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Abstract: Objective: To investigate the therapeutic effect and adverse reactions to nicorandil in patients with refrac-
tory angina pectoris (AP). Methods: Between March 2014 and December 2016, a total of 70 patients with refractory 
AP admitted to Cangzhou Central Hospital were recruited in this study and subdivided into the experiment group 
(n=35) and the control group (n=35) by means of a random number table. The patients in the control group were 
assigned to receive placebo in addition to basic care, while those in the experiment group were assigned to receive 
nicorandil in addition to basic care. One month after treatment, the therapeutic effects, frequency and duration of 
AP, the changes in ST-T segment EEG, and adverse reactions of the patients were compared between the two study 
groups. Results: The response rate of the experiment group was remarkably higher than that of the control group 
(94.3% vs 77.1%, P=0.035); greater improvements in the duration (P=0.034) and frequency (P=0.004) of refractory 
AP were observed in the experiment group. The improvement rate of ECG in the experiment group after treatment 
was significantly higher than that of the control group (91.4% vs 71.4%, P=0.028). However, the rates of overall 
adverse reactions were generally similar in both groups (P=0.167). Conclusion: Nicorandil was effective in treating 
refractory AP, resulting in great improvements in the frequency and duration of refractory AP, ST-T segment of ECG, 
and adverse reactions. Therefore, it is a potent agent for the treatment of refractory AP.
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Introduction

With the improvement of people’s life and 
changes in daily diets, the prevalence of cardio-
vascular diseases is rising on a yearly basis. 
Refractory angina pectoris (AP) is a clinically 
common disorder involving the cardiovascular 
system. It is characteristic of a long course of 
disease, great harm and difficulty in treatment, 
and poses a serious threat to the patients’ life 
and health [1-3]. Therefore, how to treat refrac-
tory AP and alleviate clinical symptoms effec-
tively is a problem encountered by clinicians 
[4].

The principle for management of AP is to 
improve the blood supply in the myocardia and 
reduce oxygen consumption [5]. Nicorandil, a 
nitrate compound and an ATP-sensitive potas-
sium channel opener, activates intracellular 
guanylate cyclase, resulting in reduced content 
of intracellular calcium, elevated cGMP levels, 
and vasodilation [6, 7]. Studies show that nicor-

andil relieves spasm of the coronary artery and 
dilates coronary arteries to improve coronary 
blood flow and myocardial blood supply, while 
protecting the myocardia and improving cardiac 
function without affecting blood pressure, 
heart rate or conduction [8, 9]. Overall, previ-
ous studies have primarily focused on exploring 
nicorandil in the treatment of stable AP [10, 
11]. However, the effect of nicorandil on refrac-
tory AP remains unknown. Therefore, the cur-
rent study was designed to delve into the effi-
cacy and safety of nicorandil use in refractory 
AP.

Materials and methods

Patients

From March 2014 to December 2016, 70 
patients with confirmed refractory AP admitted 
to Cangzhou Central Hospital were enrolled in 
the current study. Patients older than 18 years 
were eligible if they met the relevant criteria for 
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diagnosing refractory AP. Eligible patients were 
also present with objective evidence for myo-
cardial ischemia, and severe angina symptoms. 
Eligible patients included those that showed 
previous ineffective medical treatment was not 
suitable for coronary intervention or coronary 
artery bypass surgery, or those that had AP 
symptoms after repeated surgeries or that pro-
vided complete clinical data and were able to 
follow the protocol [7]. Patients were excluded 
if they had severe hepatic or renal dysfunction, 
cerebral trauma within half a year before enroll-
ment, aortic stenosis, acute myocardial infarc-
tion or other diseases inducing myocardial isch-
emia alone or combined with conduction block 
and other arrhythmia, malignant tumor, distur-
bance of consciousness, or a primary hemato-
logical disorder. Eligible patients were assigned 
to the experiment group (n=35) or the control 
group (n=35) in terms of a random number 
table. This study was reviewed and approved by 
the Ethics Committee of Cangzhou Central 
Hospital and all the patients and their families 
provided written informed consent.

Study treatment

All the eligible patients were supplied with ba- 
sic care, including bedrest, oxygen inhalation, 
β-receptor blockers for ventricular rate control, 
aspirin for anticoagulation, Lipitor for lipid low-
ering and atherosclerotic plaque stability, cal-
cium channel blockers for blood pressure con-
trol, and metformin or acarbose for glycemic 
control. In a double-blind manner, all the pa- 

to the treatment was defined that the patient 
had an AP attack of no more than 2 minutes, 
with a frequency of less than twice per week, or 
the symptoms disappeared and the patients 
could conduct daily activities normally or under 
a mild influence.

Secondary outcomes consisted of the duration 
and frequency of refractory AP of the two 
groups at 2 weeks, the improvement in electro-
cardiogram (ECG), and the adverse events of 
the two groups at 1 month including dizziness, 
headache, gastrointestinal disorder, flushing, 
and hypotension. The values on the ECG return-
ing to normal, the ST-ST-T segment depression 
back up to greater than 0.05 mV on EGG or the 
inverted T-wave changing to flatness or upright-
ness were considered as improved ECG (Figure 
1).

Statistical analysis

All the statistical data were analyzed with the 
use of the SPSS software, version 20.0. Count 
data are expressed as percentages, with the 
Chi-square tests for between-group compari-
sons and the paired Chi-square test for com-
parisons before and after treatment. Measure- 
ment data are described as mean ± standard 
deviation, with the paired t-tests for compari-
sons before and after treatment and the inde-
pendent samples t-test for between-group 
comparisons. P<0.05 was set as statistically 
significant difference.

Figure 1. Improvement in ECG, the inverted T-waves changed to flatness. A: 
Before surgery; B: After surgery.

tients in the experiment gro- 
up received oral nicorandil 3 
times per day at 5 mg/dose  
in addition to the basic care, 
whereas those in the control 
group were given matching 
placebo. The study treatment 
lasted for 1 month.

Outcome measures

Primary outcome was clinical 
response to treatment of the 
patients in the experiment 
group and the control group 
at 2 weeks after treatment. 
The two groups were com-
pared in the clinical response 
to treatment at 2 weeks after 
treatment. Clinical response 
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Results

Baseline characteristics of the patients

The characteristics of the patients at baseline 
including age, gender, hypertension, diabetes 
mellitus and hyperlipidemia were generally 
well-matched in the two groups, so they were 
comparable (P>0.05, Table 1).

Clinical response

After treatment, 33 patients had clinical res- 
ponses to treatment and 2 patients had no 
clinical responses to treatment in the experi-
ment group; 27 patients had clinical responses 
to treatment and 8 patients had no clinical 
responses to treatment in the control group. 
The response rates differed substantially 
between the two groups (94.3% vs 77.1%, 
χ2=4.456, P=0.035), as reported in Figure 2.

Duration and frequency of AP

The duration and frequency of AP were largely 
similar between the two study groups before 

treatment (Both P>0.05), nevertheless they 
were strikingly improved in both groups after 
treatment (Both P<0.05), with more favorable 
duration and frequency of AP in the experiment 
group after treatment (Both P<0.05; Table 2).

EEG improvements

Improved EEGs after treatment were reported 
in 32 patients in the experiment group, and no 
improved EEGs in 3 patients. By contrast, 
improved EEGs after treatment occurred in 25 
patients in the control group, and no improved 
EEGs in 10 patients. The profile of improved 
EEGs after treatment were remarkably different 
between the two groups (91.4% vs 71.4%, 
χ2=4.838, P=0.028; Figure 3).

Adverse reactions of patients

The rates of dizziness, headache, gastrointesti-
nal reactions, flushing, and hypotension dif-
fered insignificantly in the two groups during 
the treatment period (All P>0.05); the rate of 
overall adverse reactions in the experiment 
group was only slightly higher than that of  
the control group (20% vs 8.6%, χ2=1.913, 
P=0.167), as shown in Table 3 and Figure 4.

Discussion

Refractory AP is a spectrum of clinical syn-
dromes which are caused by myocardial anoxia 
as a result of an imbalance between oxygen 
need and supply in the myocardia. Without 
timely and effective treatment, the patients 
with refractory AP may develop acute myocar-
dial infarction, sudden cardiac death, and other 
adverse cardiac events [12, 13]. Although the 
current routine agents which include β-receptor 
blockers, nitrates and statins dilate coronary 
vessels, reduce myocardial oxygen consump-
tion, diminish myocardial contractility, and 
exert a cardio-protective effect, the agents are 
associated with poor clinical response and 

Table 1. Baseline characteristics of the patients
Variable Case Age (year) M/F (n) BMI (kg/m2) H (n) DM (n) HY (n) DC (year)
EG 35 57.3±5.4 24/11 24.2±1.2 20 9 6 1.5±0.6
CG 35 56.7±4.8 22/13 23.9±1.1 19 10 5 1.3±0.4
t/χ2 0.144 0.254 0.319 0.058 0.072 0.108 0.362
P 0.893 0.615 0.766 0.810 0.788 0.743 0.731
Note: M denotes male, F female, H hypertension, DM diabetes mellitus, HY hyperlipidemia, DC disease course, EG experiment 
group, and CG control group.

Figure 2. Comparison of clinical response to treat-
ment of the two groups. Compared with the control 
group, *P<0.05.
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prognosis in patients with refractory AP. There- 
fore, it is of great value and practical implica-
tion to find effective regimens for refractory AP.

Nicorandil, a novel vasodilator, acts in potassi-
um channel regulation and calcium channel 
intermittently blocking to dilate coronary arter-
ies, especially small coronary ones, hence alle-
viating the symptoms of AP [14]. Studies dem-
onstrate that nicorandil functions similarly as 
nitrates to dilate coronary arteries and promote 
venous regurgitation [15, 16]. Nicorandil also 
effectively precludes myocardial ischemia-as- 
sociated severe arrhythmia, decreases the inci-
dence of adverse cardiac events, and improves 
the prognosis in patients [17, 18]. A previous 
animal experiment revealed that by activating 

the control group. In terms of the ECG profile, 
the improvement rate of EEGs in the experi-
ment group was 91.4%, which was strikingly 
higher than that in the control group. Nicorandil 
resulted in great improvements in the symp-
toms and ECG of patients with refractory AP. 
This might be due to the fact that nicorandil 
effectively improves cardiac blood supply, re- 
duces cardiac load, and improves myocardial 
ischemia preconditioning and the metabolism 
of energy metabolism to protect the myocar- 
dia. Moreover, nicorandil use is also associat- 
ed with improved fibrinolysis in the body, reduc- 
ed or resolved coronary thrombosis, as well as 
a lower rate of adverse events including myo-
cardial infarction [20].

As far as adverse reactions are concerned, the 
results of the current study demonstrated that 
the rate of overall adverse reactions in the ex- 
periment group was 20%, insignificantly higher 
than that in the control group. This suggests 
that nicorandil medication for refractory AP 
results in lower adverse reactions in patients, 
which might be explained by the fact that ni- 
corandil opens mitochondrial sensitive potassi-
um-channels and reduces oxidative stress-in- 
duced nuclear morphological changes in cells 
and inhibits cellular proliferation and apopto-
sis. Another study reported that nicorandil use 
was associated with improved activity toler-
ance, fewer adverse events which include diz- 
ziness, headache, and gastrointestinal reac-
tions, which were consistent with the results 
reported in our current study [21].

Table 2. Duration and frequency of AP attack of the pa-
tients

Variable Control 
group

Experiment 
group

t 
value

P 
value

Case 35 35
Duration (min/episode)
    Before treatment 7.3±2.1 6.9±1.9 0.245 0.819
    After treatment 5.7±1.3 2.9±0.8 3.177 0.034
t value 2.468 3.361
P value 0.021 0.028
Frequency (episode/week)
    Before treatment 15.1±3.3 14.6±2.9 0.197 0.853
    After treatment 10.8±2.4 2.5±0.6 5.811 0.004
t value 2.886 7.077
P value 0.016 0.002

Figure 3. Comparison of EEG improvements after 
treatment between the two groups. Compared with 
the control group, *P<0.05.

opioids, nicorandil use resulted in 
effective pain relief in mice and 
improvement in medication compli-
ance [19]. Therefore, nicorandil not 
only dilates coronary arteries, but 
also exerts an analgesic effect, allevi-
ating the symptoms of angina.

However, few reports have focused 
on the clinical response to nicorandil 
in patients with refractory AP. In the 
current study, the results indicated 
that the response rate was 94.3% 
with nicorandil, significantly higher 
than that with placebo. The duration 
and frequency of AP in the experi-
ment group were more substantially 
improved as composed with those in 
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In conclusion, nicorandil, an ATP-sensitive K + 
channel activator, significantly improved myo-
cardial blood supply and the EEG profiles, and 
greatly alleviated the symptoms of patients 
with refractory AP. Therefore, Nicorandil is a 
safe and potent agent in the treatment of 
refractory AP. The results of the current study 
can bring some insights into clinical medication 
for the disease. Nevertheless, the exact mech-
anisms of nicorandil in the management of 
refractory AP remains unclear, which should be 
clarified in further studies.

However, there are still some limitations in the 
current study, such as a small sample size, 
inevitable confounding factors, and a single 
center study. Therefore, additional multi-center 
randomized trials with large samples are need-
ed for further validation.
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Table 3. Adverse events of patients in the two groups (n)
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