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multicenter trial. Eligible patients with ADHF were randomized to receive a

1-h infusion of either rhANP or placebo at a ratio of 3:1 in combination with

standard therapy. The primary endpoint was dyspnea improvement

play an important role i
Atrial natriuretic peptid
that inhibits aldosteron

Editor: Anastasios Lymperopoulos.
Received: September 16, 2015; revised: January 11, 2016; accepted:
February 8, 2016.
From the Department of Cardiology (G. Wang, P. Wang, J. Huang, H. Tan,
J. Zhang, Z. Liao, L. Yu, Y. Mao, S. Ye, L. Feng, Y. Hua, X. Ni, Y. Zhang, X.
Luan, X. Sun, S. Wang), Fuwai Hospital, National Center for Cardiovascular
Diseases, Chinese Academy of Medical Sciences and Peking Union Medical
College; Heart Center (P. Wang), First Hospital of Tsinghua University; Key
Laboratory of Cardiovascular Drugs of Ministry of Health (Y. Li),
Cardiovascular Institute and Fuwai Hospital, Chinese Academy of Medical
Sciences and Peking Union Medical College; Department of Cardiology
(W. Liu, S. Bai), Beijing Anzhen Hospital, The Capital University Medical
Sciences, Beijing; Department of Cardiology (Y. Zhen), The First Hospital of
Jilin University, Changchun; Department of Cardiology (D. Li), The Affiliated
Hospital of Xuzhou Medical College, Xuzhou; Department of Cardiology
(P. Yang, Y. Chen), China–Japan Friendship Hospital, Jilin University,
Changchun; Department of Cardiology (LH), Jiangxi Provincial People’s
Hospital, Nanchang; Department of Cardiology (J. Sun), The First People’s
Hospital of Changzhou, Changzhou; Department of Cardiology (J. Chen), First
Affiliated Hospital, College of Medicine, Zhejiang University, Hangzhou;
Department of Cardiology (X. Wang), Beijing Military General Hospital;
Department of Cardiology (J. Zhu, D. Hu), Peking University People’s
Hospital, Beijing; Department of Cardiology (H. Li), The 254 Hospital of
People’s Liberation Army, Tianjin; Department of Cardiology (T. Wu),
Guangzhou Red Cross Hospital, Guangzhou; and Medical Research &
Biometrics Center (Y. Wang, W. Li), National Center for Cardiovascular
Diseases, Beijing, China.
Correspondence: Guogan Wang, Department of Cardiology, Cardiovascu-

lar Institute and Fuwai Hospital, CAMS and PUMC, Beijing, China
(e-mail: wangguog@hotmail.com).

Funding: the present study was financially sponsored by the National Engin-
eering Center of Biotechnology; Shenzhen, China (No#2004L00615).

G-GW and P-BW contributed equally to this study.
The authors have no conflicts of interest to disclose.
Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
This is an open access article distributed under the Creative Commons
Attribution-NoDerivatives License 4.0, which allows for redistribution,
commercial and non-commercial, as long as it is passed along unchanged
and in whole, with credit to the author.
ISSN: 0025-7974
DOI: 10.1097/MD.0000000000002947

Medicine � Volume 95, Number 9, March 2016
, Litian Yu, M
i Zhang, MD,
Wei Li, MD, Xiaojun Luan, MD, X

Abstract: The aim of the study was to evaluate the efficacy and safety

of 1-h infusion of recombinant human atrial natriuretic peptide (rhANP)

in combination with standard therapy in patients with acute decom-

pensated heart failure (ADHF).

This was a phase III, randomized, double-blind, placebo-controlled,
inhai Ni, MD, Yuhu Yang Wang, MD,
lu Sun, PhD, and Sijia Wang, MD

(a decrease of at least 2 grades of dyspnea severity at 12 h from baseline).

Reduction in pulmonary capillary wedge pressure (PCWP) 1 h after infusion

was the co-primary endpoint for catheterized patients. Overall, 477 patients

were randomized: 358 (93 catheterized) patients received rhANP and 118

(28 catheterized) received placebo. The percentage of patients with dyspnea

improvement at 12 h was higher, although not statistically significant, in the

rhANP group than in the placebo group (32.0% vs 25.4%, odds ratio¼1.382,

95% confidence interval [CI]: 0.863–2.212, P¼ 0.17). Reduction in PCWP

at 1 h was significantly greater in patients treated with rhANP than in patients

treated with placebo (�7.74� 5.95 vs �1.82� 4.47 mm Hg, P< 0.001).

The frequencies of adverse events and renal impairment within 3 days of

treatment were similar between the 2 groups. Mortality at 1 month was 3.1%

in the rhANP group vs 2.5% in the placebo group (hazard ratio¼ 1.21, 95%

CI: 0.34–4.26; P> 0.99).

1-h rhANP infusion appears to result in prompt, transient hemodynamic

improvement with a small, nonsignificant, effect on dyspnea in ADHF

patients receiving standard therapy. The safety of 1-h infusion of rhANP

seems to be acceptable. (WHO International Clinical Trials Registry

Platform [ICTRP] number, ChiCTR-IPR-14005719.)

(Medicine 95(9):e2947)

Abbreviations: ACEI = angiotensin-converting enzyme inhibitor,

ADHF = acute decompensated heart failure, ALT = alanine

aminotransferase, ANP = atrial natriuretic peptide, ARB =

angiotensin-receptor blocker, AST = aspartate aminotransferase,

CI = confidence interval, ICTRP = WHO International Clinical

Trials Registry Platform, ITT = intention-to-treat, LVEF = left

ventricular ejection fraction, OR = odds ratios, PCWP = pulmonary

capillary wedge pressure, rhANP = recombinant human atrial

natriuretic peptide, SBP = systolic blood pressure, SVR = systemic

vascular resistance.

INTRODUCTION

H eart failure is one of the leading causes of hospitalization
with high mortality.1 Over the past decade, little improve-

ment has been achieved in the treatment of acute decompen-
sated heart failure (ADHF).1

Aldosterone and hyperactivation of the adrenergic system

n the pathophysiology of heart failure.2,3

e (ANP) is a circulating cardiac hormone
e and the adrenergic system.4 Previous
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studies have reported that a relative deficiency in ANP contrib-
utes to the development of heart failure.5 Thus, we hypothesized
that infusion of ANP will be effective in treating heart failure.

Small, open-labeled clinical trials reported that ANP may
improve hemodynamic parameters and the long-term prognosis
of patients with ADHF.6,7 Also, an observational study revealed
that clinical conditions improved in 82% of patients with acute
heart failure treated with ANP infusion.8 However, such
benefits have not been confirmed in any randomized controlled,
double-blind, large-scale clinical trial. In fact, randomized
controlled trials are virtually lacking.9,10

Recombinant human ANP (rhANP) is a synthetic 28-
amino-acid alpha ANP developed by a group of Chinese
scientists.11 In our previous phase II study, we demonstrated
that a 1-h infusion of rhANP at doses of 0.05, 0.1, or 0.2 mg/kg/
min improved hemodynamic properties in patients with con-
gestive heart failure.12 However, the sample size was small
(n¼ 48) and rhANP efficacy on hemodynamic parameters
needs to be confirmed in patients with ADHF. Moreover,
rhANP efficacy on dyspnea needs to be evaluated. Therefore,
the objective of this phase III, randomized, double-blind,
placebo-controlled, multicenter trial was to determine the effi-
cacy and safety of a 1-h infusion of rhANP in combination with
standard therapy in patients with ADHF, with dyspnea and
PCWP being the primary efficacy endpoints.

METHODS

Study Participants
Adult patients with NYHA class III or IV heart failure at the

time of screening, echocardiography showing left ventricular ejec-
tion fraction (LVEF) �40%, systolic blood pressure (SBP) �90
mm Hg, and lung rales or pulmonary vascular congestion upon
chest radiography were eligible for this trial. Additionally, patients
in whom hemodynamic parameters were measured by a Swan-
Ganz catheter and presented with a PCWP of �13 mm Hg were
eligible for inclusion and randomization in the catheterized group.
Patients with acute myocardial infarction, complex congenital heart
disease, significant valvular stenosis, constrictive pericarditis,
hypertrophic, obstructive or, restrictive cardiomyopathy, ventricu-
lar fibrillation or sustained ventricular tachycardia, third-degree or
Mobitz type II heart block without a permanent pacemaker were
excluded. Other exclusion criteria included abnormal liver function
with aspartate aminotransferase (AST) or alanine aminotransferase
(ALT)�120 IU/L, abnormal renal function with serum creatini-
ne�160 mmol/L, abnormal serum sodium concentrations (�160 or
�125 mmol/L), intravenous continuous infusion of diuretics or
nitroprusside that could not be withheld through the study period as
judged by the investigator and pregnancy.

Study Design
This was a phase III, randomized, double-blind, placebo-

controlled, multicenter clinical trial conducted in China. The
trial protocol and relevant amendments were approved by the
ethics committee at each center, the State Food and Drug
Administration of China (No. 2004L00615). The trial was
conducted according to standards of Good Clinical Practice
and the Declaration of Helsinki of the World Medical Assembly.
All patients provided written informed consent. The trial was
monitored by the Monitoring Board of Giant Med-Pharma
Service Group, Beijing, China. The study-data processing
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and statistical analyses were performed by the Medical
Research & Biometrics Center, National Center for Cardiovas-
cular Diseases (China) independently of the sponsor.
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Randomization and Masking
Randomization was performed using random blocks, and

each block contained a size of 4. The subjects were randomly
assigned to the rhANP group or placebo group at a ratio of 3:1.
In addition, one-fourth of the random numbers were assigned to
the catheterized group according to the sample size calculation.
The random number table was generated by the Medical
Research & Biometrics Center, National Center for Cardiovas-
cular Diseases; Beijing, China, using SAS software, version
9.13 (Cary, NC). The blind code was concealed in sealed and
opaque envelopes.

Study Drug Administration
The rhANP and placebo, which were provided by National

Engineering Center of Biotechnology, Shenzhen, China, were
lyophilized powder in glass vials and appeared identical. They
were intravenously administrated by using a calibrated infusion
pump. The study drug was initiated at a rate of 0.1 mg/kg/min.
After a half hour, the dose was adjusted to 0.15 mg/kg/min if
SBP was >100 mm Hg and PCWP was >15 mm Hg. Dosing
was stopped 1 h after initiation.

Before screening, there was no restriction on the standard
therapies for the treatment of heart failure, such as intravenous
bolus of diuretics and continuous infusion of nitrates, beta-
blocker, angiotensin-converting enzyme inhibitor (ACEI),
angiotensin-receptor blocker (ARB), spironolactone, and oral
vasoactive medications. During the period from screening to
baseline and afterwards, none of the above medications was
withheld except the continuous intravenous infusion of diuretics
or nitroprusside.

Efficacy Endpoint Assessments
The primary endpoint was dyspnea improvement at 12 h

after treatment, which was determined by a decrease of at least 2
grades of severity in dyspnea at 12 h from baseline. Dyspnea,
defined as sensation of severity of breathlessness of patients at
rest, was assessed with the combination of the position and
symptom of patients, and classified into 5 grades according to
the severity, that is, 0, absence of dyspnea at rest; 1, dyspnea in
the supine position; 2, paroxysmal nocturnal dyspnea; 3, dys-
pnea in the semi-reclining position; and 4, orthopnea. Changes
in dyspnea were measured by calculating the percentage of
patients with different levels of dyspnea severity changes at
various time points from baseline.

Change in PCWP at 1 h after study-drug initiation in the
catheterized group was a co-primary endpoint in addition to
dyspnea. Secondary endpoints included other changes of dys-
pnea at 12 h and dyspnea improvement at 0.5, 1, 3, 6, 24, and
72 h, total urine output at 12 h for all patients, and other
hemodynamic parameters including changes in PCWP at
0.25, 0.5, 0.75, 3, 6, and 12 h and cardiac index and systemic
vascular resistance (SVR) at 0.5, 1, 3, 6, and 12 h in the
catheterized group. PCWP was measured by a Swan-Ganz
catheter using a floating inflated balloon. Hemodynamic car-
diac output was derived from thermodilution measurements
using ice-cold sodium chloride 0.9%. The cardiac index and
SVR were calculated using standard formulas.13

Safety Endpoint Assessments
The physical examination was given at baseline, 24 and
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72 h after initiation of study drug. Urine samples were collected
for routine analysis, blood samples were drawn for chemical and
hematological analyses, and electrocardiogram was performed

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
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at baseline and 3 days after initiation of study drug. Renal
impairment was defined by a >25% decrease in the estimated
glomerular filtration rate compared with baseline within 3 days
of study drug, as calculated by the Cockcroft–Gault equation.
Adverse events were monitored in all patients within 3 days.
Death and serious adverse events that resulted in hospitalization
or prolonged hospital stays lasting 1 month were monitored by
hospital visits or telephone interviews after discharge.

Statistical Analysis
Calculation of the sample size of the general population

was based on the primary endpoint, the change of dyspnea at
12 h after study-drug initiation. According to our rhANP phase
II study, dyspnea improved in 57.0% patients in the rhANP
group at 12 h compared to 40.0% in the standard therapy only
group (unpublished data). At a ratio of 3:1, the enrolment of 360
patients in the rhANP group and 120 in the placebo group was
estimated to provide 80% power, with the use of the chi-square
test and a 2-sided alpha level of 0.05. Calculation of the sample
size of the catheterized group was based on the primary end-
point, PCWP. According to our phase II, dose-finding study, the
reduction of PCWP from baseline at 1 h was at least 6.83� 7.80
mm Hg in the rhANP group and �2� 6.12 mm Hg in the
placebo group.31 With a 2-sided 5% significance level and a
ratio of 3:1, 90 patients in the rhANP group and 30 patients in
the placebo group provided 90% power.

All reported analyses were performed on an intention-to-
treat (ITT) basis, which included all randomly assigned partici-
pants who received any amount of study medication. The
numerical data were expressed as mean� standard deviation.
An overall comparison of continuous data between 2 groups was
made with analysis of covariance. The rate of dyspnea improve-
ment and adverse events in the groups was compared using a
chi-square test or Fisher’s exact test, where appropriate; odds
ratios (OR) and 95% confidence interval (CI) were calculated.
All reported P values were 2-sided and a P value of <0.05 was
considered statistically significant. All analyses were performed
using SAS software, version 9.4 (Cary, NC).

RESULTS

Study Patients
From March 2009 to July 2013, a total of 477 eligible

patients were screened and underwent randomization at 12
centers in China. One patient randomized into the placebo
group withdrew consent and did not receive the drug. Thus,
358 patients received rhANP and 118 patients received placebo
(Figure 1). There were no significant differences in baseline
characteristics between groups (Table 1). Dyspnea at baseline
was also similar between groups (Table 1). There were 41.9%
patients with <1 grade of dyspnea at baseline in the rhANP
group compared to 43.2% in the placebo group (P¼ 0.80). Of
all randomized 121 patients, 93 receiving rhANP and 28
receiving placebo were included in the catheterized group
(Figure 1).

Efficacy Endpoints
The proportion of patients with dyspnea improvement at

12 h tended to be greater in the rhANP group (32.0% vs 25.4%,
OR¼ 1.382, 95% CI: 0.863–2.212, P¼ 0.17), although the
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difference was not statistically significant (Figure 2A). There
were no differences in dyspnea improvement at other time
points between the 2 groups (Figure 2B).

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
In the catheterized patients, the baseline PCWP values
were similar between the rhANP and placebo groups
(23.71� 7.0 vs 25.66� 8.78 mm Hg, P¼ 0.23), both of which
were decreased after study-drug initiation. At 0.5 h, the mean
reduction of PCWP was greater in the rhANP group than in the
placebo group (�5.45 vs �2.03 mm Hg, P¼ 0.002). At 1 h, the
maximum reduction of PCWP was observed in the rhANP
group, which was significantly greater than the placebo group
(�7.74� 5.95 vs �1.82� 4.47 mm Hg, P< 0.001). At 3 h,
PWCP was sustained at a lower level in the rhANP group
compared to the placebo group (19.52� 6.55 vs 24.79� 8.42
mm Hg, P< 0.001). However, no significant differences in
PCWP at 6 h and afterwards were found between the 2 groups
(21.43� 6.51 vs 24.79� 10.67 mm Hg, P¼ 0.13).

Other hemodynamic parameters improved more signifi-
cantly in the rhANP group. Figure 3 shows that rhANP
increased cardiac index and decreased SVR, respectively,
although these effects lasted <6 h. There was no difference
in the urine output during 12 h post drug infusion between
groups.

Safety Endpoints
Table 2 shows the safety profiles in the 2 groups. There

were no differences between the 2 groups in the frequency of
adverse events and renal impairment within 3 days. The major
adverse events included hypotension and renal impairment,
exacerbation of heart failure, palpitation, poor appetite, and
nausea. Hypotension was observed within 3 days and tended to
be higher in the rhANP group. SBP reduction at 3 h was
significantly greater in the rhANP group than in the placebo
group (�5.04 vs �1.57 mm Hg, P¼ 0.04). However, the
reduction was not significantly different after 3 h
(Figure 3D). In addition, there was no difference in the fre-
quency of serious adverse events and mortality between the 2
groups within 30 days. There were no significant differences in
electrocardiogram and blood and urine analyses between the
2 groups.

DISCUSSION
In this trial, we found that, 1-h infusion of rhANP in

combination with standard care, significantly decreased PCWP
compared with placebo within 3 h, confirming that 1-h infusion
of rhANP results in prompt and transient hemodynamic
improvement in patients with ADHF. However, 1-h infusion
of rhANP only achieved a small, nonsignificant improvement in
dyspnea at 12 h. There was no difference in the urine output
during the 12 h postdrug infusion between the 2 groups. Renal
impairment and other adverse events at 3 days and mortality or
severe adverse events at 1 month were similar between the
2 groups.

rhANP efficacy on dyspnea in this trial was in agreement
with the findings of the ASCEND-HF trial, which also showed
that BNP only had a small, nonsignificant, but beneficial effect
on dyspnea compared with placebo treatment.14

Recently, dyspnea has been used as a common primary
endpoint in clinical trials of ADHF,14,15 although the optimal
method of dyspnea assessment is controversial.16 The present
study adopted the combination of the patient’s position and
symptom to assess dyspnea. This method is more objective and
sensitive than those relying only on the symptoms reported by

icacy and Safety of 1-hour Infusion of rhANP in Patients With ADHF
patients, as the dyspnea of patients with ADHF is affected by
their position.17,18 We note that dyspnea improvement at 12 h
post drug infusion was observed only in 32.0% and 25.4% of the

www.md-journal.com | 3
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patients in the rhANP and placebo groups, respectively, which
were much less than that (57.0% and 40.0%, respectively)
estimated in our phase II study (unpublished data). There are
a few reasons that may explain our observations. First, such over
estimation may be attributed to the possibility that sample
calculation was associated with the different methods used
for the dyspnea assessment from the phase II study of rhANP,
which adopted a self-reported 7-point Likert scale that was used
in the ASCEND-HF trial. In the ASCEND-HF trial, 44.5% and
68.2% of patients in the nesiritide group reported marked or
moderate dyspnea improvement at 6 and 24 h, respectively,
whereas the rates were 42.1% and 66.1%, respectively, in the
placebo group.14 In contrast, in an observational registry study

FIGURE 1. Recruitment, randomization, and follow-up of patie
participants who received study medication. ITT¼ intention-to-trea
pulmonary capillary wedge pressure.
of ANP in the ‘‘real world’’ including 3777 patients with acute
heart failure, the global efficacy at 24 h was only 38.0%.8

Global efficacy was defined as the percentage of patients whose

4 | www.md-journal.com
dyspnea or other symptoms and physical signs of heart failure
were ‘‘improved or markedly improved’’ over the total treated
patients in a 5-grade efficacy classification. This rate was much
lower than that in the ASCEND-HF,14 but similar to that in the
present study. Second, the low rate of dyspnea improvement
may be altered by baseline dyspnea, which was rarely assessed
in previous studies.14,15 In the present study, 42.2% patients
presented with <1 grade of dyspnea at baseline, which
accounted for a decreased proportion of patients that reported
moderate or marked improvement (i.e., 2-grade decrease in the
symptom). Third, dyspnea symptoms may have been alleviated
during the period from screening to baseline in the present
study, as patients were permitted to receive standard therapies,

. The intention-to-treat (ITT) analysis includes all randomized
ANP¼ recombinant human atrial natriuretic peptide, PCWP¼pul-
which were relatively sufficient to treat the symptom. Medi-
cations, such as intravenous nitroglycerin and a bolus of diure-
tics, were not restricted, except for nitroprusside and the

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 1. Baseline Characteristics and Standard Therapy of the Intention-to-Treat Population
�

Characteristic rhANP (n¼ 358) Placebo (n¼ 118) P Value

Age (y) 54.5� 13.7 56.0� 12.9 0.29
Male sex (no. [%]) 273 (76.3) 84 (71.2) 0.28
NYHA functional class (no. [%])y 0.92

III 162 (45.3) 56 (47.5)
IV 192 (53.6) 62 (52.5)

Dyspnea severity (no. [%]) 0.83
0 grade 89 (24.9) 26 (22.0)
1 grade 61 (17.0) 25 (21.2)
2 grade 79 (22.1) 25 (21.2)
3 grade 89 (24.9) 27 (22.9)
4 grade 40 (11.2) 15 (12.7)

Left ventricular ejection fraction (%) 28.9� 6.5 29.9� 6.7 0.18
Systolic pressure (mm Hg) 114.4� 18.9 116.5� 18.9 0.29
Heart rate (beats/min) 84.4� 16.8 82.9� 17.0 0.41
Pulmonary capillary wedge pressure (mm Hg) 23.7� 7.0 25.7� 8.8 0.23
Cardiac index (L/min/m2) 2.2� 0.8 2.0� 0.6 0.42
Systemic vascular resistance (dyn/s/cm�5) 1620.0� 567.3 1616.8� 538.9 0.98
Creatinine (mmol/L) 94.7� 29.3 90.4� 35.9 0.25
Serum sodium (mmol/L) 138.6� 4.1 138.7� 4.2 0.80
Medical history (no. [%])

Ischemic heart disease 93 (26.0) 35 (29.7) 0.44
Dilated cardiomyopathy 215 (60.1%) 61 (51.7%) 0.11
Atrial fibrillation 96 (26.8%) 33 (28.0%) 0.81

Medical therapy before randomization (no. [%])
ACE inhibitor or ARB 219 (61.2) 67 (56.8) 0.40
Beta-blocker 240 (67.0) 73 (61.9) 0.31
Spironolactone 301 (84.1) 104 (88.1) 0.27
Nitrate (oral) 110 (30.7) 31 (26.3) 0.35
Nitrate (intravenous) 92 (25.7) 26 (22.0) 0.42
Digoxin or digitalis glycoside 206 (57.5) 70 (59.3) 0.73
Diuretic (oral) 291 (81.3) 96 (80.5) 0.85
Diuretic (intravenous) 102 (28.5) 37 (30.5) 0.68
Inotropic agent 84 (23.5) 27 (22.9) 0.90
Antibiotic 107 (29.9) 38 (31.4) 0.76

Use of medication from randomization through 3 days (no. (%))
ACE inhibitor or ARB 199 (55.6) 70 (59.3) 0.48
Beta-blocker 255 (71.2) 82 (69.5) 0.72
Spironolactone 304 (84.9) 104 (88.1) 0.38
Nitrate (oral) 112 (31.3) 31 (26.3) 0.30
Nitrate (intravenous) 58 (16.2) 20 (16.9) 0.85
Digoxin or digitalis glycoside 216 (60.3) 68 (57.6) 0.60
Diuretic (oral) 279 (77.9) 92 (78.0) >0.99
Diuretic (intravenous) 122 (34.1) 35 (29.7) 0.37
Inotropic agent 114 (31.8) 30 (25.4) 0.18
Antibiotic 118 (33.0) 45 (38.1) 0.31

There was no significant difference in standard therapy in any of the baseline characteristics between groups.
ACE¼ angiotensin-converting enzyme, ARB¼ angiotensin-receptor blocker, rhANP¼ recombinant human atrial natriuretic peptide.
Inotropic agents included dopamine, dobutamine and milrinone.�

ts th
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continuous infusion of diuretics. Recently, it has been shown
that the effect of diuretics on dyspnea is similar whether they are
administrated by bolus or by continuous infusion in patients
with ADHF.19 Furthermore, the VMAC trial reported that the

Plus/minus values are means�SD.
yThe data for the New York Heart Association (NYHA) class reflec
effect of nitroglycerin on dyspnea was similar to that of BNP.20

Because BNP targets the same receptors as rhANP,21 standard
therapies in the present study consisting of nitroglycerin may

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
also contribute to dyspnea improvement in both the rhANP and
placebo groups, and minimize the advantage of rhANP over
placebo in terms of effect on dyspnea.

The present trial demonstrated that ANP decreased PCWP

e status of patients at the time of randomization.
and improved other hemodynamic parameters. Hemodynamic
improvement, especially a decrease in PCWP, used to be
regarded as an important primary endpoint of clinical efficacy

www.md-journal.com | 5



FIGURE 2. Changes in dyspnea among all patients. (A) Changes in
dyspnea severity at 12h, represented by the percentage of patients
with 7 levels of dyspnea severity changes at 12h from baseline. The
numbers on the right of the bars indicate the overall percentage of
patients with dyspnea improvement of at least 2 grades at 12h in
the 2 groups. (B) Dyspnea improvement at various time points,
represented by the percentage of patients with dyspnea improve-
ment that was defined when there was a decrease of at least 2
grades of dyspnea at a designated time point from baseline.

FIGURE 3. Hemodynamic changes including pulmonary capillary wed
and systolic blood pressure (D) at different time points in the catheteri
bars indicate the standard deviation. �, P<0.05 compared with plac

Wang et al
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of ADHF.22–25 In the present study, PCWP was used as a co-
primary endpoint in a subgroup of patients and further verified
the findings obtained in our phase II, dose-finding study.12

Dyspnea improvement in this subgroup appeared at 0.5 h post
drug infusion and was most obvious at 12 h. Hemodynamic
improvement reached a peak at 1 h and started to wane after 6 h.
This is consistent with observations in previous studies that
dyspnea improvement was delayed compared with the hemo-
dynamic effects, which gradually disappeared after stopping the
study drug.25,26 Similarly, the hemodynamic or dyspnea
improvement may be helpful for other available treatments
of acute heart failure, to advance patients past the acute phase
and achieve a relatively stable chronic status.27

The present study adopted a short-term infusion, which
was used in other studies of ANP carried out before 1999.28,29

Although long-term infusion has been used in most subsequent
studies,4,6,7 it has been reported that some effects of ANP, such
as vasodilation, inhibition of aldosterone, and potential diuresis,
may be attenuated by long-term infusion.30,31

Although placebo was adopted in the control group of the
present study, it was added in the standard therapies including
diuretics, vasodilators, ACEI, or ARB. The background stan-
dard therapies varied among clinical trials, affecting the evalu-
ation of a new agent for the treatment of heart failure, which
may explain their inconsistency regarding the effect of dyspnea,
diuresis, and prognosis.32 The VMAC trial demonstrated a
significantly better effect on dyspnea at 3 h for nesiritide
compared with placebo, and thus formed the basis for the Food
and Drug Administration’s approval of nesiritide.20 However,

Medicine � Volume 95, Number 9, March 2016
the use of intravenous vasodilators was restricted until there was
defined assessment of dyspnea.20 Similarly, patients receiving
intravenous vasodilators were excluded in the trials using

ge pressure. (A) Cardiac index (B) systemic vascular resistance (C)
zed group. The dots and triangles denote the mean values and the
ebo.

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Adverse Events of the Intention-to-Treat Population

rhANP (n¼ 358) Placebo (n¼ 118) OR 95% CI P Value

Any adverse events within 3 days (no. [%]) 221 (61.7) 63 (53.4) 1.408 (0.926–2.143) 0.11
Hypotension 15 (4.2) 1 (0.8) 5.117 (0.669–39.157) 0.14
Renal impairment 25 (7.0) 7 (5.9) 1.191 (0.501–2.828) 0.69
Poor appetite 26 (7.3) 5 (4.2) 1.770 (0.664–4.719) 0.25
Nausea 24 (6.7) 4 (3.4) 2.048 (0.696–6. 028) 0.19
Exacerbation of heart failure 18 (5.0) 8 (6.8) 0.728 (0.308–1.721) 0.47
Palpitation 16 (4.5) 8 (6.8) 0.643 (0.268–1.544) 0.32
Serious adverse events within 30 days (no. [%]) 5 (1.4) 1 (0.8) 1.657 (0.192–24.330) >0.99
Acute cerebral infarction 1 (0.3) 0 (0) NA >0.99
Ventricular tachycardia or fibrillation 3 (0.8) 1 (0.8) 0.989 (0.102–9.597) >0.99
Respiratory tract infection 1 (0.3) 0 (0) NA >0.99
Mortality within 30 days (no. [%]) 11 (3.1) 3 (2.5) 1.215 (0.333–4.432) >0.99

an
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relaxin.15,33 In a phase II study of ularitide for decompensated
heart failure, intravenous diuretics, ACEI, and vasoactive drugs
were withheld during a 5-h period (beginning 3 h before initi-
ating study drug infusion).25 Spironolactone was prohibited in
another clinical trial that showed that ANP improved the
prognosis of heart failure.7 In most studies evaluating effects
of ANP or BNP on diuresis or aldosterone inhibition, diuretics
and/or ACEI were withheld.30,34 Therefore, it seems difficult to
prove that the new drugs used for ADHF can produce an
additional benefit on top of a combination of the conventional
vasodilators, diuretics, ACEI or ARB, beta-blockers, and spir-
onolactone.32

There are several major limitations in this phase III clinical
trial. First, similar to other heart failure trials,14,15 patients were
relatively highly selected in the present study. All study patients
had reduced ejection fraction with better hepatic and renal
function and were younger in age compared to most registry
study patients.10,35,36 However, it has recently been indicated
that heart failure trials should be designed in a selective
population since the patients with heart failure are hetero-
geneous in pathophysiology and comorbidity.10,35,36 Second,
aldosterone and adrenergic hormones are important factors
involved in the pathophysiology of heart failure, and previous
studies have reported that ANP causes inhibition of aldosterone
and the adrenergic system in patients with congestive heart
failure.2,3 In the present study, these hormones were not
measured and thus the potential effects of ANP on these
hormones in patients with ADHF remains to be elucidated.
Third, more biomarkers such as N-terminal pro B-type natriure-
tic peptide and N-terminal propeptide of procollagen type III
that are associated with the development of heart failure37,38

were not included as inclusion criteria for the diagnosis of heart
failure. Fourth, as the patients all had systolic dysfunction with
class III or IV NYHA, the effects of ANP on impairment of
excitation–contraction coupling and nutritional risk index
should be further studied.39,40 Last, this clinical trial of rhANP
only included Chinese patients and the number of patients was
low despite sample-size estimation. Thus the efficacy and safety
of rhANP for patients should be further evaluated in large-scale
international, multicenter trials in other countries.

CI¼ confidence interval, OR¼ odds ratio, rhANP¼ recombinant hum
In conclusion, a 1-h infusion of rhANP in combination
with standard therapy appears to result in prompt, transient
hemodynamic improvement, with a small, nonsignificant effect

Copyright # 2016 Wolters Kluwer Health, Inc. All rights reserved.
on dyspnea in ADHF patients. The safety of a 1-h infusion of
rhANP seems to be acceptable. However, an international
multicenter trial with a large number of patients is needed to
further verify our findings.
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