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Abstract: The aim of this study was to compare the efficiency and safety of urapidil and nitroglycerin in treating el-
derly patients with acute heart failure. A total of 248 patients with acute heart failure were recruited randomly from
10 clinical centers. In this article, efficiency of medication to elderly patients (age >60 yrs., n = 222) was specially
focused. Patients were administrated with urapidil (n = 107) or nitroglycerin (n = 115) by micro-pump continuously
for 48 hours. Compared with nitroglycerin, urapidil significantly increased ejection fraction (EF%), decreased left
ventricular end diastolic volume (EDV) and end systolic volume (ESV). No significant difference of NT-pro BNP was
detected (2-day: ESV, P = 0.067; EDV, P = 0.016; EF%, P = 0.054; NT-pro BNP, P = 0.853; 7-day: ESV, P = 0.039;
EDV, P = 0.054; EF%, P = 0.035; NT-pro BNP, P = 0.931); Urapidil provided significantly lipid-decreasing effects, and
showed no disadvantage effects on blood glucose ( 42d: cholesterol, P = 0.016; LDL, P = 0.031; blood glucose,
P = 0.613; 47d: cholesterol, P = 0.012; LDL, P = 0.059; blood glucose, P = 0.422); More severely deteriorated
baseline renal function was observed in urapidil group (P = 0.024), however, the increase amplitude of creatinine
was comparable at all tested time points between the two groups (42d: P = 0.692; 47d: P = 0.742); And 30-day
incidence of re-hospitalization and deterioration of cardiac function was significantly lower in urapidil group (P =
0.046). Therefore, urapidil more effectively reduces cardiac load and improves cardiac function, while providing
more significant protection to renal function and improving blood lipid metabolism. We recommended that urapidil
should be preferably used for elderly patients with acute heart failure as an effective and safe vasodilator.
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directly inhibit myocardial contraction and ener-
gy metabolism. Triggered by incentives, such
as: infection and emotional fluctuations, heart
failure in elder patients is usually featured by

Introduction

With the acceleration of the population aging
and the rise in the incidence of cardiovascular

and cerebrovascular diseases, the morbidity
and prevalence of heart failure has increased
year by year, congestive heart failure in elder
patients is often complicated with comorbidi-
ties, such as: coronary heart disease, hyperten-
sion, diabetes and renal failure. A variety of fac-
tors causing heart failure act interactively and

rapid onset and progress, high mortality and
morbidity. The synthetic action of a variety of
factors leads to heart failure, severely threaten-
ing the patients’ life [1].

Vasodilator has been widely used as classic
medication treating heart failure in acute stage
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by relieving peripheral vascular spasm, immedi-
ately correcting hemodynamic disorder, and
relieving the patents’ symptoms [2]. Nitrates
(including nitroglycerin and nitroprusside) have
been used as classic vasodilators treating
acute decompensated heart failure for nearly a
century for such purpose. Nitrates immediately
reduce cardiac load, improve blood supply of
coronary artery and relieve patients’ heart fail-
ure symptom by targeting nitric ester receptor
and prostaglandin receptor in vascular smooth
muscle. However, the rapid development of
clinical drug resistance and adverse effects
(such as: headache and increased intraocular
pressure) also significantly limit its use in elder-
ly patients [3]. Urapidil is a novel vasodilator
that can effectively reduce cardiac pre-and
after-load and pulmonary circulation resistance
through the dual action of both central and
peripheral vasorelaxation. Few reports of clini-
cal drug resistance have been reported previ-
ously. Its rapid and significant antihypertensive
effect makes it a frequent choice for treating
hypertensive crisis, preoperative or postopera-
tive hypertension, and preeclampsia, which
have been supported with significant clinical
benefits [4]. It has been used clinically to treat
right ventricular dysfunction due to its signifi-
cant effect of reducing pulmonary circulation
resistance, relieving pulmonary artery hyper-
tension of structural lung diseases such as
COPD [5]. Although urapidil has been recom-
mended to treat acute heart failure by Chinese
experts as IIA drugs according to 2010
Diagnosis and Treatment Guideline for Acute
Heart Failure, its clinical application treating
acute left heart failure has been rarely reported
[6, 7]. Meanwhile, urapidil has been recom-
mended for hemodynamic management of
heart failure in patients with hypertension [8].
However, the clinical practice currently has
been limited due to lack of medical evidence
from large sample and multi-center evidence-
based medicine. Therefore, the multi-center
parallel-control and randomized study is
designed to compare hemodynamic changes,
safety and efficacy of urapidil and nitroglycerin
in the treatment of Chinese elderly patients
with acute heart failure.

Patients and methods
Subjects

MUSE study was registered in Chinese Clinical
Trial Registry (Chi-CTR) with registration num-
ber of ChiCTR-11001781.
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Adult patients admitted from August 2011 to
November 2013 in 10 study centers of China
(including: Department of Cardiology and Em-
ergency Department, Xuanwu Hospital, Capital
Medical University; Department of Cardiology,
Beijing Anzhen Hospital affiliated to the Capital
Medical University; Emergency Department of
Tongren Hospital affiliated to the Capital
Medical University; Department of Cardiology
of the First Affiliated Hospital of Chongging
Medical University; Department of Cardiology
of Ningbo No. 1 Hospital; Department of Car-
diology of Luhe Hospital of Beijing Tongzhou
District; Department of Cardiology of Mentou-
gou District Hospital of Beijing; Emergency
Department of The First Hospital Affiliated of
Sun Yat-sen Medical University; Department
of Cardiology of Heilongjiang Hospital; Depart-
ment of Cardiology of Shanghai Tenth Peop-
le’'s Hospital affiliated to Tongji University) were
for MUSE study. Patients were randomly assig-
nedto nitroglycerin group and urapidil group acc-
ording to digital table method in a parallel and
competitive way. At the end of study, a total of
248 eligible cases were recruited from all sites,
including 125 male patients and 123 female
patients. The average age of nitroglycerin group
(125 cases, male to female ratio of 64/61) and
urapidil group (123 cases, male to female ratio
of 61/62) respectively were 70.73+11.27 yrs.
and 69.27+12.84 yrs (P = 0.902). This study fo-
cused on efficacy and safety in heart failure of
urapidil and nitroglycerin for elder patients (age
>60 yrs.): 115 cases (male to female of 55/60,
with average age of 74.71+6.99 yrs.) and 107
cases (male to female of 52/55, with average
age of 74.55+7.23 yrs.) respectively for nitro-
glycerin and urapidil groups.

Inclusion criteria: (1) Age 260 yrs.; (2) Diagnosis
as acute heart failure; (3) New York Heart
Association (NYHA) classification > Class Il or
Killip classification > Class Il; Heart failure with
systolic blood pressure (SBP) at admission
>110 mmHg (1 mmHg = 0.133 kpa); (4) Patients
with history of hypertension; (5) Sign the
informed consent. This study was reviewed by
the ethics committee of all hospitals. The plan-
ning and implementation of clinical trials fol-
lowed the applicable national laws; the imple-
mentation of the trial complied with the Helsinki
declaration and the ethical standards of GCP.

Exclusion criteria: (1) Patients with cardiac
shock or other contraindications during clini-
cal application of intravenous vasodilator; (2)
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Table 1. Baseline characteristics of Nitroglycerin and Urapidil ase (ALT) or/and- Aspartate
group aminotransferase (AST) >3 ti-
Nitroglycerin Urapidil mes of the normal upper limit,
(n = 115) (n=107) Fvalue serum creatinine (SCR) > twice
Age (years) 74.7146.99  74.55+7.23  0.875 of the normal upper limit; (4)
Gender (male%) 55 (47.8%) 52 (48.6%)  0.908 Known or suspected of being
BMI (kg/m?) 24.71+4.04  2512+4.23 0477 allergic to study medicines. or
) ] any of their ingredients; (5)
Medical history Considered unsuitable to be
Smoking 38 (33.3%) 34 (31.8%) 0.803 included in this Study (Wlth
Drinking 17 (14.8%) 17 (15.9%) 0.856 tumor or mental disorders) by
Diabetes 41 (35.7%) 38 (35.5%) 0.983 investigators; (6) Having used
Coronary heart disease 60 (52.2%) 66 (61.7%) 0.153 other study medicines or having
Cerebral vascular disease 13 (11.3%) 18 (16.8%)  0.236 been involved in other clinical
Atrial fibrillation 13 (11.3%) 15 (14.0%)  0.543 trials or studies within 60 days
COPD 12 (10.4%) 11 (10.3%) 0.970 of recruitment; (7) Experience of
Hyperlipidemia 53 (46.1%) 49 (45.8%)  0.965 participating in this study.
Me.te.1b0|.|c syndrome . 63 (54.8%) 65 (60.7%) 0.369 Treatment methods: Patients
Classification of heart failure were assigned to urapidil and
Killip classification 62 (53.9%) 51 (47.7%) 0.352 nitroglycerin groups with ran-
Il [cases (%)] 32(27.8%)  22(20.6%)  0.207 dom envelope process after
Il [cases (%)] 10 (8.7%) 9 (8.4%) 0.940 admission. In addition to stan-
IV [cases (%)] 20 (17.4%) 20 (18.7%) 0.801 dard heart failure treatment,
NYHA classification 53 (46.1%) 56 (52.3%)  0.352 subjects of urapidil group were
Il [cases (%)] 15 (13.0%) 7 (6.5%) 0.158 treated with urapidil hydrochlo-
lll [cases (%)] 15(13.0%)  10(9.3%)  0.384 ride injection (brand name Eb-
IV [cases (%)] 35 (30.4%) 39 (36.4%) 0.342 rantilR, specification of 5 ml: 25
. mg, made by Japan Takeda Ph-
Cause of heart failure .
Coronary heart disease 85 (73.9%) 82 (76.6%) 0.494 armaceutical Co. Ltd,). 100 mg
) ’ ) ) urapidil and 30 ml 0.9% sodium
Hypertension 17 (14.8%) 10 (9.3%) 0.216 chloride injection were loaded
Atrial fibrillation 8 (7.0%) 9 (8.4%) 0.684 into 50 ml mioro-pump; adminis-
Cardiomyopathy or others 5 (4.3%) 6 (5.6%) 0.666 trated starting with minimal clin-
Lab test ical dosage (25 ug/min) based
WBC count (10*2/L) 8.39+3.34 8.57+£3.22 0.679 on the clinical condition and
Neutrophils (10%2/L) 5.97+2.94 6.38+3.15  0.336 adjusted every 15 min accord-
Hemoglobin (g/L) 126.72+20.07 128.06+22.34 0.638 ing to blood pressure. Target vol-
K* (mmol/L) 412:0.49  4.12:050  0.901 ume of urapidil injection (50 or
Na* (mmol/L) 140414459 140.13+5.40 0.680 100 pg/min) should be dropped
HCY (umol/L) 21.40+14.27 21.73+13.74 0.901 within 6 hrs. Maximum dosage
of urapidil was 400 ug/min and
hsCRP (mg/L) 14.99+21.67 15.18+18.51 0.950 .
— blood pressure should be main-
Data are presented as the mean + standard deviation or n (%). BMI, body mass tained >90/60 mmHg. Subjects

index; COPD, chronic obstructive pulmonary disease; HCY, homocysteine; hs-

CRP, hypersensitive C reaction protein.

Severe valvular heart disease (rheumatic heart
disease, calcified valvular disease), hypertro-
phic obstructive cardiomyopathy, restrictive
cardiomyopathy or constrictive pericarditis,
acute attack of severe chronic asthmatic bron-
chitis and pulmonary disease; (3) Severe liver
and renal insufficiency: Alanine aminotransfer-
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of nitroglycerin received nitro-

glycerin (specification: 1 ml: 5

mg, made by Beijing Yimin phar-
maceutical). 10 mg nitroglycerin and 48 ml
0.9% sodium chloride injection were loaded
into 50 ml micro-pump. Administration started
with minimal dosage (2.5 ug/min) based on the
clinical condition and adjusted every 15 min
according to blood pressure. Target volume of
injection (5 or 10 pg/min) should be dropped

Int J Clin Exp Med 2017:10(6):9729-9739
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Table 2. Heamodynamic trajectories between Nitroglycerin and Urapidil groups

Groups Baseline 24 hours 48 hours 72 hours 7 days
SBP Nitroglycerin ~ 152.52+31.07 133.044+23.87 129.38+20.14 126.68+17.61 122.17+14.61
Urapidil 160.30+31.01* 134.68+18.21 129.55+16.07 130.15+16.71 125.10+12.02
DBP Nitroglycerin 82.93+17.66 71.64+£12.99 69.38+11.47 67.52+10.65 68.44+10.06
Urapidil 87.01+£20.70% 73.17+13.96 71.18+12.42 70.99+11.53 70.22+10.91
HR Nitroglycerin 85.31+19.90 77.19+15.60 76.60+£14.17 73.13+12.27 72.13+11.96
Urapidil 87.35+20.69 79.97+16.62 77.70+15.38 75.90+£10.85 73.49+9.81

Data are presented as the mean + standard deviation, *P<0.05. SBP, systolic and diastolic blood pressure; DBP, diastolic

blood pressure; HR, heart rates.

within 6 hrs. with maximal dosage of 20 pyg/min
to maintain the blood pressure >90/60 mmHg.
No other vasodilator was given during the over-
all dosage duration (48 hrs.). The drug use and
combined medication were recorded for each

group.

Observation indicators

The pre-treatment (baseline), 1 day, 2 days, 3
days, and 7 days post treatment condition of all
cases were observed, including the change in
systolic blood pressure (SBP), diastolic blood
pressure (DBP), heart rates (HR) and N-terminal
B type natriuretic peptide (NT pro-BNP) indica-
tive of cardiac function [9]. Changes of liver,
renal function, blood glucose and lipid levels
were observed before treatment, 2 days and 7
days after treatment. Meanwhile, echocardiog-
raphy was performed repeatedly to evaluate
ESV EDV and EF. Combined medicines and
adverse events should be recorded timely, as
well as major adverse cardiovascular events
(MACEs) during follow-up and 30 days after
completion of study, including sudden cardiac
death, non-fatal myocardial infarction, malig-
nant arrhythmia, re-hospitalization or-/and-
deterioration of cardiac function.

Statistical analysis

The results were analyzed using SPSS software
(Version 21.0, SPSS Chicago, USA) for normali-
ty test. The measurement data were expressed
by mean * standard deviation and were ana-
lyzed using Student t test, and the counting
data were expressed by percentage and were
subject to Chi-square test. Multivariate analysis
of variance through General Linear Model was
applied to analyze the repeated data at unequal
intervals and observe the changes of blood
pressure (SBP, DBP), heart rate (HR), cardiac
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function (NT-pro BNP), biochemical indicators
(bloods glucose, blood lipid, renal and hepatic
function) as well as echocardiography parame-
ters of two groups at different time points were
compared. There was statistical significance
when P<0.05.

Results
Basic data analysis (Table 1)

Complications were common in elder patients
enrolled in the study, including coronary heart
disease (75.2%), heart failure after myocardial
infarction (50.9%), diabetes (35.6%), hyperlipid-
emia (45.9%); metabolic syndrome (57.6%).
Gender and age distribution, complications,
causes of heart failure, heart failure classifica-
tions, and lab test results were comparable
between two groups, and there was no statisti-
cal significance (P>0.05).

Comparison between two groups of hemo-
dynamic parameters at different time points
before and after treatment (Table 2)

SBP and DBP at all post-treatment time points
for patients in both nitroglycerin and urapidil-
treated groups reduced (P<0.05, intra-group
comparison); heart rate for patients of both
groups showed the trend of decline with
improvement of heart failure (P<0.05, intra-
group comparison). No reflex tachycardia was
observed in both groups.

Comparison between groups of corrected
serum creatinine showed that baseline blood
pressure of urapidil group was significantly
higher than nitroglycerin group (SBP of urapidil
vs. nitroglycerin: 160.30+31.01 vs. 152.52+
31.07 mmHg, P =0.003; DBP: 87.01+20.70 vs.
82.93+£17.66 mmHg, P = 0.034). There was no

Int J Clin Exp Med 2017;10(6):9729-9739
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Table 3. The Changes of Cardiac Structure and Functions between

Nitroglycerin and urapidil group

71.36£40.72 vs. 67.69%
39.11, P = 0.035; EDV (ml):

Nitroglycerin
(n=115)

150.27+54.89 vs. 139.61+

(n-107)  Pvalue 5208 vs. 140.93:53.10,

NT pro-BNP (pg/ml)
Before treatment

P value <0.001*
EF (%)

Before treatment 49.79+£10.95

2 days after treatment 50.50+11.13.

7 days after treatment 52.51+12.56

P value 0.019*
ESV (ml)

Before treatment 80.83+42.79

2 days after treatment 83.05+44.91
7 days after treatment 80.36+43.74
P value 0.453
EDV (ml)
Before treatment 152.27+54.69
2 days after treatment 156.68+56.42
7 days after treatment 145.44+47.61
P value 0.143

6142.86+7575.71 6178.63+7822.19 0.977
2 days after treatment 4034.77+5664.94 3868.30+5268.18 0.853
7 days after treatment 2686.34+5377.64 2615.37+4787.80 0.931
<0.001*

50.94+8.90 0.253
52.09+11.41 0.054
56.74+11.48 0.035*

75.23142.69 0.220
71.36+40.72 0.067
67.69+39.11 0.039*

150.27+54.89 0.452
139.61+52.08  0.016*
140.93+53.10 0.054

P = 0.027); while for the ni-
troglycerin group, EDV and
ESV were not statistically
different at each time point
(P>0.05).

EF, EDV and ESV were not
significantly different bet-
ween the two groups at
admission. Comparison bet-
ween groups for corrected
serum creatinine and mean
arterial pressure showed
that on 7th day after treat-
ment, EF of urapidil group
was significantly higher th-
an that of nitroglycerin gr-
oup (urapidil vs. nitroglycer-
in: 56.74+11.48 vs. 52.51+
12.56, P = 0.035), while
EDV and ESV of urapidil
group were lower than that

Data are presented as the mean + standard deviation. *P<0.05. EF, ejection fraction;

EDV, end-diastolic volume; ESV, end-systolic volume.

significant difference in blood pressure bet-
ween the two groups at each time point after
admission (1 day, 2 days, 3 days and 7 days
after admission: SBP: P =0.531, 0.829, 0.212,
0.848; DBP: P = 0.366, 0.429, 0.847, 0.992);
after 48 hours of continuous use, the systolic
pressure of urapidil group decreased signifi-
cantly than that of nitroglycerin group (urapidil
vs. nitroglycerin: 42d SBP: 30.69+26.91 vs.
23.82+23.48, P = 0.034; 42d DBP: 14.79+
17.94 vs. 12.51+15.94, P = 0.294).

There was no statistical difference in heart rate
between the two groups (P>0.05).

Comparison of cardiac structure and function
between the two groups before and after treat-
ment (Table 3)

NT Pro-BNP levels for nitroglycerin and urapidil
groups decreased while EF increased at each
time point (P<0.05). Meanwhile, improvement
of ESV and EDV were observed in urapidil-treat-
ed patients with statistical difference for intra-
group comparison (ESV (ml): 75.23+42.69 vs.
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of nitroglycerin group (on
2nd day after treatment,
urapidil vs. nitroglycerin:
EDV: 156.68+56.42 vs.
139.61+52.08, P = 0.016; on 7th day after
treatment: ESV: 80.36+43.74 vs. 67.69+39.11,
P =0.039).

Comparison of changes of creatinine, glucose
and lipid metabolism of patients in two groups
(Table 4)

Comparison between groups showed that cre-
atinine level of urapidil group at each time point
was significantly higher than that of nitroglyc-
erin group. Further analysis of creatinine
change trends showed that creatinine incre-
ase amplitude at all time points were similar
between the two groups (urapidil vs. nitroglyc-
erin: 42d: 5.66+£23.19 vs. 4.19+31.21, P =
0.692; A7d: 7.37+34.89 vs. 5.52+40.75, P =
0.74). No aggravation of renal function was
observed in urapidil-treated group.

Cholesterol and low density lipoprotein levels of
urapidil group at each time point were higher
than nitroglycerin group (P<0.05). Triglyceride
and high density lipoprotein levels were not sig-
nificantly different between the two groups at

Int J Clin Exp Med 2017:10(6):9729-9739
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Table 4. Comparison of creatinine and glucose and lipid metabo-
lism between Nitroglycerin and Urapidil groups

Characteristics Nl(tr:’():glﬁg)m (gfqgg) P value
SCR (pmol/L)

Before treatment 90.58+48.11 107.68+47.48 0.024*

2 days after treatment 96.58+52.07 113.39+51.28 0.036*

7 days after treatment 96.24+55.76 114.71+57.78 0.035*

P value 0.171 0.089

42d 4.19+31.21 5.66+£23.19 0.692

A7d 5.52+40.75 7.37+£34.89 0.742
TCHO (mmol/L)

Before treatment 4.01+1.06 4.84+1.52 0.001*

2 days after treatment 3.96+£0.92 4.42+1.30 0.024*

7 days after treatment 3.99+1.01 4.43+1.31 0.036*

P value 0.886 0.020*

42d 0.023+0.75 -0.30£0.96  0.016*

A7d -0.06+£0.96 -0.33+1.32  0.012*
LDL (mmol/L)

Before treatment 2.36+0.79 3.16+1.23  <0.001*

2 days after treatment 2.27+0.74 2.84+1.13 0.006*

7 days after treatment 2.47+0.90 2.81+1.03 0.095

P value 0.217 0.022*

42d -0.027+0.64 -0.26+0.74 0.031*

A7d 0.031+0.80 -0.3+1.01 0.059
TG (mmol/L)

Before treatment 1.45+1.23 1.39+0.69 0.658

2 days after treatment 1.28+0.54 1.42+0.63 0.183

7 days after treatment 1.43+0.67 1.43+0.59 0.980

P value 0.101 0.556

42d -0.086+0.82  0.074+0.53 0.104

A7d -0.003£1.02  0.074+0.49 0.570
HDL (mmol/L)

Before treatment 1.18+0.28 1.40+0.71 0.066

2 days after treatment 1.10+0.27 1.24+0.40 0.060

7 days after treatment 1.12+0.25 1.16+0.31 0.502

P value 0.030 0.004*

42d -0.064+0.20  -0.13%0.55 0.271

A7d -0.10£0.29 -0.23+£0.55 0.141
Fasting blood glucose (mmol/L)

Before treatment 8.01+4.0 8.37+5.37 0.643

2 days after treatment 7.43+3.45 7.30+2.92 0.831

7 days after treatment 6.93+£3.29 6.60+2.26 0.492

P value 0.042* 0.027*

42d -0.41+4.11 -0.70+£4.13 0.613

A7d -1.07+3.73 -1.64+5.15 0.422

Data are presented as the mean + standard deviation. *P<0.05. 42d = 2 days data
after treatment-baseline data; A7d = 7 days data after treatment-baseline data;
SCR: creatine; TCHO: cholesterol; LDL: low density lipoprotein; TG: triglyceride; HDL:

high density lipoprotein.
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different time points. Com-
parison of blood lipid level
change between the two
groups at each time point
showed that urapidil was
more conducive to decrease
blood lipid than nitroglycer-
in (urapidil vs. nitroglycerin:
Cholesterol: 42d: -0.30+
0.96 vs. 0.023+0.75, P =
0.016; A47d: -0.33+1.32 vs.
-0.06+£0.96, P = 0.012; LDL:
A2d:-0.26+0.74 vs. -0.027+
0.64; P = 0.031; 47d: -0.3+
1.01 vs. 0.031+0.80, P =
0.059). Further comparison
within the group demonstrat-
ed that blood lipid signifi-
cantly decreased with time
(Cholesterol: P = 0.020; LDL,
P = 0.022) in urapidil group,
while no significant change
was found in nitroglycerin
treated patients (Cholesterol:
P = 0.886; LDL, P = 0.217).
Therefore, urapidil may have
the function of promoting
lipid metabolism for patients
with heart failure.

There was no difference in
blood glucose between two
groups of patients at differ-
ent time points, and the bl-
ood glucose declined in the
group over time. No signifi-
cant difference of blood glu-
cose level change was obse-
rved between urapidil-treat-
ed and nitroglycerin-treated
groups (P>0.05) at different
time points. Urapidil has no
adverse effects on glucose
metabolism.

Comparison of medicines be-
tween patients of two groups
(Table 5)

The average dose concentra-
tions of urapidil and nitrogl-
ycerin groups were 99.77+
73.99 and 10.18+5.35 ug/
min, respectively. The dose
reduction in urapidil group

Int J Clin Exp Med 2017;10(6):9729-9739
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Table 5. Summarize of therapy and combined medicines between two groups

Nitroglycerin (n = 115) Urapidil (n = 107) P value
Summary of medication
Titration rate (pg/min) 10.18+5.35 99.77+73.99 <0.001*
Percentage of drug reaching target 68 (59.1%) 56 (52.3%) 0.308
Dose reduction rate 12 (10.4%) 23 (21.5%) 0.024~*
Incidence rate of discontinuing study drug 2 (1.7%) 5 (4.7%) 0.211
Combination of medication
Aspirin 80 (69.6%) 72 (67.3%) 0.715
Clopidogrel 55 (47.8%) 39 (36.4%) 0.086
ACEls or ARBs 78 (67.8%) 75 (70.1%) 0.715
Statins 59 (51.3%) 53 (49.5%) 0.792
Diuretics 83 (72.2%) 72 (67.3%) 0.428
B-blockers 51 (44.3%) 50 (46.7%) 0.722

Data are presented as the mean + standard deviation or n (%). *P<0.05. ACEI, angiotensin converting enzyme inhibitor; ARB,

angiotensin receptor blocker.

Table 6. 7-day and 30-day MACE events between two groups

Nitroglycerin (n = 115) Urapidil (n = 107) P values
7 days-MACE 5 (4.3%) 3 (2.8%) 0.789
Sudden cardiac death 0 (0) 0(0)
Non-fatal myocardial infarction 0 (0) 1 (0.9%) 0.480
Malignant arrhythmia 2 (1.7%) 0 (0) 0.498
Cardiac function deterioration 3(2.6%) 2(1.9%) 0.711
30 days-MACE 17 (14.8%) 8 (7.5%) 0.085
Sudden cardiac death 1 (0.9%) 2 (1.9%) 0.950
Non-fatal myocardial infarction 0(0) 1 (0.9%) 0.482
Malignant arrhythmia 2 (1.7%) 0 (0) 0.496
Rehospitalization or-/and- cardiac function deterioration 14 (12.2%) 5(4.7%) 0.046*

Data are presented as n (%), *P<0.05.

was more common than that in nitroglycer-
in group (urapidil vs. nitroglycerin: 21.5% vs.
10.4%, P = 0.024). However, the incidence rate
of discontinuing study medicines due to continu-
ous hypotension (lower than 90/60 mmHg)
between the two groups was similar (urapidil
vs. nitroglycerin: 4.7% vs.1.7%, P = 0.221). The
combined medication of the two groups was
similar (P>0.05).

Comparison of MACE between patients of two
groups (Table 6)

7 days and 30 days follow-up for MACE events
showed that the incidence of adverse events in
the two groups was similar (P>0.05). However,
subgroup analysis for 30-day MACE showed
that the readmission rate and-/or- deterioration
of cardiac function in urapidil group was signifi-
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cantly lower than that of nitroglycerin group
(4.7% vs. 12.2%, P = 0.046).

Discussion

Acute left heart failure is a common clinical
emergency and severe disease that leads to
sharp decrease of cardiac output and reflex
excitability of adrenal medulla sympathetic ner-
vous system, resulting in peripheral vascular
contraction, increased cardiac after-load, and
insufficient blood supply to tissue and organs,
thus developing to cardiac shock and acute
pulmonary edema, with high mortality. Elder
patients are often complicated with multiple
metabolic disorders, including diabetes, hyper-
lipidemia, metabolic syndrome and renal insuf-
ficiency, which further aggravate heart failure
and complicate the condition by directly inhibit-
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ing cardiac muscle, promoting blood vessel
contraction and inflammation reaction [1, 2].

Urapidil is a derivative of phenylpiperazine and
4-aminouracil simultaneously working on both
peripheral and central nervous systems.
Urapidil works as a vasodilator that acts by
blocking a-1 receptor of sympathetic postsyn-
aptic membrane, dilating peripheral arteriove-
nous vessels, reducing cardiac pre-load and
after-load so as to improve cardiac function.
Meanwhile, the stimulation of central 5HT-1A-
receptors reduces sympathetic tone and thus
suppresses reflex tachycardia and increase
renal blood flow. Therefore, urapidil decreases
peripheral vascular resistance while remaining
heart rate and peripheral renin activity [4, 6].

This study confirms the effects of urapidil and
nitroglycerin is similar in quickly and continu-
ously dilating blood vessels and relieving hemo-
dynamic disorder of patients with heart failure.
Compared with nitroglycerin, urapidil can bet-
ter reduce cardiac load (ESV, EDV) and promote
the increase of EF, which is consistent with
results reported by Tebbe U et al [10] and Zink
M et al [11], but in contrast with observation by
Dorszewski et al [12]. Tebbe U et al (1988) [10],
by using Swan-Ganz catheter, found that intra-
venous administration of Urapidil 25 mg for
twice to patients with severe congestive heart
failure significantly reduced SBP and mean
blood pressure (MBP), as well as the peripheral
circulation resistance, while increasing cardiac
output (CO). Meanwhile, urapidil significantly
promotes the drop of pulmonary artery pres-
sure and pulmonary artery wedge pressure
(PAWP) and reduces left ventricular pressure
(end-diastolic volume, EDV), thus contributing
to blood reflux and rapidly relieved symptoms of
congestive heart failure, but has no significant
influence on pulmonary arteriolar resistance.
Zink M (2002) [11], by using (right ventricular
ejection fraction) REF-Swan-Ganz catheter,
found that intravenous administration of low
dose of urapidil (10 or 20 mg) significantly
reduced pulmonary vascular resistance and
transpulmonary pressure of patients with end-
stage congestive heart failure, and increased
right heart ejection fraction (EF); its efficiency
in reducing pulmonary vascular resistance was
comparable, or even better than in reducing
peripheral circulation resistance. On the con-
trary, Dorszewski et al (1997) [12] by treating
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patients with severe heart failure with urapidil
(60-120 mg/d), no beneficial effects on hemo-
dynamic parameters could be shown, and a
trend toward increased mortality in the urapidil
group was observed; Further investigation
found that there were fewer patients enrolled in
the group, cardiac function of urapidil treated
group was significantly worse than control
group, and 50% of the patients died from dilat-
ed cardiomyopathy. Considering that adverse
effect of urapidil inducing arrhythmia or sudden
death was not reported in previous literatures,
the single report is not enough to prove that
urapidil has the possibility of increasing the risk
of death in patients with heart failure. Moreover,
subgroup analysis of exercise tolerance of the
patients survived showed that improvement of
life was more significant than control group,
which was consistent with our results that re-
hospitalization rate or deterioration of cardiac
function of urapidil-treated patients was lower
than that of nitroglycerin-treated ones.

In the treatment of acute heart failure, com-
pared with sodium nitroprusside [14] and nitro-
glycerin [15], urapidil caused no adverse impact
on alveolar oxygen partial pressure, gas-
exchange and ventilation-perfusion relation-
ships, and intrapulmonary shunt fraction; and
caused no risk of rapid resistance and poison-
ing metabolite; therefore, it benefits as continu-
ous treatment during acute decompensation of
heart failure patients. Compared with calcium
channel blocker (CCB) [13], urapidil quickly con-
trols the symptoms of pulmonary edema with-
out causing significant negative effect of mus-
cle contraction and negative inotropic action,
and provides better promotion to pulmonary
circulation than CCB. Moreover, urapidil also
promotes reduction of plasminogen [16] and
inhibits platelet aggregation [6]. Therefore,
urapidil is a safe and effective vasodilator in
the treatment of elder patients with heart
failure.

75.2% patients enrolled in this study were com-
plicated with coronary heart disease, and
50.9% were with heart failure after myocardial
infarction. The 30 day-readmission rate and
aggravation of heart failure of urapidil-treated
group was significantly lower than that of nitro-
glycerin group, suggesting that urapidil provide
therapeutic benefits to patients with ischemia
and post-infarction heart failure, which is con-
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sistent with conclusion reported by Gr-
egorini et al [17-19] and Kozakova et al [20].
Gregorini et al [17-19] confirmed that urapidil
(10 mg by intracoronary injection or 600 ug/kg
by peripheral injection) significantly improved
vasospasm of culprit lesion and non-culprit
lesion, myocardial contractile dysfunction af-
ter ischemia; urapidil also increased the coro-
nary flow reserve, coronary flow velocity and
TIMI frame count. Similarly, Kozakova et al [20]
also confirmed that intravenous administration
(@t 200 pg/kg/min) of urapidil significantly
improved EF after receiving PCI for myocardial
ischemia. Long-term oral administration may
improve recovery of cardiac function after 3
months. The mechanism may be related to
the fact that urapidil promotes coronary NO
synthesis, reduces no-reflow risk of culprit
vessel and slow-flow risk of non-culprit vessel
after PCl procedure [21], increases diastolic
time, improves epicardial myocardial perfusion
[22], corrects the generation and consumption
imbalance of systemic pulmonary endothelin-
endothelin (ET)-ET1 and improves hemodynam-
ic disorder [23].

In this study, the renal function of urapidil-treat-
ed group was significantly worse compared to
nitroglycerin group, but the degree of elevation
of serum creatinine and MACE follow-up out-
come had no statistical difference; therefore,
urapidil may provide additional benefits when
treating severe heart failure patients compli-
cated with renal insufficiency. This result is also
supported by the conclusions reported by
LAVRIJSSEN et al [24] and Semenova et al [25],
in which they contribute such effect to reduc-
tion of the renal vascular resistance, improve-
ment of renal perfusion, reduction of urinary
retention [26], and relieving symptoms of heart
failure.

Compared with nitroglycerin, urapidil can pro-
mote lipid metabolism in patients with heart
failure without producing adverse effects on
glucose metabolism, which was also supported
by Flechtner-Mors et al [27] and Flechtner-Mors
et al [28]. Considering the counteracting of
urapidil to catecholamine (epinephrine and nor-
epinephrine) induced fat catabolism, it directly
improves the microcirculation of adipose tissue
and inhibits the fat catabolism [27]. Urapidil
also participates in reducing the high blood
sugar induced by the release of catecholamine
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substances, increasing sensitivity to insulin,
and promoting transformation of blood glucose
[28]. Compared with ACEI and B-receptor block-
ers [29], urapidil provides unique advantages
in patients with heart failure complicated with
metabolic disorder.

Limitations

Urapidil Hydrochloride Injection, according to
China version of indications for use, is intended
to be used by patients with hypertension or
complicated with hypertension (including hy-
pertensive emergency or perioperative hyper-
tension). Therefore, patients with SBP ranged
between 110 to 140 mmHg (no hypertension
history) were not included in multiple sites.
Instead, we choose to keep waiting till enough
patients with indications specified in the ins-
tructions were enrolled and then randomized.
Therefore, patients in urapidil-treated groups
were more severe in diseases with higher blood
pressure and higher serum creatinine level
after admission, as well as more severe disor-
der of blood lipid metabolism.

Conclusions

In summary, urapidil is a safe and effective
vasodilator for elderly patients with acute left
heart failure, which may provide additional ben-
efits to elderly patients complicated with renal
insufficiency and metabolic disorders due to its
neutral or even positive effect on renal blood
perfusion, blood lipid and blood glucose
metabolism.

Acknowledgements

This study was supported by Beijing Municipal
Administration of Hospitals clinical Medicine
Development of Special Funding Support (ZYL-
X201707) and 863 Project (2012BAI37B03).

Disclosure of conflict of interest
None.

Address correspondence to: Dr. Qi Hua, Department
of Cardiology, Xuanwu Hospital, Capital Medical
University, 45 Changchun Street, Xicheng, Beijing
100053, China. Tel: +86-13911469619; Fax: +86-
10-83150948; E-mail: huagimed@163.com

References

[1]  Perrone-Filardi P, Paolillo S, Costanzo P, Sava-
rese G, Trimarco B, Bonow RO. The role of met-

Int J Clin Exp Med 2017:10(6):9729-9739


mailto:huaqimed@163.com

(2]

(3]

(4]

(5]

(6]

(7]

(8]

(9]

[10]

(11]

(12]

[13]

9738

Comparative study on heart failure treatment

abolic syndrome in heart failure. Eur Heart J
2015; 36: 2630-2634.

Gaddam KK, Ventura HO, Lavie CJ. Metabolic
syndrome and heart failure—the risk, paradox,
and treatment. Curr Hypertens Rep 2011; 13:
142-148.

den Uil CA, Brugts JJ. Impact of intravenous ni-
troglycerin in the management of acute de-
compensated heart failure. Curr Heart Fail Rep
2015; 12: 87-93.

Buch J. Urapidil, a dual-acting antihypertensive
agent: current usage considerations. Adv Ther
2010; 27: 426-443.

Spah F, Kottman R, Schmidt U. Effects of single
intravenous administration of urapidil and dil-
tiazem in patients with nonfixed pulmonary
hypertension secondary to chronic obstructive
lung disease. J Cardiovasc Pharmacol 1994;
23:517-524.

Kern MJ. Appreciating alpha-adrenergic recep-
tors and their role in ischemic left ventricular
dysfunction. Circulation 1999; 99: 468-471.
Chinese Society of Cardiology of Chinese Medi-
cal Association; Editioral Board of Chinese
Journal of Cardiology. Guideline for diagnosis
and treatment of acute heart failure. Zhong-
hua Xin Xue Guan Bing Za Zhi 2010; 38: 195-
208.

Kobalava ZhD, Kotovskaia luV, Bagmanova
NKh, Artiukhov OP, Darmaeva IP. Hypertensive
crisis in cardiology: place of urapidil. Kardiolo-
giia 2012; 52: 86-90.

Maries L, Manitiu |. Diagnostic and prognostic
values of B-type natriuretic peptides (BNP) and
N-terminal fragment brain natriuretic peptides
(NT-pro-BNP). Cardiovasc J Afr 2013; 24: 286-
289.

Tebbe U, Wurst W, Neuhaus KL. Acute haemo-
dynamic effects of urapidil in patients with
chronic left ventricular failure. Eur J Clin Phar-
macol 1988; 35: 305-308.

Zink M, Gombotz H, Wasler A, Grasser B, Re-
hak P, Metzler H. Urapidil reduces elevated pul-
monary vascular resistance in patients before
heart transplantation. J Heart Lung Transplant
2002; 21: 347-353.

Dorszewski A, Ghmann E, Dorszewski B, Wer-
ner GS, Kreuzer H, Figulla HR. Vasodilation by
urapidil in the treatment of chronic congestive
heart failure in addition to angiotensin-con-
verting enzyme inhibitors is not beneficial: re-
sults of a placebo-controlled, double-blind
study. J Card Fail 1997; 3: 91-96.

De Hert SG, Van der Linden PJ, Ten Broecke
PW, Sermeus LA, Gillebert TC. Effects of nicar-
dipine and urapidil on length-dependent regu-
lation of myocardial function in coronary artery
surgery patients. J Cardiothorac Vasc Anesth
1999; 13: 677-683.

(14]

(16]

(17]

(19]

[20]

[22]

(23]

Hirschl MM, Binder M, Bur A, Herkner H, Mll-
ner M, Woisetschlager C, Laggner AN. Safety
and efficacy of urapidil and sodium nitroprus-
side in the treatment of hypertensive emergen-
cies. Intensive Care Med 1997; 23: 885-888.
Schreiber W, Woisetschlager C, Binder M, Kaff
A, Raab H, Hirschl MM. The nitura study-—-effect
of nitroglycerin or urapidil on hemodynamic,
metabolic and respiratory parameters in hy-
pertensive patients with pulmonary edema.
Intensive Care Med 1998; 24: 557-563.
Haenni A, Lithell H. Urapidil treatment de-
creases plasma fibrinogen concentration in es-
sential hypertension. Metabolism 1996; 45:
1221-1229.

Gregorini L, Fajadet J, Robert G, Cassagneau
B, Bernies M, Marco J. Coronary vasoconstric-
tion after percutaneous transluminal coronary
angioplasty is attenuated by anti adrenergic
agents. Circulation 1994; 90: 895-907.
Gregorini L, Marco J, Palombo C, Kozakova M,
Anguissola GB, Cassagneau B, Bernies M, Dis-
tante A, Marco |, Fajadet J, Zanchetti A. Post-
ischemic left ventricular dysfunction is abol-
ished by alpha-adrenergic blocking agents. J
Am Coll Cardiol 1998; 31: 992-1001.
Gregorini L, Marco J, Kozakova M, Palombo C,
Anguissola GB, Marco |, Bernies M, Cassa-
gneau B, Distante A, Bossi IM, Fajadet J,
Heusch G. Alpha-adrenergic blockade im-
proves recovery of myocardial perfusion and
function after coronary stenting in patients
with acute myocardial infarction. Circulation
1999; 99: 482-490.

Kozakova M, Marco J, Heusch G, Bernies M,
Bossi IM, Palombo C, Anguissola GB, Donatelli
F, Laurent JP, Gregorini L. The alphal-adrener-
gic blocker urapidil improves contractile func-
tion in patients 3 months after coronary stent-
ing: a randomized, double-blinded study. Am
Heart J 2004; 147: EG.

Yao DK, Jia SQ, Wang L, Li HW, Zhang YC, Wang
YL, Wang LX. Therapeutic effect of urapidil on
myocardial perfusion in patients with ST-eleva-
tion acute coronary syndrome. Eur J Intern
Med 2009; 20: 152-157.

Kolyva C, Verhoeff BJ, Spaan JA, Piek JJ, Siebes
M. Increased diastolic time fraction as benefi-
cial adjunct of alphal-adrenergic receptor
blockade after percutaneous coronary inter-
vention. Am J Physiol Heart Circ Physiol 2008;
295: H2054-2060.

Stangl K, Dschietzig T, Richter C, Laule M,
Stang| V, Tanis E, Baumann G, Felix SB. Pum-
lonary release and coronary and peripheral
consumption of big endothelin and endothe-
lin-1 in severe heart failure acute effects of
vasodilator therapy. Circulation 2000; 102:
1132-1138.

Int J Clin Exp Med 2017;10(6):9729-9739



[24]

[25]

[26]

Comparative study on heart failure treatment

Lavrijssen AT, Kroon AA, Fuss-Lejeune M,
Schiffers PM, de Leeuw PW. Renal haemody-
namics and sodium excretory capacity during
urapidil treatment in patients with essential
hypertension. J Hypertens 2000; 18: 963-969.
Semenova RI, Musina NS. Experience with
ebrantil used in patients with resistant arterial
hypertension in chronic kidney disease. Ter
Arkh 2012; 84: 72-74.

Yamanishi T, Yasuda K, Tojo M, Hattori T,
Sakakibara R, Shimazaki J. Improvement of
urethral resistance after the administration of
an alpha-adrenoceptor blocking agent, urapi-
dil, for neuropathic voiding dysfunction. Para-
plegia 1994; 32: 271-276.

9739

[27]

(28]

[29]

Flechtner-Mors M, Jenkinson CP, Alt A, Adler G,
Ditschuneit HH. In vivo alpha(1)-adrenergic li-
polytic activity in subcutaneous adipose tissue
of obese subjects. J Pharmacol Exp Ther 2002;
301: 229-233.

Flechtner-Mors M, Jenkinson CP, Alt A, Biesal-
ski HK, Adler G, Ditschuneit HH. Sympathetic
regulation of glucose uptake by the alphal-
adrenoceptor in human obesity. Obes Res
2004; 12: 612-620.

Elliott WJ, Meyer PM. Incident diabetes in clini-
cal trials of antihypertensive drugs: a network
meta-analysis. Lancet 2007; 369: 201-207.

Int J Clin Exp Med 2017:10(6):9729-9739



