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Background: This study aims to observe the effects of the intracoronary and peripheral venous
administration of nicorandil for the postoperative myocardial microcirculation and short-term prognosis of
ST-segment elevation myocardial infarction (STEMI) patients undergoing primary percutaneous coronary
intervention (PPCI) treatment.

Methods: A total of 140 STEMI patients were divided into three groups according to different patterns of
administration: sequential nicorandil group, intracoronary nicorandil group and control group. The main
observation indexes included coronary blood flow and myocardial perfusion immediately after PPCI, while
the secondary observation indexes included major adverse cardiovascular events (MACE) and left ventricular
ejection fraction (LVEF) during the period of hospitalization.

Results: After PPCI, the difference in the proportion of patients with thrombolysis in myocardial
infarction (TIMI) flow grade 3 among the three groups was statistically significant (P=0.036), where this
proportion was higher in the sequential nicorandil group and intracoronary nicorandil group than in the
control group (P=0.022 and P=0.047); The difference in corrected TIMI frame count (CTFC) among the
three groups was statistically significant (P=0.022), where CTFC was lower in the sequential nicorandil
group and intracoronary nicorandil group than in the control group (P=0.010, P=0.031); The differences
in the proportion of patients with complete ST resolution (STR) and advancing of enzyme peak time to
within 12 h between each two groups were statistically significant (P<0.001), where this proportion was the
highest in the sequential nicorandil group; The difference in the CK-MB peak among the three groups was
statistically significant (P=0.036), where the CK-MB peak was lower in the sequential nicorandil group than
in the control group (P=0.012); The difference in the incidence of MACE between each two groups was
statistically significant (P<0.001), where this incidence was the lowest in the sequential nicorandil group;
The differences in the proportion of patients with advancing of enzyme peak time to within 14 h and LVEF
among the three groups were not statistically significant (P=0.722 and P=0.284).

Conclusions: Compared with intracoronary use alone, the intracoronary and peripheral intravenous use of

nicorandil can better improve myocardial microcirculation and short-term prognosis.
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Introduction

Timely and successful revascularization through primary
percutaneous coronary intervention (PPCI) is the most
effective treatment strategy to reduce the range of
myocardial infarction (MI). After the recanalization of
culprit vessels, approximately 25-37% of patients would
develop myocardial reperfusion disorder and even no-
reflow (1). The fundamental cause is the damage to the
microcirculation of the myocardium. In recent years,
research on the prevention and treatment of myocardial
microcirculation injury has continuously progressed (2).
Related studies have revealed that nicorandil has a
protective effect on ischemic myocardium, and it can
increase myocardial blood flow perfusion and improve
clinical prognosis (3-6). However, there was no unified
recommendation for the time and scheme of drug use
(7-9). In the present study, patients with acute ST-
segment elevation myocardial infarction (STEMI), who
were receiving PPCI, were treated with the intracoronary
administration and peripheral venous injection of nicorandil
to evaluate its effect on myocardial microcirculation and
short-term prognosis in STEMI patients.

Methods
Subjects

The present study is a single-center, prospective,
randomized, single-blinded and blank-controlled study.
Consecutive STEMI patients who received PPCI in the
Heart Center of Tianjin Third Central Hospital from
January 2016 to August 2017 were included into the present
study. In order to ensure the comparability of experimental
data, patients intervened by the same physician were
selected. Finally, 140 eligible subjects were included.
Inclusion criteria: all patients who were definitely
diagnosed with STEMI and received emergency coronary
angiography after the onset of the disease were included.
The angiography revealed that the thrombolysis in
myocardial infarction (TIMI) grades of the culprit
vessels were within grades 0—1. The STEMI diagnostic
criteria were with reference to ESC 2012 (10). Exclusion
criteria: patients who previously received coronary stent
implantation; patients with a systolic blood pressure
<90 mmHg or a diastolic blood pressure <60 mmHg;
patients with liver dysfunction (serum ALT or total bilirubin
>3 times of the normal upper limit) and renal insufficiency
(serum creatinine >1.5 times of the normal upper limit);
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patients who were presently receiving nicorandil; patients
who had undergone coronary artery bypass grafting
(CABG); patients with prior MI; patients with cardiogenic
shock.

The present study was conducted in accordance with
the declaration of Helsinki and approved by the Ethics
Committee of our hospital. All subjects and their families
provided a signed informed consent.

Grouping

According to the random number table method, these
patients were divided into three groups: sequential
nicorandil group (n=48), intracoronary nicorandil group
(n=47), and control group (n=45).

During the PPCI process, when the blood flow
remained within TIMI 0-1 or obvious thrombus shadows
could be observed after the guidewire passed through the
culprit vessel, thrombus aspiration was first performed.
The diagnosis of TIMI after PCI was assessed by an
experienced technician without knowledge of the patient
group allocation. Then, patients in the sequential nicorandil
group received an intracoronary injection of 4 mg (8 mL)
of nicorandil (Beijing SHKB Pharmaceutical Co., Ltd.,
National drug approval no.: H20120069, Specification:
12 mg), and nicorandil was continuously pumped through
the peripheral vein at a rate of 4 mg (4 mL)/h for 24 h.
Patients in the intracoronary nicorandil group received
an intracoronary injection of 4 mg (8 mL) of nicorandil,
and normal saline was continuously pumped through the
peripheral vein at a rate of 4 mL/h for 24 h. Patients in
the control group received an intracoronary injection of
8 mL of normal saline, and normal saline was continuously
pumped through the peripheral vein at a rate of 4 mL/h for
24 h. During the PPCI process, if the blood flow reached
TIMI 2-3 after the guidewire passed through the culprit
vessel, thrombus aspiration was not necessary and patients
were directly given the above treatments. Then, these three
groups of patients received routine percutaneous coronary
balloon dilatation (PTCA), and stent was implanted when
necessary. All the stents were drug-eluting stent (DES).
Before the operation, patients in the three groups orally
took loading dose of antiplatelet drugs (300 mg of aspirin
and 180 mg of ticagrelor) and were intravenously injected
with normal heparin (50-70 U/kg). Whether tirofiban
should be used intraoperatively and postoperatively was
decided by surgeon according to the complexity of vascular
lesions and thrombotic load. After the operation, patients
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in the three groups orally took 100 mg/d of aspirin and
90 mg/bid of ticagrelor, patients without contraindications
were routinely given statins, B-receptor blockers and
angiotensin-converting enzyme inhibitors.

Observation indices

Basic information of patients

The information of patients included their general
information (gender and age), the risk factors of coronary
heart disease and complicated diseases (hypertension,
diabetes, hyperlipidemia, smoking and drinking history,
family history of coronary heart disease, atrial fibrillation
and stroke), the characteristics of the disease, and the
lesions in the culprit vessels (interval from the appearance
of symptoms to revascularization, the location of the
culprit vessel, the number of the sites of the lesions, the
grade of TIMI blood flow in the culprit vessels before the
recanalization, and the implantation of stents).

Calculations of corrected TIMI frame count (CTFC)
The CTFC was measured according to the method of
Gibson et al. to determine blood flow at the time of coronary
angiography. The cine frame counts derived from the injection
of contrast medium to the peripheral landmark were measured
on the coronary angiogram. The frame rate was measured
at 30 frames/s. Coronary angiography was performed at a
30° right anterior oblique/caudal projection angle for the left
anterior descending and left circumflex arteries and a 60° or
30° left anterior oblique/cranial projection angle for the right
coronary artery. The CTFC was measured by a physician
without knowledge of the patient group allocation.

Safety indexes

The heart rate and noninvasive blood pressure of the upper
limb artery were measured before PPCI, and at 24 h after
PPCI. Creatinine and alanine transaminase were measured
before PPCI and at 48 h after PPCI. Changes in heart rate,
blood pressure and liver and kidney functions before and
after PPCI were observed in these three groups.

Outcome indicators

The main observation indexes included coronary blood
flow and myocardial perfusion immediately after PPCI.
The following indicators were observed in these three
groups of patients: (I) The proportion of patients with
TIMI 3 blood flow. The diagnosis of TIMI after PCI was
assessed by an experienced technician without knowledge
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of the patient group allocation. (II) CTFC. (III) The ST
segment resolution: The 12-lead electrocardiogram was
recorded before the revascularization, immediately after
PPCI and at 90 and 120 minutes after PPCI, respectively.
STR was measured by a physician specialized without
knowledge of the patient group allocation. Evaluation of
anterior infarction was based on the total sum of the ST
elevation in leads V1-6, I and aVL, and the total sum of the
ST depression in leads II, III and aVE. Evaluation of non-
anterior infarction was based on the total sum of the ST
elevation in leads II, III and aVF (including I, aVL, V5, and
V6, if present), and the total sum of the ST depression in
V1-4. Compared with the preoperative electrocardiogram,
STR at 2 h after revascularization by >70% was defined as
complete resolution, otherwise it was defined as incomplete
resolution. The elevation of the ST segment was defined
as the elevation of the electrocardiogram signal from point
J to a subsequent site after 0.08 s. ECG were evaluated by
the ECG expert without knowledge of the patient group
allocation. (IV) Peak time of creatinine kinase MB isoenzyme
(CK-MB): The myocardial markers were measured at 12, 14
and 16 h after onset of the disease, and the time point when
the myocardial enzyme reaches the peak is the peak time of
myocardial enzyme. (V) CK-MB peak value.

Secondary observation indexes: (I) major adverse
cardiovascular events (MACE) during the period of
hospitalization, including all-cause mortality, chest pain (the
symptom of persistent chest pain for more than 30 minutes),
malignant arrhythmia (ventricular tachycardia/ventricular
fibrillation/II-III degree atrioventricular block, repeat
revascularization and deterioration of cardiac function
(Killip classification increased by grade 1 or above). The
MACE was reported to the researcher by the physician (not
participating in the study). (II) The left ventricular ejection
fraction (LVEF) was measured within 1 week after PPCIL.

Statistical methods

All data were processed using SPSS 19.0 statistical software.
Normally distributed measurement data were expressed
as mean = standard deviation. When the variance was
homogeneous, the variables were compared among the
three groups using univariate analysis of variance, and
pairwise comparison among groups was performed using the
Student-Newman-Keuls (SNK) and Dunnett tests. When
the variance was not homogeneous, the variables were
compared among the three groups using nonparametric test.
The means of non-normally distributed measurement data
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Table 1 Comparison of clinical baseline data among the three groups
Indicators Control group (n=45) Intrac;:ggsr({] :i:;;randil Seq:?cr:ttjisl(:i:c;g?ndil ¥’/F value P value
Age (years) 68.7+10.9 68.3+10.6 68.6+9.4 0.335 NS
Sex (male/female) 32/13 35/12 34/14 0.191 NS
Diabetes 28 (62.2%) 30 (63.8%) 30 (62.5%) 0.846 NS
Hypertension 30 (66.7%) 29 (61.7%) 30 (62.5%) 0.281 NS
Hyperlipidemia 26 (57.8%) 27 (57.4%) 31 (64.6%) 2.803 NS
Smoking 32 (71.1%) 32 (68.1%) 36 (75.0%) 0.560 NS
Drinking 25 (55.6%) 26 (55.3%) 28 (58.3%) 0.108 NS
Family history 29 (64.4%) 28 (59.6%) 29 (60.4%) 0.262 NS
Atrial fibrillation 9 (20.0%) 10 (21.3%) 9 (18.8%) 0.095 NS
Stroke 12 (26.7%) 13 (27.7%) 14 (29.2%) 0.074 NS
Time of symptoms to 6.86+2.74 6.16+2.02 6.85+2.45 1.286 NS
revascularization (h)
Culprit vessel (LAD/LCX/RCA) 18/5/22 18/9/20 20/10/18 2.219 NS
Site of lesion (1/2/3) 29/10/6 30/12/5 28/12/8 0.930 NS
TIMI flow (0/1) 30/15 31/16 29/19 0.481 NS
Patients implanted with stent 40 (88.9%) 42 (89.4%) 39 (81.3%) 1.674 NS
Application of tirofiban 9 (20.0%) 10 (21.3%) 13 (27.1%) 0.761 NS
Hospital stays (day) 9.1+£2.3 10.2+2.8 9.8+3.1 1.863 NS
Application of nitrat/adenosine/ 14 (31.1%) 14 (29.8%) 16 (33.3%) 0.142 NS
nitroprusside
Patients with thrombus aspiration 39 (86.7%) 39 (83.0%) 41 (85.4%) 0.255 NS

LAD, left anterior descending coronary artery; LCX, left circumflex artery; RCA, right coronary artery; TIMI, thrombolysis in myocardial

infarction; NS, not significant.

were compared among the three groups using the Kruskal-
Wallis H test. Comparisons in the same group between
before and after treatment were conducted using matching
t-test, and count data were expressed as percentage (%).
The rates among the three groups were compared using
the y’-test. P<0.05 was considered statistically significant
(P<0.017 was considered statistically significant in the
pairwise comparison among the three groups).

Results
Basic information (Table 1)

The mean age of patients enrolled in the present study
was 68.5£10.3 years old (ranged, 40-80 years old). Among
these patients, 101 patients (72.1%) were male and 39
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patients (27.9%) were female. There’re 13.6% (n=19) of
patients with no stent in the culprit artery. Ten of them
had PTCA without stent, five of them had artery diameter
less than 2.5 mm and the other 4 rejected to have stent
implantation. For the risk factors of coronary heart disease,
88 patients (62.9%) had diabetes, 89 patients (63.6%) had
hypertension, 84 patients (60%) had hyperlipidemia, 100
patients (71.4%) had a history of smoking, 79 patients
(56.4%) had a history of drinking, and 86 patients
(61.4%) had a family history of coronary heart disease.
Furthermore, 28 (20%) patients had complicated diseases
that included atrial fibrillation, and 39 patients had stroke
(27.9%). For the characteristics of onset, the interval
from the appearance of symptoms to revascularization
was 6.62+2.42 h. Furthermore, the culprit vessel was the
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Table 2 Comparison of changes in perioperative blood pressure, heart rate and liver and kidney function among the three groups
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Control group (n=45)

Intracoronary nicorandil group (n=47)

Sequential nicorandil group (n=48)

Indicators — — —
X*S tvalue P value X+8 t value P value X+8 t value P value

Systolic blood pressure (mmHg)

Before PPCI 13517 136+17 13517

24 h after PPCI 130+19  1.635 0.109* 129420 1.974 0.054* 128+20 1.916 0.610*
Diastolic blood pressure (mmHg)

Before PPCI 72+8 70+9 7249

24 h after PPCI 69+11 1.96 0.056* 69+12 1.194 0.231* 68+11 1.974 0.054*
Heart rate (beat/min)

Before PPCI 77+11 77+12 78+14

24 h after PPCI 74+10 1.79  0.080* 75+9 0.785 0.437* 74+9 1.535 0.132*
Serum creatinine (umol/L)

Before PPCI 82117 82+19 81+20

48 h after PPCI 78+15 1.313  0.196* 83+16 -0.366 0.716* 80+19 0.393 0.696*
ALT (U/L)

Before PPCI 4011 45+19 49122

48 h after PPCI 4515  -1.927 0.061* 40+13 1.672 0.101* 49+21 -0.199 0.843*

*, compared with Before PPCI. PPCI, primary percutaneous coronary intervention.

anterior descending branch or left main trunk-anterior
descending branch in 56 patients (40%), the circumflex
branch in 24 patients (17.1%), and the right coronary
artery in 60 patients (42.9%). In addition, 87 patients
(62.1%) had single-vessel disease, 34 patients (24.3%) had
double-vessel disease, 19 patients (13.6%) had triple vessel
disease. Furthermore, 90 patients (64.3%) had TIMI-0
flow, and 50 patients (35.7%) had TIMI-1 flow. Moreover,
121 patients (86.4%) were implanted with stents during
PPCI. Differences in baseline data, risk factors of coronary
heart disease, complicated diseases and the characteristics
of onset among the three groups were not statistically
significant.

Comparison of changes in perioperative blood pressure,
beart rate and liver and kidney function among the three

groups (1able 2)

These three groups of patients were self-controlled. Blood
pressure and heart rate before PPCI, and at 24 h after
PPCI, and serum levels of creatinine and glutamic-pyruvic
transaminase before and at 48 h after PPCI were compared.
The differences were not statistically significant.
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Comparison of indexes of its curative effect after PPCI
among the three groups (Table 3)

After PPCI, the difference in the proportion of patients
with TIMI-3 flow among the three groups was statistically
significant (P=0.036), where this proportion was higher
in the sequential nicorandil group and intracoronary
nicorandil group than in the control group (P=0.022
and P=0.047). The difference in CTFC among the three
groups was statistically significant (P=0.022), where
CTFC was lower in the sequential nicorandil group and
intracoronary nicorandil group than in the control group
(P=0.010 and P=0.031). The differences in the proportion
of patients with complete STR and advancing of enzyme
peak time to within 12 h between each two groups were
statistically significant (P<0.001), where this proportion
was the highest in the sequential nicorandil group. The
difference in the CK-MB peak among the three groups was
statistically significant (P=0.036), where the CK-MB peak
was lower in the sequential nicorandil group than in the
control group (P=0.012). The difference in the incidence
of MACE between each two groups was statistically
significant (P<0.001), where this incidence was the lowest
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use of intracoronary injection of nicorandil could improve
the clinical curative effect. But other clinical trials have
revealed that the intracoronary injection of nicorandil
did not achieve the desired clinical curative effect (16,18).
However, a single intracoronary injection of nicorandil
has a short action time, and the improvement of the
microcirculation of the myocardium cannot be completed
in a short time. Therefore, we studied on the sequential
nicorandil treatment, the intracoronary and peripheral
venous use of nicorandil, on the microcirculation of STEMI
patients. We referred to Lee et 4l. (24) that intracoronary
injection of 2 mg nicorandil were given before CAG and
stent implantation, a total of 4 mg. Recently, a clinical trial
has also attempted to adopt intracoronary administration
of 6 mg of nicorandil bolus (7), which had no significant
effect on blood pressure. Because in this study we attempted
coronary artery combined with peripheral intravenous
administration, from safety considerations, 4 mg was given
through the coronary artery, the speed and dosage of
continuous peripheral intravenous administration observed
the recommendation of drug instructions.

The result of this study revealed that, the TIMI blood
flow and CTFC were superior in the sequential nicorandil
group and intracoronary nicorandil group to those in
the control group. This suggests that, coronary artery
administration of nicorandil improves myocardial blood
flow. However, there was no significant difference between
these two groups. The reason may be that TIMI blood flow
and CTFC reflex immediate myocardial blood flow. Patients
in these two groups received intracoronary administration
of nicorandil bolus, the time and dose of administration
were the same. Therefore, there was little difference in the
effects on immediate myocardial blood flow between the
two. With the progression of the disease, patients in the
sequential nicorandil group continued to receive nicorandil
intravenously, and the differences in the proportions of
patients with complete STR and advancing of enzyme peak
time to within 12 h among three groups were statistically
significant, where the two were superior in the sequential
nicorandil group than in the intracoronary nicorandil
group, and were superior in these two groups than in the
control group; the CK-MB peak was lower in the sequential
group than in the control group, and the difference in the
CK-MB peak between the intracoronary nicorandil group
and the control group was not statistically significant. By
prolonging the duration of medication, perhaps sequential
nicorandil group exhibited its advantages over intracoronary
nicorandil group.

© Journal of Thoracic Disease. All rights reserved.

jtd.amegroups.com

The above results reveal that nicorandil can improve
myocardial microcirculation in patients with STEMI
and achieve myocardial perfusion, and the effects of the
different administration methods on the improvement of
myocardial microcirculation are different. Furthermore, the
effect of a single dose of intracoronary injection combined
with peripheral intravenous injection was superior to that of
a single dose of intracoronary injection.

It was also observed that in the evaluation of the
prognosis of these patients, during hospitalization, the
incidence of MACE successively decreased in the sequential
nicorandil group, and the differences between each two
groups were statistically significant. This suggests that
nicorandil is helpful for improving the short-term prognosis
of patients with AMI, and this was better in the sequential
nicorandil group than in the intracoronary nicorandil
group. The reason may be that in the sequential nicorandil
group, the myocardial microcirculation improved better.
Furthermore, the differences in LVEF among the three
groups were not statistically significant. The possible reason
may be that the sample size was small, and the follow-up
time was short. The sample size and follow-up time can
be further increased to further investigate the effect of
nicorandil on the long-term prognosis of AMI patients in
the future.

In the evaluation of medication safety, the differences
in changes in perioperative blood pressure, heart rate and
liver and kidney function among the three groups were not
statistically significant. This suggests that nicorandil has
good safety in clinical applications.

Our study showed that TIMI grade 3 blood flow rate,
complete STR rate and myocardial enzyme peak time after
PCI were worse than most published data. We considered
the following possible reasons: (I) Patient visit time is too
long. (II) At that time, the hospital did not set up a chest
pain center. After the patient went to the hospital, he
routinely received the CCU ward, and then went to the
catheter room for interventional treatment, which led to
the extension of DtoB (door to balloon) time. The average
time from onset to blood vessel opening was close to 7 h, it
may cause increased thrombus composition, more patients
with slow blood flow. (IIT) Because of the higher age of the
selected patients, there is no routine use of glycoprotein IIb/
IITa antagonists to reduce the risk of bleeding, it may cause
insufficient antithrombotic activity and increase the risk of
no reflow. (IV) Our hospital is located in the old city center
of Hedong District, Tianjin City. The residents around us
are mainly old, so there are many serious complications. In
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addition, our hospital is a comprehensive hospital. Patients
with single disease will choose a special heart hospital within
the same distance, and patients with complex disease will
first choose our hospital after the onset. This caused most
of the patients admitted to our department of cardiology
to be older, with many complications. This is an important
reason why the above-mentioned therapeutic indicators
after PCI in this study will be worse than most published
data. At present, our hospital has set up a chest pain center,
which greatly shortens the time of door to balloon (D-to-B).
We have plans to count the above indicators in the next
study to see if they have been effectively improved.

In summary, the results of the present study suggest that
the intracoronary and peripheral venous use of nicorandil
is helpful to realize the revascularization of the infarct area,
reduce the incidence of slow flow/no-reflow, and limits
the infarct area of STEMI patients after PPCIL. Compared
with intracoronary use alone, its subsequent use can better
improve myocardial microcirculation, increase myocardial
blood flow perfusion, and improve short-term prognosis.
The present study provides reference basis for the
administration timing and medication scheme of nicorandil.
Due to the small sample size and short observation period,
its long-term curative effect and prognosis need to be
determined through further clinical trials.
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