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Background: Nicorandil is a nicotinamide ester commonly prescribed for treatment of patients with coronary heart disease
(CHD). In the present study, we aimed to explore the cardioprotective effects of nicorandil on CHD patients un-
dergoing elective percutaneous coronary intervention (PCl).

Material/Methods: One hundred patients with CHD undergoing PCl were randomly divided into a control group (n=48) and a nicor-
andil group (n=52). Patients in the control group received traditional therapy, and while patients in the nicor-
andil group received nicorandil before PCl in addition to the traditional therapy. After PCl, all patients under-
went coronary angiogram, and TIMI frame count (TFC) was calculated. Plasma levels of cardiac troponin | (cTnl),
creatine kinase-MB (CK-MB), myeloperoxidase (MPO), and malondialdehyde (MDA) were determined before
and at 6, 18, and 24 h after PCI. Moreover, systolic blood pressure (SBP), mean blood pressure (DBP), heart rate
(HR), and left ventricular ejection fractions (LVEF) were recorded before and 3 months after PCI.

Results: There was a significant difference in the rate of no-reflow (P=0.036) between the 2 groups. The blood frames
and levels of cTnl, CK-MB, MPO, and MDA in the nicorandil group were significantly decreased compared to
the control group (all P<0.05). Moreover, administration of nicorandil markedly decreased SBP, MBP, and HR,
but obviously increased LVEF at 3 months after PCI (P<0.05 or P<0.01).

Conclusions: Nicorandil exerts cardioprotective effects on CHD patients undergoing elective PCl by decreasing PCl-related
myocardial injury and rate of no-reflow and improvement of LVEF.
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Background

Coronary heart disease (CHD) is a complex disorder that frequent-
ly progresses and causes disability and premature death in both
developed and developing countries worldwide. The disease is
characterized by narrowed lumen of arteries and reduced blood
flow to the heart [1]. The incidence has been increasing global-
ly [2,3]. In the last decade, percutaneous coronary intervention
(PCI) and coronary artery bypass grafting (CABG) have been con-
sidered as efficient techniques for alleviating myocardial isch-
emia and preserving ventricular function, and are widely used
in CHD patients with different clinical manifestations [4,5]. PCI
can significantly improve the symptoms of patients with CHD
compared to conservative medical treatment. However, it has
been reported that PCl is associated with reperfusion injury, mi-
crovascular obstruction, and no-reflow phenomenon [6,7], espe-
cially in patients who undergo new device interventions such as
stenting [8]. Currently, there are several alternative drugs that
can be used to reduce the incidence of peri-procedural myocar-
dial injury, including statins [9,10], nitrates [11], beta receptor
blocker [12], and glycoprotein Ilb/llla blocker [13].

Recently, nicorandil has received great attention. Nicorandil is
a potent coronary vasodilator with both nitrate-like and ATP-
sensitive potassium-channel (K*ATP) that acts on the venous
and arterial beds of the systemic circulation [14]. It is common-
ly used in treating angina in patients with CHD [5,15,16]. In
recent years, intracoronary injection of nicorandil was used to
resolve severe no-reflow phenomenon occurring after PCI [17].
Moreover, nicorandil has been shown to have a myocardial pro-
tective effect on patients with unstable angina during PCI [18].
A previous study found that a single oral dose of nicorandil
(10 mg or 20 mg) 2 h before PCl can decrease the incidence of
peri-procedure myocardial injury and PCl-related myocardial
infarction [19], but the exact mechanism is unclear.

In the present study, the cardioprotective effects of nicorandil
on patients with CHD undergoing PCl were investigated, as well
as the underlying mechanism. We recorded the blood frames
and the numbers of no-reflow, determined the markers of myo-
cardial injury before and at 6, 18, and 24 h after PCl, and mea-
sured the blood pressure (BP), heart rate (HR), and left ventricu-
lar ejection fractions (LVEF) before and 3 months after PCI. Our
results show that nicorandil may be an alternative drug that
could be used for perioperative preparation for primary PCI.

Material and Methods

Patients and treatment

This study was an open-labeled, investigator-initiated, paral-
leled, randomized trial. Between March 2015 and August 2016,
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a total of 100 patients with CHD who prepared for PCl were
recruited in the study. The study was approved by the hospi-
tal Medical Ethics Committees, and written informed consent
was obtained from all the participants. Patients were randomly
assigned to nicorandil group (n=52) and control group (n=48).
Patients without oral administration of nicorandil within 5 days
prior to the study were included. Patients who are allergic to
nicorandil or nitrate drug, and/or patients with glaucoma, acute
multiple infarction that needs emergency PCl or coronary ar-
tery bypass grafting, cardiogenic shock, obvious respiratory
tract infection, and/or dysfunction of liver and kidney were
excluded. All the patients underwent traditional therapy such
as subcutaneous injections of low molecular heparin, as well
as oral administration of aspirin (100 mg per day) and clopi-
dogrel (75 mg per day). In addition to the traditional therapy,
patients in the nicorandil group received 10 mg 3 times dai-
ly for 3 days before PCl. Patients with CHD combining with
other diseases such as hypertension, diabetes mellitus (DM),
and/or hyperlipidemia were given corresponding drugs. PCl
was carried out by a transradial or femoral artery approach.

Measurement of coronary blood flow

Coronary blood flow was determined by the corrected TIMI
frame count (CTFC). The CTFC was measured at 90-120 min
after administration of thrombolytic and evaluated by 3 inde-
pendent operators. The first frame was defined by a column
of contrast extending across >70% of the arterial lumen an-
terograde motion, and the last frame was defined as the frame
when the dye first entered the distal landmark branch [20].
The left anterior descending (LAD) coronary artery was longer
than the mean of the right coronary artery (RCA) and left cir-
cumflex (LCX). Thus, the longer LAD frame counts were cor-
rected by dividing by 1.7 to derive CTFC [20].

Measurement of plasma levels

Peripheral blood samples from all the patients were collected
before and at 6, 18, and 24 h after PCl. The blood was centri-
fuged and stored at —80°C until use. Plasma cardiac troponin |
(cTnl) levels and creatine kinase-MB (CK-MB) were determined
by chemiluminescence immunoassay (CLIA) using a Beckman
Coulter ACCESS 2 analyzer (Beckman Coulter, Brea, CA, USA).
Plasma myeloperoxidase (MPO) concentration were analyzed
by enzyme-linked immunosorbent assay (ELISA) method ac-
cording to the manufacture’s protocol. The content of myo-
cardial malondialdehyde (MDA) in the plasma was measured
by thiobarbituric acid (TBA) method following the instructions.

Measurement of BP, HR, and LVEF

Before and 3 months after PCl, systolic BP (SBP), mean BP
(MBP), HR, and LVEF were recorded. SBP was recorded at the
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Table 1. Clinical characteristics of participants.
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DM - diabetes mellitus; ACEIl — angiotensin-converting enzyme inhibitors; ARB — angiotensin receptor blocker.

appearance of sounds, and MBP was the diastolic pressure plus
one-third of the pulse pressure. HR was recorded using a 3-lead
electrocardiograph (ECG; Hewlett-Packard, Palo Alto, CA, USA).
LVEF was recorded by a 2-dimensional targeted M-mode echo-
cardiogram using a M2540A model Philips echocardiograph
(Philips Electronics, Amsterdam, The Netherlands) equipped
with 30 MHz transducer, operated by an expert sonographer.

Statistical analysis

Data of normal distribution are presented as mean + standard
deviation (SD). Categorical variables are expressed as percent-
ages, and the chi-square test was applied for statistical com-
parisons. The t test or one-way analysis of variance (ANOVA)
was used to assess the significance of the differences between
the 2 groups. All data were analyzed using SPSS 18.0 (SPSS
Inc., Chicago, IL, USA). P<0.05 was considered as a significant
difference between values.

Results

Clinical characteristics of participants

The clinical characteristics of all the patients in the present
study are summarized in Table 1. As shown in the results, the
ages of the control group and nicorandil group were 64.8+10.5
years old and 66.4+10.2 years old, and there were 26 and 29
males, respectively. The included patients in the 2 groups had
hypertension, DM, and/or hyperlipidemia. No statistical differ-
ence was found in demographics and clinical variables among
the 2 groups before PCI. The results were comparable and could
be used for further analysis.

Comparison of rate of no-reflow and blood frames

After PCl, all the patients in the 2 groups underwent a coronary
angiogram. Thirty-eight patients presented reflow and 10 pa-
tients showed no-reflow in the control group. The rate of no-
reflow was 20.8%. There were 49 patients with reflow and 3
patients with no-reflow in the nicorandil group, and the rate of
the no-reflow was 5.8% (Figure 1A). There was a significant dif-
ference in the rate of the no-reflow (P=0.036). We observed that
the blood frames were significantly decreased in the nicorandil
group compared to the control group (P<0.05) (Figure 1B). The
results indicate that nicorandil can improve blood flow after PCI.

Comparison of levels of cTnl, CK-MB, MPO, and MDA

To compare the effects of nicorandil on CHD patients under-
going PCl, we analyzed the plasma levels of cTnl, CK-MB, MPO,
and MDA before and at 6, 18, and 24 h after PCI. As shown in
Figure 2A-2D, the results demonstrated that the although the
levels of cTnl and CK-MB were increased at 6 h and 18 h af-
ter PCl, the levels were decreased at 24 h. In addition, the lev-
els of cTnl and CK-MB in the nicorandil group were less than
those in the control group. There were significant differenc-
es in the cTnl levels at 6 h, 18 h, and 24 h after PCl between
the 2 groups, and at 18 h after PCl in the CK-MB (all P<0.05).
Moreover, we observed that the levels of MPO and MDA were
markedly reduced by nicorandil at 6 h, 18 h, and 24 h after PCI
compared to the control group (all P<0.05). The results show
that nicorandil protected against PCl-induced myocardial injury.

Comparison of SBP, MBP, HR, and LVEF
We recorded the SBP, MBP, HR, and LVEF before and 3 months

after PCI. As demonstrated in Figure 3A-3D, no significant dif-
ferences were observed in SBP, MBP, HR, and LVEF before PCI
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Figure 1. Comparison of the rate of no-reflow and blood frames. A total of 100 CHD patients were assigned to the control group
(n=48) and nicorandil group (n=52). After PCl, all patients underwent coronary angiogram. (A) Number of patients with
reflow and no-reflow in the 2 groups. (B) Blood frames in the 2 groups. CHD — coronary heart disease; PCl, percutaneous
coronary intervention. * P<0.05 compared to the control group.
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Figure 2. Comparison of levels of cTnl, CK-MB, MPO, and MDA. The plasma levels of cTnl, CK-MB, MPO, and MDA before and at 6, 18,
and 24 h after PCl in the 2 groups were analyzed. (A) Plasma levels of cTnl. (B) Plasma levels of CK-MB. (C) Plasma levels of
MPO. (D) Plasma levels of MDA. cTnl — cardiac troponin |; CK-MB — creatine kinase-MB; MPO — myeloperoxidase;
MDA - malondialdehyde; PCI — percutaneous coronary intervention. * P<0.05 compared to the control group.

between the 2 groups. However, SBP, MBP, and HR were dra-
matically decreased by administration of nicorandil 3 months
after PCl compared to the control group (P<0.05 or P<0.01),
and the LVEF were prominently raised by nicorandil intake
(P<0.01). The results indicate that nicorandil improved myo-
cardial contraction.

Discussion

In the present study, we investigated the cardioprotective ef-
fects of nicorandil in patients with CHD who underwent se-
lective PCI. The patients were administered medication 3 days
before the PCl procedure. The results showed that, compared
to the control group, nicorandil intake significantly decreased
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Figure 3. Comparison of SBP, MBP, HR, and LVEF. The SBP, MBP, HR, and LVEF before and 3 months after PCl in the 2 groups were
recorded. (A) SBP before and 3 months after PCl in the 2 groups. (B) MBP before and 3 months after PCl in the 2 groups.
(€) HR before and 3 months after PCl in the 2 groups; (D) the LVEF before and after PCl 3 months in the 2 groups.
SBP — systolic blood pressure; DBP — mean blood pressure; HR — heart rate; LVEF — left ventricular ejection fractions;
PCI — percutaneous coronary intervention. * P<0.05 compared to the control group; ** P<0.01 compared to the control group.

the rate of no-reflow and blood frames, reduced the makers
of myocardial injury, and elevated LVEF. Our data suggest that
nicorandil exerted cardioprotective effects on CHD patients un-
dergoing PCl. Nicorandil might be useful as an alternative drug
for perioperative preparation for primary PCI.

PCl has become an effective treatment choice for patients with
acute coronary syndrome or coronary artery anomalies [21,22].
Nevertheless, no-reflow phenomenon and myocardial injury
are recognized as serious complications of PCI, leading to poor
prognosis [23-25]. Several drugs, such as nicorandil, have been
well documented as effective for preventing these complica-
tions, Previous studies have found that intravenous and/or in-
tracoronary injection could lessen the incidence of myocardial
injury after PCI [18,26-32]. Kostic et al. observed that intracor-
onary nicorandil administration significantly reduced the index
of microvascular resistance (IMR) after primary PCl, leading to
improved coronary flow reserve (CFR) and ventricular function
in patients with ST-elevation myocardial infarction (STEMI) [5].
More recently, it has been reported that oral nicorandil (5 mg
orally 3 times daily) or a single oral dose of dose of nicorandil
(10 mg or 20 mg) also exerted cardioprotective effects after
coronary angioplasty [19,33]. Nicorandil is a nicotinamide es-
ter with dual action, activating both ATP-sensitive potassium
(K*ATP) channels and nitric oxide donor [34]. It is an important

cardioprotective agent, which has been reported to dilate the
coronary arteries [35], increase coronary blood flow [36], re-
duce cardiac preload and afterload, and decrease coronary
vascular resistance [34]. However, the mechanism by which
nicorandil protects against myocardial injury after PCl is not
completely understood [37].

Therefore, we explored the underlying protective mechanism
of nicorandil in myocardial damage. The numbers of patients
with reflow and no-reflow in the 2 groups were analyzed. As
indicated in our data, no-reflow phenomenon still existed after
PCl, which was in line with previous studies [23,24]. However,
nicorandil intake significantly decreased the rate of no-reflow
compared to the patients who received conventional thera-
py. The blood frames were also statistically decreased by ad-
ministration of nicorandil. The markers of myocardial injury
before and at 6, 18, and 24 h after PCl were determined. cTnl
is a cardiac-specific protein that is involved in cardiomyocyte
contraction and relaxation. It is a sensitive and powerful mark-
er of myocardial injury and contributes to cardiac disorder,
and also could predict adverse cardiac events [38]. Although
CK-MB is a less sensitive biomarker than cTnl for evaluating
myocardial injury, measurement of peri-procedural CK-MB of-
fers clinical and prognostic information regarding the degree
of myocardial damage and risk of post-procedural morbidity
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and mortality [39]. MPO is a leukocyte enzyme that plays sig-
nificant roles in regulating coronary inflammation and oxida-
tive stress. It has been considered as a novel cardiac mark-
er [40]. MDA is a well-accepted marker of lipid peroxidation
and oxidative stress, and is used to indicate oxidative stress
in the whole body [41]. Our results found that after PCI 6 and
12 h, the levels of cTnl and CK-MB were increased, indicating
myocardial damage after PCl. However, both the levels were
markedly decreased by administration of nicorandil, indicat-
ing that nicorandil alleviated myocardium damage. Moreover,
the levels of MPO and MDA were also reduced by nicorandil,
suggesting that nicorandil protected the myocardium by re-
ducing oxidative stress. Further, the SBP, MBP, HR, and LVEF
were recorded before and 3 months after PCl. LVEF is com-
monly used to assess left ventricular function, and also has
prognostic significance. LVEF plays an important role in de-
termining the therapeutic response after cardiac injury [42].
From our data, we observed that 3 months after PCl, the SBP,
MBP, and HR were markedly reduced but LVEF was dramatical-
ly increased by administration of nicorandil, indicating cardiac
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contractility was obviously improved by nicorandil. However,
there are some limitations in our study. First, our study was not
a double-blind, placebo-controlled study. Second, the sample
size in our study was not large enough. Third, the follow-up
period was limited. Therefore, studies that are double-blind,
placebo-controlled, larger scale, and longer follow-up should
be performed to confirm these results.

Conclusions

Our study suggests that nicorandil intake before PCI procedure
could reduce the rate of no-flow phenomenon, reduce myo-
cardial injury, and improve myocardial contractility. Nicorandil
might be an alternative treatment option for perioperative
preparation for primary PCI.
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