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Introduction

In developed countries, one of  the main reasons for cardiovascular 
diseases that cause death is coronary heart disease (CHD). In 

a similar way, in developing countries, CHD could cause such 
diseases that are difficult to treat and impose high costs for 
individuals and society.[1‑3] Nearly in all patients with multivessel 
coronary artery disease, one of  the most effective treatment 
options for revascularization is CABG surgery.[4] In these patients, 
conducting routine CABG surgery decreases the perioperative risk 
of  surgery. Anyway, recently, it’s proved that any increase in the 
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surgery and at 24, 48, and 72 h after surgery and serum Troponin‑I and CK‑MB levels were determined in all blood samples using 
ELISA. Results: There were no significant differences between the two groups in the results of routine pre‑operative blood results, 
intraoperative variables, and baseline characteristics (P > 0.05). There are significant correlations between cross clamp time and cTnI 
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prevalence of  hypertension, and diabetes, and the aging population 
increases the rate of  perioperative risks, perioperative myocardial 
injury (PMI), and worse clinical symptoms. The most important 
reasons are related to the cardiomyocyte damages caused by acute 
ischemia‑reperfusion injury (IRI), CPB induced inflammatory 
injury and direct myocardial damage due to the surgery and 
coronary micro‑embolization.[5,6] Two main strategies of  myocardial 
protection are blood cardioplegia and cross‑clamp fibrillation that 
unfortunately have not fully succeeded in reducing PMI risks. 
Consequently, aiming to improve clinical outcomes, there is a high 
need for novel therapeutic strategies for restricting PMI risks and 
preserving the normal left ventricular ejection fraction (LVEF).[5] 
Additionally, in patients undergoing CABG surgery, the serum 
levels of  cardiac enzymes such as cardiac troponin T (cTnT), 
cardiac troponin I (cTnI), and creatine kinase‑MB (CK‑MB) have 
a significant role in determining the magnitude of  PMI risks and 
also associated with worse short and long‑term prognosis among 
them.[7,8] As demonstrated by Venugopal et al.,[5] the opening of  
the mitochondrial permeability transition pore (MPTP) could 
cause mitochondrial dysfunction and consequent cardiomyocyte 
death during acute IRI. Based on some clinical and experimental 
studies, MI limitation and MPTP opening could be prevented by 
Cyclosporin A (CsA) at the onset of  reperfusion.[9‑13] The current 
randomized controlled clinical trial is mainly aimed to determine 
the capability of  oral CsA in decreasing perioperative myocardial 
injuries in patients who undergo CABG surgery.

Methods

Study design and participants
A randomized double‑blind placebo‑control (RDBPC) 
single‑center trial was conducted at the Golestan Hospital of  
Ahvaz University of  Medical Sciences, Ahwaz, Iran. The protocol 
of  this study that was approved by the Ethics Committees of  
Ahvaz University of  Medical Sciences and Golestan Hospital was 
implemented according to the Declaration of  Helsinki (DoH). The 
recruiting process was carried out only amongst consecutive adults 
who were attended the hospital for CABG surgery from February 
2016 and February 2017. All the participants were informed about 
the trial aim, then their written consent was obtained. After that 
their medical history, laboratory analyses, and physical examination 
were recorded. The exclusion criteria of  the study were; patients 
older than 85 years, patients with liver disease, unstable angina, 
myocardial infarction within two weeks of  screening, patients 
with immunocompromised disorders, elevated liver enzymes (the 
enzyme of  alanine aminotransferase (ALT) more than three 
times the upper reference limit), and kidney failure (glomerular 
filtration rate (GFR) of  less than 45 mL/min/m2). Moreover, 
patients who take derivatives of  xanthine or dipyridamole and 
glibenclamide or nicorandil were excluded from the study for 
their role in interfering with preconditioning.

Randomization and masking
The process of  randomized assignment of  patients (1:1) 
to pretreatment with either placebo or CsA was performed 

through a randomization sequence generated by an independent 
computer (Department of  Medicine, Ahvaz University of  Medical 
Sciences, Ahvaz, Iran) and opaque numbered envelopes were used 
for the allocation of  blinded treatment by one of  the investigators. 
Aiming to allocate treatments, all the staff, statisticians, and patients 
were equipped with masks. CsA capsules were over encapsulated 
under manufacturing practice conditions to obtain masking.

Procedures
The process of  patient’s allocation was carried out randomly for 
receiving 2.5 mg/kg placebo of  CsA, 4‑12 h before anesthesia. 
Normal general anesthesia induction and maintenance was 
performed on all patients. The results of  routine preoperative 
blood tests included bilirubin testing, liver transaminases, GFR, 
complete blood count, and measurements of  hemoglobin. 
Blood samples were taken before surgery at specific time 
periods of  24, 48, and 72 hours after surgery, then the serum 
Troponin‑I (RapiCard™ InstaTest Troponin I kit ‑ Woodland 
Hills, California, USA) and CK‑MB (AccuDiag™ CK‑MB 
ELISA Kit‑ Woodland Hills, California, USA) levels were 
determined in all blood samples using ELISA test according to 
manufacturer’s protocol.

Statistical analysis
This study was aimed to assess the role of  oral cyclosporine 
in the protection of  patients with myocardial injuries through 
assessing serum CK‑MB and cTnI as two main indicators of  the 
MI magnitude. Statistical analysis was carried out with (SPSS) 
version 22. To compare continuous and categorical variables, 
the T‑test and χ2 tests were administered, respectively. The 
achieved information is presented as mean ± SD or SEM. The 
significance threshold was determined statistically as P < 0.05 
and all reported P values were two‑tailed and the sample size 
was determined based on previous studies[13] and using Med‑Calc 
software with an error of  5% and the power of  92%, which led 
to a total of  46 patients.

Results

Primarily, a total of  88 patients undergoing CAPG were found 
to be eligible for recruitment to the study. However, 28 patients 
dropped out for meeting exclusion criteria. As could be seen 
from Figure 1, in the final step, 60 patients were chosen randomly 
for treatment (for each of  placebo and CsA options, 30 patients 
were selected). For comprehensive analysis of  quantitative and 
qualitative variables, two separate tables were drawn. Based on the 
data presented in Tables 1 and 2, between these two groups, there 
were no significant differences between the two groups in the results 
of  routine pre‑operative blood results, intraoperative variables, and 
baseline characteristics. After releasing the aortic cross‑clamp, the 
serum levels of  CsA in 12 patients were assessed immediately, and 
it declared that it was in the therapeutic range (531 ± 154 ng/ml).

Mean comparison of  cTnI and CKMB before surgery and 
on the 24, 48, and 72 h postsurgical day in drug and placebo 
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groups is shown in Table 3. Serum CKMB and cTnI levels on 
the first postsurgical day were at their pick level in both patient 
groups, showing PMI occurrence during the surgery. The mean 
comparison of  both CKMB and cTnI levels in postsurgical days 
show a more decrease in patients receiving oral CsA than placebo 
group. However, the results are not statistically significant.

Ameliorative correlation between reduction of  both Troponin 
and CKMB with operation time in drug group was shown 
in Tables 4 and 5. We also found that there are significant 

correlations between cross clamp time and cTnI and CKMB 
levels in patients taking CsA [Tables 4 and 5]. Results also indicate 
that in patients with diabetes and hypertension, postsurgical 
cTnI and CKMB levels decrease significantly in CsA compared 
to placebo group on 24, 48, and 72 h [Table 6]. Moreover, in 
patients with MI history, both postsurgical cTnI and CKMB 
levels decrease significantly in CsA compared to placebo group 
on 24 h and 48 h [Table 6].

Discussion

Direct manipulation of  heart tissues, reperfusion, cardiopulmonary 
bypass, and micro‑embolization of  coronary arteries are common 
known causes of  myocardial injuries during CAPG.[5,14,15] Several 
studies have shown that impaired mitochondrial permeability 
due to opening of  mitochondrial transition pore (MPTP), 
is a determining factor for cardiomyocytes death in acute 
cardiac IRI.[16,17]

Studies on animal models have reported that CsA reduces the MI 
size.[9‑11] Ex vivo studies on human heart tissue also demonstrated 
that CsA has cardio protective effects following IRI stimulation 
in isolated human atrial trabecular tissue.[18] As demonstrated by 
Piot et al., in STEMI patients, MI size could be limited using a 
single intravenous bolus of  cyclosporine about 10 minutes before 
the PPCI procedure.

The most recent update of  clinical trials in this regard was 
carried out by Hausenloy et al. who demonstrated that using a 
single dose of  intravenous CsA before conducting the CABG 
procedure could decrease PMI in higher‑risk patients with 
longer time of  operation, cardiopulmonary bypass, and aortic 
cross‑clamp time. In this clinical trial, the effect of  oral CsA 
in patients undergoing CABG surgery was investigated. The 
data achieved from the present study demonstrated that using 
a single dose of  oral CsA (2.5 mg/kg) before the surgery, 

Table 1: Preoperative and postoperative qualitative 
variables

Variable Group Standard deviation Mean t‑statistics P
Age Drug 9.47 60.57 ‑0.014 0.989

Placebo 9.00 60.60
BMI Drug 5.46 26.19 ‑0.592 0.556

Placebo 3.12 26.87
GFR Drug 20.87 86.54 0.434 0.666

Placebo 22.61 84.10
Preoperative 
EF

Drug 9.51 46.05 0.363 0.718
Placebo 8.80 45.00

Postoperative 
EF

Drug 8.81 44.64 0.432 0.667
Placebo 8.40 43.67

Preoperative 
Hb

Drug 2.01 12.62 ‑0.193 0.848
Placebo 1.86 12.72

Postoperative 
Hb

Drug 1.09 9.64 0.632 0.530
Placebo 1.32 9.44

Preoperative 
WBC

Drug 2568.60 8023 ‑0.941 0.351
Placebo 3457.57 8763

Postoperative 
WBC

Drug 4756.91 12906 0.411 0.683
Placebo 5047.82 12386

Preoperative 
BUN

Drug 5.37 17.37 ‑0.806 0.423
Placebo 7.85 18.77

Postoperative 
BUN

Drug 8.36 20.97 ‑0.033 0.974
Placebo 7.12 21.03

Preoperative 
CV

Drug 0.18 0.89 ‑0.884 0.380
Placebo 0.20 0.94

Postoperative 
CV

Drug 0.29 0.95 ‑1.009 0.317
Placebo 0.25 1.02

Preoperative 
BILL

Drug 0.41 0.89 1.110 0.271
Placebo 0.29 0.79

Postoperative 
BILL

Drug 0.29 0.93 1.074 0.287
Placebo 0.20 0.86

Preoperative 
ALP

Drug 7.98 22.83 ‑1.362 0.178
Placebo 11.59 26.33

Postoperative 
ALP

Drug 7.56 23.70 ‑0.684 0.496
Placebo 12.58 25.53

Bypass time Drug 28.57 80.68 1.329 0.190
Placebo 16.85 72.11

Cross Clamp 
Time

Drug 16.61 36.28 0.600 0.551
Placebo 14.79 33.67

Operation 
Time

Drug 55.14 196.67 0.622 0.536
Placebo 33.52 189.33

Preoperative 
AST

Drug 18.09 28.63 ‑0.420 0.676
Placebo 19.36 30.67

Postoperative 
AST

Drug 18.26 30.77 0.269 0.789
Placebo 18.25 29.50

Figure 1: Consort diagram

88 patients undergoing 
CAPG assessed for eligibility

9 did not meet the inclusion criteria
3 did not agree to sign the consent
2 for logistical reasons

74 patients randomized 

37 assigned to
receive oral CsA 

37 assigned to
receive oral placebo

6 refused to continue 
1 passed away 

 5 refused to continue 
2 did not show CsA
in therapeutic range

30 completed study and
were included in analysis

30 completed study and
were included in analysis
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reduces the extent of  PMI (measured by serum cTnI and 
CKMB levels) 24, 48, and 72 h after the surgery compared with 
placebo. Moreover, our data also show that CsA is significantly 
correlated with less myocardial injury during long operation 
and cross clamp time.

Clough et al. found 64.3% prevalence rate of  comorbidity in a 
study with 27,239 patients with hypertension undergone CABG, 
showing significant association with increased risk of  death after 
coronary artery bypass graft surgery.[19] Our results indicate that 
administration of  oral CsA in patients with both diabetes and 
hypertension significantly reduces post‑operative levels of  both 
cTnI and CKMB that might be further protective, improve the 
surgery outcomes and morbidity rate in these patients.

In their study Bottle et al.[20] investigating the preoperative 
risk factors in patients with a prior myocardial infarction 
who undergo CABG procedure. The declared that there is a 
close association between perioperative risks and myocardial 
infarction. In present study, we found that postoperative levels 
of  both cTnI and CKMB patients receiving oral CsA are 
significantly reduced.

Conclusion

In conclusion, considering the limitations such as the relatively 
small sample size, lack of  information about the major 
adverse cardiovascular events (MACE), and normal LVEF, 
we demonstrated that using a single dose of  oral CsA before 
conducting the CABG procedure could effectively decrease PMI 
risks in patients with long cross‑clamp and operation time. We 
also indicated that oral CsA has protective effect for CABG in 
diabetic patients with hypertension.
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Table 4: Correlation between operation time, cross clamp time and CKMB levels in Tow groups
Group Variables Indexes CKMB Ratio 24 h 

after to 24 before
CKMB Ratio 
48 h to 24 h

CKMB Ratio 
72 h to 48 h

CKMB Ratio 
72 h to 24 h

drug group Operation 
Time

Correlation Coefficient 0.302* ‑0.290* ‑0.274* ‑0.343*
P 0.025 0.032 0.043 0.010
Number 30 30 30 30

cross clamp 
time

Correlation Coefficient 0.302* ‑0.274* 0.292 ‑0.553 *
P 0.025 0.043 0.034 0.02
Number 30 30 30 30

Placebo 
group

Operation 
Time

Correlation Coefficient 0.216 ‑0.170 ‑0.129 ‑0.256
P 0.113 0.215 0.349 0.059
Number 30 30 30 30

cross clamp 
time

Correlation Coefficient 0.216 ‑0.170 ‑0.129 ‑0.266
P 0.113 0.215 0.349 0.175
Number 30 30 30 30

Table 2: Preoperative quantitative variables
Variables Placebo (n=30) CsA (n=30) P
Male, Sex 20 21 0.781
Angina 8 10 0.573
DLP 22 24 0.542
DM 11 13 0.598
Hypertension 21 24 0.571
Stroke history 3 4 0.688
PAD 1 1 1.000
Family history 18 16 0.301
MI history 11 11 1.000
Current Smoker 8 7 0.766
Aritmia history 1 1 1.000
Angina 8 10 0.573
Thyroid disorders 1 2 0.554
CABG 28 29 0.554
Defibrillation 5 3 0.448
Inotrope 6 6 1.000
Pump off  3 2 0.640
Lima used 27 25 0.486

Table 3: Mean comparison of Troponin and Also CKMB 
in different times between drug and placebo groups

Variable Time Groups Standard 
deviation

Mean t‑statistics P

Troponin 24 h 
before

Drug 0.33 1.23 0.378 0.707
Placebo 0.32 1.20

24 h after Drug 0.69 2.04 0.136 0.893
Placebo 1.13 2.08

48 h
after

Drug 0.61 1.84 0.094 0.926
Placebo 0.92 1.81

72 h Drug 0.53 1.67 0.694 0.491
Placebo 1.04 1.83

CKMB 24 h 
before

Drug 4.65 17.32 ‑0.034 0.973
Placebo 6.08 17.37

24 h after Drug 8.67 28.78 ‑0.718 0.476
Placebo 8.85 30.48

48 h after Drug 7.78 26.25 ‑1.255 0.215
Placebo 8.45 29.00

72 h Drug 8.26 24.46 ‑1.234 0.222
Placebo 9.61 27.44
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Table 5: Correlation between operation time, cross clamp time and Troponin levels in Tow groups
Group Variables Indexes Troponin Ratio 24 h 

after to 24 before
Troponin Ratio 

48 h to 24 h
Troponin Ratio 

72 h to 48 h
Troponin Ratio 

72 h to 24 h
drug 
group

Operation 
Time

Correlation Coefficient 0.435* ‑0.383* ‑0.255* ‑0.530**
P 0.016 0.036 0.049 <0.001
Number 30 30 30 354

cross clamp 
time

Correlation Coefficient 0.463* ‑0.383* ‑0.290* ‑0.586**
P 0.010 0.036 0.032 0.001
Number 30 30 30 30

placebo 
group

Operation 
Time

Correlation Coefficient 0.220 ‑0.187 ‑0.103 ‑0.259
P 0.107 0.172 0.053 0.056
Number 30 30 30 30

cross clamp 
time

Correlation Coefficient 0.119 ‑0.190 ‑0.119 ‑0.267
P 0.532 0.314 0.532 0.155
Number 30 30 30 30

Table 6: Mean comparison of Troponin levels and CKMB in diabetic patients with hypertension and Also MI History 
patients in two groups

Variable Co‑Exist disease Time Group Number Mean Standard deviation P
Troponin diabetic patients 

with hypertension
Before 
operation

Drug 24 1.18 0.35 0.812
Placebo 21 1.21 0.36

24 h Drug 24 1.99 0.75 0.038*
Placebo 21 2.36 0.53

48 h Drug 24 1.67 0.38 0.037*
Placebo 21 2.16 0.79

72 h Drug 24 1.62 0.41 0.009*
Placebo 21 2.07 0.46

MI history Before 
operation

Drug 11 16.70 5.04 0.579
Placebo 11 16.60 4.08

24 h Drug 11 23.70 3.79 0.043*
Placebo 11 27.80 2.00

48 h Drug 11 21.00 8.82 0.029*
Placebo 11 25.80 3.27

72 h Drug 11 19.60 5.04 0.205
Placebo 11 24.00 4.08

CKMB diabetic patients 
with hypertension

Before 
operation

Drug 24 17.32 4.03 0.932
Placebo 21 17.28 5.15

24 h Drug 24 29.59 7.67 0.031*
Placebo 21 34.00 5.34

48 h Drug 24 26.72 7.18 0.023*
Placebo 21 32.10 6.34

72 h Drug 24 24.32 7.79 0.005*
Placebo 21 30.29 7.08

MI history Before 
operation

Drug 11 16.70 5.04 0.579
Placebo 11 16.60 4.08

24 h Drug 11 23.70 3.79 0.043*
Placebo 11 27.80 2.00

48 h Drug 11 21.00 8.82 0.029*
Placebo 11 25.80 3.27

72 h Drug 11 19.60 5.04 0.205
Placebo 11 24.00 4.08
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