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Abstract. – OBJECTIVE: Simendan is a calcium sensitizer that enhances myocardial contractility but does not affect ventricular diastole. Simendan also has a vasodilatation effect,
which causes coronary artery resistance and
venous volume blood vessel relax, thereby improving coronary blood supply. This study adopted simendan on the basis of conventional
anti-heart failure treatment to explore a new approach for the treatment of heart failure.
PATIENTS AND METHODS: Eighty patients
with heart failure were randomly and equally divided into an observation group and control group according to the digital table method.
The control group was given a conventional anti-heart failure treatment. The observation group
was treated with simendan on the basis of the
control group. The left ventricular ejection fraction (LEVF), stroke volume (SV), NT-proBNP, K+,
and Ca2+ were measured before and after the
treatment. The clinical efficacy and adverse reactions after treatment were compared. The
6-minute walking distance (6MWT) was recorded on the 60th day after treatment.
RESULTS: There were no significant differences in LVEF and SV between the two groups before the treatment. They were significantly increased after treatment and were significantly
higher in the observation group than that in the
control group (p < 0.05). The total effective rate in
the observation group (92.50%) was significantly higher than that in the control group (67.50%).
There was no statistical difference in the occurrence of adverse reactions between the two
groups (p > 0.05). The 6MWT in the observation
group was 452.63±86.51 meters, which was significantly higher than that in the control group
(366.85±70.46 meters) (p < 0.05). There was no
significant difference in plasma NT-proBNP lev-

els between the two groups (p > 0.05). The plasma NT-proBNP level was significantly lower in
the observation group than that in the control
group after treatment (p < 0.05). Serum K+ and
Ca2+ were not significantly changed after treatment in the control group (p > 0.05). Serum K+,
but not Ca2+, was significantly elevated in the
observation group.
CONCLUSIONS: Simendan can significantly
reduce plasma NT-proBNP level; thus, it is relatively safe and effective for the treatment of
acute heart failure (AHF).
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Introduction
In recent years, following the aging of the population, the incidence and mortality of acute heart
failure (AHF) has been increased, which has become a serious public health problem1,2. The prognosis of patients with heart failure is poor, with the
hospital mortality rate of 3%, the 60-day mortality rate of 9.6%, and the 3-year and 5-year mortality rates of 30% and 60%, respectively. Therefore,
the treatment of heart failure affects a huge part of
the society and brings medical stress3,4. The scientists are focused on searching novel drugs for the
treatment of AHF. Despite the huge human and
financial resources, there are still a few drugs that
can reduce the mortality rate of AHF patients.
Simendan is a calcium sensitizer that binds to
Cardiac troponin C (cTnC) in a calcium ion con-
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centration-dependent manner to produce positive
inotropic effects, enhance myocardial contractility, without affecting ventricular diastolic. At the
same time, it can produce vasodilation by opening the ATP-sensitive K+ channel (KATP), which
makes coronary artery resistance and venous
volume vessels vasodilatation, thereby improving coronary blood supply. Moreover, it can also
inhibit phosphodiester enzyme5,6. In patients with
heart failure, the positive inotropic and vasodilating effects of simendan can increase myocardial
contractility and reduce the anterior and posterior
loads without affecting their diastolic function7.
This study adopted simendan on the basis of
conventional anti-heart failure treatment to explore
a new approach for the treatment of heart failure.

Patients and Methods
General Information
Eighty patients with heart failure who were admitted to the Affiliated Hospital of Hebei University of Engineering (Handan, Heibei, China) from
February 2015 to December 2017 were enrolled,
including 42 males and 38 females, with an average age of 65.84 ± 8.95 (ranges: 50-82) years. All
patients met the diagnostic criteria according to
the “Guidelines for the Diagnosis and Treatment
of Acute Heart Failure” developed by the Chinese
Medical Association. The cardiac function was
graded III to IV, and LVEF ≤ 40%. Patients with
congenital heart disease, severe liver and kidney
dysfunction, severe ventricular arrhythmia, severe heart valve disease, cardiogenic shock, hypovolemia, and inability to use vasodilators were
excluded. Patients were equally and randomly divided into an observation group and control group
by random number table method. There were 22
males and 18 females with an average age of 65.26
± 9.38 years old in the observation group. There
were 20 males and 20 females with an average age
of 66.07 ± 9.12 years in the control group. There
were no significant differences in the general data
between the two groups (p > 0.05). The study
was approved by the Affiliated Hospital of Hebei
University of Engineering (Handan, heibei, China) Ethics Committee and all patients signed the
informed consent.
Methods
The control group received conventional anti-heart failure treatment, including statins, diuretics, vasodilators, beta-blockers, and angioten4028

sin receptor blockers when necessary. The patients
with poor blood pressure control were added with
dihydropyridine-based calcium ion antagonists,
and adequate anti-infection, salt limitation and
other measures to correct the predisposing factors of heart failure. The observation group was
added with simendan (specification: 5 ml: 12.5
mg, batch number: 150114, manufacturer: Chengdu Shengnuo Bio-Pharmaceutical Co., Ltd.) on
the basis of the control group. The initial loading
dose was 12 μg/kg, pumping time > 10 min. If the
patient did not suffer from adverse conditions, the
dose was adjusted to 0.1 μg·min-1·kg-1 and continued intravenous pumping for 24 h.
Observation Index
The patient’s vital signs (breathing, blood pressure, pulse, heart rate) (UMEC7 ECG monitor,
Shenzhen Mindray), 24 h urine volume, dyspnea,
lung voice, and double lower extremity edema were closely monitored. The left ventricular
ejection fraction (LEVF), stroke volume (SV),
NT-proBNP, K+, and Ca2+ (BS-800 automatic biochemical analyzer, Shenzhen Mindray, Shenzhen,
China) were measured before the treatment and
after 24 h of treatment.
Efficacy Evaluation
(1) Significant effective: after treatment, the
clinical symptoms and signs of the patient disappeared, the heart function returned to normal or
increased by 2 grades or more than before treatment; (2) effective: after treatment, the patient’s
clinical symptoms and signs improved significantly, and the heart function was better than
before treatment for 1~2 grades; (3) invalid: after
treatment, the patient’s clinical symptoms and
signs did not change significantly, even the condition was aggravated, and the cardiac function did
not improve significantly. Total effective rate =
(significant effective number of cases + effective
number of cases)/total number of cases × 100%.
The prevalence of adverse reactions in the two
groups was recorded and compared.
6MWT
All patients were tested at the same time after
60 days of treatment. The patient’s 6MWT was
recorded with a timer.
Statistical Analysis
All data analyses were performed on SPSS
17.0 software (SPSS Inc., SPSS Statistics for Windows, Chicago, IL, USA). The measurement data
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Table I. Comparison of cardiac function indexes between the two groups before and after treatment.
LVEF (%)

Observation group
Control
t
p

SV (mL)

Before treatment

After treatment

Before treatment

After treatment

29.12±7.04
28.76±6.58
0.236
0.814

37.84±5.93
33.42±6.61
3.148
0.002

63.91±3.85
64.14±4.02
0.261
0.795

74.82±4.13
68.73±3.69
6.955
< 0.001		

were presented as mean ± standard deviation and
compared by the Student’s t-test. The enumeration data were compared by the Chi-square test.
p < 0.05 was considered as statistical difference.

Results
Comparison of Cardiac Function Indexes
Between the Two Groups Before and
After Treatment
There were no significant differences in LVEF
and SV between the two groups (p > 0.05). After
treatment, LVEF and SV were significantly higher than those before the treatment, and they were
significantly higher in the observation group than
that in the control group (p < 0.05) (Table I).
Comparison of Treatment Effects
Between the Two Groups
In the observation group, 23 cases were significantly effective, and 14 cases were effective with
the total effective rate of 92.50%. In the control
group, 11 cases were significantly effective, and
16 cases were effective with the total effective
rate of 67.50%. The effective rate in the obser-

Figure 1. Comparison of plasma NT-proBNP level between the two groups.

vation group was significantly higher than that in
the control group (p < 0.05) (Table II).
Comparison of Adverse Reactions
Between the Two Groups
In the observation group, 1 patient developed
hypotension, 2 patients suffered from hypokalemia with the occurrence of adverse reactions of
7.50%. In the control group, 1 patient developed
tachycardia, 1 patient developed palpitations, 3
patients developed nausea and vomiting with the
occurrence of adverse reaction of 12.5%. There
was no statistical difference between the two
groups (p > 0.05). The adverse reactions of the
two groups were significantly improved after
symptomatic treatment.
Comparison of 6MWT Between Two
Groups
The 6-minute walking distance was
452.63±86.51 m in the observation group and
366.85±70.46 m in the control group. The observation group was significantly higher than the
control group (p < 0.05) (Table III).
Comparison of Plasma NT-proBNP Level
Between the Two Groups
There was no statistical difference in plasma
NT-proBNP levels between the two groups before the treatment (p > 0.05). The levels of plasma NT-proBNP in the two groups after treatment
were significantly lower than those before treatment (p < 0.05). Its level in the observation group
was significantly lower than that in the control
group after treatment. (p < 0.05) (Figure 1).
Comparison of Serum K+ and Ca2+
of the Two Groups
There were no significant differences in serum
K+ and Ca2+ levels between the two groups before
treatment (p > 0.05). Serum K+ and Ca2+ were not
significantly changed after treatment in the control group (p > 0.05). Serum K+, but not Ca2+, was
4029
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Table II. Comparison of treatment effects between the two groups (n,%).

Observation group
Control
χ2
p

Significant effective

Effective

Invalid

Total effective rate

23 (57.50%)
11 (27.50%)
7.813
0.005

14 (35.00%)
16 (40.00%)

3 (7.50%)
13 (32.50%)

37 (92.50%)
27 (67.50%)

Table III. 6MWT comparison.
6MWT (m)
Observation group
Control

t

p

452.63±86.51
4.863
366.85±70.46		

<0.001

significantly elevated in the observation group
(Table IV).

Discussion
AHF is a systolic and diastolic dysfunction
caused by a variety of reasons, resulting in a blood
supply that does not meet the metabolic requirements, and produces a series of clinical signs and
symptoms8,9. The incidence of AHF is mostly in
the elderly, and the prognosis is poor, with up to 3%
of the mortality rate during hospitalization10. Clinically, positive inotropic drugs, such as cardiotonic,
beta-agonists, and phosphodiesterase inhibitors,
are widely used in the treatment of AHF. They can
directly or indirectly enhance muscle strength and
vasodilating effects by increasing the concentration of cyclic adenosine monophosphate (cAMP)
in the myocardium. However, these drugs may
elevate the myocardial oxygen consumption and
induce arrhythmia, thus increasing the long-term
mortality rate11. Therefore, the identification of a
new drug with definite curative effect and small
adverse reactions is urgently required in clinic.
Simendan is a new type of positive inotropic
drug, which has been also recommended for AHF

treatment12. Simendan is a novel Ca2+ sensitizer
with a dual mechanism of calcium sensitization
and potassium ion channel opening12. Pharmacological studies revealed that simendan can bind
to cTnC, enhance the sensitivity of cTnC to Ca2+,
increase myocardial contractility, but not elevate
myocardial oxygen consumption, or induce arrhythmia. In addition, simendan also has the capacity of dilating the coronary arteries and peripheral blood vessels, improving the hemodynamic
status, correcting heart failure, and alleviating the
symptoms and signs of heart failure in patients13.
Kivikko et al14 investigated 1327 cases of Finnish
AHF patients and found that simendan can effectively reduce the mortality rate of AHF patients
compared to the traditional drug dobutamine. Altenberger et al15 also reported the good therapeutic
effect of simendan on AHF and its improvement
on cardiac function indicators. This study found
that the cardiac function indicators of LVEF and
SV in patients treated with simendan were significantly higher than those in the control group after
treatment, suggesting that simendan is superior to
traditional drugs in improving cardiac function in
patients with AHF. It was observed that the effective rate of the patients treated with simendan
was as high as 92.5%, while the effective rate of
traditional drug therapy was only 67.5%, suggesting that simendan exhibited a better curative effect on AHF. Moreover, it was revealed that it did
not increase the occurrence of adverse reactions
compared with traditional drugs. 6MWT also
suggested that simendan treatment had a better
prognosis than traditional drugs. The above re-

Table IV. Comparison of serum K+ and Ca2+ of the two groups.
Ca2+

K+

Observation group
Control
t
p
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Before treatment

After treatment

After treatment

Before treatment

4.03±0.52
4.05±0.51
0.134
0.863

4.57±0.48
4.14±0.53
3.803
<0.001

2.18±0.15
2.13±0.18
1.350
0.181

2.19±0.13
2.20±0.19
0.275
0.784

Simendan on AHF

sults indicated that simendan is safe and effective
in the treatment of AHF, which is consistent with
the other reports13,16.
NT-proBNP is an inactive N-terminal fragment produced by the pro-protein (BNP) after
division. It is a neuroendocrine hormone secreted by the left ventricle when the pressure
load and volume load on the cardiomyocytes
increase (are increased). It exhibited high sensitivity to evaluate the motor coordination of
the ventricular wall segment and systolic and
diastolic dysfunction17-21. With the deepening
of research, more and more results confirmed
that NT-proBNP has the advantages of the long
half-life and high concentration in blood, which
is suitable as a marker for diagnosing heart
failure22-24. This study also found that plasma
NT-PROBNP level was significantly lower in
the simendan-treated group than that in the
control group, confirming that simendan can
effectively reduce plasma NT-PROBNP level.

Conclusions
We found that simendan can significantly reduce plasma NT-proBNP level, thus it is relatively
safe and effective for the treatment of AHF.
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