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Aims Ularitide is a synthetic form of urodilatin, a natriuretic peptide produced in the kidney with vaso-
dilating, natriuretic, and diuretic effects, that offers promise for the management of decompensated
heart failure (DHF). We assessed the efficacy and safety of ularitide in treating patients with DHF.
Methods and results In this Phase II randomized, double-blind, placebo-controlled trial, 221 DHF
patients received either placebo (n ¼ 53) or ularitide at 7.5 ng/kg/min (n ¼ 60), 15 ng/kg/min
(n ¼ 53), or 30 ng/kg/min (n ¼ 55) as a 24-h continuous infusion. At 6 h, ularitide demonstrated a sig-
nificant decrease in pulmonary capillary wedge pressure (P ¼ 0.052, P ¼ 0.000004, P ¼ 0.000002,
respectively) and improved dyspnoea score in the 7.5, 15, and 30 ng/kg/min ularitide group
(P ¼ 0.0026, P ¼ 0.0026, P ¼ 0.0013, respectively). Ularitide reduced systemic vascular resistance
and increased cardiac index for the 15 and 30 ng/kg/min groups (P ¼ 0.017, P ¼ 0.00002, respectively).
Systolic blood pressure (BP) decreased dose dependency. Heart rate and serum creatinine were
unchanged through day 3. Most frequently reported drug-related adverse events through day 3 in all
ularitide groups were dose-dependent BP decrease and hypotension.
Conclusion Ularitide lowered cardiac filling pressures and improved dyspnoea without apparent early
deleterious effects on renal function in DHF patients. These results suggest that ularitide may play a
role in the management of DHF.
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Introduction

Heart failure (HF) is a major, expanding public health
problem with a poor prognosis and also the most common
cause for hospitalization of elderly patients and accounts
for �60% of treatment costs.1

Ularitide is a synthetic form of urodilatin, a natriuretic
peptide hormone secreted by the kidney.2 The natriuretic
peptide family comprises peptides characterized by a
17-amino-acid ring structure differing in six positions and
varying markedly in amino- and carboxy-terminal amino
acid sequences.3 Whereas C-type natriuretic peptide (CNP)
is secreted by the endothelium, atrial natriuretic peptide
(ANP) and brain natriuretic peptide (BNP) are secreted by
the heart. In healthy volunteers, these molecules regulate
vascular and renal homeostasis4–6 increase vasodilation
and urinary sodium, chloride, and volume excretion7–10

and decrease neurohumoral vasoconstrictor

activation.9,11,12 In contrast to ANP, BNP, and CNP, endogen-
ous urodilatin is synthesized in renal distal tubular cells.
Following luminal secretion, urodilatin binds downstream
natriuretic peptide type A receptors in the inner medullary
collecting duct, regulating renal sodium and water
excretion.
The immediate clinical goal in managing decompensated

heart failure (DHF) is to provide symptom relief and to stabil-
ize the patients’ haemodynamics. Therapeutic options
include diuretics, vasodilators, and positive inotropic
agents; however, each of these options is associated with
clinical limitations.13–16 Data from meta-analyses have
raised concerns of an increased risk of renal deterioration
and mortality in DHF patients administered nesiritide.13–14

Thus, the search for agents that improve DHF signs and symp-
toms and preserve renal function without increasing mor-
tality risk has been an area of ongoing research.
In pilot studies, ularitide demonstrated beneficial effects

in congestive heart failure (CHF)17 and acute DHF (ADHF).18

Bolus injections in ADHF patients stimulated diuresis and
natriuresis and significantly reduced pulmonary capillary
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wedge pressure (PCWP) and systemic vascular resistance
(SVR).18 Further, in the SIRIUS I study, 24-h ularitide infusions
reduced PCWP.19 This Phase II study, SIRIUS II, evaluated the
haemodynamic and clinical effects of intravenous (iv) ulari-
tide added to standard therapy in hospitalized DHF patients
with dyspnoea at rest or minimal physical activity.

Methods

Study design

This randomized, double-blind, placebo-controlled study in patients
with DHF was performed in 13 German, two Serbian, and four
Russian centres. Patients were randomized to receive ularitide
(7.5, 15, or 30 ng/kg/min) or placebo as a constant 24-h infusion.
At initiation of the trial, separate randomization lists were gener-
ated for each study centre. Randomization was performed in
blocks with each block comprising eight patient numbers; the stat-
istics department of the clinical research organization was respon-
sible for study management and evaluation. Double-blind study
medication was prepared according to the assignment scheme.
Eligible patients were assigned consecutive random numbers in
the order of their inclusion into the trial.
All patients received standard care, including cardiovascular

medication. During a 5-h period (beginning 3 h before initiating
study drug infusion), iv diuretics, angiotensin-converting enzyme
(ACE) inhibitors, vasoactive drugs, phosphodiesterase (PDE) inhibi-
tors, and new iv administration of dopamine/dobutamine were
excluded. Ongoing dopamine/dobutamine infusions were continued
at a constant dose during this 5-h period. At their discretion, inves-
tigators administered diuretics based on patients’ haemodynamic
and clinical state.
Haemodynamic parameters such as PCWP, right atrial pressure

(RAP), and cardiac output (CO) were measured before, during,
and 2 h after end of the infusion. Before, at 6 h, and at 24 h after
the start of infusion, dyspnoea was assessed independently by the
patient and the investigator and samples of pulmonary artery
blood were taken for assessment of oxygen saturation. Blood
pressure (BP), heart rate (HR), and electrocardiographic (ECG)
status were closely monitored throughout the infusion. Adverse
events (AEs) were recorded, and serum creatinine (SCr) levels
were measured at 260 min, 24, 48, and 72 h after start of dosing
and in case of an AE/serious adverse event (SAE). SAEs and mortality
were monitored through day 30.
Before and at the end of infusion, safety laboratory assessments

(clinical chemistry, haematology, and urinalysis) were performed.
At the end of the 30-day follow-up, the investigator contacted
each patient or the patient’s family doctor to assess rehospitaliza-
tion and mortality.

Administration of study drug

Ularitide (CardioPep Pharma GmbH, Hannover, Germany), supplied
as 1 mg of lyophilized powder containing 10-mg mannitol as an exci-
pient in glass vials, was reconstituted and further diluted with an
aqueous solution of 0.9% NaCl.19 The same procedure was per-
formed for placebo vials containing mannitol only. Medication
vials and prepared infusion solution were not distinguishable by
study personnel.

Patient population

The study enrolled 221 white patients admitted to the hospital for
DHF [cardiac index (CI) �2.5 L/min/m2; mean PCWP] �18 mmHg)
and dyspnoea (at rest or with minimal physical activity).
Immediately before dosing, four patients did not have a PCWP
�18 mmHg (1, 2, and 1 in the placebo, 7.5-, and 30-ng ularitide
group, respectively); however, these patients fulfilled the inclusion
criteria at –30 min and were included into the analysis due to the

intent-to-treat (ITT) principle. All patients suffered from decom-
pensation of chronic HF due to hypertensive heart disease, coronary
heart disease, or dilative cardiomyopathy evaluated by angiography,
ECHO, ECG findings, and medical history. All patients gave written
informed consent before entry into the study. Baseline haemo-
dynamic measures were CI, mean of 1.9 L/min/m2; PCWP, mean of
25 mmHg; and ejection fraction, ,40% (95% of patients). Among
the different groups, median interval from time of hospitalization
to start of study-drug infusion ranged from 2 to 3 days. All patients
had right-sided heart catheterization. Exclusion criteria included
de novo DHF, systolic blood pressure (SBP) �90 mmHg, myocardial
infarction within the 4 weeks before study entry, severe stenotic
valvular diseases, SCr .2.5 mg/dL, and cardiogenic shock.

Data of all 221 patients who were randomized to treatment rep-
resented the safety population and were also analysed with group
assignment according to the ITT principle.

Efficacy endpoint assessments

The co-primary endpoints at 6 h were (i) change in PCWP compared
with placebo and (ii) changes in the patient’s self-assessed dyspnoea
score, conducted without direct interaction with the investigator,
compared with placebo.

Haemodynamics

Haemodynamic parameters PCWP, RAP, and CO were determined by
right-sided heart catheterization using a 7F Swan-Ganz thermodilu-
tion catheter. CO measurements at –30 min and immediately before
dosing were not allowed to vary by 15% or more. If variation was
.15% (i.e. in haemodynamically unstable patients and in those
with atrial fibrillation), additional measurements were performed,
whereby care was taken to minimize effects of excessive fluid
intake. When CO variability was ,15%, infusion was started later.
Haemodynamic parameters were then measured at þ30 min; at 1,
2, 4, 6, 8, and 24 h of dosing; and 2 h after the end of dosing
(26 h). CI and SVR were calculated by standard formulas.
Myocardial oxygen consumption (MVO2) was calculated using the
formula of Rooke and Feigl.20

Patient-assessed dyspnoea

At baseline, dyspnoea was assessed as being very severely, severely,
moderately, slightly, or not impaired. At 6 h, patients self-assessed
the relative change of dyspnoea compared with baseline that was
recorded by 7-point Likert scale (minimally, moderately, markedly
worse; unchanged; minimally, moderately, markedly better) as
described earlier.21 Patient-assessed dyspnoea was blinded to
haemodynamic measurement. We attempted to reduce potential
bias by performing dyspnoea self-assessment before haemodynamic
measurements, each assisted by different staff members, and by
prohibiting investigators from discussing these measurements or
assisting patients with completing the symptom evaluation.
Nonetheless, multiple haemodynamic measurements were obtained
before these dyspnoea assessments, which may have biased the
results.

Global clinical status

Changes in global clinical status (GCS) relative to baseline, assessed
by the investigator, were recorded by 7-point Likert scale.21 Here,
specific symptoms of CHF (i.e. dyspnoea, fatigue) were assessed.
We attempted to reduce potential bias by assessing GCS before
haemodynamic measurements.

Renal parameters

Creatinine clearance (CLCR) was estimated from SCr using the
Cockroft–Gault equation.22 This formula has been validated in
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several studies of CHF and renal dysfunction but is used only if SCr is
measured by the Jaffé method.23

N-terminal-proBNP

Plasma concentrations of N-terminal-proBNP (NT-proBNP) were
measured in venous blood using the Elecsys 2010 proBNP
sandwich-immunoassay system (Roche Diagnostics, Mannheim,
Germany) with an analytical range of 20 to 35 000 pg/mL.

Safety endpoint assessments

Enrolled patients were hospitalized and monitored for BP, HR, ECG,
and AEs, the last of which was recorded through 72 h. If SBP
decreased to �80 mmHg, confirmed by a control measurement
within 5 min, the infusion was interrupted and this event was
recorded as an AE. Fluid intake and urine output were documented.
Fluid balance was calculated and adjusted according to cardiac
filling pressures. A follow-up phone call was made on day 30 for
assessment of SAEs and vital status.

Statistical analysis

All efficacy and safety parameters were described and summarized
by treatment group and time point [n, arithmetic mean, standard
deviation (SD), median, minimum, maximum].

The absolute change from baseline in PCWP was evaluated by
repeated measures mixed effects analysis of covariance, including
baseline as covariate, treatment, and time of assessment as
factors as well as treatment-by-assessment interaction. Patients
within the treatment group were considered random factors. All
differences between treatments were estimated together with a
95% confidence interval. To assess the influence of the baseline
adjustment, the test was repeated without the baseline covariate
but using the same statistical model.

The statistical interpretation of these data with respect to the
primary endpoint (the change in PCWP at 6 h) followed a hierarchi-
cal test principle: if the overall F-test gave an indication of a global
difference between treatment means (P, 0.05), the active doses
were compared with placebo, starting with the highest dose and
ending if one comparison was assessed with a P-value larger than
0.05. All active doses showing a significant difference compared
with placebo were then compared against each other. Because of
the hierarchical test principle, all tests were performed at the
local 5% level and no alpha-adjustment was necessary.

P-values for comparisons between treatments were also derived
for other parameters, and time points of interest for quantitative
parameters using the same methods as described earlier, but
without inspection or interpretation of P-values for the main
effects. These P-values can be interpreted as a descriptive

measure of the strength of evidence, independent of the scale of
measurement, but should not be interpreted as statistical proof of
any actual or assumed differences.
The dyspnoea score and global status were described by fre-

quency tables in terms of counts and percentages. Data were ana-
lyzed by assessor and time point with the Uleman test, a version
of the Mann–Whitney U-test for parameters with a low number of
outcomes. This test is most suited for frequency tables with
ordered categories, whereas the commonly applied Mantel–
Haenszel test does not utilize ordering information. Some categories
were represented with very low frequencies only; so the results
were summarized by showing only the percentages of patients
with scores moderately or markedly better, whereas the Uleman
test took into account all categories.24 The same procedure was
applied to the scores for GCS.
AEs were coded using the MedDRA dictionary. The incidence of each

AE (coded by preferred term) and the number and percentage of sub-
jects experiencing eachweredeterminedwithineach treatment group.
A mean baseline value of 25 mmHg for PCWP was expected in the

specified patient population. Assuming that treatment with 0, 7.5,
15, or 30 ng/kg/min ularitide would lead to changes of 0, 2.5,
3.75, or 5 mmHg and that such changes would exhibit an SD of
7.0 mmHg, the estimation of sample size for an analysis of variance
procedure with alpha ¼ 0.05, and power ¼ 90%, led to the decision
to enroll about 50 patients per group. The assumed SD is consistent
with the results of Colucci et al.25

Results

Patient enrolment

Between February 2003 and October 2004, 221 patients
were randomized (53 patients in the placebo group, 60 in
the 7.5 ng/kg/min ularitide group, 53 in the 15 ng/kg/min
ularitide group, and 55 in the 30 ng/kg/min ularitide
group), of which 220 were treated with study drug or
placebo over 24 h (Figure 1).

Baseline characteristics

Of the 221 randomized patients, 173 (78.3%) were men and
48 (21.7%) were women. The mean study population age was
61 years. Demographic characteristics were comparable
among the four treatment groups. There were no relevant
differences in age, height, or weight. All subjects were
white (Table 1).
Mean haemodynamics at baseline were comparable

among the different groups with respect to CI, PCWP, and

Figure 1 Study flow diagram and patient disposition.
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EF. Median NT-proBNP levels ranged from 2641 to 3524 pg/
mL between treatment groups. Cardiovascular medical
history was comparable for all four treatment groups.
Fifty-two percent of the patients had ischaemic

cardiomyopathy (ICM) as the primary aetiology of their
CHF (47–57%) (Table 1). Main baseline medication consisted
of diuretics, ACE-inhibitors, beta-blockers, digoxin, and
nitrates (Table 2).

Table 2 Previous and concomitant cardiac medication

Drug
n (%)

Previous medication n (%) Concomitant medication during study drug infusion n (%)

Placebo
(n ¼ 53)

Ularitide (ng/kg/min) Placebo
(n ¼ 53)

Ularitide (ng/kg/min)

7.5 15 30 7.5 15 30
(n ¼ 60) (n ¼ 53) (n ¼ 55) (n ¼ 60) (n ¼ 53) (n ¼ 55)

Diuretics 49 (92.5) 56 (93.3) 50 (94.3) 53 (96.4) 43 (81.1) 51 (85.0) 41 (77.4) 46 (83.6)
Loop diuretics 48 (90.6) 56 (93.3) 46 (88.5) 51 (92.7) 42 (79.2) 51 (85.0) 35 (67.3) 42 (76.4)
iv diuretics 35.8 31.7 30.8 41.8 3.8 5.0 5.8 5.4

Nitrates 25 (47.2) 26 (43.3) 31 (58.5) 21 (38.2) 16 (30.2) 20 (33.3) 19 (35.8) 15 (27.3)
Dobutamine 2 (3.8) 1 (1.7) 4 (7.7) 1 (1.8) 1 (1.9) 0 0 1 (1.8)

Continued at
Baseline

NA NA NA NA 1 (1.9) 1 (1.8)

New administration NA NA NA NA
Dopamine 1 (1.9) 4 (6.7) 5 (9.4) 3 (5.5) 1 (1.9) 1 (1.7) 1 (1.9) 3 (5.5)

Continued at
Baseline

NA NA NA NA 1 (1.9) 1 (1.7) 3 (5.5)

New administration NA NA NA NA 1 (1.9)
Digoxin 22 (41.5) 38 (63.3) 36 (67.9) 37 (67.3) 17 (32.1) 32 (53.3) 30 (56.6) 34 (61.8)
ACE inhibitors 47 (88.7) 50 (83.3) 41 (77.4) 43 (78.2) 46 (86.8) 48 (80.0) 40 (75.5) 40 (72.7)
AT-II-receptor

blockers
2 (3.8) 4 (6.7) 3 (5.7) 4 (7.3) 1 (1.9) 5 (8.3) 3 (5.7) 4 (7.3)

b-blockers 39 (73.6) 49 (81.7) 36 (67.9) 37 (67.3) 35 (66.0) 47 (78.3) 37 (69.8) 33 (60.0)
Spironolactone 27 (50.9) 41 (68.3) 36 (67.9) 36 (65.5) 28 (52.8) 40 (66.7) 37 (69.8) 35 (63.6)
Aspirin 33 (62.3) 35 (58.3) 36 (67.9) 29 (52.7) 32 (60.4) 34 (56.7) 33 (62.3) 27 (49.1)
Warfarin 11 (20.8) 12 (20.0) 10 (18.9) 20 (36.4) 9 (17.0) 10 (16.7) 7 (13.2) 14 (25.5)

AT-II-receptor blockers, angiotensin II receptor blockers; NA, not applicable.

Table 1 Baseline demographics, haemodynamics at enrolment, and medical history

Placebo
(n ¼ 53)

Ularitide (ng/kg/min)

7.5 15 30
(n ¼ 60) (n ¼ 53) (n ¼ 55)

Demographics (mean+ SD)
Age (years) 60.6+ 12.3 59.9+ 13.9 59.8+ 10.8 61.5+ 13.8
Height (cm) 174.1+ 8.9 174.0+ 8.7 173.7+ 10.3 174.1+ 9.4
Weight (kg) 81.0+ 15.6 85.1+ 16.8 83.9+ 18.0 82.7+ 16.3
Male, n (%) 44 (83.0) 50 (83.3) 37 (69.8) 42 (76.4)

Haemodynamics mean+ SD
HR (b.p.m.) 76.4+ 2.5 77.8+ 13.9 75.7+ 11.8 78.5+ 13.7
SBP (mmHg) 127.4+ 19.9 126.1+ 24.6 124.9+ 17.6 123.9+ 21.5
DBP (mmHg) 74.5+ 12.7 78.5+ 13.9 77.3+ 10.6 76.5+ 13.3
CI (L/min/m2) 1.9+ 0.4 1.9+ 0.4 1.9+ 0.3 1.9+ 0.4
PCWP (mmHg) 24.9+ 6.0 24.4+ 6.4 25.7+ 5.8 25.4+ 5.0
Ejection fraction (�40%) n (%) 50 (94.3) 57 (95) 52 (98.1) 48 (87.3)
NT-proBNP (pg/mL) (median) 3064 3524 2641 2937

Renal function (mean+ SD)
CLCR (mL/min) 78.3+ 34.1 85.4+ 36.6 79+ 36.0 75.3+ 30.3

Cause of HF n (%)
ICM 28 (52.8) 28 (46.7) 30 (56.6) 28 (50.9)
DCM 17 (32.1) 25 (41.7) 19 (35.8) 19 (34.5)
HHD 8 (15.1) 7 (11.7) 4 (7.5) 6 (10.9)

Diabetes n (%) 16 (30.2) 19 (31.7) 15 (28.3) 29 (52.7)

EF, ejection fraction; DCM, dilated cardiomyopathy; HHD, hypertensive heart disease.
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Primary endpoints

Pulmonary capillary wedge pressure
At 6 h, the primary endpoint, PCWP (Figure 2A), was signifi-
cantly decreased in the two highest ularitide groups com-
pared with placebo. In both the 15 and 30 ng/kg/min
groups, PCWP was significantly reduced at 6 h compared
with the 7.5 ng/kg/min group (P ¼ 0.005, P ¼ 0.003,
respectively). There was no difference between the two
highest dose groups (P ¼ 0.943). Changes from baseline for

the 15 and 30 ng/kg/min groups vs. placebo showed signifi-
cant differences (P ¼ 0.031, P ¼ 0.015, respectively) 1 h
after onset of infusion, lasting until 24 h; for 7.5 ng/kg/
min group, these differences (P ¼ 0.008) were first evident
at 4 h, lasting until 24 h (P ¼ 0.014) (Figure 2A). In this
analysis, the baseline covariate, treatment and time of
assessment were found to be highly significant
(P , 0.0001), whereas there was no treatment-by-
assessment interaction (P ¼ 0.3229).

Figure 2 Haemodynamic parameters for placebo (†) and ularitide 7.5 ng/kg/min (S), 15 ng/kg/min (B), 30 ng/kg/min (O) dose groups. (A) Changes from
baseline in PCWP. (B) Changes in RAP. (C) CI. (D) SVR. (E) SBP. (F) Nt-pro-BNP. *P, 0.05 vs. placebo. **P , 0.01 vs. placebo.
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Patients’ dyspnoea assessment
After 6 and 24 h of infusion, patients assessed dyspnoea and
investigators assessed GCS relative to baseline each. For dys-
pnoea, at 6 h, all three ularitide groups differed significantly
from the placebo group (P ¼ 0.0026, P ¼ 0.0026, and
P ¼ 0.0013 for the 7.5, 15, and 30 ng/kg/min ularitide
groups, respectively). More patients in the ularitide groups
assessed their changes in dyspnoea as moderately or markedly
better,whereas the placebo groupmost frequently reportedno
change indyspnoea. Deterioration indyspnoeawas reportedby
only one patient receiving placebo. Furthermore, at 24 h,
more patients receiving ularitide in the three different
dosages reported an improvement of dyspnoea compared
with patients treated with placebo (Figure 3).

Haemodynamic effects

At baseline, RAP was markedly elevated in all groups. At 4 h,
the 15 and 30 ng/kg/min ularitide treatment groups dis-
played decreased RAP compared with placebo (P ¼ 0.008,
P ¼ 0.001, respectively), lasting until 24 h for the 7.5 and
30 ng/kg/min ularitide groups (P ¼ 0.028, P ¼ 0.006,
respectively) (Figure 2B). The mean decrease observed
among the 15 ng/kg/min patients at that time was twice
that of the placebo group but not statistically larger.
In the 15 and 30 ng/kg/min ularitide groups, an increase

in CI was already evident 1 h following start of infusion
(P ¼ 0.013, P ¼ 0.00003, respectively). Throughout the infu-
sion period and 2 h after end of dosing, CI remained elev-
ated in the 30-ng/kg/min group. Ularitide at 15 ng/kg/min
increased CI similarly (P ¼ 0.017, P ¼ 0.008, respectively)
at 6 and 8 h (Figure 2C).
The time course of SVR mirrored that of CI. SVR decreased

1 h after start of dosing in the 15 and 30-ng/kg/min groups
compared with placebo (P ¼ 0.003, P ¼ 0.00009, respect-
ively), lasting through 24 h, except at 4 h for the 15-ng/
kg/min group (P ¼ 0.123) (Figure 2D).
SBP at baseline was 127.4+ 19.9 mmHg (placebo),

126.1+ 24.6 mmHg (7.5 ng/kg/min), 124.9+ 17.6 mmHg
(15 ng/kg/min), and 123.9+ 21.5 mmHg (30 ng/kg/min). A
dose-related decrease in SBP occurred during infusion
(Figure 2E). After the end of infusion, SBP increased again
in the 15 and 30 ng/kg/min ularitide groups. HR at baseline
ranged from 75.5+ 11.8 b.p.m. to 78.6+ 14.0 b.p.m.
among the groups. HR did not change and was not different

among the groups (at þ30 min, 1, 2, 4, 6, 8, 16, 24, and
26 h) with min. and max. mean changes from baseline of
21.0 to 2.0 b.p.m. (placebo), 22.8 to 1.5 b.p.m. (7.5 ng/
kg/min), 21.4 to 2.6 b.p.m. (15 ng/kg/min), 22.2 to
1.8 b.p.m. (30 ng/kg/min) at those time points.

MVO2 was decreased in a dose-dependent manner
(mean changes from baseline in D+ SD in % at 6/24 h):
placebo, –1+ 12.8/2 1.5+ 11.5; ularitide 7.5 ng/kg/min,
–3.4+ 11.9/–4.5+ 13.0; ularitide 15 ng/kg/min, –4.6+
11.3/ to 5.7+ 13.1; ularitide 30 ng/kg/min, –7.6+
11.4/2 5.4+ 19.

GCS assessment

For patients’ GCS, at 6 h, the two highest ularitide groups
differed significantly from the placebo group (P ¼ 0.0039,
P ¼ 0.0013 for the 15 and 30 ng/kg/min group, respectively)
(Figure 3).

Previous and concomitant medications

Patients’ baseline previous and concomitant medication is
given in Table 2. Average doses of loop diuretics (furosemide
equivalents) administered during dosing were 99 mg in
placebo and 91 mg, 79 mg, and 115 mg in the 7.5, 15, and
30 ng/kg/min ularitide groups, respectively.

NT-proBNP

At baseline, median plasma NT-proBNP levels were patho-
logically elevated. No change was seen at 6 h in the ularitide
groups vs. placebo (Figure 2F), but plasma NT-proBNP sig-
nificantly decreased in the 15 ng/kg/min group and tended
to decrease also in the 30 ng/kg/min group compared with
placebo at 24 h (P ¼ 0.017).

Renal effects and use of loop diuretics

Mean urine output did not differ significantly among all treat-
ment groups and ranged from 1925 to 2309 mL/24 h
(Figure 4A); mean fluid intake was comparable in all treatment
groups (ranging from 1611 to 1855 mL/24 h). During dosing,
loop diuretics tended to be given less frequently in the
15 ng/kg/min group (67.3%) compared with the placebo
group (79.2%). At the end of dosing (24 h), SCr changes from
baseline were not significant in all treatment groups except
the 15 ng/kg/min ularitide group, which tended to display

Figure 3 Dyspnoea improvement and global clinical status (GCS) assessment at 6 and 24 h. Summarized patients’ dyspnoea and investigators’s GCS assessments
of ‘moderately better’ or ‘markedly better.’ P-values of tests vs. placebo, considering all scores.
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decreased SCr. At 24 h, CLCR tended to be increased in the
placebo group relative to the ularitide groups while at 48 and
72 h CLCR was decreased with both 7.5 and 30 ng/kg/min
which, however, was also seen for placebo (Figure 4B and C).

Safety

An overview of safety results is given in Table 3. Most AEs
were of mild to moderate intensity. Most frequently
reported drug-related AEs in all ularitide groups were BP
decrease (5.4%), hypotension (5.4%), sweating (4.2%), and
dizziness (3.0%). BP decreases occurred usually 4–12 h
after dosing start; about half were asymptomatic. For two
patients after 7.5, four patients after 15, and seven patients
after 30 ng/kg/min ularitide, infusion was temporarily

interrupted because of decreased SBP to below 80 mmHg.
For the same reason, only one patient in each ularitide
group required permanent discontinuation of study drug.
Time to complete resolution of hypotensions was approxi-
mately 0.5–1 h in most cases and lasted up to 4 h in four
cases and 8 h in two cases. All patients recovered comple-
tely either by discontinuation of ularitide infusion or by
elevation of legs and saline infusion.
Transiently decreased HR or bradycardia was reported for

three patients in the 7.5-ng/kg/min group (5%), for one
patient (1.8%) in the 30-ng/kg/min group, but for none in
the 15-ng/kg/min and placebo groups. Although not
reported in the placebo and 7.5-ng/kg/min group, increased
HR or ventricular tachycardia occurred in two patients of the
15-ng/kg/min group (3.8%). Tachyarrhythmia was reported
in one patient in the 30-ng/kg/min group (1.8%).
A total of 12 patients died during the study through day

30 (Table 3): seven patients (13.2%) in the placebo group,
two patients (3.4%) in the 7.5-ng/kg/min group, two
patients (3.8%) in the 15-ng/kg/min group, and one
patient (1.8%) in the 30-ng/kg/min group. Of the seven
placebo patients, five patients died between day 1 and 8,
two patients between day 19 and 26. All placebo patients
died of HF. Of five patients in the ularitide group, one
patient died at day 1, and four patients died between
day 11 and 13; three patients of HF and two patients of per-
forated duodenal ulcer and gastric bleeding. More patients
had SAEs in the placebo group compared with the ularitide
groups in both the day 1–3 and day 4–30 time periods
(Table 3).
Median hospitalization time was shorter for the 15 and

30-ng/kg/min groups (122 and 158 h, respectively) com-
pared with 201 and 192 h for placebo and 7.5 ng/kg/min
groups, respectively; this difference was not statistically sig-
nificant and requires further evaluation with larger numbers
of patients.

Discussion

In the SIRIUS II trial, the synthetic natriuretic peptide ulari-
tide significantly reduced PCWP and improved dyspnoea in
patients with DHF when added to standard therapy.
Ularitide exerted expected dose-dependent decreases in
BP, as seen also for other vasodilators.21,25–27 These results
suggest that ularitide administered to DHF patients is clini-
cally and haemodynamically active, without apparent dele-
terious effects on short-term renal function.
The favourable haemodynamic effects of ularitide were

sustained through the end of the 24-h infusion period.
These data show that ularitide infusion promptly and con-
sistently lowers cardiac filling pressures and also leads to a
decrease in MVO2, a favourable effect in ICM.
An additional aim of the trial was to investigate changes in

dyspnoea, a cardinal symptom in patients with DHF.
Compared with placebo, patients receiving ularitide in all
three dose groups reported more moderate and marked dys-
pnoea improvements after 6 and 24 h of infusion. These data
support the findings of the pilot SIRIUS I study in which a
similar trend was seen in a smaller number of patients.19

Although the dyspnoea scoring assessment used in SIRIUS II
is not validated, it has been commonly used in previous
studies.21 Patient’s self-assessment may be affected by con-
founding variables (e.g. if the patient has a right-sided heart

Figure 4 Renal parameters at 24, 48, and 72 h. (A) Urine output over 24 h.
(B) Changes in SCr. (C) Changes in CLCR; mean+ SEM.
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catheter in place or if haemodynamic parameters are
known). In this trial, we attempted to reduce potential
bias by performing dyspnoea self-assessment before haemo-
dynamic measurements and by prohibiting investigators
from discussing these measurements or assisting patients
with completing the symptom evaluation. Also, in the
placebo group treated with standard care, reduction of
PCWP and an increase in CI were seen; however, it cannot
be excluded that knowledge of the degree of PCWP
reduction by the nursing and medical staff still might have
indirectly affected a patient’s self-assessment.
As a secondary endpoint, investigator-assessed patient

GCS revealed an improvement in the two highest dose
groups at 6 h, which lasted until 24 h in the 15-ng/kg/min
group, thus supporting ularitide’s beneficial effect on clinical
outcome. However, compared with dyspnoea less patients
reported an improvement in GCS, which was also reported
elsewhere.21 Even though assessment was performed
before haemodynamic measurements, it cannot be excluded
that the investigators’ assessment could have been some-
what influenced by known haemodynamic parameters.
Reduced cardiac filling pressures that lower ventricular

wall stress during ularitide infusions are also reflected in
decreased plasma NT-proBNP concentrations. In contrast to
placebo, where an increase in plasma NT-proBNP was
detected, the two higher ularitide doses decreased
NT-proBNP at 24 h, but the decrease was significant for
only the 15 ng/kg/min ularitide group. Notably, the
response of NT-proBNP was not seen at 6 h but was clearly
evident at 24 h. Reductions in right and left ventricular
filling pressures may result in a reduction of NT-proBNP
with a time lag phase,28 as shown in a smaller number of
patients in the SIRIUS I study.19 NT-proBNP secretion is con-
trolled at the transcriptional level, usually requiring a
longer-term stimulus.29 Therefore, abrupt reductions in
right and left ventricular filling pressures might not directly

result in a reduction of NT-proBNP as an intermediate bio-
marker. The half-life of NT-proBNP is about 120 min,
suggesting that haemodynamic changes could be reflected
by this test approximately every 12 h.29

Renal function frequently deteriorates during treatment
of patients hospitalized for HF, and minor increases in SCr
are independently predictive of worsened outcome.30

Therefore, agents that improve haemodynamics, leading to
beneficial clinical effects but not deteriorating renal func-
tion, are needed for DHF treatment. Ularitide is known to
induce renal effects such as diuresis and natriuresis in
healthy volunteers.9 Among the four treatment groups,
there was no relevant difference in urine output over 24 h
with comparable fluid intake, possibly because of downregu-
lation of the natriuretic peptide A receptor (NPR-A) in CHF31

or upregulation of neutral endopeptidase (NEP 24.11), an
enzyme known to cleave natriuretic peptides. The latter
mechanism was reported to be restricted to the kidneys of
HF models,32 which would explain the prominent haemo-
dynamic and the lack of renal responsiveness to ularitide
infusion. In addition, mild diuretic effects of ularitide may
have been overshadowed by the stronger effects of loop
diuretics given during dosing in a range of 91 to 115 mg in
the different groups. Compared with placebo, 7.5, and
30-ng/kg/min groups, SCr levels tended to be decreased
and CLCR tended to be less decreased in the 15-ng/kg/min
group through 72 h. Taken together, the current data demon-
strate no evidence of deleterious renal effects induced by
ularitide during the infusion and the 2-day follow-up
period. Recent data from a meta-analysis raised concern
about increased risk of renal deterioration in DHF patients
administered nesiritide,13 whereas in the VMAC trial no
such increases were reported through 30 days.21 Also a
recent study reported beneficial effects of nesiritide on post-
operative renal function, however, in patients undergoing
cardiothoracic surgery.33 In SIRIUS II short-term renal

Table 3 Adverse Events

Placebo
(n ¼ 53)

Ularitide (ng/kg/min)

7.5 15 30
(n ¼ 60) (n ¼ 53) (n ¼ 55)

Subjects with any AE day
1–3 n (%)

11 (20.8) 17 (28.3) 13 (24.5) 24 (43.6)

Subjects with any drug-related AE day 1–3 n (%) 4 (7.5) 10 (16.7) 7 (13.2) 11 (20.0)
Subjects with BP decrease/hypotension day

1–3 n (%)
2 (3.8) 5 (8.3) 7 (13.2) 9 (16.4)

Subjects with BP decrease/hypotension during
infusion n (%)

1 (1.9) 5 (8.3) 6 (11.3) 9 (16.4)

Symptomatic 1 (1.9) 4 (6.7) 3 (5.7) 4 (7.3)
Asymptomatic 0 (0) 1 (1.7) 3 (5.7) 5 (9.1)

Subjects with infusions discontinued/interrupted due
to SBP ,80 mmHg n (%)
Temporarily interrupted 0 (0) 2 (3.3) 4 (7.5) 7 (10.9)
Permanently discontinued 0 (0) 1 (1.7) 1 (1.9) 1 (1.8)

Subjects with any SAE n (%)
Day 1–3 2 (3.8) 1 (1.7) 2 (3.8) 1 (1.8)
Day 4–30 7 (13.2) 4 (6.7) 3 (5.7) 5 (9.1)

Deaths n(%)
Day 1–3 2 (3.8) 0 (0) 0(0) 1 (1.8)
Day 4–30 5 (9.4) 2 (3.3) 2 (3.8) 0 (0)
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effects of ularitide were investigated and therefore prospec-
tive trials with longer follow-up periods to investigate the
long-term effects of ularitide on renal function are needed.
The most common drug-related AEs were hypotension and

BP decrease. Patient baseline BPs in this study were compar-
able with those of DHF patients in other studies and regis-
tries.21,34 If a patient was symptomatic, symptoms
developed over several hours and were usually mild.
Hypotension occurred at similar incidence rates with other
vasodilators, including ANP,26 nesiritide, or nitroglycerin
administered in HF patients.21,25,27 In the present study,
cardiac arrhythmias, including bradycardia or tachycardia,
occurred at low incidence rates, were transient, and
resolved completely. In an earlier study, ularitide caused
bradycardia and severe hypotension in one patient with
CHF.35 There was no major adverse safety signal with
regard to mortality rate in the ularitide groups compared
with placebo.
This study has potential limitations. In particular, bias may

be introduced by the use of patient-assessed dyspnoea
scores if the PCWP is possibly known by either the patient
or the observer. In addition, in future studies, AEs and
renal function data should be collected after hospitalization
to investigate longer term adverse outcomes.
The SIRIUS II trial demonstrated that a 24 h infusion of

ularitide at all three doses in patients with DHF resulted in
prompt, consistent lowering of PCWP and LV pump function
improvement associated with improvements in dyspnoea.
Further, ularitide did not impair renal function during the
evaluation period. We conclude that ularitide has potential
for the treatment of patients with DHF, and future studies
with this promising agent are warranted.
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Humboldt University Berlin, Berlin (F. Knebel, S. Schattke);
Department of Medicine, Schwalmstadt Clinic, Schwalm-Eder-
Kliniken GmbH, Schwalmstadt (R. Zotz, P. Wild).

Serbia and Montenegro
Institute for Cardiovascular Diseases, University Medical Center of
Serbia, Belgrade, (P.M. Seferovic, D. Simeunovic, A.D. Ristic,
D. Trifunovic-Zamaklar, G. Radovanovic), ‘Zvezdara’ University
Clinical and Medical Center, Belgrade, (M. Miric).

Russian Federation
Russian Peoples Friendship University, Moscow, (V.S. Moiseyev,
Z. Kobalava), City Hospital No. 51, Moscow (D. Zateishikov).
Russian Research Center of Surgery, Russian Academy of Medical

Science, Moscow (A. Koroteev, A. Eremenko).
Internal Diseases Department of Russian State Medical University,

Hospital No. 4, Moscow (G. Aroutiounov, A. Rozanow).

References

1. Thom T, Haase N, Rosamond W, Howard VJ, Rumsfeld J, Manolio T,
Zheng ZJ, Flegal K, O’Donnell C, Kittner S, Lloyd-Jones D, Goff DC Jr,
Hong Y, Adams R, Friday G, Furie K, Gorelick P, Kissela B, Marler J,
Meigs J, Roger V, Sidney S, Sorlie P, Steinberger J, Wasserthiel-Smoller
S, Wilson M, Wolf P. Heart disease and stroke statistics–2006 update: a
report from the American Heart Association Statistics Committee and
Stroke Statistics Subcommittee. Circulation 2006;113:e85–e151.

2. Abassi ZA, Powell JR, Golomb E, Keiser HR. Renal and systemic effects of
urodilatin in rats with high-output heart failure. Am J Physiol
1992;262:F615–F621.

3. Forssmann WG, Meyer M, Forssmann K. The renal urodilatin system: clini-
cal implications. Cardiovasc Res 2001;51:450–462.

4. de Zeeuw D, Janssen WM, de Jong PE. Atrial natriuretic factor: its
(patho)physiological significance in humans. Kidney Int 1992;
41:1115–1133.

5. Mukoyama M, Nakao K, Hosoda K, Suga S, Saito Y, Ogawa Y, Shirakami G,
Jougasaki M, Obata K, Yasue H, Kambayashi Y, Inouye K, Imura H. Brain
natriuretic peptide as a novel cardiac hormone in humans. Evidence for
an exquisite dual natriuretic peptide system, atrial natriuretic peptide
and brain natriuretic peptide. J Clin Invest 1991;87:1402–1412.

6. Atlas SA, Maack T. Effects of atrial natriuretic factor on the kidney and
the renin–angiotensin–aldosterone system. Endocrinol Metab Clin
North Am 1987;16:107–143.

7. van der ZK, Houben AJ, Hofstra L, Kroon AA, de Leeuw PW. Hemodynamic
and renal effects of low-dose brain natriuretic peptide infusion in
humans: a randomized, placebo-controlled crossover study. Am J
Physiol Heart Circ Physiol 2003;285:H1206–H1212.

8. Meyer M, Richter R, Brunkhorst R, Wrenger E, Schulz-Knappe P, Kist A,
Mentz P, Brabant EG, Koch KM, Rechkemmer G, Forssmann WG.
Urodilatin is involved in sodium homeostasis and exerts sodium-state-
dependent natriuretic and diuretic effects. Am J Physiol 1996;271:
F489–F497.

9. Carstens J, Jensen KT, Pedersen EB. Metabolism and action of urodilatin
infusion in healthy volunteers. Clin Pharmacol Ther 1998;64:73–86.

10. Hildebrandt DA, Mizelle HL, Brands MW, Hall JE. Comparison of renal
actions of urodilatin and atrial natriuretic peptide. Am J Physiol
1992;262:R395–R399.

11. Jensen KT, Carstens J, Pedersen EB. Effect of BNP on renal hemody-
namics, tubular function and vasoactive hormones in humans. Am J
Physiol 1998;274:F63–F72.

Ularitide for decompensated heart failure 2831

Downloaded from https://academic.oup.com/eurheartj/article-abstract/27/23/2823/2887418
by Belgrade University user
on 15 March 2018



12. Bestle MH, Olsen NV, Christensen P, Jensen BV, Bie P. Cardiovascular,
endocrine, and renal effects of urodilatin in normal humans. Am J
Physiol 1999;276:R684–R695.

13. Sackner-Bernstein JD, Skopicki HA, Aaronson KD. Risk of worsening renal
function with nesiritide in patients with acutely decompensated heart
failure. Circulation 2005;111:1487–1491.

14. Sackner-Bernstein JD, Kowalski M, Fox M, Aaronson K. Short-term risk of
death after treatment with nesiritide for decompensated heart failure: a
pooled analysis of randomized controlled trials. JAMA 2005;293:1900–1905.

15. Burger AJ, Horton DP, LeJemtel T, Ghali JK, Torre G, Dennish G, Koren M,
Dinerman J, Silver M, Cheng ML, Elkayam U. Effect of nesiritide (B-type
natriuretic peptide) and dobutamine on ventricular arrhythmias in the
treatment of patients with acutely decompensated congestive heart
failure: the PRECEDENT study. Am Heart J 2002;144:1102–1108.

16. Cotter G, Metzkor E, Kaluski E, Faigenberg Z, Miller R, Simovitz A,
Shaham O, Marghitay D, Koren M, Blatt A, Moshkovitz Y, Zaidenstein R,
Golik A. Randomised trial of high-dose isosorbide dinitrate plus
low-dose furosemide versus high-dose furosemide plus low-dose isosor-
bide dinitrate in severe pulmonary oedema. Lancet 1998;351:389–393.

17. Elsner D, Muders F, Muntze A, Kromer EP, Forssmann WG, Riegger GA.
Efficacy of prolonged infusion of urodilatin [ANP-(95–126)] in patients
with congestive heart failure. Am Heart J 1995;129:766–773.

18. Kentsch M, Ludwig D, Drummer C, Gerzer R, Muller-Esch G.
Haemodynamic and renal effects of urodilatin bolus injections in patients
with congestive heart failure. Eur J Clin Invest 1992;22:662–669.

19. Mitrovic V, Luss H, Nitsche K, Forssmann K, Maronde E, Fricke K,
Forssmann WG, Meyer M. Effects of the renal natriuretic peptide urodila-
tin (ularitide) in patients with decompensated chronic heart failure: a
double-blind, placebo-controlled, ascending-dose trial. Am Heart J
2005;150:1239.

20. Rooke GA, Feigl EO. Work as a correlate of canine left ventricular oxygen
consumption, and the problem of catecholamine oxygen wasting.
Circ Res 1982;50:273–286.

21. Publication Committee for the VMAC Investigators (Vasodilatation in the
Management of Acute CHF). Intravenous nesiritide vs. nitroglycerin for
treatment of decompensated congestive heart failure: a randomized
controlled trial. JAMA 2002;287:1531–1540.

22. Cockcroft DW, Gault MH. Prediction of creatinine clearance from serum
creatinine. Nephron 1976;16:31–41.

23. Lamb EJ, Wood J, Stowe HJ, O’Riordan SE, Webb MC, Dalton RN.
Susceptibility of glomerular filtration rate estimations to variations in
creatinine methodology: a study in older patients. Ann Clin Biochem
2005;42:11–18.

24. Uleman JS. A nonparametric comparison of two small sampels with many
ties. Psych Bull 1968;70:794–797.

25. Colucci WS, Elkayam U, Horton DP, Abraham WT, Bourge RC, Johnson AD,
Wagoner LE, Givertz MM, Liang CS, Neibaur M, Haught WH, LeJemtel TH.
Intravenous nesiritide, a natriuretic peptide, in the treatment of decom-
pensated congestive heart failure. Nesiritide Study Group. N Engl J Med
2000;343:246–253.

26. Northridge DB, McMurray J, Dargie HJ. Atrial natriuretic factor in chronic
heart failure. Herz 1991;16:92–101.

27. Hobbs RE, Miller LW, Bott-Silverman C, James KB, Rincon G,
Grossbard EB. Hemodynamic effects of a single intravenous injection of
synthetic human brain natriuretic peptide in patients with heart failure
secondary to ischaemic or idiopathic dilated cardiomyopathy.
Am J Cardiol 1996;78:896–901.

28. McCullough PA, Omland T, Maisel AS. B-type natriuretic peptides: a diag-
nostic breakthrough for clinicians. Rev Cardiovasc Med 2003;4:72–80.

29. Cowie MR, Jourdain P, Maisel A, Dahlstrom U, Follath F, Isnard R et al.
Clinical applications of B-type natriuretic peptide (BNP) testing.
Eur Heart J 2003;24:1710–1718.

30. Gottlieb SS, Abraham W, Butler J, Forman DE, Loh E, Massie BM,
O’Connor CM, Rich MW, Stevenson LW, Young J, Krumholz HM. The prog-
nostic importance of different definitions of worsening renal function in
congestive heart failure. J Card Fail 2002;8:136–141.

31. Tsutamoto T, Kanamori T, Morigami N, Sugimoto Y, Yamaoka O, Kinoshita
M. Possibility of downregulation of atrial natriuretic peptide receptor
coupled to guanylate cyclase in peripheral vascular beds of patients
with chronic severe heart failure. Circulation 1993;87:70–75.

32. Knecht M, Pagel I, Langenickel T, Philipp S, Scheuermann-Freestone M,
Willnow T, Bruemmer D, Graf K, Dietz R, Willenbrock R. Increased
expression of renal neutral endopeptidase in severe heart failure. Life
Sci 2002;71:2701–2712.

33. Hebeler RF Jr, Mehmet C. Effect of perioperative nesiritide administration
on postoperative renal function and clinical outcomes in patiens unter-
going cardiothoracic surgery. Abstracts from the 7th Scientific Forum on
Quality of Care and Outcomes Research in Cardiovascular Disease and
Stroke. Circulation 2006;113:e807–e808. P104.

34. Increased mortality greater use of hospital resources observed in
heart failure patients who chronically receive diuretics. http://www.
adhereregistry.com/press/ADHERE_Diuretics_in_HF_patients_withRI.
pdf.Adhere 2004.

35. Kentsch M, Drummer C, Gerzer R, Muller-Esch G. Severe hypotension and
bradycardia after continuous intravenous infusion of urodilatin (ANP
95–126) in a patient with congestive heart failure. Eur J ClinInvest
1995;25:281–283.

2832 V. Mitrovic et al.

Downloaded from https://academic.oup.com/eurheartj/article-abstract/27/23/2823/2887418
by Belgrade University user
on 15 March 2018


