H) fixed-effect model (FFE) to calculate the relative risk (RR)
and 95% confidence interval (CI), when there was no significant heterogeneity among the
included studies; otherwise, a random-effect model was chosen. With regard to the analysis of
peak mean change of SCr from baseline, inverse variance (IV) fixed-effect model was used to
calculate the weight mean difference (WMD) and 95% CI without significant heterogeneity
among the included studies; otherwise, a random-effect model was chosen. In order to evaluate
the influence of different doses of nesiritide on the incidence of WRF, subgroup stratification
analyses were also conducted. Sensitivity analysis was performed to evaluate the stability of
results by exclusion of each study one by one. And publication bias was assessed with the use of
funnel plots and Egger’s test.

Results

Literature Search
A total of 876 articles were yielded by database search and backward snowballing. Of the 876
articles, 817 were excluded after title and abstract examination, and 59 remained for full-text
evaluation. Subsequently, 45 articles were excluded after full-text review, and 14 articles were
eligible for final analysis. The process of literature search and reasons for exclusion were
described in Fig 1.

Study Characteristics
The main characteristics of the 15 included clinical trials in 14 articles are summarized in
Table 1. All of the 15 clinical trials [5, 7, 8, 12–22] were RCT design published from 1999 to
2014 covering a total of 9623 patients with ADHF. Among the 15 RCTs, 13 reported the inci-
dence of WRF including: four [7, 16, 18, 21] low-dose nesiritide RCTs (continuous infusion
dose< 0.01 μg/kg/min), four [5, 8, 17, 22] standard-dose nesiritide RCTs (2 μg/kg bolus fol-
lowed by 0.01 μg/kg/min infusion) and five [12–15] high-dose nesiritide RCTs (continuous
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infusion dose> 0.01 μg/kg/min). Renal function was considered to be worsened when SCr
increased> 0.5mg/dL in eight studies, SCr increased> 0.3mg/dL in two studies, SCr
increased� 20% of baseline in one study, SCr increased� 10% of baseline in one study, and
glomerular filtration rate (GFR) decreased> 25% in one study. Peak mean change of SCr from
baseline during the treatment of nesiritide was described in six [14, 15, 18–20, 22] studies of
which most were used low-dose or standard-dose nesiritide.

Quality Assessment
The risk of bias of included RCT studies is summarized in S1 Table. Seven items developed by
Cochrane risk of bias tool were used to perform this evaluation. Most items for all included
studies indicated low risk. However, five studies were open label design. On the whole, the
RCT studies included in our meta-analysis had relatively high quality.

Risk of Worsening Renal Function
A total of 13 nesiritide associated RCTs described the incidence of WRF in ADHF patients. As
compared with non-nesiritide-based control therapies (dobutamine, nitroglycerin, sodium
nitroprusside, standard care of ADHF and placebo), overall meta-analysis indicated that the
use of nesiritide was associated with a significant increase in the risk of WRF (9429 patients,
RR 1.08, 95% CI 1.01–1.15, P = 0.023; Fig 2). There was no significant heterogeneity among all
the studies (I2 = 10.2%, P = 0.343). The funnel plot demonstrated a little asymmetry (Fig A in
S1 File), but there was no significant publication bias detected by Egger’s test (P = 0.343; Fig B
in S1 File).

Fig 1. Flow diagram of study selection.

doi:10.1371/journal.pone.0131326.g001
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To further investigate the relationship between continuous infusion doses of nesiritide and
renal dysfunction, subgroup meta-analysis was performed. Five RCTs administered nesiritide
in a high-dose manner. The data of analysis showed that high-dose nesiritide strongly
increased the risk of renal dysfunction in patients with ADHF (1269 patients, RR 1.54, 95% CI
1.19–2.00, P = 0.001; Fig 3) without significant heterogeneity (I2 = 0.0%, P = 0.539). However,
there was no significant influence of nesiritide on renal function in the standard-dose group
including five RCTs or subgroups (7698 patients, RR 1.04, 95% CI 0.98–1.12, P = 0.213; Fig 3)

Table 1. Characteristics of the included studies.

Author/Year Design Control Blous
dose
(μg/kg)

Continuous
infusion dose
(μg/kg/min)

Length of
infusion

Change of
SCr mean
±SD (μmol/
L)

WRF
definition

Total WRF event
(nesiritide)

WR event
(control)

Mill, et al,
(704.311),
1999, [12]

RCT Placebo 0.25/
0.50/
1.00

0.015/0.06/0.03 24hrs NA Increase of
SCr>0.5mg/dL

103 15/74 4/29

Colucci, et al
(704.325),
2000, [13]

RCT Placebo 0.30/
0.60

0.015/0.03 6 hrs-5days NA Increase of
SCr>0.5mg/dL

127 15/85 2/42

Colucci, et al
(704.326),
2000, [13]

RCT Standard
care

0.30/
0.60

0.015/0.03 2.3–
283.2hrs/
2.2–
169.0hrs

NA Increase of
SCr>0.5mg/dL

305 36/203 9/102

VMAC, 2002,
[14]

RCT Nitroglycerin 2.00 0.01/0.03 24hrs 0.0±36.2 Increase of
SCr>0.5mg/dL

489 74/273 45/216

Burger, et al,
2002, [15]

RCT Dobutamine No 0.015/0.03 24hrs-
14days

8.8±35.4
8.8±53.0

Increase of
SCr>0.5mg/dL

245 29/162 9/83

Yancy, et al
(FUSION I)
2006, [16]

RCT Standard
care

1.00/
2.00

0.005/0.01 12weeks NA Increase of
SCr>0.5mg/dL

136 33/95 18/41

Witteles,
et al, 2007,
[8]

RCT Placebo 2.00 0.01 48hrs NA Increase of
SCr�20% of
baseline

75 9/39 9/36

Yancy, et al
(FUSION II)
2008, [17]

RCT Placebo 2.00 0.01 12weeks NA Increase of
SCr>0.5mg/dL

911 194/ 605 119/306

Owan, et al,
2008, [22]

RCT Standard
care

2.00 0.01 48hrs 0.0±2.7 Increase of
SCr>0.5mg/dL

55 2/28 3/27

Zhao, et al,
2010, [18]

RCT Sodium
nitroprusside

0.50 0.0075 72hrs -6.6±26.7 Increase of
SCr�10% of
baseline

55 0/27 1/28

Chow, et al,
2011, [19]

RCT Nitroglycerin 2.00 0.01 48hrs 0.0±38.9 NA NA NA NA

O'Connor,
et al, 2011,
[5]

RCT Placebo 2.00 0.01 24hrs-
7days

NA Decrease of
GFR>25%

6567 1032/ 3289 968/ 3278

Fu, et al,
2012, [21]

RCT Standard
care

No 0.0075–0.015 13days NA Increase of
SCr>0.3mg/dL

140 16/70 14/70

Chen, et al,
2013, [7]

RCT Placebo No 0.005 72hrs NA Increase of
SCr>0.3mg/dL

221 28/112 24/109

Pan, et al,
2014, [20]

RCT Dobutamine 1.50 0.0075–0.01 24-72hrs 2.4±32.2/
6.9±32.9

NA 105 NA NA

Abbreviations: NA, Not available; GFR, Glomerular filtration rate; RCT, Randomized controlled trial; SCr, Serum creatinine SD, Standard deviation; WRF,

Worsening renal function

doi:10.1371/journal.pone.0131326.t001
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without significant heterogeneity (I2 = 0.0%, P = 0.676). Furthermore, in the low-dose group
consisted of four RCTs or subgroups, significantly renal benefit was not observed either (503
patients, RR 1.01, 95% CI 0.74–1.37, P = 0.968; Fig 3) and no significant heterogeneity was pre-
sented (I2 = 0.0%, P = 0.651).

Fig 2. Forest plot depicting the overall effect of nesiritide on the risk of WRF in patients with ADHF.

doi:10.1371/journal.pone.0131326.g002

Fig 3. Forest plot depicting the effect of different doses of nesiritide on the risk of WRF in patients
with ADHF.

doi:10.1371/journal.pone.0131326.g003
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We also conducted a subgroup analysis of placebo (standard care) controlled trials to partly
exclude the potential drug-drug interactions by removing the active controlled studies which
used dobutamine, nitroglycerin or sodium nitroprusside as control treatments. As shown in
Fig 4, significant difference was found in high-dose nesiritide group (RR 2.08, 95% CI 1.23–
3.53, P = 0.007; I2 = 0.0%, P = 0.581), but neither standard-dose (RR 1.04, 95% CI 0.98–1.12,
P = 0.213; I2 = 0.0%, P = 0.676) nor low-dose nesiritide (RR 1.02, 95% CI 0.75–1.39, P = 0.884;
I2 = 0.0%, P = 0.546) statistically increased the risk ofWRF. Furthermore, to identify whether
baseline chronic kidney disease (CKD) could influence the occurrence ofWRF in patients with
ADHF, a subgroup analysis based on the condition of baseline renal function was carried out.
Interestingly, in comparison with control therapies, nesiritide significantly increased the risk of
WRF in non-CKD patients (RR 1.08, 95% CI 1.02–1.16, P = 0.016; I2 = 27.5%, P = 0.200; Fig 5),
but not in patients with CKD (RR 0.94, 95% CI 0.70–1.27, P = 0.680; I2 = 0.0%, P = 0.711; Fig 5).

Mean Change of Serum Creatinine
We collected the peak mean change of SCr from baseline during the intravenous infusion of
nesiritide, to assess whether nesiritide had an impact on the concentration of SCr and renal func-
tion. A total of six RCTs involved in this endpoint and four of them administered nesiritide with
standard-dose or low-dose. According to the result of meta-analysis, the concentration of SCr
was not significantly different between nesiritide and control therapies (1038 patients, WMD
-2.54, 95% CI -5.76–0.67, P = 0.121; Fig 6). Significant heterogeneity was not found among the
studies (I2 = 22.3%, P = 0.252). Funnel plot did not show obvious asymmetry (Fig C in S1 File),
and no publication bias was observed in Egger’s test (P = 0.278; Fig D in S1 File).

Sensitivity Analysis
According to the results of sensitivity analysis, there was no substantial modification of our
estimates after exclusion of individual study one by one.

Fig 4. Forest plot depicting the effect of different doses of nesiritide on the risk of WRF in placebo
(standard care) controlled trials.

doi:10.1371/journal.pone.0131326.g004

Nesiritide and Renal Function

PLOS ONE | DOI:10.1371/journal.pone.0131326 June 24, 2015 7 / 13



Discussion
Nesiritide, approved by the Food and Drug Administration in 2001, is a new therapy for
ADHF with a potent effect on reducing pulmonary-capillary wedge pressure and systematic
blood pressure [23]. However, there are conflicting data regarding the effect of nesiritide on

Fig 5. Forest plot depicting the effect of nesiritide on the risk of WRF in baseline non-CKD and CKD
patients with ADHF.

doi:10.1371/journal.pone.0131326.g005

Fig 6. Forest plot depicting the effect of nesiritide on the peakmean change of SCr from baseline in
patients with ADHF.

doi:10.1371/journal.pone.0131326.g006
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renal function in patients with ADHF [5, 6]. Hence, this meta-analysis was designed to deter-
mine the specific role of nesiritide in renal function. The overall meta-analysis indicated that
nesiritide may have a potential to impair renal function in patients with ADHF. Further sub-
group analyses found that high-dose nesiritide strongly increased the risk of WRF, while this
adverse effect was not observed in standard-dose and low-dose groups. In addition, the peak
mean change of SCr from baseline was not found to be significantly different between nesiritide
and control therapies.

On the whole, detrimental effect of nesiritide on renal function was found in our meta-anal-
ysis. On the basis of subsequent subgroup analyses, we speculate that the strongly association
between high-dose nesiritide andWRF may play a critical role in the overall effect. A previous
meta-analysis including five RCTs reported that the incidence of WRF was 50% more prevalent
in the nesiritide group [6]. In accordance with our high-dose group, all the five RCTs in that
meta-analysis used relatively high continuous infusion dose of nesiritide ranging from 0.015 to
0.06μg/kg/min [12–15]. Several possible reasons may explain this high-dose effect. First, sys-
tematic blood pressure may play an important role in renal function [24]. Previous studies
have found that ADHF patients with hypotension may have higher risk of renal dysfunction
than those without hypotension and the use of nesiritide could produce an inverse dose-depen-
dent effect on blood pressure [4, 25, 26]. Hence, a higher dose of nesiritide probably produces a
greater decrease of systemic blood pressure to reduce the renal perfusion and further enhance
the occurrence of renal dysfunction. The other explanation is that greater reduction of blood
pressure with high-dose nesiritide may excessively activate the counter-regulatory mechanisms
such as sympathetic and renin-angiotensin systems to impair renal function [22, 27].

Our subgroup meta-analyses based on the administration dosages of nesiritide suggested
that as compared with control therapies or placebo (standard care), standard-dose of nesiritide
neither deteriorated nor improved the renal function of patients with ADHF. The conclusions
of most RCTs included in these subset analyses were in accordance with our result [5, 8, 16, 17,
22]. Pathophysiologically, nesiritide not only could directly influence the glomerular arterioles,
mesangial cells and renal tubules to improve renal function, but also could indirectly regulate
the systemic hemodynamics, renin-angiotensin-aldosterone axis and sympathetic system to
worsen renal function [28–31]. Therefore, the interaction of these two opposite effects may
determine the final influence of nesiritide on renal function. The administration of nesiritide
with standard-dose probably balances the direct and indirect effects. Consequently, no signifi-
cantly renal effect was observed in the standard-dose group.

There are conflicting data about the effect of low-dose nesiritide on renal function. All the
RCTs analyzed in our meta-analysis have not found that low-dose nesiritide had a potential to
improve renal function in patients with ADHF [7, 16, 18, 21]. However in some non-random-
ized pilot studies, low dose nesiritide has been demonstrated to have a favorable effect on renal
function in patients with acute heart failure or undergoing cardiac surgery [9, 10, 32]. Possible
explanations for this discrepancy seem to be limited sample size as well as relatively low quality
of study design in these small studies. It is well known that RCT is a study design with relatively
high quality which is the best way to evaluate clinical trials and avoid many types of bias [33].
Four RCTs in our analysis avoided possible bias to a large extent without significant heteroge-
neity. Therefore, the conclusion in our meta-analysis is likely to be more accurate. However, it
was worthy to note that there were only four clinical trials with 503 patients in our analysis.
Hence, whether low-dose nesiritide could improve renal function in patients with ADHF needs
to be further evaluated.

Data from our subgroup analysis indicated that nesiritide significantly increased the risk of
WRF in non-CKD patients, however the adverse effect was not observed in ADHF patients
with pre-existing CKD. This finding is a little confusing. But it was noteworthy that all the

Nesiritide and Renal Function

PLOS ONE | DOI:10.1371/journal.pone.0131326 June 24, 2015 9 / 13



studies in CKD group administered nesiritide with either standard or low dose [7, 8, 16, 22].
On the contrary, a large proportion of RCTs [12–15] in non-CKD group used high-dose nesiri-
tide for the management of patients with ADHF. Hence, the potential high-dose associated
WRF might partly explain the interesting result. In the future, other RCTs may be required to
further identify whether the renal effects of nesiritide therapy are different between CKD and
non-CKD ADHF patients.

SCr is still the main biomarker for predicting the renal function of patients [34]. In our
meta-analysis, the peak mean change of SCr from baseline was obtained from six RCTs and no
statistical difference was found. This effect may be partly attributed to that most of the included
studies administered nesiritide with standard-dose or low-dose. However, due to the limited
number of clinical trials, the subgroup analysis was not performed to further investigate
whether there is a dose-dependent effect of nesiritide on the concentration of SCr. Cystatin C is
a novel and more sensitive marker of early renal insufficiency [35]. A few studies have demon-
strated that cystatin C could provide more precise prediction of WRF than SCr in patients with
heart failure [36–38]. Two RCTs in our meta-analysis as well as a retrospective study of
ASCEND-HF, of which all administered nesiritide with standard dose, used cystatin C to eval-
uate the renal function of ADHF patients, and there was no significant difference between
nesiritide and control therapies in all of them [7, 22, 39]. Therefore, these findings appear to
reassure the renal safety of nesiritide with standard-dose or low-dose.

All the studies included in our meta-analysis were randomized design and had relatively
high quality. Hence, our conclusions were relatively reliable, while there were several limita-
tions in our study. Firstly, small sample size and limited number of clinical trials in subgroup
analyses might produce bias. Secondly, the definition of WRF in included studies was not
completely consistent, which might result in clinical and statistical heterogeneity. Thirdly,
duration of intravenous nesiritide infusion was not same in each study, which might influence
the clinical outcome. Fourthly, besides placebo (standard care), the control therapies also
included dobutamine, nitroglycerin, and sodium nitroprusside. Therefore drug-drug interac-
tions were not to be fully considered and might impact clinical outcome.

In conclusion, the present meta-analysis demonstrates that nesiritide may have a dose-
dependent effect on renal function in patients with ADHF. High-dose nesiritide may increase
the risk of WRF, but neither standard-dose nor low-dose nesiritide is likely to have a significant
impact on renal function in patients with ADHF. These findings could be helpful to optimize
the use of nesiritide in clinical practice. In the future, more powered RCTs will be needed to
confirm these findings. Additionally, whether low-dose nesiritide could improve the renal
function in patients with ADHF also requires to be addressed.
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