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Abstract: Objective: To investigate effects of nicorandil combined with trimetazidine on endothelial cell microparti-
cles (EMPs), endothelial cell-specific molecule-1 (ESM-1) and high-sensitivity C-reactive protein (hs-CRP) in patients
with acute myocardial infarction after percutaneous coronary intervention (PCl). Methods: In total, 103 patients
with acute myocardial infarction treated in our hospital were enrolled as participants of a retrospective analysis.
In line with the therapeutic methods used they were divided into two groups where PCl was given. Later, patients
in the control group were then managed with trimetazidine and patients in the observation group were managed
with trimetazidine combined with nicorandil. In this context, the clinical efficacy, changes in EMPs, ESM-1, hs-CRP,
cardiac parameters, and incidence of adverse cardiovascular events within 30 days of the treatment were recorded.
Results: (1) The management used in the observation group generated superior total validity (94.23%) compared
with that used in the control group (64.71%) (X?=13.828, P<0.05). (2) Levels of EMPs, ESM-1 and hs-CRP 7 days af-
ter treatment in patients in the observation group were greater than those in the control group (P<0.05). (3) LVEDVI
and LVESVI 7 days after treatment of patients in the observation group became lower, while PER and LVEF were
higher, than those of the patients in the control group (P<0.05). (4) The incidence of adverse cardiovascular events,
within 30 days of treatment, in the observation group was 3.85% compared with 5.88% in the control group, with
non-significant differences (X?=0.231, P>0.05). Conclusion: The application of nicorandil combined with trimetazi-
dine is conductive to down-regulation of the expression of EMPs, ESM-1 and hs-CRP and ameliorate cardiac issues
in patients with acute myocardial infarction after PCI. This treatment combination offers a good short-term progno-
sis which is promising.
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Introduction which eventually cause myocardial necrosis [2,
3].

Acute myocardial infarction is clinically consid-

ered a cardiovascular disease with a high inci-
dence. This disease is often characterized by
acute onset, speedy progresses and poor
patient prognosis [1]. The pathogenesis of it is
based on coronary atherosclerosis, plaque that
ruptures and severely injures the coronary arte-
rial endothelium, leading to platelet aggrega-
tion, fibrinous thrombus, blocking the coronary
blood flow, and persistent anoxia and ischemia
of cardiac muscles near the blood-supply area,

Percutaneous coronary intervention (PCI), a
commonly used method in clinical treatment of
acute myocardial infarction, clears blood ves-
sels where myocardial infarction exists, in an
early stage, to prompt the recovery of the isch-
emic myocardium after reperfusion [4, 5].
Although it has a lot of benefits, PCI affects
myocardial function due to factors such as
reperfusion and other treatment outcomes [6].
Studies have shown that EMPs, ESM-1 and hs-
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CRP and other inflammatory markers play
important roles in the occurrence and develop-
ment of acute myocardial infarction. They are
helpful in the guidance of prognosis and diag-
nosis of severity [7, 8]. Trimetazidine has
effects on cardio-protection and has been
widely used in clinical practice for treatment of
various cardiovascular diseases [9]. Nicorandil
promotes angiectasis of the coronary artery
and in recent years has been used for the treat-
ment of stenocardia as well as myocardial isch-
emia [10]. In this paper, for purpose of improv-
ing the prognosis of patients with acute
myocardial infarction, the combination of nicor-
andil and trimetazidine were applied after PCI.

The study was to investigate the effects of
nicorandil combined with trimetazidine on
EMPs, ESM-1, and hs-CRP in acute myocardial
infarction patients after PCI in the hope of find-
ing evidence that this combination effectively
improves prognosis of patients with acute myo-
cardial infarction. The cases enrolled were
divided into two groups where trimetazidine or
trimetazidine + nicorandil were given.

Material and methods
Materials

In total, 103 patients with acute myocardial
infarction who were treated in our hospital were
enrolled as participants of a retrospective anal-
ysis. In line with the therapeutic methods used,
they were divided into two groups. In the control
group, there were 51 patients (29 males and
22 females, aged 52-72 years) who were given
trimetazidine after PCl. In the observation
group, there were 52 patients (30 males and
22 females, aged 53-71 years) who were given
trimetazidine + nicorandil after PCI. (1) Inclusion
criteria: a patient who: was evaluated as Grade
1-3 based on the Killip scale; was diagnosed
with acute myocardial infarction; had their first
heart attack; did not spend more than 12 hours
since hospital admission; showed indications
of emergency PCIl; and signed the informed
consent, could be enrolled. (2) Exclusion crite-
ria: a patient who: is allergic to the drugs used
in the study; has severe hypertension; has com-
bined malignant tumor; has peptic ulcer; has
blood disease (s); has acute and chronic infec-
tions; or has combined endocrine disease (S),
shall be excluded. The study has been approved
by the ethics committee of Wuhan Third
Hospital.
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Methods

Patients in both groups underwent PCI. Before
the surgery, patients in the two groups were
orally administered 600 mg clopidogrel
(Approval No.: SFDA H20123116 Manufacturer:
LEPU Pharmaceutical Co., Ltd. Specification:
75 mg*7 tablets) and 300 mg aspirin (Approval
No.: SFDA H14021593 Manufacturer: Shanxi
Tongda Pharmaceutical Co., Ltd. Specification:
50 mg*18 tablets*4 plates), whilst after the
surgery they were routinely given antiplatelet
drugs (ticagrelor, clopidogrel and aspirin, etc)
and B-blockers, in addition to anticoagulant
therapy by low molecular weight heparin, anti-
atherosclerosis by statins, and other patient-
specific symptomatic treatments including
blood pressure control, cardiac failure resis-
tance or improvement of heart failure, etc.

Furthermore, after the surgery patients in the
control group were also managed with oral
trimetazidine (Approval No.: SFDA H20073969
Manufacturer: Nanjing Hencer Pharmaceutical
Co., Ltd. Specification: 20 mg*30 tablets/box),
200 mg three times a day; and patients in the
observation group were managed with oral
trimetazidine combined  with  nicorandil
(Approval No.: SFDA H41024517 Manufacturer:
Tianfang Pharmaceutical Co., Ltd. Specification:
5 mg), 5 mg three times a day for 7 days.

Observed indicators

Evaluation of therapeutic efficacy: with refer-
ence to Internal Medicine, clinical efficacy was
evaluated 7 days after PCl. When compared
with results before operation and the patient’s
ECG did not show any change, a score of invalid
was recorded. If the ST segment went up 0.5
mV but was still not up to normal, both intraven-
tricular block and atrioventricular block were
improved, and T-Wave direction in lead of the
infarction site was upright, or upside down with
the amplitude being decreased 25%, but was
still not up to normal, a score of effective was
recorded. If after treatment the patient’s ECG is
basically in its normal state, a score of excel-
lence was recorded. Total validity = effective +
excellence.

Serum factors: before and 7 days after PCI,
respectively, 5 ml of fasting venous blood from
patients in both groups were collected and
stored in a freezer for 1-hour for coagulation
before centrifugation at 3000 r/min for 15 min.
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Figure 1. Gender distribution in both groups. The
proportion of male patients in the observation group
was 57.69% compared with 56.86% in the control
group, P>0.05. Similarly, the proportion of females
in the observation group was 42.31% compared with
43.14% in the control group, P>0.05.

The centrifuged serum was stored in a frozen
box. ESM-1 was determined by enzyme-linked
immunosorbent assay following the kit instruc-
tions provided by SHANGHAI MLBIO CO., LTD.
hs-CRP was determined with automatic protein
analyzer BNII (SIEMENS, Germany) and the sup-
porting kits. EMPs were determined using flow
cytometry for which the collected venous blood
was placed into a citrate anticoagulation vacu-
um tube for 10-minutes of centrifugation, and
after extraction of platelet-rich plasma, another
6-minutes of centrifugation, followed by extrac-
tion of 50 pg of the platelet-poor plasma, and
then 0.5 pyg CD31-PE antibody and CD42-FITC
antibody were added at room temperature.
After 20 minutes of incubation 1 ml of
phosphate buffer was added for detection [11].

Cardiac parameters: before and 7 days after
PCl, left ventricular end-diastolic volume index
(LVEDVI), left ventricular end-systolic volume
index (FID), peak ejection rate (PER) and left
ventricular ejection fraction (LVEF) were detect-
ed using Philip IE33 Diasonograph [12, 13].

Incidence of adverse cardiovascular events:
the patients in both groups were compared for
the incidence of adverse cardiovascular events
within 30 days of treatment including death,
stroke, recurrent myocardial infarction, and
emergency coronary revascularization, etc.

Statistics

In the statistical analysis using SPSS 22.0,
measurement data were expressed as mean +
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standard deviation where those following the
normal distribution were tested with an inde-
pendent-sample T test and those not following
normal distribution were tested with Mann-
Whitney U test. Paired t-test was used for intra-
group comparison. Enumeration data were
expressed by [n (%)] in addition to X test for
comparison between groups. P<0.05 indicates
statistically significant.

Results

Comparison of general information of both
groups

The observation group includes 30 males
(57.69%) and 22 females (42.31%), with an age
range of 53-71 years (averaged 62.18+1.28).
The period of time since the onset to the com-
mencement of PCl was 221-362 min, averaged
(289.63+£12.59). The number of cases having
combined hyperlipemia, diabetes mellitus, and
hypertension were 20 (38.46%), 22 (42.31%),
and 18 (34.62%), respectively; and the number
of patients graded 1, 2, and 3 in the Killip scale
were 19 (36.54%), 26 (50.00%), and 7 (13.46%),
respectively. The control group includes 29
males (56.86%) and 22 females (43.14%), with
an age range of 52-72 years (averaged
62.22+1.19). The period of time since the
onset to the commencement of PCl was 229-
373 min, averaged (292.06+£12.16). The num-
ber of cases having combined hyperlipemia,
diabetes mellitus, and hypertension were 21
(41.18%), 20 (39.22%), and 17 (39.22%),
respectively; and the number of patients grad-
ed 1, 2, and 3 in the Killip scale were 18
(35.29%), 26 (50.98%), and 7 (13.73%), respec-
tively. There were no statistically significant dif-
ferences in terms of gender (Figure 1), age,
period since the onset to PCI, complications
(Figure 2), and Killip grading (Figure 3) (P>0.05)
between the groups (Table 1).

Comparison of clinical efficacy of both groups

The observation group generated a total validi-
ty of 94.23% including excellence from 30
cases (57.69%) and effective from 19 cases
(36.54%). Three cases reported invalid (2.11%)
management. The control group generated a
total validity of 64.71% including excellence
from 21 cases (41.18%) and effective from 12
cases (23.53%). Eighteen cases reported inval-
id (35.29%) management. Clearly, the total
validity of the observation group (94.23%) was
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Figure 2. Complications in both groups. The percentages of patients with
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Comparison of cardiac pa-
rameters of both groups

Comparison between the two
groups of cardiac parameters
before PCl proved not to
be significantly different (P>
0.05). Compared with those
before PCIl; LVEDVI and LVESVI
decreased, while PER and
LVEF increased, in both gro-
ups 7 days after treatment

25 (P<0.05), and the records of

LVEDVI and LVESVI in the
observation group were lower,
whilst PER and LVEF were

combined hyperlipemia, diabetes mellitus and hypertension in the observa-

tion group were 38.46%, 42.31%, and 34.62%, respectively; and as com-
pared with the same of 41.18%, 39.22%, and 33.33%, respectively, in the
control group, no significant difference were found, P>0.05.

A B Level | B
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Control group
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Figure 3. Killip grading in both groups. Patients who were evaluated as Grade
1, 2, and 3 in the observation group held a scale of 36.54%, 50.00%, and
13.46%, respectively; and there was no significant difference between that
of 35.29%, 50.98%, and 13.73% respectively, in the control group, P>0.05.

significantly higher than that of control group
(64.71%) (Figure 4).

Comparison of serum factors of both groups

Comparison between the two groups in serum
factors before PCI proved not significantly dif-
ferent (P>0.05). However, compared with those
before PCl: PCl, EMPs, ESM-1, and hs-CRP 7
days after treatment were decreased in both
groups (P<0.05), and the levels of the same
measures in the observation group were all
lower than those in the control group (P<0.05)
(Table 2).
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higher, than those in the con-
trol group (P<0.05) (Table 3).

Comparison of incidence of
adverse cardiac events in

R — both groups

Bl Level 2

B Level 3 The observation group report-

ed an incidence of adverse
cardiac events, within 30
days, at 3.85%, including
death, stroke, recurrent myo-
cardial infarction, and emer-
gency coronary revasculariza-
tion from 1, 1, 0, and O
patients, respectively. The
control group generated an
incidence of adverse car-
diac events, within 30 days,
at 5.88%, including death,
stroke, recurrent myocardial
infarction, and emergency co-
ronary revascularization from
1, 0, 1, and 1 patient, respec-
tively. The differences be-
tween the two groups were not statistically sig-
nificant (X?=0.231, P>0.05) (Table 4).

Discussion

The onset of acute myocardial infarction
severely injures myocardial cells. At infarction
and non-infarction zones the effected myocar-
dium may behave non-synchronously or contra-
dictory with mechanical dilation and contrac-
tion, including inverse motions, loss or
attenuation of movements. Furthermore, edges
of myocardial infarction zones are in a state of
stretching and loading, which causes ventricu-
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Table 1. Comparison of general information of both groups [n (%)]/(X % S)

Iltems Observation group (n=52) Control group (n=51) t/X? P
Gender (cases) Male 30 (57.69) 29 (56.86) 0.007 0.932
Female 22 (42.31) 22 (43.14)
Age (years) 62.18+1.28 62.22+1.19 0.164 0.870
Onset-to-PCI Period (min) 289.63+12.59 292.06+12.16 80.985 0.000
Complications
Hyperlipemia 20 (38.46) 21 (41.18) 0.012 0.996
Diabetes mellitus 22 (42.31) 20 (39.22)
Hypertension 18 (34.62) 17 (33.33)
Killip Grade
Grade 1 19 (36.54) 18 (35.29) 0.052 0.635
Grade 2 26 (52.00) 26 (50.98)
Grade 3 7 (13.46) 7 (13.73)
-8~ Observation group higher incidence of ischemia reperfusion injury
60 B ool gonp compared_ with those w_ith single-c_oronary
1 artery lesions, due to the inadequacy in coro-
nary revascularization [18]. Trimetazidine, with
40_‘ a number of piperazine derivatives in its family,
| acts primarily at the cellular level, is not be
E affected by oxygen supply and demand, and
. does not affect the haemodynamics [19, 20].
20“_ That is, in state of motion or rest, trimetazidine
will not affect hemodynamic indicators such as
o heart rate, blood pressure and coronary blood
0 T T T T flow [21]. Moreover, it maintains function of
Excellence Effective Invalid Total validity

Figure 4. Comparison of clinical efficacy of both
groups. Patients who reported excellence and effec-
tive in the observation group account for 57.69%,
and 36.54%, respectively; both higher than those
of 41.18%, and 23.53%, respectively, in the control
group (P<0.05). The reported invalid cases in the ob-
servation group was 2.11%, lower than 35.29% in
the control group (P<0.05). The total validity of the
observation group was 94.23% superior to 64.71%
from the control group (P<0.05).

lar remodeling [14, 15]. In elderly patients,
acute myocardial infarction often develops as
diffuse lesions of multiple coronary arteries
that if not treated in a timely manner lead to
cardiac failure, malignant arrhythmia, and in
serious cases, sudden death [16].

PCl is a commonly used method for the treat-
ment of acute myocardial infarction. It pro-
motes the recovery of the myocardium after
reperfusion and rescues the dying myocardium
[17]. Generally, however, patients with diffuse
lesions of multiple coronary arteries share a
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mitochondrial membrane, relieves cardiomyo-
cyte acidosis, down-regulates the production of
oxygen radicals, and inhibits neutrophil infiltra-
tion in myocardial tissues, protecting cells by
anti-apoptosis and oxidation resistance, etc
[22]. Nicorandil, one of nitric acid esters,
causes depolarization of the mitochondrial
membrane by increasing the outflow of intracel-
lular K* by stimulating the opening of mitochon-
drial K*-ATP channels in cardiomyocytes, and
inhibits the opening of mitochondrial permea-
bility transition pores leading to Ca?* overload-
ing and decreased inflow [23]. In addition, it
suppresses the Ca?* inflow to smooth muscle
cells to control excitation-contraction coupling
while leaving vascular smooth muscles in a
relaxed state, resulting in effective prevention
of coronary spasms [24]. In this paper, the total
validity in the observation group (94.23%) was
superior to that in the control group (64.71%)
(P<0.05), suggesting the combination of
trimetazidine + nicorandil offers better thera-
peutic effects compared with trimetazidine
alone. This could be explained by nicorandil
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Table 2. Comparison of serum factors in both groups (X £ s)

EMPs (particles/uL)

ESM-1 (ug/L) hs-CRP (mg/L)

Grou
P Pre-operation 7 d after

Pre-operation 7 d after  Pre-operation 7 d after

Control (n=51)

t 1.181 142.940
P 0.240 0.000

1415.25+12.58 1089.96+10.33
Observation (n=52) 1418.16+12.43 818.82+8.88

1.36£0.12 1.18+0.08 14.85+1.25 8.15+1.16
1.39+0.09 0.81+0.06 14.89+1.23 6.12+1.08

1.437 26.588 0.164 9.194
0.154 0.000 0.870 0.000

Table 3. Comparison of cardiac parameters in both groups (X + s)

LVEDVI (mL/m2) LVESVI (mL/m?) PER (EDV/s) LVEF (%)
Group Pre-operation 7 d after  Pre-operation 7 d after Pre-operation 7 dafter Pre-operation 7 d after
Control (n=51) 113.63+8.52 98.56+5.12 60.52+2.58 43.69+1.26 1.59+0.15 1.75+0.18 51.12+0.18 53.26+0.25
Observation (n=52) 113.69+8.46 80.12+2.28 60.69+2.46 38.12+0.28 1.63+0.13 1.86+0.23 51.13+0.22 59.12+0.88
t 0.036 23.688 0.342 31.107 1.447 2.670 0.252 45.774
P 0.972 0.000 0.733 0.000 0.151 0.001 0.801 0.000

Table 4. Comparison of incidence of adverse cardiovascular events in both groups [n (%)]

Recurrent myocardial Emergency coronar L
Y gency y Total incidence

Group N=  Cardiac death  Stroke . : .

infarction revascularization
Control 51 1(1.96) 0 (0.00) 1(1.96) 1(1.96) 3 (5.88)
Observation 52 1(1.92) 1(1.92) 0 (0.00) 0 (0.00) 2 (3.85)
X 0.231
p 0.631

playing dual roles in expansion of the coronary
artery and also promoting the opening of KATP
channels, further accelerating the recovery of
myocardial microcirculation, whilst trimetazi-
dine effectively maintains myocardial function,
and the combination of them showed synergis-
tic outcomes.

EMPs, ESM-1, and hs-CRP are familiar serologi-
cal markers. EMPs are produced after endothe-
lial cell apoptosis or activation and are highly
expressed in cardiovascular diseases with
endothelial dysfunction [25]. ESM-1 is released
mainly by endothelial cells and the increase of
its release promotes the migration and prolif-
eration of vascular smooth muscle cells. It
plays important roles in the progress of athero-
sclerosis [26]. hs-CRP reflects the inflammatory
state and shows high specificity and sensitivity.
It is considered to be an important independent
risk factor for acute coronary syndrome as well
as providing good prediction of cardiovascular
events and plaque stability [11]. In this study,
levels of EMPs, ESM-1, and hs-CRP 7 days after
treatment in the observation group were lower
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than those in the control group (P<0.05)
because, nicorandil maintains the dilation of
micro-vessels by inhibiting calcium influx and
increasing potassium ion outflow, and exerts
anti-inflammatory effects by suppressing the
opening of mitochondrial permeability transi-
tion pores. Chen et al [27] also found that nicor-
andil not only maintains coronary dilation but
also improves local oxygen radical metabolism
and vascular endothelial function. Upon the
occurrence of acute myocardial infarction,
ultrasound cardiograms showed significantly
reduced PER and LVEF. The ventricular wall at
non-infarcted zones may appear dilatated and
have compensatory hypertrophy that points to
ventricular remodeling. Interspace enlarge-
ment and thinning of the ventricular wall at
infarcted zones are major manifestations of
earlier ventricular remodeling. Increasing end-
diastolic and end-systolic volumes are manifes-
tations of late ventricular remodeling. The
results showed LVEDVI and LVESVI 7 days after
treatment in the observation group were lower,
and PER and LVEF were higher, than those in
the control group (P<0.05), indicating the com-

Int J Clin Exp Med 2020;13(4):2339-2346
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bined therapy improved cardiac functions of
patients with acute myocardial infarction after
PCl in a more efficient way, as compared with
the trimetazidine alone. The incidence of
adverse cardiovascular events in the observa-
tion group was 3.85% superior to 5.88% in the
control group, with the difference not being sta-
tistically significant (P>0.05). This was further
proof of the safety of such combination that
offers good short-term prognosis, although
its roles in long-term prognosis are to be
determined.

In conclusion, nicorandil combined with trimeta-
zidine for patients with acute myocardial infarc-
tion after PCl is beneficial to down-regulate the
expression of EMPs, Esm-1 and hs-CRP, ame-
liorate cardiac issues and offer good short-term
prognosis.

The small size of sample in this study limited
the scope of the results obtained, by which
enlarged size and in-depth studies are
warranted.
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