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Background: This study aimed to investigate intracoronary nicorandil treatment on the no-reflow phenomenon (NRP) dur-
ing primary percutaneous coronary intervention (PCI) in patients with acute ST-segment elevation myocardial
infarction (STEMI) and to compare nicorandil with sodium nitroprusside.

Material/Methods: Patients with sustained acute STEMI who underwent primary PCl (N=120) were randomly assigned to three
groups: the nicorandil-treated group (N=40) had 2 mg of nicorandil injected into the coronary artery at 2 mm
beyond the occlusion with balloon pre-dilation; the sodium nitroprusside-treated group (N=40) underwent the
same procedure, but with 200 pg of sodium nitroprusside; the control group (N=40) received PCl and balloon
pre-dilation only. Coronary angiography, incidence of NRP, hypotensive episodes, ST-segment resolution (STR)
rate, levels of N-terminal pro-brain natriuretic peptide (NT-proBNP), creatine kinase-MB (CK-MB), cardiac tro-
ponin | (cTnl), wall motion score index (WMSI), and left ventricular ejection fraction (LVEF) were measured be-
fore and after primary PCIl. Major adverse cardiovascular events (MACEs) post-PCl and at three-month follow-
up were recorded.

Results: Patients in the sodium nitroprusside and nicorandil groups had significantly improved thrombolysis in myocar-
dial infarction (TIMI) scores, TIMI myocardial perfusion grade (TMPG), and ST-segment elevation resolution (STR)
(P<0.05), and a significantly lower incidence of NRP (P=0.013). The incidence of intraoperative hypotension in
the sodium nitroprusside group was significantly greater than the nicorandil and control groups (P=0.035).

Conclusions: Patients with sustained acute STEMI undergoing primary PCl, treated with intracoronary nicorandil had a re-
duced incidence of the NRP, improved myocardial perfusion and cardiac function.
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Background

Primary percutaneous coronary intervention (PCl) is one of
the most effective treatments for acute ST-segment elevation
myocardial infarction (STEMI) [1,2]. The no-reflow phenom-
enon (NRP) is the inadequate reperfusion of the myocardi-
um of a given coronary artery segment in the absence of an-
giographic evidence of obstruction of the coronary artery [3].
The NRP has a reported prevalence of >30% in patients with
acute STEMI who undergo primary PCl and can lead to an ad-
verse clinical outcome, including arrhythmia, heart failure, sud-
den cardiac death, and other major cardiovascular complica-
tions [4,5]. Although there have been several reports on the
pathogenesis of the NRP, there have been few studies on the
effective prevention and treatment of the NRP.

Nicorandil an ATP-sensitive potassium (KATP) opener, with ni-
trate-like characteristics that result in coronary artery dilata-
tion, increase in coronary artery blood flow, ischemic precon-
ditioning, anti-arrhythmic effects, and reduction of ischemic
reperfusion injury [6,7]. Although the use of nicorandil in the
treatment of the NRP occurring after PCI has been previously
reported, the intracoronary use of nicorandil for the preven-
tion of the NRP following primary PCl has not been previous-
ly reported [4].

The aim of this study was to investigate the effect of intra-
coronary nicorandil on the NRP during primary PCl in pa-
tients with acute STEMI and to compare nicorandil with so-
dium nitroprusside.

Material and Methods

Patients studied

From January 2013 to December 2016, in the Third Hospital of
Hebei Medical University, 120 patients were diagnosed with
acute ST-segment elevation myocardial infarction (STEMI) who
also received primary percutaneous coronary intervention (PCI)
and were included in the study.

Acute STEMI was defined according to the World Health
Organization (WHO) definition, and included: ischemic chest
pain lasting >20 minutes, radiating to the left upper arm, lower
jaw, neck, back or shoulder that could not be relieved by oral
nitrates; changes of myocardial infarction (Ml) on the electro-
cardiogram (ECG): new significant ST-segment elevation >1 mV,
in more than two standard leads, or >2 mV in more than two
contiguous precordial leads, or new left bundle branch block
(LBBB), with or without pathological Q waves; an increase in
the levels of serum cardiac enzyme, such as cardiac troponin |
(cTnl) and creatine kinase isoenzyme MB (CK-MB) [8]. Any two
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of these characteristics were consistent with the WHO diagno-
sis of STEMI [8]. All patients underwent primary PCl within 12
hours of the onset of acute STEMI. A requirement for all pa-
tients was a blood pressure measurement greater than 90/60
mmHg before primary PCl was performed.

The exclusion criteria for patients in this study included: the
presence of cardiogenic shock (Killip class 1V); severe hyper-
tension (blood pressure >180/110 mmHg) without control; se-
vere multiple organ failure; a recent history of coronary artery
bypass graft (CABG); a clinical diagnosis of aortic dissection;
patients who were not physically able to tolerate PCI.

This study was approved by the local Ethics Committee of the
Hebei Medical University. All patients who participated in the
study signed an informed consent, or their authorized persons
signed an informed consent.

Patient treatment groups

Patients with sustained acute STEMI who underwent prima-
ry PCl (N=120) were randomly assigned to three groups: the
nicorandil-treated group (N=40) had 2 mg of nicorandil inject-
ed into the coronary artery at 2 mm beyond the occlusion with
balloon pre-dilation; the sodium nitroprusside-treated group
(N=40) underwent the same procedure, but with 200 pg of
sodium nitroprusside; the control group (N=40) received PCl
and balloon pre-dilation only.

All patients were treated with antiplatelet drugs before prima-
ry PCl, including a loading dose of aspirin (300 mg), ticagrelor
(180 mg), or clopidogrel (600 mg), as well as atorvastatin (40 mg).
Routine coronary angiography and PCl were performed to iden-
tify the infarct-related artery (IRA). Initially, the radial artery ap-
proach was chosen, and the femoral artery approach was per-
formed only after radial artery puncture failed. Heparin (70 U/kg)
was injected through the artery sheath tube before primary PCI.

Patients in the nicorandil-treated group underwent injection of
2 mg nicorandil (Beijing Shihuan Kebao Pharmaceutical Co. Ltd.,
Beijing, China) into the relevant coronary artery, 2 mm beyond
the point of occlusion, with balloon pre-dilation. Patients in the
sodium nitroprusside group underwent injection of 200 g so-
dium nitroprusside (Huarun Shuanghe Pharmaceutical Co. Ltd.,
Beijing, China) into the relevant coronary artery, 2 mm beyond
the point of occlusion, with balloon pre-dilation. Both drugs
were diluted with 0.9% sodium chloride solution to 10 ml; the
injection time was 30 seconds. Patients in the control group
received an equal volume of 0.9% sodium chloride solution.

If intraoperative blood pressure was less than 90/60 mmHg,
or if there was a drop in basal blood pressure of more than 30
mmHg, dopamine was given by intravenous pump. Following
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primary PCl, all patients received treatment with a subcutane-
ous injection of low molecular weight heparin (LMWH) (4,250 U,
12-hourly) for seven days, and long-term oral aspirin (100 mg,
daily), ticagrelor (90 mg, 12-hourly) or clopidogrel (75 mg, dai-
ly) for twelve months. Statins were given according to the con-
dition of the patients. Patients with hypertension and diabe-
tes mellitus were treated with routine antihypertensive and
hypoglycemic drugs, respectively.

Follow-up measurements of coronary blood flow

The following indices were evaluated by two senior interven-
tional cardiologists, immediately before and after primary PCl:
the thrombolysis in myocardial infarction (TIMI) score; the TIMI
frame count (TFC); and the TIMI myocardial perfusion grade
(TMPG). The TIMI grade was defined as follows: grade 0, no
perfusion; grade 1, penetration without perfusion; grade 2,
partial perfusion; grade 3, complete perfusion [9].

The TFC was measured as a continuous quantitative objective
variable to evaluate an index of coronary flow. The TFC of the
left anterior descending (LAD) coronary artery was 1.7-times
greater than that of the left circumflex coronary artery (LCCA),
and the right coronary artery (RCA) counts. Therefore, the TFC
of the longer LAD coronary artery was modified by dividing by
1.7 to obtain the corrected TIMI frame count (cTFC) [9].

The TMPG was defined as follows: grade 0, was defined as no
apparent myocardial perfusion in the distribution area of the
affected coronary; grade 1, was defined as presence of myocar-
dial a blush with no clearance in the microvasculature; grade
2, was defined as a myocardial perfusion blush that washed
out slowly; and grade 3, was defined as a blush that started
to clear during washout [10].

Identification of the no-reflow phenomenon (NRP)

The no-reflow phenomenon (NRP) was identified in the car-
diac catheterization laboratory during angiography, and was
defined as a TIMI flow grade of IRA <2, or TIMI flow grade 3,
and a TMPG grade <2, with the exclusion of mechanical ob-
struction such as dissection, intimal tear, arterial spasm, and
thromboembolism [3].

ECG measurements

A 12-lead ECG was recorded at 90 min following PCl. ST-
segment elevation was measured 60 ms after the J point, as
the TP segment is the isoelectric interval on the ECG, using
the maximum ST-segment elevation. The ST-segment resolu-
tion (STR) was defined as: complete STR (CR) >70% resolu-
tion; partial STR (PR) >30% but <70% resolution; or no STR
(NR) <30% resolution [11].
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Blood chemistry measurements

The level of N-terminal pro-brain natriuretic peptide (NT-
proBNP) was measured before, and at one week after, prima-
ry PCI. The levels of cTnl and CK-MB were measured before,
and every 4 hours following primary PCl, and their peak lev-
els were recorded, with the collection of 2 ml of venous blood
during these times. Venous blood samples were placed in a
vacuum test tube containing ethylenediaminetetraacetic acid
(EDTA) anticoagulant. After mixing the blood sample, hemato-
logical analysis was performed using an Alere Triage MeterPro
hematology analyzer (Alere, Waltham, MA, USA).

Color Doppler echocardiography

The wall motion score index (WMSI) and left ventricular ejec-
tion fraction (LVEF) were calculated by Philips HD15 PureWave
(Philips, Amsterdam, Netherlands) color Doppler echocardiog-
raphy before, and at one week following primary PCI. All pa-
tients were required to undergo follow-up measurement of
LVEF at one-month following primary PCI.

Main clinical indices and clinical follow-up

Blood pressure and heart rate were measured before and af-
ter primary PCI. Intraoperative hypotension was defined as a
blood pressure less than 90/60 mmHg or as a drop in basal
blood pressure of more than 30 mmHg during the primary PCI
procedure. The major adverse cardiovascular events (MACEs)
were recorded during hospitalization and three months fol-
lowing primary PCl. The MACEs included life-threatening ar-
rhythmia (ventricular tachycardia and ventricular fibrillation),
congestive heart failure, coronary artery revascularization, re-
current MI, and cardiac death [4].

Statistical analysis

Data with a normal distribution were presented as the mean +
standard deviation (SD) and were compared by one-way analy-
sis of variance (ANOVA). Categorical variables were expressed as
frequencies and were compared using the Chi-squared test. The
Wilcoxon rank-sum test was used for comparison of ranked data.
The SPSS 22.0 software package (SPSS, IL, USA) was used for all
data analysis. P<0.05 was accepted as indicating significance.

Results

Clinical characteristics of the patients

In this study of 120 patients with acute ST-segment eleva-
tion myocardial infarction (STEMI) undergoing primary percu-
taneous coronary intervention (PCl), there were 86 men and
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34 women, with a mean age of 58 years (range, 42-75 years).
Three groups were studied, the nicorandil-treated group (N=40),
the sodium nitroprusside-treated group (N=40) and the control
group (N=40), who received PCl and balloon pre-dilation only.

The differences of the gender, age, body mass index (BMI), pre-
vious myocardial infarction (MI), coronary risk factors, blood
chemistry, and the Killip class between the three groups were
not significant. The differences in the distribution of the in-
farct-related artery (IRA) and the time from the onset of acute
STEMI to primary PCI between the three groups were not sig-
nificant. The difference between the use of medicines be-
tween the three groups was not significant (P>0.05) (Table 1).

Procedural characteristics

Before PCl, the differences between the three groups for
thrombolysis in myocardial infarction (TIMI) scores, the value
of the corrected TIMI frame count (cTFC), and the proportion
of TIMI myocardial perfusion grade (TMPG) grade 3 between
the three groups were not significant (P>0.05). Following PCI,
when compared with the control group, the rate of the no-
reflow phenomenon (NRP) was significantly lower in the so-
dium nitroprusside-treated group and the nicorandil-treated
group (P=0.013). The proportion of cases of TIMI grade 3, TMPG
grade 3, and of the complete ST-segment resolution (STR) were
greater in the sodium nitroprusside-treated group and nicor-
andil-treated group compared with those in the control group
(all P<0.05), while the value of cTFC was significantly lower
(P<0.05). However, for all the above characteristics there was
no significant difference between the sodium nitroprusside-
treated group and nicorandil-treated group (P>0.05) (Table 2).

Blood chemistry and echocardiography

Before PCl, the levels of N-terminal pro-brain natriuretic pep-
tide (NT-proBNP), creatine kinase-MB (CK-MB), cardiac tropo-
nin | (cTnl), wall motion score index (WMSI), and left ventric-
ular ejection fraction (LVEF) showed no significant difference
between the three groups (P>0.05). Following PCl, the value
of NT-proBNP, the peak levels of CK-MB, cTnl and WMSI in the
sodium nitroprusside-treated group and the nicorandil-treated
group were significantly lower than those in the control group
(all P<0.05). When compared with the control group, the LVEF
at one-week and at one-month following PCl in the sodium
nitroprusside-treated group compared with the nicorandil-
treated group were significantly increased (P<0.05). However,
for all the above characteristics there was no significant dif-
ference between the sodium nitroprusside-treated group and
nicorandil-treated group (P>0.05) (Table 3).
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Main clinical indices and clinical follow-up

There was no significant difference in the vital cardiovascu-
lar measurements (blood pressure and heart rate) between
the three groups, before and after primary PCl (P>0.05). The
rate of intraoperative hypotension in the control group, the
sodium nitroprusside-treated group, and the nicorandil-treat-
ed group were 12.5% (5/40), 25.0% (10/40) and 5.0% (2/40),
respectively, which was a significant difference between the
three groups (P=0.035). The rate of intraoperative hypoten-
sion in the sodium nitroprusside-treated group was significant-
ly greater when compared with the nicorandil-treated group
(P=0.028). Patients with hypotension were treated with do-
pamine, but no patient with hypotension required emergency
treatment in this study. The incidence of MACEs for patients
when in hospital and at three-month follow-up after primary
PCl showed no significant difference between the three pa-
tient groups (P>0.05) (Table 4).

Discussion

Primary percutaneous coronary intervention (PCl) is consid-
ered as the most effective treatment for patients with acute
ST-segment elevation myocardial infarction (STEMI). The no-
reflow phenomenon (NRP) is the inadequate reperfusion of
the myocardium in the absence of angiographic evidence of
coronary artery obstruction [3]. During the NRP, the ischemic
myocardium may be associated with patient symptoms such
as chest pain, and electrocardiogram (ECG) changes that in-
clude a lack of resolution of ST-segment elevation [5,12]. The
mechanism of the NRP may relate to microvascular endothe-
lial damage, microvascular spasm, inflammation, oxidative
stress, and thromboembolism, especially microcirculatory ob-
struction caused by microcirculation structural damage or dys-
function [13,14]. Currently, there are several drugs that have
been shown to be effective in the prevention or treatment of
reperfusion-related patient outcomes and complications in the
NRP, including adenosine, nitroprusside, verapamil, nicorandil,
dipyridamole, epinephrine, and cyclosporine [3,15].

Sodium nitroprusside is a direct nitric oxide (NO) donor that
has vasodilation, antiplatelet adhesion, and anti-inflammato-
ry effects, and is now a recommended first-line drug for the
treatments of the NRP [3,16,17]. The recommended intracoro-
nary dose of sodium nitroprusside is 50-200 pg, with a maxi-
mum dose of 1,000 pg [18]. In the previously published study
of Hillegass et al., intracoronary administration of sodium ni-
troprusside (200 pg) rapidly increased the coronary blood
flow and significantly reduced the incidence of the NRP [19].

Nicorandil is an ATP-sensitive potassium (KATP) opener that
has nitrate-like characteristics and has been recognized as
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Table 1. Clinical characteristics.

Group A Group B Group C F/x? P value
Male (n, %) 26 (65.0) 31 (77.5) 29 (72.5) 1.560 0.459
"""" Age(yearss  59+9  60s8 567 1917 0152
"""" BMI(kg/m)  231:23 228821 224820 0933 039
"""" PreviousMi (n,%)  5(125 3 (75 5025 0690 0708
"""" Risk factor (n,%)
 Hypertension 19 @75 24 (600) 2 (500 1276 0528
 Hyperlipoidemia 13625 15675 16 40.0) 0502 0778
 Diabetes mellitus 13625 14650 17 425 0933 0627
~ Smoking 14650 3675 16 400) 458 0104
"""" Blood chemisty
"""""" TC(mgd)  183:39  175:36  180:37 0429 0652
"""""" G mg/d) 738 7589  77:10 1704 0186
 IDLC(mgd) 1185 124425 117:224 1003 0370
 Bloodglucose (mg/d)  145:8 147410 1430 1650 0197
© HbAlc(®®  60:05 59104 60:04 0620 0540
C sCr(mgd) 111:019 1162021 113:024 0612 0544
"""" Kilipclass (0,%) . omr 0943
o 1200) 1@ 3628
o 18 450) 2125 8@
oW 7078 6150 7ars)
N 3 05 2 50 260
"""" Medicine (n, %)
"""""" Aspiin  40(100 40 100) 40 (10) - -
 Clopidogrelticagrelor 40 (1000 40 (1000 s (100 - -
"""""" ACE/ARB  24(600)  28(700)  29(725 1595 0450
8 15375 13625 17 425 0853 0653
~ Bblockers 10050 15675 13625 1463 0481
"""""" Morastatn 40 (100 40 100) 40 (10) - -
"""""" Tirofban  9(225 601500 7075 0779 0677
"""" Onsetto-balloon time ()~ 59+12 63:13  57:11 2305 0104
"""" Door-to-balloon time (min) 6013 6312 61¥13 0541 0583
"""" RAM%) . 193 o741
~ RaA 13625 16 400) @0
 w 19 @475 15675 16 @00
o 8200 90225 6as9

n=40 per group. Group A — control group; group B — sodium nitroprusside group; group C — nicorandil group. BMI — body mass index;
MI — myocardial infarction; TC — total cholesterol; TG — triglyceride; LDL-C — low-density lipoprotein cholesterol; HbAlc — hemoglobin
Alc; SCr — serum creatinine; ACE|l — angiotensin-converting enzyme inhibitors; ARB — angiotensin receptor blockers; CCB — calcium
channel blockers; IRA — infarct-related artery; RCA — right coronary artery; LAD — left anterior descending; LCX — left circumflex.
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Table 2. Procedural characteristics.

Group A Group B Group C F/x? P value
TIMI pre-PCl (n, %)
. 2 (50 2 (50 19 @475 0602 0740
""""""" » u@s 12600 13625 0238  osss
""""""" > 4@0  4@o) 5@ o3 ooy
""""""" s 308 260 305  o%s  osrs
""""" TMIpostPCl (0%
e 400 o 00 o 00 8276 0016
""""""" 260 1G) 1@y os7 o2
""""""" > @0 308 2 60 2602 0w
""""""" s 8@o0) 36000 37 025 9130  ool0
""""" afcprepc  a9x2 4se13 a2 1810 ol
""""" afCpostPC  2sss 23 235 13646 0001
""""" PG prePCI(n %)
T 25 625 23 (75 24 600) 0208 0901
""""""" 1 10@s0 12600  11@rs o021 oss2
""""""" > 308 308 4009  oxns  os7
""""""" s 260 269 1 @9 o047  osz
""""" MG postPCl (%)
e 7 s > 50 1oy 676a 0034
""""""" 260 1@y 1@y os7 om
""""""" > s@ms 3@y 2 60 1527 o6
""""""" s 2650 34 @0 3 00° 870 o013
""""" NRP(V%)  14(50 6 (50F 4 (100¢ 8750 0013
""""" SROS
o % (600 33 @25 34 @0 8276 0016
""""""" R 9@ s@2s 529 200 038
""""""" NN 7@ 2 6O 1 @5 e o003

n=40 per group. Group A — control group; group B — sodium nitroprusside group; group C — nicorandil group. TIMI — thrombolysis in
myocardial infarction; PCl — percutaneous coronary intervention; cTFC — corrected TIMI frame count; TMPG — TIMI myocardial perfusion
grade; NRP — no-reflow phenomenon; STR — ST-segment resolution; CR — complete ST-segment resolution; PR — partial ST-segment
resolution; NR — no ST-segment resolution. Compared with group A, * P<0.05.
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Table 3. Blood chemistry and echocardiography.

Group A Group B Group C F value P value

NT-proBNP pre-PCI (pg/ml) 11214244 1087+222 11124243 0.222 0.801
"""" NTIOBNP 1w post-PCI (pg/m) 7374133 649:147*  634xl46* 6130 0003
"""" CK-MBprePCI(U/) 12337 132139 117¢42 1349 0264
"""" CK-MB peak level (U/) 23660 201+67* 18559 7223 0001
"""" CTniprePCl(ng/m) 2908 30s10 27309  09% 0395
"""" (Tnipeak level (ng/ml) 6017 48tle*  47eles  72% 0001
"""" WMSIprePCI 1381024 1401025  141:026 0144 0866
"""" WMSI TwpostPCl 1331022 122:018*  124s018° 3571 0031 |
"""" \VEF pre-pCI (%) 47¢4  48x4 485 0811 0447
"""" IVEF 1w postPCI (%) 504 52#5*  5;e5* 3569 0031
"""" \VEF Impost-PCI (%) S5  Sgss*  s9s5* 568 0005

n=40 per group. Group A — control group; group B — sodium nitroprusside group; group C — nicorandil group. NT-proBNP — N-terminal

pro-brain natriuretic peptide; PCl — percutaneous coronary intervention; CK-MB — creatine kinase isoenzyme MB; cTnl — cardiac
troponin I; WMSI — wall motion score index; LVEF — left ventricular ejection fraction. Compared with group A, * P<0.05.

one of the most important drugs for the treatment of the
NRP, with the efficacy of nicorandil in the setting of myocar-
dial reperfusion injury having been previously reported [15].
Chen et al. analyzed intracoronary administration of nicorandil
(2 mg) and showed that it could effectively treat the NRP [4].
In a previously published study by Kostic et al., intracoronary
administration of nicorandil in patients with STEMI undergo-
ing primary PCl significantly improved microvascular function
by reducing the microvascular resistance index and increas-
ing coronary flow reserve [20].

In the present study, when compared with the control grop,
the incidence of the NRP and the value of the corrected throm-
bolysis in myocardial infarction (TIMI) frame count (cTFC) were
significantly lower in the sodium nitroprusside-treated group
compared with the nicorandil-treated group (P=0.013), while
the proportion of TIMI grade 3 and TIMI myocardial perfusion
grade (TMPG) grade 3 were significantly greater (P=0.010 and
0.013, respectively). There were no significant difference be-
tween the sodium nitroprusside-treated group and the nicor-
andil-treated group.

The TIMI flow grade reflects epicardial blood perfusion, and
the TMPG reflects myocardial perfusion [4]. Therefore, the find-
ings of the present study suggest that prophylactic intracor-
onary administration of nicorandil can effectively reduce the
incidence rate of the NRP and that nicorandil has effects that
are equal to those of sodium nitroprusside. This finding may
be explained by the fact that nicorandil can open the KATP
channel, inhibit sarcolemmal calcium release, decrease the

intracellular concentration of calcium, dilate the coronary ar-
teries, reduce microvascular resistance, and improve myocardi-
al microcirculation [4,20,21]. Also, nicorandil can activate gua-
nylate cyclase in vascular smooth muscle cells, increase the
concentration of cyclic guanosine monophosphate (cGMP) in
the cell through its metabolite NO, relax the coronary arter-
ies, and increase the blood flow in the coronary arteries [22].
During PCl, the effects of the balloon passing the intracoronary
lesion, with balloon dilation, stent implantation and athero-
sclerotic plaque rupture, vasoconstrictive and vasoactive sub-
stances are released into the blood, resulting in distal coronary
microvascular spasm, microcirculation obstruction, and an in-
creased incidence of the NRP. Due to balloon dilation, blood
flows through the previously occluded coronary artery, and
drugs may more rapidly reach the coronary microvasculature
and to achieve therapeutic blood concentrations. Currently,
the intracoronary administration of nicorandil following bal-
loon dilation and before the occurrence of the NRP could di-
late coronary microvasculature and increase blood flow more
quickly to prevent the microvascular spasm caused by stent
implantation and reduce the incidence of the NRP caused by
microcirculatory disturbance.

The NRP is a marker of myocardial injury, ischemia, and infarc-
tion, as well as a predictor of ventricular remodeling and cardi-
ac insufficiency. In the previously published study by Durante
et al., patients with the NRP had a lower LVEF following PCl,
while the incidence of MACEs was high [23]. In the present
study, compared with the control group, the value of N-terminal
pro-brain natriuretic peptide (NT-proBNP), creatine kinase-MB
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Table 4. Main clinical index and follow-up.

Group A Group B Group C F/y? P value
HR pre-PCl (bpm) 7317 727 758 1.957 0.146
"""" HRpostPCl(bpm) 6747 646 57 1334 0267
"""" BPprepCl (mmHg)
e o9s11 07412 g1l oss8 o574
T 687 667 6747 o549 0579
o g1:8  goss goss 0s17 0508
"""" BPpoStPCl (mmHg
e 120t10 or11 2312 1521 023
o e 757 2000 0137
o g9s8 g8 o8 1997 0140
"""" Intraoperative hypotension (0, %) 5 (125) 10 @50) 2 (0% 6716 0035
"""" MACEsinhospital (0,%)
"""""" Tta  s@25 3 @5 0 00 508 0079
 Congestive heart failwre 2 6o 2 5o o 00 2080 0355
 Malignantarhythmia VT,VD 3 08 1@y o 00 e o164
 Recwentmi o 00 o 00 o 00 - -
"""""" m 009 000 0o@©) - -
~ peath o 00 o 00 o 00 - -
"""" MACEs three-month (n,%)
"""""" Tt 7a7%  s(25) 1 @5 481 0089
 Congestive heart failwre 2 6o 1@y 1@y 0s17 02
 Malignantarhythmia (VT,VD 2 6o 1@y o 00 2081 0359
 Recwrentmi 1@y o 00 o 00 207 0365
"""""" ™ 260 2 (60 0 00 2069 035
~ peath o 00 1@y o 00 207 0365

n=40 per group. Group A — control group; group B — sodium nitroprusside group; group C — nicorandil group. HR — heart rate;

PCI — percutaneous coronary intervention; BP — blood pressure; SBP — systolic blood pressure; DBP — diastolic blood pressure;

MAP — mean arterial pressure; MACEs — major adverse cardiovascular events; VT — ventricular tachycardia; VF — ventricular fibrillation;
MI — myocardial infarction; TVR — target vessel revascularization. Compared with group B, * P<0.05.

(CK-MB), cardiac troponin | (cTnl), and wall motion score index
(WMSI) in the nicorandil-treated group were significantly low-
er, while the cases of complete ST-segment resolution (STR)
and LVEF were significantly greater. These findings suggested
that nicorandil could promote the recovery of the myocardi-
um. This conclusion is supported by the findings of the recent-
ly published study by Pang et al., who showed that nicorandil
exerted its cardioprotective effects by decreasing PCl-related

myocardial injury, reducing the rate of the NRP and improving
LVEF [7]. Izumiya et al. showed that nicorandil could improve
endothelial function and cardiac sympathetic nerve activity,
prevent inflammation and oxidative stress, improve fibrino-
lytic ability, and stabilize arterial atheromatous plaques [24].
Kostic and Li have suggested that nicorandil might activate
the NO-protein kinase G (PKG) pathway, open the mitochon-
drial KATP channel, inhibit the opening of the mitochondrial
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permeability transition pore (mPTP), simulate myocardial isch-
emic preconditioning, and improve myocardial cell metabo-
lism [20,22]. Recently published studies by Campo et al. and
Bonora et al. found that the Fo ATP synthase C subunit se-
rum levels and F1FO-ATP synthase dimers were significantly
related to myocardial reperfusion [25,26]. A recent meta-anal-
ysis by Campo et al. has shown that drugs that target mito-
chondrial function, when used as an adjunct to reperfusion in
STEMI patients undergoing primary PCl, reduced hospital re-
admission for heart failure [27]. Therefore, the application of
nicorandil before the occurrence of the NRP has the potential
to improve cardiac function and prognosis following primary
PClI for acute STEMI.

One of the findings from this study in 120 patients at a sin-
gle center was that the incidence of episodes of intraoperative
hypotension in the sodium nitroprusside-treated group was
greater when compared with the nicorandil-treated group. This
finding may be explained by the fact that intracoronary ad-
ministration of nicorandil leads to the release of a small dose
of the drug into the systemic circulation, but that the vaso-
dilatory effect of sodium nitroprusside is greater than that of
nicorandil [28]. Because hypotension usually occurs after acute
STEMI, sodium nitroprusside, which is more likely to reduce
blood pressure, is of limited value in treating patients with hy-
potension. Therefore, nicorandil is more suitable than sodium
nitroprusside for the treatment of patients with acute STEMI.

Intracoronary drug administration is considered to be a bet-
ter method than intravenous administration for the prevention
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