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Abstract
Background: In order to provide new evidence-based medical evidence for clinical treatment, we undertook a systematic review
and meta-analysis to assess the efficacy and safety of nicorandil prior to percutaneous coronary intervention in acute myocardial
infarction (AMI) patients.

Methods: This systematic review and meta-analysis will be performed according to Preferred Reporting Items for Systematic
reviews and Meta-Analyses (PRISMA) guidelines. Two reviewers independently will search randomized controlled trials or
observational studies about the treatment of nicorandil on AMI patients. Retrieved databases include Web of Science, ClinicalTrials.
gov, Pubmed, Embase, and Cochrane Library. And retrieval time is limited from inception to June 2021. Key words are nicorandil,
myocardial infarction, or similar expansionwords without publication limitation. Biomechanical studies, in vitro studies, review articles,
techniques, case reports, letters to the editor, and editorials are excluded.

Results: The results of our review will be reported strictly following the PRISMA criteria and the review will add to the existing
literature by showing compelling evidence and improved guidance in clinic settings.

OSF registration number: 10.17605/OSF.IO/UEPKB.

Abbreviations: AMI = acute myocardial infarction, CI = confidence interval, PRISMA = Preferred Reporting Items for Systematic
reviews and Meta-Analyses, RCTs = randomized controlled trials.
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1. Introduction

Percutaneous coronary intervention is one of the most effective
treatments for the acute myocardial infarction (AMI). However,
intraoperative reperfusion injury is not uncommon, presenting as
no reflux and recurrent arrhythmia, or chest pain due to
reperfusion.[1] The absence of reflux is an independent risk factor
for short-term outcomes and long-term cardiac death and events
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following percutaneous coronary intervention. Patients with this
condition may experience increased myocardial infarction size,
enlarged left ventricle, decreased cardiac function, malignant
arrhythmias, and even death. As a result, the clinical outcomewas
poor.[2–4]

Nicorandil is a K+-ATP channel opener with a unique dual
mechanism. It can act as a vasodilator similar to nitrate. In
addition, it activates K+-ATP channels in vascular smooth
muscle. The opening of these channels leads to K+ outflow and
inhibits Ca2+ inflow.[5] In this way, calcium overload can be
decreased and the occurrence of arrhythmia can be reduced. In
addition, small coronary arteries can be dilated and coronary
blood flow can be increased.[3] Crucially, nicorandil does not
cause adverse reactions, such as sudden drops in blood pressure,
bradycardia, and atrioventricular block. Therefore, some inves-
tigators have used nicorandil in patients with percutaneous
coronary intervention after the absence of reflux.[6]

Currently, 2 previous meta-analysis has been published
evaluating effect of nicorandil prior to percutaneous coronary
intervention on coronary blood flow, cardiac systolic function
and clinical outcomes in AMI patients.[7,8] However, these
studies have been limited in their ability to provide strong
evidences, such as small sample size and inconsistent adherence to
modern methodological research standards, making it difficult to
draw meaningful conclusions from limited trials. In 2018 and
2020, several new studies were published in the literature.[9–11]

Some important information may be obtained if these new
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original studies are analyzed. Thus, in order to provide new
evidence-based medical evidence for clinical treatment, we
undertook a meta-analysis to assess the efficacy and safety of
nicorandil prior to percutaneous coronary intervention in AMI
patients.
2. Materials and methods

2.1. Searching strategy

This systematic review and meta-analysis will be performed
according to Preferred Reporting Items for Systematic reviews
and Meta-Analyses (PRISMA) guidelines. The prospective
registration has been approved by the Open Science Framework
registries (https://osf.io/uepkb), and the registration number is
10.17605/OSF.IO/UEPKB. Two reviewers independently will
search randomized controlled trials (RCTs) or observational
studies about the treatment of nicorandil on AMI patients.
Retrieved databases include Web of Science, ClinicalTrials.gov,
PubMed, Embase, and Cochrane Library. And retrieval time is
limited from inception to June 2021. Key words are nicorandil,
myocardial infarction, or similar expansion words without
publication limitation. To minimize the risk of publication bias,
we will conduct a comprehensive search that included strategies
to find published and unpublished studies. Ethical approval is not
necessary because the present meta-analysis will be performed
based on previously published studies.
2.2. Eligibility criteria

Study included in this review have to meet all of the following
inclusion criteria in the PICOS order:
1.
 population: patients with AMI treatment after percutaneous
coronary intervention;
2.
 intervention group (group 1): nicorandil group;

3.
 comparison group (group 2): placebo or no nicorandil

treatment group;

4.
 outcome measures: at least one of the following outcome

measures was reported: no-reflow phenomenon and corrected
thrombolysis in myocardial infarction frame count after
percutaneous coronary intervention, wall motion score, left
ventricular ejection fraction, risk of heart failure exacerbation
of rehospitalization, and incidence of major cardiovascular
adverse events during follow-up;
5.
 study design: RCTs or observational studies.

Biomechanical studies, in vitro studies, review articles, techni-
ques, case reports, letters to the editor, and editorials are excluded.
2.3. Data extraction

Two independent authors will extract the following descriptive
raw information from the selected studies: study characteristics
such as the first author, publication year, study design, follow-up
period; patient demographic details such as patients’ number,
average age, and gender ratio. The outcomes include no-reflow
phenomenon and corrected thrombolysis in myocardial infarc-
tion frame count after percutaneous coronary intervention, wall
motion score, left ventricular ejection fraction, risk of heart
failure exacerbation of rehospitalization, and incidence of major
cardiovascular adverse events during follow-up. Where disagree-
ment in the collection of data occurs, this will be resolved through
2

discussion. The corresponding author will be contacted and
asked to provide the data if the SD is not reported. In the case of
no response, the SD will be calculated from the available data
according to the previously validated formula: (higher range
value - lower range value)/4 or interquartile range/1.35. The
highest SD will be used if the SD cannot be calculated using this
approach. If necessary, we will abandon the extraction of
incomplete data.
2.4. Statistical analysis

The present study will be performed by Review Manager
Software (RevMan Version 5.3, The Cochrane Collaboration,
Copenhagen, Denmark). Risk ratios with a 95% confidence
interval (CI) or mean difference with 95% CI are assessed for
dichotomous outcomes or continuous outcomes, respectively.
P< .05 is set as the level of significance. It will also be considered
as statistically significant if “1” is not included in the 95% CI of
risk ratios or “0” is not included in the 95% CI of mean
difference. The Q test and I2 statistic are used to assess the
heterogeneity. When I2<40%, it is considered to represent no
significant heterogeneity, and then the fixed effect model is used.
On contrary, a random effects model is used for the heterogeneity
if I2≥40%. We also conduct the sensitivity analysis to evaluate
whether any single study has the weight to skew on the overall
estimate and data. The Z test is used to assess the overall effect.
2.5. Assessments of study quality

The risk of bias of included RCTs will be independently evaluated
by 2 reviewers using the Cochrane risk of bias tool. This tool is
employed to assess the quality of RCTs by using following 7
items: random sequence generation, allocation concealment,
blinding of participants and personnel, blinding of outcome
assessment, incomplete outcome data, selective reporting, and
other bias. The Risk of Bias in Non-Randomized Studies of
Interventions assessment tool is used to assess the quality of non-
RCTs. The Risk of Bias in Non-Randomized Studies of
Interventions tool also includes following 7 domains: bias due
to confounding, bias in the selection of participants, bias in
measurement of interventions, bias due to departures from
intended interventions, bias due to missing data, bias in
measurement of outcomes, and bias in selection of the reported
result. Any controversy will be resolved by discussing with a third
reviewer to achieve a final consensus.
3. Discussion

Early myocardial reperfusion by primary percutaneous coronary
intervention has become an important treatment strategy for
patients with AMI, which is associated with reduced infarct size,
preserved cardiac function and improved clinical outcomes in
these patients. Nicorandil is administered in percutaneous
coronary intervention patients by some investigators after the
development of the no-reflow phenomenon. Currently, 2
previous meta-analysis has been published evaluating effect of
nicorandil prior to percutaneous coronary intervention on
coronary blood flow, cardiac systolic function and clinical
outcomes in AMI patients.[7,8] However, these studies have been
limited in their ability to provide strong evidences, such as small
sample size and inconsistent adherence to modern methodologi-
cal research standards, making it difficult to draw meaningful
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conclusions from limited trials. In 2018 and 2020, several new
studies were published in the literature.[9–11] Some important
information may be obtained if these new original studies are
analyzed. Thus, in order to provide new evidence-based medical
evidence for clinical treatment, we undertook a meta-analysis to
assess the efficacy and safety of nicorandil prior to percutaneous
coronary intervention in AMI patients.
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