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Effect of continuous intravenous injection of nicorandil on ventricular arrhythmias

after acute ST-segment elevation myocardial infarction: A randomized controlled trial
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Medicine, Chongqing Emergency Medical Center ® Chongqing University Central Hospital , Chongqing, China

[Abstract] Objective To investigate the effect of continuous intravenous nicorandil administration
during the perioperative period on ventricular arrhythmia (VA) in patients with acute ST-segment elevation
myocardial infarction (STEMI). Methods A randomized controlled trial was conducted on 140 patients with
acute STEMI undergoing emergency percutaneous coronary intervention (PCI) in our department from January
2024 to May 2025. They were randomly allocated into a control group (n=70) and a nicorandil group (n=70).
The nicorandil group received an intravenous bolus of 6 mg nicorandil as a loading dose before emergency

PCI, followed by a continuous intravenous infusion at 6 mg/h for 48 h. The control group received normal
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saline following the same dosage and administration schedule. The incidences of in-hospital VA (including

frequent ventricular premature beats, non-sustained ventricular tachycardia, sustained ventricular tachycardia,

ventricular flutter, and ventricular fibrillation) and major adverse cardiovascular events (MACE) were
compared between the 2 groups. Results The total incidence of VA (31.4% vs 58. 6%, P=0.001) was
significantly lower in the nicorandil group than in the control group. The incidence of MACE was slightly

lower in the nicorandil group compared to the control group, but the difference did not reach statistical

significance (15. 7% vs 27. 1%, P=0.099). Multivariate logistic regression analysis indicated that nicorandil
was an independent protective factor against VA (OR=0. 205, 95% CI: 0. 083~0. 506, P=0. 001). Subgroup

analysis suggested that the protective effect of nicorandil was particularly significant in patients aged <65

years, without diabetes, and with Killip class I. Conclusion Based on conventional STEMI treatment

regimen, continuous intravenous administration of nicorandil during the peri-PCI period effectively reduces

the incidence of in-hospital VA.
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®1 FHASTEMIEREZFIGRELFRLE [vxs, (%) ]
Table 1 Comparison of clinical baseline data between the 2 groups [ x+s, n(%) ]
Item Nicorandil group (n=70) Control group (n=70) 1/7 value P value
Age (years) 63. 84+12.90 62.07+13. 57 0. 640 0.522
Gender (male/female) 59/11 60/10 0. 056 0.813
BMI, kg/m? 23.97+2.79 24.16+£3. 15 0.374 0. 709
Smoking 47(67.1) 45(64.2) 0.127 0.722
Hypertension 38(54.3) 39(55.7) 0. 029 0. 865
Diabetes 22(31.4) 20(28.5) 0. 136 0.712
Onset to reperfusion, h 5(3.5,7.7) 5(3.1,6.1) 1. 396 0.163
SBP at admission (mmHg) 126. 80+20. 15 124.80+16. 31 0. 027 0.978
DBP at admission (mmHg) 79.53+15.98 75.66+12. 57 1.594 0.113
Heart rate at admission (beat/min) 78.29+16. 05 81.04+16. 26 0. 640 0.522
LVEDD (mm) 46. 56+5. 57 47.27+5. 08 0.879 0.379
LVEF (%) 54.79+8. 77 53.57+8.76 0. 688 0.491
CAG 0.302 0.583
Single-vessel disease 20(28.6) 23(32.9)
Multi-vessel disease 50(71.4) 47(67.1)
Thrombus aspiration 5(7.1) 7(10.0) 0. 365 0. 546
Number of stents implanted 1. 08+0. 81 1. 07+0. 71 0. 140 0. 889
Infarct location 0.030 0. 862
Anterior wall 44(62.8) 43(61.4)
Inferior wall 26(37.1) 27(38.6)
Killip classification 0.507 0.476
1 48(68.6) 44(62.9)
=11 22(31.4) 26(37.1)
TC (mmol/L) 4.81+1.09 4.85+1.29 0. 819 0.413
TG (mmol/L) 2.31+1.79 2.40+2. 80 1.217 0.224
HDL-C (mmol/L) 1. 19+0. 35 1. 16+0. 30 0.438 0. 662
LDL-C (mmol/L) 3.08+0. 98 3.11+0.98 0.153 0. 879
K+(mmol/L) 3. 82+0. 37 3. 82+0. 36 0.023 0.982
Aspirin 70(100) 70(100) - -
Ticagrelor 56(80.0) 54(77.1) 0.170 0. 680
Clopidogrel 14(20.0) 16(22.9) 0.170 0. 680
Statins 70(100) 70(100) - -
PCSK9 inhibitor/Inclisiran 37(52.3) 35(50.0) 0.114 0. 735
Nitrates 18(25.7) 16(22.8) 0. 155 0.693
B-blockers 40(57. 1) 38(54.3) 0.116 0.734
ACEI/ARB/ARNI 26(37.1) 27(38.6) 0.030 0. 862
Calcium channel blockers 11(15.7) 12(17. 1) 0. 052 0. 820

BMI: Body mass index; SBP: Systolic blood pressure; DBP: Diastolic blood pressure; LVEDD: Left ventricular end-diastolic dimension;

LVEF: Left ventricular ejection fraction; CAG: coronary angiography; TC: Total cholesterol; TG: Triglycerides; HDL-C: High-density

lipoprotein cholesterol ; LDL-C :

Low-density lipoprotein cholesterol ; PCSK9 : Proprotein convertase subtilisin/kexin type 9 ;

ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin II receptor blocker; ARNI: Angiotensin receptor-neprilysin inhibitor
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Table 2 Comparison of in-hospital VA occurrence between the 2 groups [ n; percent(%) |

Life-threatening VA

Group n Total VA FVPBs NSVT Sustained VT VFL/VF (Sustained VIVELVE)
Control group 70 41(58.6) 27(38.6) 13(18.6) 6(8.6) 4(5.7) 9(12.9)
Nicorandil group 70 22(31.4)° 16(22.9)" 5(7.1)° 2(2.9) 2(2.9) 4(5.7)

X - 10. 418 4.061 4.080 2.106 0. 692 2.120
P value - 0.001 0. 044 0. 043 0.275 0. 681 0. 145

VA': Ventricular arrhythmia; FVPBs: Frequent ventricular premature beats; NSVT: Non-sustained ventricular tachycardia; VT:

Ventricular tachycardia; VF: Ventricular fibrillation; VFL: Ventricular flutter. a: P<0. 05, compared with the control group

£3 STEMIEZZE =M OERENSEE logistic @347

Table 3 Results of multivariate logistic regression analysis

Variables B SE Wald ¥2 P value OR value 959%CI

Control group vs Nicorandil group ~1.584 0.461 11.812 0. 001 0.205 0. 083~0. 506
Age 0.013 0.019 0.476 0. 490 1.013 0. 977~1. 050
Gender (Male vs Female) 0.288 0.755 0. 146 0.703 1.334 0. 304~5. 861
BMI 0.019 0.078 0. 058 0.810 1.019 0.874~1. 188
K 0.475 0.610 0. 607 0.436 1. 608 0.487~5.310
Killip classification (Ivs =1I) ~2.246 0. 499 20. 266 <0. 001 0. 106 0. 040~0. 281
Smoking 0.247 0.550 0.201 0. 654 1.280 0. 436~3. 760
Diabetes -0.717 0.487 2.172 0.141 0.488 0. 188~1. 267
Hypertension -0.017 0.478 0. 001 0.971 0.983 0. 385~2. 509
Multi-vessel disease 1.426 0.531 7.199 0. 007 4.160 1.468~11.786
Heart rate 0.220 0.014 2.412 0.120 1.022 0.994~1. 051
LVEF -0.037 0.024 2.350 0.125 0.963 0.918~1. 010
Number of stents implanted 0. 004 0.299 0. 000 0.989 1.004 0.559~1. 803
LDL-C 0.264 0.234 1.273 0.259 1.301 0. 823~2. 057
Ticagrelor 0.819 0.601 1.858 0.173 2.268 0. 699~7. 360
B-blockers -0.204 0.443 0.212 0. 646 0.816 0.342~1.945
ACEI/ARB/ARNI -0.751 0.521 2.081 0. 149 0.472 0. 170~1. 309
Nitrates -0.582 0. 504 1.333 0.248 0. 559 0.208~1. 501
Intercept -2.958 3.450 0.735 0.391 0.052 -

SE: Standard error; BMI: Body mass index; LVEF:

Left ventricular ejection fraction; LDL-C: Low-density lipoprotein cholesterol ;

ACEI: Angiotensin-converting enzyme inhibitor; ARB: Angiotensin II receptor blocker; ARNI: Angiotensin receptor-neprilysin inhibitor
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Variables n(%) Control group Nicorandil group ORA95%CI) P P for interaction
No. of events/ No. of total E

All patients 140 (100.00) 41/70 22/70 0.322 (0.163 ~ 0.654) —_— 0.001
Age | 0.027

< 65 years 66 (47.14) 22/34 6/32 0.136 (0.045 ~ 0.391) — i <0.001

> 65 years 74 (52.86) 19/36 16/38 0.656 (0.262 ~ 1.638) —_— 0.359
Gender 0.499

Male 119 (85.00)  35/60 17/59 0.297 (0.138 ~ 0.623) ——t i 0.001

Female 21 (15.00) 6/10 5/11 0.564 (0.105 ~ 3.157) '—'—%—> 0.507
Diabetes 0.067

No 98 (70.00) 32/50 13/48 0.213 (0.091 ~ 0.495) — | <0.001

Yes 42 (30.00) 9/20 9/29) 0.854 (0.258 ~ 2.881) '—'—{r—> 0.789
Killip classification i 0.056

I 92 (65.71) 21/44 6/48 0.160 (0.061 ~ 0.445) re—i ! <0.001

11 48 (34.29) 20/26 16/22 0.807 (0.225 ~ 2.963) '—'ﬁ:—> 0.738
Multi-vessel disease i 0.152

No 43 (30.71) 10/23 1720 0.075 (0.011 ~ 0.606) r—t i 0.016

Yes 97 (69.29) 31/47 21/50 0.375 (0.163 ~ 0.854) —_— 0.019
Infarct location ! 0.628

Anterior wall 53 (37.86) 13727 7/26 0.405 (0.135 ~ 1.253) ;—.—1:_4 ONTS

Inferior wal 87 (62.14) 28/43 15/44 0.280 (0.113 ~ 0.675) —_— 0.004

[ I I I |
0 05 1 1.5 2
Worse better
1 JEFTH/RBE(R VA KU BT 28 53 47
Figure 1 Subgroup analysis of nicorandil in reducing VA risk
®4 FHASTEMIEEEBRHIEMACE X £ERILE [n; 8 5% (%))
Table 4 Comparison of in-hospital MACE between the 2 groups [n; percent(%) |
Group n MACE Cardiovascular death Myocardial reinfarction Acute left heart failure Strok

Control group 70 19(27.1) 3(4.3) 2(2.9) 13(18.6) 1(1.4)
Nicorandil group 70 11(15.7) 2(2.9) 1(1.4) 7(10.0) 1(1.4)
ba - 2.715 0. 206 0.338 2. 100 0. 000
P value - 0. 099 1. 000 1. 000 0. 147 1. 000

MACE: Major adverse cardiovascular events

U HOR A AR R 2 5, Bl VA
IR TR 2N RS ik FH e nT Hb /R
5 ] >k STEMI %% PCIJT VA TpG$2 b pr sk mg . Je nl
Hi R o3 sl R O RS J VA & A VE AT RETR T
HPT DA H AR P : OFF i KATP i@ , 42
E KL, 46 J S VE R - 5 B, 90 Ca I, 4 e
BAE AL I R K QT R 0T s K BR BR AR L 97 5K il
Jok , BTG P, IR PN R 3 SO WL 44k, s 5
e 1A B VAS T FE— TR A 3 646 {4] STEMI
B Meta 0BT 7R , 202 PCIARH 8l AR J5 v e ml
R ] 52 BRI VA KA RS, 5 AN 458 — 80, K
WEAEMLI AT RE 5 Je AT M /R eE O WILRUE PRV 1 AR
> WLHL I 30 O A P DDA 5. 53— T RCT 2
N, AR K P SR P R AT R S REARR J5 24 /N
T VA B R HR £5 AR R T ik il 48 5 0

0 UL FRL A R X 25 B AL, 5 A BIF ST K B
EpiE

ABFGE A S BRLE AT Hi R %) MACE 1) S 2 o 35 4
F L H LR R #4345 (P=0. 099) , 55 Tariq H.Ishii H
Fe Lu Y %5 (WL 45 AR —FC5 200 g I 4 e
T AR R A RS T VA R AR AT
(R, 0 T 5 A AR B MACE 28 51 5 e 3LBE AR
AL ATRE SR I a4 . HOR A BI04 )R
A S T H VR L {5 MACE %t 2P o 55 58 16 ) Wy
ATh AT BEAFAE — 28 WU | A7 5 WAL VTAR R 725 14 JRURS: o
I, 22 5 T RR VR T AHE A 257 RIS TR &
Bt 5 A (B o ASBIF T R FHRR 2L ki 10 48 /NI 25 2
W, AL R TR N, LA SR A B 4 1R
MACE & 4 , Bifi 1 B ] S8, < 30 B0 ] g B & A s
MACE (25 5 . AR B RFEAR KBTI 58 617



3118 K EAVRyNE ==

A3 ,2025,47(24)

http ://aammt. tmmu. edu. cn

— L BE

ABFFE IR I8 1 £ [H 2 Logistic 8130 HriEAl 1)
AR X VA & A RS (4 52 M, 5 SRS, Je ] Hb /R 2
VA B AR5 R 2, BAR T E T AE R 2 iR 4 A
RIGMWKAR W . Killip 05 2 3 A o A8 14 in
VA KBS, #2758 0 D) BE % Ak K™ o ol T AR 0F VA &
A 1T JE AT LR B0 LR AP AT BE S 43 HI T 28 X
K, 5 GENG 2 iy a9 — 5.

ME A 53 B Sk, JE AT b /R T STEMI AR VA 1Y
J7RATAE 035 10 5 ot 33 hy L e R 512 B8 b P e v
NS HE T R . TEAFE Y <65 % O HH IR A
Killip 145} TG 2 32 559 2% F g TP AR 4P /B feie , HL
SRS BAE R o % RS O WLES #8 F i
I ARG SE4F, JE RT M JR 00 R A R A o K
S I PR PR AT RN TR B R . RZ L R A
FEZ D IIREZE R, O LR BE K B il A9 28 ™ 1, 1T g
Hl 55 LB 2R . SRR R R X AR XA AR T
B IIE O DI RE B AT AU T R JE T HR ikt
32 5% = 16 B E T R IBUE Z (LR A5 PR

A A UL T RBR Y, H—  AAF 5T o ik
Th REAS A A R, AT REAF FE AR PR m A . o4
L PEREA /N T UG AL RE AN AL 5 AR R
TRV R e K 25 25 07 S 07 R0, B2 3] o 400 6 &
B 5 L= AR TR R U B R) AT, R BB A K T S &
MACE 255 . AR TP Z s RAEAS K IR IF
58, IR A G RSN T A ik — 2P B UE JE AT o R (9T
B Ak

25 TR 76 STEMILH HLIR YT J S8 564l 1, PCI
FAR I FE S0 k0 T2 T b /R 0] A5 250 R A A o 20
] VA KA, HA —EWMIEIRSZME. % THm
TS AR FHALA , JE nT Mo R A 2 B8 A 41 il O JULAE B

J5 VA BB NG 7 e #E
Pl ARSI A A AR 6 0P
SEH:

[1] GARCIA R, MARIJON E, KARAM N, et al. Ventricular
fibrillation in acute myocardial infarction: 20-year trends in
the FAST-MI study [J]. Eur Heart J, 2022, 43(47) : 4887-
4896. DOI: 10.1093/eurheartj/ehac579.

[2] ALKATIB M, ALKOTYFAN A R N, ALSHAGHEL M M, et
al. Cardiac arrhythmias in STEMI patients in ICU: study on
occurrence in first 48 h and correlation with age, sex,
infarction site, and risk factors[J]. Ann Med Surg (Lond) ,
2023, 85(10) : 4824-4829. DOI: 10.1097/MS9.00000000
00001264.

[3] LIANG C P, LI Q C, WANG K Q, et al. Mechanisms of
ventricular arrhythmias elicited by coexistence of multiple
electrophysiological remodeling in ischemia: a simulation
study [J]. PLoS Comput Biol, 2022, 18 (4) : e1009388.
DOI: 10.1371/journal.pchi.1009388.

[4] PRIORI S G, BLOMSTROM-LUNDQVIST C, MAZZANTI
A, et al. 2015 ESC Guidelines for the management of patients
with ventricular arrhythmias and the prevention of sudden
cardiac death: The Task Force for the Management of
Patients with Ventricular Arrhythmias and the Prevention of
Sudden Cardiac Death of the European Society of Cardiology
(ESC). Endorsed by: Association for European Paediatric
and Congenital Cardiology (AEPC) [J]. Eur Heart J, 2015,
36(41): 2793-2867. DOI: 10.1093/eurheartj/ehv316.

[5] GUM Y, XU T T. The effect of nicorandil compared to
placebo on cardiac outcomes of patients with ST-elevation
myocardial infarction undergoing percutaneous coronary

Kardiol

10.5114/

meta-analysis [J].

21 (1) : 4-14. DOI:

intervention:  a Postepy
Interwencyjnej, 2025,
aic.2025.148175.

[6] MASLOV LN, POPOV SV, NARYZHNAYA N V, et al. K
(ATP) channels are regulators of programmed cell death and
targets for the creation of novel drugs against ischemia/
reperfusion cardiac injury [J]. Fundam Clin Pharmacol,
2023, 37(6): 1020-1049. DOI: 10.1111/fcp.12924.

[7] BAI L Y, ZHAO M, MA K Y. Nicorandil as a promising
therapeutic option for ventricular arrthythmia: a case report
and review of literature[J]. World J Cardiol, 2024, 16(12):
768-775. DOI: 10.4330/wjc.v16.i112.768.

[8] ISHII H, ICHIMIYA S, KANASHIRO M, et al. Impact of a
single intravenous administration of nicorandil before
reperfusion in patients with ST-segment-elevation myocardial
infarction[J ]. Circulation, 2005, 112(9): 1284-1288. DOI:
10.1161/CIRCULATIONAHA.104.530329.

[9] TARIQ H, AHMED S, AHMED S, et al. Efficacy of
nicorandil in preventing myocardial injury and cardiovascular
outcomes in patients undergoing percutaneous coronary
intervention (PCI) : a systematic review and meta-analysis
[J]. Cureus, 2024, 16(8) : €66938. DOI: 10.7759/cureus.
66938.

[10] QIAN G, ZHANG Y, DONG W, et al. Effects of nicorandil

administration on infarct size in patients with ST-segment-
infarction  undergoing

elevation myocardial

primary
percutaneous coronary intervention: the CHANGE trial [J].
J Am Heart Assoc, 2022, 11 (18) : e026232. DOI:
10.1161/JAHA.122.026232.

[11] FENG C G, LIU Y, WANG L L, et al. Effects of early

intracoronary  administration  of  nicorandil  during



http://aammt. tmmu. edu. cn Bl 72242 155 R mi 4R, 2025, 47(24)

3119

[12]

[13]

[14]

[15]

[16]

percutaneous coronary intervention in patients with acute
myocardial infarction [J]. Heart Lung Circ, 2019, 28(6) :
858-865. DOI: 10.1016/j.h1¢.2018.05.097.

PIL S F, LIUY W, LI T, et al. Effect of sequential
nicorandil on myocardial microcirculation and short-term
prognosis in acute myocardial infarction patients undergoing
coronary intervention [J].J Thorac Dis, 2019, 11(3): 744-
752. DOI: 10.21037/jtd.2019.02.23.

AR B2 2 VR 2 2, PRGN R 2 i &
bige. Sk ST Bedfy i BLO NUBESE 2 W AR 46 79 (2019)
[T]. D &R 2438, 2019, 47(10): 766-783.

Branch of Chinese Medical

Cardiovascular Disease

Association, Editorial Committee of Chinese Journal of

Cardiovascular  Diseases.  Diagnosis and  treatment
Guidelines for acute ST-segment elevation Myocardial
infarction (2019) [J]. Chinese Journal of Cardiovascular
Diseases, 2019, 47(10): 766-783.

AR e e D WU BRAR I > 22, o E BRI 2O
Ll Z b2, 4. 2020 F MO HH T E L AL (2016
PTG (V] LR E 2R, 2020, 24(3)
188-258.

Chinese Electrophysiology and Pacing Branch of Chinese
Medical Association, Arrhythmia Professional Committee of
Chinese Medical Doctor Association, et al. China expert
2020 (2016
consensus upgraded edition) [J]. Chin J Card Arrhythm,
2020, 24(3): 188-258.

ZHOU S D, XIE S W, YOU B Q, et al. Comparative

consensus on ventricular arrhythmia in

benefits of primary percutaneous coronary intervention
versus onsite fibrinolytic for patients with ST-segment-
elevation myocardial infarction: a quasi-experimental study
[J]. J Am Heart Assoc, 2025, 14 (13) : €041995. DOI:
10.1161/JAHA.125.041995.

AL-KHATIB S M, STEVENSON W G, ACKERMAN M J,
et al. 2017 AHA/ACC/HRS guideline for management of
patients with ventricular arrthythmias and the prevention of
sudden cardiac death: Executive summary: a Report of the
American College of Cardiology/American Heart Association

Task Force on Clinical Practice Guidelines and the Heart

[17]

[18]

[19]

[20]

Rhythm Society [J]. Heart Rhythm, 2018, 15(10) : e190-
€252. DOI: 10.1016/j.hrthm.2017.10.035.

AUFFRET V, BOURENANE H, SHAROBEEM S, et al.
Early and late ventricular arrhythmias complicating ST-
[J]. Arch
Cardiovasc Dis, 2022, 115 (1) : 4-16. DOI: 10.1016/j.
acvd.2021.10.012.

KHEDERLOU H, AZIMI PIRSARAEI S V, RABBANI E,

et al. Correlations between cardiovascular risk factors and

segment elevation myocardial infarction

ventricular arrhythmias following primary percutaneous

coronary intervention in patients with ST-elevation
myocardial infarction [J]. J Tehran Heart Cent, 2023, 18
(2): 122-128. DOI: 10.18502/jthe.v18i2.13322.
LIANG X W, LI P, XIE W C, et al. CoO nanoparticles
combined with MRI: analysis of No-reflow in patients with
acute ST-segment elevation myocardial infarction after PCI
and the effect of coronary nicorandil [J]. Cell Mol Biol
(Noisy-le-grand) , 2022, 68(3): 390-401. DOI: 10.14715/
¢mb/2022.68.3.43.
LIJY, XU XM, ZHOU X B, et al. Cardiovascular events
associated with nicorandil administration prior to primary
percutaneous coronary intervention in patients with acute ST-
segment elevated myocardial infarction: a systematic review
and meta-analysis[]]. Expert Opin Drug Saf, 2019, 18(6) :
537-547. DOI: 10.1080/14740338.2019.1617848.
LU Y X, HU W B, SONG Q H, et al. The efficacy and
safety of nicorandil for periprocedural myocardial injury in
patients undergoing PCI: a meta-analysis [J]. J Interv
Cardiol, 2020, 2020: 3293587. DOI: 10.1155/2020/
3293587.
GENG N, REN L, XU L S, et al. Clinical outcomes of
nicorandil administration in patients with acute ST-segment
elevation myocardial infarction undergoing primary
percutaneous coronary intervention: a systematic review and
meta-analysis of randomized controlled trials [J]. BMC
Cardiovasc Disord, 2021, 21 (1) : 488. DOI: 10.1186/
$12872-021-02301-1.

(W75 :2025-09-13; £ 3 :2025-12-09)

(sm#E AR5RJE)



