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Background: The potential myocardial protective effect of nicorandil (NICD) in patients undergoing percutaneous coronary 
intervention has been established. However, its efficacy in the context of cardiac surgery remains controversial. The present study 
aimed to evaluate the myocardial protective effect of perioperative NICD use in patients undergoing cardiac surgery with cardio-
pulmonary bypass (CPB).
Methods: We retrospectively gathered data from patients undergoing cardiac bypass surgery between 12/2018 and 04/2021 in Fuwai 
Hospital. Subsequently, the patients were divided into two groups, NICD group and non-nicorandil (non-NICD) group. A 1, 3 
propensity score matching (PSM) was conducted. The primary outcome was the incidence of myocardial injury. The secondary 
outcomes included the mechanical ventilation (MV) duration, intensive care unit (ICU) length of stay (LOS), hospital LOS, duration of 
chest drainage, the drainage volume, the total cost, the incidence of acute kidney injury (AKI), and the incidence of acute liver injury 
(ALI). Subsequently, we divided the entire population into two distinct subgroups based on their administration of NICD, and 
performed a comprehensive subgroup analysis.
Results: A total of 2406 patients were ultimately included in the study. After PSM, 250 patients in NICD group and 750 patients in 
non-NICD group were included in the analysis. Perioperative NICD reduced the incidence of myocardial injury (47.2% versus 38.8%, 
P=0.025). Our subgroup analysis revealed that preoperative NICD administration not only provided myocardial protection benefits 
(45.7% vs 35.8%, OR 0.66, 95% CI [0.45–0.97], P=0.041), but also demonstrated statistically significant reduction in ALI, the ICU 
and hospital LOS, and the duration of chest drainage (all P<0.05).
Conclusion: The perioperative NICD administration may confer myocardial protection in patients undergoing cardiac surgery with 
CPB. Furthermore, the preoperative utilization of NICD has the potential to mitigate the incidence of postoperative ALI, a reduction in 
the ICU and hospital LOS, and the duration of chest drainage.
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Background
Perioperative myocardial injury (PMI) is a significant and prevalent complication across various cardiac surgical 
procedures.1–3The etiology of perioperative myocardial injury is multifactorial.3,4 Myocardial ischemia-reperfusion 
injury (I/RI) has been recognized as one of the major contributing mechanisms.2 Despite the various preventive measures 
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in clinical practice including hypothermia cardioplegia, limited CPB duration, and selected anesthetic usage,4–7 the 
incidence of PMI remains high. Consequently, seeking a novel myocardial protective drug is imperatively needed.

Not only acting as a nitrate analogue, NICD could also function as an agent that opens ATP-sensitive potassium 
channels. Its structure incorporates both organic nitrate and nicotinamide groups, which confer upon it additional properties 
as a nitric oxide (NO) donor and antioxidant.8 Thus, NICD induces vasodilation, reduces blood pressure, and exerts 
cardioprotective effects. These mechanisms elucidate the role of NICD as a safeguard against myocardial damage.

Previous researches have indicated that NICD is purported to induce coronary artery relaxation, prevent coronary 
spasm, and protect the myocardium.9–11 It has been extensively investigated and utilized in percutaneous coronary 
intervention (PCI), as evidenced by providing cardioprotection and renoprotection, and improved cardiovascular 
mortality.12–14 Nevertheless, as a potential cardioprotective drug, the evidence in cardiac surgery is insufficient.15

The objective of this study was to evaluate the myocardial protective effect of perioperative NICD during cardiac 
bypass surgery.

Methods
This study was a retrospective, single-center study conducted on patients undergoing cardiac surgery with CPB at Fuwai 
Hospital between 12/2018 and 04/2021. Since this article was a retrospective study, the data was collected retrospectively 
without any intervention or observation, guaranteeing the absence of harm on the patients. This study was conducted in 
compliance with the Declaration of Helsinki’s ethical principles. Thereby the Ethics Committee in Fuwai Hospital 
approved to waive informed consent for patients. During the process of data analysis and processing, strict measures 
were implemented to ensure the preservation of patient data confidentiality.

The primary inclusion criteria were patients aged 18–70 years who had undergone elective cardiac bypass surgery 
receiving NICD before or within 48 hours after surgery. Patients with incomplete data were excluded. Surgical 
procedures, anesthesia, CPB procedures, and postoperative management were all standardized. The timing of NICD 
administration was recorded.

The study designates the cohort that received NICD either before or within 48 hours following surgery as the NICD 
group, while the remaining people is referred to as the non-NICD group.

The primary outcome was the incidence of myocardial injury, defined as peak hsTnI levels exceeding 40 times the 
upper limit of normal within 48 hours post-surgery.16 Secondary outcomes included the MV duration, ICU LOS, the 
hospital LOS, duration of chest drainage, the drainage volume, the total cost, and the incidence of AKI and ALI. AKI 
was defined as stage 2 or higher level according to the KDIGO standard.17 The ALI was defined as serum levels of 
aspartate transferase or alanine transferase exceeding five times the upper limit of normal (with a normal range of 0 to 40 
U/l for aspartate transferase and 0 to 50 U/l for alanine transferase) or total serum bilirubin levels of 5 mg/dl or higher 
within a seven-day postoperative period.18

We used propensity score matching (PSM) to adjust patient baseline characteristics, in order to evaluate the effect of 
perioperative NICD administration on the study outcomes. The nearest neighbor algorithm was utilized in PSM, with a 1, 
3 matching ratio and a caliper distance of 0.2, to mitigate the confounding effects between the two groups. The selected 
covariates included gender, age, height, weight, baseline heart rate, preoperative NYHA classification, left ventricular 
ejection fraction, preoperative NT-proBNP, systolic blood pressure, history of diabetes, history of smoking, history of 
hypertension, and history of stroke, preoperative routine blood test, liver and kidney function, and coagulation status.

In order to gain a comprehensive role of the optimal timing for administering NICD, this study conducted a subgroup 
analysis by categorizing patients based on whether they received the medication before or after cardiac surgery. The 
subgroup analysis used a matched database of 1000 people and excluded patients who received NICD after surgery when 
analyzing preoperative patients. Additionally, a 1, 3 PSM was conducted to ensure consistent performance at baseline 
characteristics. The postoperative utilization of NICD was analyzed using a similar way.

Within the matching queue, the representation of continuous variables was achieved through the utilization of mean 
and standard deviation, while categorical variables were represented through counts and percentages (%). The statistical 
measurement of continuous variables was conducted through the application of Student’s t-test while the categorical 
variables were accomplished through the implementation of either the Chi-square test or the Fisher exact test.
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In our study, R (software version 4.2.0R Foundation for Statistical Computing) was employed for data analysis. The 
“MatchIt” package was utilized for propensity score matching, while the “compareGroups” package was used for 
statistical output. Statistical significance was determined by two-sided P < 0.05.

Results
Figure 1 illustrates the retrospective collection of data from 2510 patients undergoing cardiac surgery at Fuwai Hospital 
between 12/2018 and 04/2021. After the exclusion of 104 cases with missing data, 2406 cases were ultimately included 
in the analysis. The mean age of the patients was 52.3±12.0 years, with 1512 (62.8%) males and 894 (37.2%) females. 
The overall incidence of PMI was found to be 50.3%. Among the patients, 250 received NICD perioperatively, with 151 
before surgery and 99 within 48 hours after surgery.

Table 1 displays the patient baseline characteristics before and after matching. Before matching, the baseline of 
patient characteristics exhibited a notable degree of heterogeneity. However, after controlling for covariates such as age, 
gender, height, weight, baseline heart rate, preoperative NYHA classification, left ventricular ejection fraction, pre-
operative NT-proBNP, systolic blood pressure, history of diabetes, history of smoking, history of hypertension, history of 
stroke, preoperative routine blood routine, liver and kidney function, and coagulation, no significant difference in patient 
baseline characteristics was observed between the two groups. Simultaneously, to make full use of the amassed data and 
prevent information loss, we opted to conduct a 1, 3 matching. To evaluate the efficacy of the matching, we computed the 
standardized mean difference (SMD) of the covariates before and after matching. As depicted in Figure 2, the SMD of 
the aforementioned covariates is below 0.1 after matching, signifying a satisfactory outcome.19

Among the observed outcomes, NICD significantly reduced the incidence of PMI (47.2% vs 38.8%, P=0.025). The 
odds ratio (OR) between the two groups was 0.71[95% confidence interval (CI), 0.53–0.95]. However, no significant 
differences were observed between the two groups in the secondary outcomes.

Detailed results of the primary and secondary outcomes are presented in Table 2.
Subgroup analysis revealed that preoperative NICD not only provided myocardial protection (45.7% vs 35.8%, OR 

0.66, 95% CI[0.45–0.97], P=0.041), but also reduced the risk of ALI (8.83% vs 3.31%, OR0.36, 95% CI [0.12–0.86], 
P=0.04). Similar results were also observed in hospital LOS (days) (8.38 ±3.35 vs 7.77 ±2.28, OR0.93, 95% CI [0.86– 
1.00], P=0.012), ICU LOS (days) (2.59±2.08 vs 2.28±1.50, OR 0.91, 95% CI[0.81–1.02], P=0.049), drainage duration 
(days) (4.25±2.51 vs 3.69±1.65, OR0.87, 95% CI[0.79–0.97], P=0.002). Meanwhile, our study did not observe 
a statistically significant difference in AKI between the two groups (2.87% vs 0.66%, P=0.207). Furthermore, no 
significant difference in outcomes was detected in the subset that received NICD post-surgery. These findings of the 
subgroup analysis are presented in Tables 3 and 4.

Figure 1 Patient flow chart. 
Abbreviations: PSM, propensity score matching; NICD, Nicorandil.

Drug Design, Development and Therapy 2024:18                                                                             https://doi.org/10.2147/DDDT.S437801                                                                                                                                                                                                                       

DovePress                                                                                                                         
225

Dovepress                                                                                                                                                            Chen et al

Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Table 1 Baseline Characteristics Before and After Propensity Score Matching

Before Propensity Score Matching After Propensity Score Matching

Non-NICD N=2156 NICD N=250 p Non-NICD N=750 NICD N=250 P

Age 51.7 (12.2) 58.0 (9.03) <0.001 57.2 (9.00) 58.0 (9.03) 0.255

Gender, <0.001 0.618

Male 1324 (61.4%) 188 (75.2%) 550 (73.3%) 188 (75.2%)

Female 832 (38.6%) 62 (24.8%) 200 (26.7%) 62 (24.8%)

Ethnicities 0.437 0.291

Han 2022 (93.8%) 237 (94.8%) 699 (93.2%) 237 (94.8%)

Meng 38 (1.76%) 6 (2.40%) 12 (1.60%) 6 (2.40%)

Man 41 (1.90%) 1 (0.40%) 17 (2.27%) 1 (0.40%)

Hui 26 (1.21%) 3 (1.20%) 13 (1.73%) 3 (1.20%)

Others 29 (1.35%) 3 (1.20%) 9 (1.20%) 3 (1.20%)

NYHA class 0.035 0.970

1 275 (12.8%) 17 (6.80%) 56 (7.47%) 17 (6.80%)

2 1130 (52.4%) 139 (55.6%) 404 (53.9%) 139 (55.6%)

3 716 (33.2%) 91 (36.4%) 281 (37.5%) 91 (36.4%)

4 35 (1.62%) 3 (1.20%) 9 (1.20%) 3 (1.20%)

Height 167 (8.08) 168 (7.60) 0.048 168 (8.02) 168 (7.60) 0.625

Weight 68.3 (12.6) 73.3 (12.2) <0.001 72.4 (12.5) 73.3 (12.2) 0.311

BMI 24.3 (3.54) 25.8 (3.41) <0.001 25.6 (3.47) 25.8 (3.41) 0.461

Heart rate 78.7 (14.4) 73.5 (11.7) <0.001 74.9 (12.3) 73.5 (11.7) 0.089

SBP 127 (18.1) 135 (19.4) <0.001 132 (18.5) 135 (19.4) 0.066

DBP 73.1 (12.2) 77.8 (12.4) <0.001 75.9 (11.6) 77.8 (12.4) 0.032

LVEF 61.4 (6.09) 59.7 (6.69) <0.001 60.3 (6.67) 59.7 (6.69) 0.203

WBC 6.22 (1.63) 6.79 (1.70) <0.001 6.59 (1.72) 6.79 (1.70) 0.110

Hgb 138 (17.7) 136 (16.7) 0.029 137 (15.4) 136 (16.7) 0.179

ALT 24.6 (31.4) 28.7 (21.9) 0.008 28.5 (45.2) 28.7 (21.9) 0.952

AST 28.0 (17.0) 29.4 (16.6) 0.197 29.3 (17.1) 29.4 (16.6) 0.899

ALP 67.6 (22.3) 71.7 (20.4) 0.002 69.2 (21.4) 71.7 (20.4) 0.098

GGT 36.2 (42.4) 36.3 (41.6) 0.959 38.8 (49.2) 36.3 (41.6) 0.447

Dbil 4.37 (4.08) 3.46 (2.35) <0.001 3.63 (2.08) 3.46 (2.35) 0.330

Tbil 14.2 (9.31) 11.6 (5.45) <0.001 12.1 (5.46) 11.6 (5.45) 0.158

Cr 84.1 (18.4) 87.1 (18.7) 0.016 86.9 (18.5) 87.1 (18.7) 0.869

BUN 6.37 (2.24) 6.13 (2.20) 0.105 6.32 (2.16) 6.13 (2.20) 0.244

(Continued)
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Discussion
The findings of this study exhibit a myocardial protective effect of perioperative NICD administration in Chinese 
population undergoing cardiac bypass surgery. Nevertheless, with regard to the secondary outcomes, the utilization of 
NICD during the perioperative period did not yield a statistically significant difference. In recent years, an increasing 
recognition of PMI following cardiac procedures has emerged. The myocardial protection during such operations have 
become a subject of interest to a growing number of medical researchers. Currently, various researches about NICD have 
been focused on PCI, and a proved cardioprotection by NICD has been evidenced.12–14,20–22 However, only several 
related researches with small sample size have been conducted in cardiac surgery. The previous prospective randomized 
clinical study conducted in Japan discovered that patients who received NICD during coronary artery bypass graft 
surgery exhibited lower TnT concentrations.15 Conversely, a separate study involving individuals at high risk for 
coronary heart disease who underwent non-cardiac surgery revealed that NICD did not decrease 30-day mortality or 
adverse cardiovascular events.23 Consequently, the efficacy of NICD in surgical procedures remains a topic of debate.

There has always been a concern whether the NICD administrative timing affect the clinical benefits for patients. 
Previous research has shown that both preoperative and intraoperative administration of NICD could have a positive 
impact on patient outcomes.23–25 In our study, perioperative use of NICD has shown to exert a myocardial protective 
effect indeed. In addition, the subgroup analysis with preoperative NICD showed a new role of NICD in liver protection. 
However, no significant difference in liver protection for these patients who received NICD post-surgery, suggesting 
a better preventive effect in preoperative usage. This is consistent with the results of the previous small sample-sized 
prospective cardiac surgery study. The study by Yamamoto, S. et al actually applied NICD after induction, that is, before 
it struck the heart muscle.15 Hence, the observed cardioprotective impact of NICD implies that its prophylactic 
administration may yield superior outcomes.

Table 1 (Continued). 

Before Propensity Score Matching After Propensity Score Matching

Non-NICD N=2156 NICD N=250 p Non-NICD N=750 NICD N=250 P

Total Protein 68.3 (5.68) 67.6 (5.50) 0.060 67.8 (5.50) 67.6 (5.50) 0.620

ALB 39.9 (3.36) 39.6 (3.24) 0.129 39.6 (3.28) 39.6 (3.24) 0.877

PT 13.5 (1.64) 13.1 (1.67) 0.002 13.3 (1.70) 13.1 (1.67) 0.108

D-dimer 0.47 (1.28) 0.34 (0.48) 0.001 0.35 (0.41) 0.34 (0.48) 0.793

NT-proBNP 727 (1232) 531 (944) 0.003 603 (901) 531 (944) 0.295

hsCRP 2.04 (3.04) 2.78 (3.36) 0.001 2.42 (3.36) 2.78 (3.36) 0.141

Diabetes, 201 (9.32%) 58 (23.2%) <0.001 148 (19.7%) 58 (23.2%) 0.279

Smoking, 699 (32.4%) 123 (49.2%) <0.001 341 (45.5%) 123 (49.2%) 0.341

Hypertension 712 (33.0%) 103 (41.2%) 0.012 302 (40.3%) 103 (41.2%) 0.852

Stroke history 30 (1.39%) 10 (4.00%) 0.006 23 (3.07%) 10 (4.00%) 0.609

Blood recovery volume 214 (154) 202 (18.2) 0.001 204 (36.4) 202 (18.2) 0.264

Bypass time 124 (55.9) 119 (40.5) 0.079 120 (49.1) 119 (40.5) 0.742

Aortic clamp duration 87.8 (42.3) 87.4 (34.1) 0.837 85.1 (37.2) 87.4 (34.1) 0.380

Abbreviations, NICD, Nicorandil; NYHA, New York Heart Association functional class; BMI, Body Mass Index; SBP, Systolic Blood Pressure; DBP, Diastolic Blood 
Pressure; LVEF, Left Ventricular Ejection Fraction; WBC, White Blood Cell; Hgb, Hemoglobin; ALT, Alanine aminotransferase; AST, Aspartate aminotransferase; ALP, 
Alkaline Phosphatase; GGT, Gamma-glutamyltransferase; Dbil, Direct Bilirubin; Tbil, Total Bilirubin; Cr, Creatinine; BUN, Blood Urea Nitrogen; ALB, Albumin; PT, 
Prothrombin Time; NT-proBNP, N-Terminal Pro-Brain Natriuretic Peptide; Hs-CRP, hypersensitive C-reactive Protein.
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The liver protective effect is noteworthy. Previous animal studies have demonstrated that NICD elevates cGMP levels 
in rat liver, aorta, and human coronary artery smooth muscle cells in vitro.26 Additionally, a study conducted on pigs 
revealed that NICD augmented hepatic blood flow and mitigated liver ischemia-reperfusion injury.27 Another animal 
study has demonstrated that continuous NICD infusion could prevent the progression of liver fibrosis.28 Consequently, it 
is presumed that NICD’s ability to relax hepatic blood vessels may augment hepatic blood flow, enhance hepatic 
metabolic capacity, leading to confer a degree of hepatoprotection. Notably, no clinical literature has reported on the 
hepatoprotective effects of NICD on human body.

In fact, in the investigation of NICD’s organ protective effects, beyond the extensively studied AKI and ALI posited 
in this research, there exist additional studies that demonstrate the potential for NICD to protect the lungs and brain.29,30 

Figure 2 The SMD of covariates before and after propensity score matching. 
Abbreviations: SMD, Standardized mean difference; NYHA, New York Heart Association functional class; SBP, Systolic Blood Pressure; LVEF, Left Ventricular Ejection 
Fraction; WBC, White Blood Cell; Hgb, Hemoglobin; Dbil, Direct Bilirubin; Tbil, Total Bilirubin; Cr, Creatinine; NT-pro BNP, N-Terminal Pro-Brain Natriuretic Peptide; 
hsCRP, hypersensitive C-reactive Protein.

Table 2 Propensity Score-Matched Analysis of Primary Outcome and Secondary Outcomes

Non-NICD N=750 NICD N=250 OR p.ratio p.overall

PMI 354 (47.2%) 97 (38.8%) 0.71 [0.53;0.95] 0.021 0.025

Drainage volume 697 (713) 678 (486) 1.00 [1.00;1.00] 0.691 0.633
MV duration 19.1 (30.7) 17.8 (18.8) 1.00 [0.99;1.00] 0.512 0.403

ICU LOS 2.60 (2.19) 2.45 (1.74) 0.96 [0.89;1.04] 0.318 0.263

Drainage time 4.10 (2.21) 3.88 (1.59) 0.94 [0.87;1.02] 0.140 0.083
Hospital LOS 8.22 (3.20) 8.15 (2.58) 0.99 [0.95;1.04] 0.743 0.715

Cost 126,665 (50,205) 125,215 (29,478) 1.00 [1.00;1.00] 0.666 0.579

ALI 53 (7.07%) 13 (5.20%) 0.73 [0.37;1.32] 0.308 0.378
AKI 32 (4.27%) 9 (3.60%) 0.85 [0.37;1.74] 0.667 0.782

Abbreviations, NICD, Nicorandil; OR, Odds Ratio; PMI, Perioperative Myocardial Injury; MV, Mechanical ventilation; ICU 
LOS, Intensive Care Unit length of stay; Hospital LOS, hospital length of stay; ALI, acute liver injury; AKI, acute kidney injury.
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Animal experiments have revealed that NICD could mitigate ischemic reperfusion injury in isolated rat lungs. In 
addition, another clinical study has demonstrated that NICD could provide lung protection in patients undergoing 
thoracic surgery who require lung collapse techniques by inhibiting apoptosis. Additionally, an animal study have 
shown that the administration of NICD during rabbit CPB surgery exerts a protective influence on the heart, brain, 
and kidney.31 Take together, these findings collectively support the perspective that NICD possesses a multi-organ 
protective effect, which holds significant clinical relevance in the context of cardiac surgery involving CPB related 
multiple organ injury.

The findings of this study align with those of previous researches, indicating that NICD offers a degree of myocardial 
protection. However, this study distinguishes itself from previous investigations by virtue of larger sample size, more 
comprehensive data collection, and inclusion of a wider category of surgical procedures. Additionally, this study 
represents the first exploration of NICD’s efficacy in cardiac bypass surgery. The outcome suggests that NICD may be 
particularly valuable as a preoperative prophylactic measure and offer some degree of liver protection.

This study exhibits several limitations. Firstly, as a retrospective study, the data collection process is still flawed, 
resulting in the exclusion of numerous cases. Secondly, several data processing methods were utilized to enhance the 
reliability of the outcomes and the repeated utilization of PSM during the analysis stage to balance the baseline data, 
which may lead to missing data and selection bias. Thirdly, the study’s design did not consider the differences arising 
from the timing of NICD administration, thereby restricting the primary conclusion to the perioperative use of NICD 

Table 3 PSM Analysis of Primary Outcome and Secondary Outcomes When Using 
Nicorandil Preoperatively

Non-NICD N=453 NICD N=151 OR P.ratio

PMI 207 (45.7%) 54 (35.8%) 0.66 [0.45;0.97] 0.033
Drainage volume 762 (773) 694 (548) 1.00 [1.00;1.00] 0.317

MV duration 18.9 (28.8) 16.1 (12.3) 0.99 [0.98;1.01] 0.257

ICU LOS 2.59 (2.08) 2.28 (1.50) 0.91 [0.81;1.02] 0.093
Drainage time 4.25 (2.51) 3.69 (1.65) 0.87 [0.79;0.97] 0.011

Hospital LOS 8.38 (3.35) 7.77 (2.28) 0.93 [0.86;1.00] 0.040

Cost 126,195 (48,635) 121,087 (25,352) 1.00 [1.00;1.00] 0.220
ALI 40 (8.83%) 5 (3.31%) 0.36 [0.12;0.86] 0.019

AKI 13 (2.87%) 1 (0.66%) 0.26 [0.01;1.31] 0.153

Abbreviations: PSM, Propensity Score Matching; NICD, Nicorandil; OR, Odds Ratio; PMI, Perioperative 
Myocardial Injury; MV, Mechanical ventilation; ICU LOS, Intensive Care Unit length of stay; Hospital LOS, 
hospital length of stay; ALI, acute liver injury; AKI, acute kidney injury.

Table 4 PSM Analysis of Primary Outcome and Secondary Outcomes When Using 
Nicorandil Postoperatively

Non-NICD N=297 NICD N=99 OR P.ratio

Myocardial injury 150 (50.5%) 43 (43.4%) 0.75 [0.47;1.19] 0.224

Drainage volume 674 (781) 653 (373) 1.00 [1.00;1.00] 0.794

MV duration 19.8 (32.8) 20.3 (25.6) 1.00 [0.99;1.01] 0.896
ICU-LOS 2.64 (2.25) 2.71 (2.05) 1.01 [0.91;1.12] 0.807

Drainage time 4.02 (2.10) 4.16 (1.45) 1.04 [0.93;1.16] 0.534
Hospital-LOS 8.14 (3.37) 8.74 (2.90) 1.05 [0.99;1.12] 0.120

Cost 128,171 (53,462) 131,512 (34,026) 1.00 [1.00;1.00] 0.561

ALI 15 (5.05%) 8 (8.08%) 1.66 [0.64;4.00] 0.280
AKI 17 (5.72%) 8 (8.08%) 1.46 [0.57;3.43] 0.410

Abbreviations: PSM, Propensity Score Matching; NICD, Nicorandil; OR, Odds Ratio; PMI, Perioperative 
Myocardial Injury; MV, Mechanical ventilation; ICU LOS, Intensive Care Unit length of stay; Hospital LOS, 
hospital length of stay; ALI, acute liver injury; AKI, acute kidney injury.
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providing myocardial protection only. Preoperative use of NICD may reflect a more obvious protective role of NICD in 
cardiac and liver tissue according to our subgroup analysis. Fourthly, our study also exhibits a deficiency in the 
exploration of drug administration mode and dosage, and diverse methods of oral administration, intravenous adminis-
tration, and coronary perfusion may yield varying advantages. Optimizing the timing of NICD administration should be 
explored to determine the optimal therapeutic window for maximal benefit. Last but not least, the primary outcome of the 
study was the incidence of myocardial injury, whereas previous studies utilized myocardial perfusion imaging as an 
evaluative indicator,32 which appeared to be more objective than our definition of myocardial injury based solely on 
alterations in troponin levels.

Conclusions
Perioperative NICD has been shown to confer myocardial protection in patients undergoing cardiac bypass surgery. 
Furthermore, the preoperative administration of NICD has the potential to mitigate the incidence of postoperative liver 
injury and a reduction in the ICU and hospital LOS, and the duration of chest drainage.
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