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Abstract 

Introduction: This study aims to investigate the role of coronary artery bypass graft (CABG) surgery by off-pump and on-pump 

methods in the severity of postoperative inflammation based on serum levels of interleukin 6 (IL6) and interleukin 17 (IL17). 

Methods: This is a cross-sectional study in which 39 patients’ candidate for CABG were evaluated in terms of serum levels of IL17 

and IL6 before and after surgery in two groups of off-pump and on-pump CABG. 

Results: Thirty-nine patients with an average age of 63±8.9 in the on-pump group and 59±7.74 in the off-pump group were evaluat- 

ed. There was no significant difference between the two groups in terms of baseline information and underlying diseases. IL6 serum 

level (p=0.249) was not significantly difference between the two groups. However, IL17 serum level (p=0.012) demonstrated a signif- 

icant difference between the two groups. 

Conclusion: In general, the results of this study showed that increased IL6 serum level following coronary artery bypass was not 

different between the two methods of CABG surgery. Besides, IL17 exhibited a significant difference between the two groups that 

it was reduced in on-pump group after surgery. It can be due to special condition’s patients or low sample size of study. More- 

over, the postoperative complications were not significantly different between the two groups. This valuable outcome contradicts 

the popular belief that the use of the CARDIO PULMONARY BYPASS (CPB) system stimulates the immune system and hence its 

application should be limited. 
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1. Introduction 

Inflammation is a major complication ensuring coronary 

artery bypass graft surgery (CABG). On-pump CAB, due to 

its safety, positive effect and low mortality, is the standard 

surgery    for    transmyocardial    laser revascularization. 

(1) However, on-pump CAB can bring about some 

undesirable side effects such as inflammation. To reduce 

the inflammation caused by surgery and improve clinical 

outcomes, off-pump CAB has been recommended in 

which the surgeon sutures the blood vessels while the heart 

is still beating. The main advantage of off-pump surgery is 

decreased surgical time, costs and complications compared 

to the on-pump method. (2) The results of a meta-analysis 

have shown that off-pump surgery can reduce the risk of 

postoperative strokes. (3)  However,  off-pump  surgery 

is challenging and requires advanced surgical skills. On 

the other hand, although the benefits of off-pump surgery 

are obvious and it has been shown to alleviate the effects 

of postoperative inflammation. (4-5), other studies have 

reported conflicting results. (6-7) 

Interleukins (ILs) are a class of cytokines produced by 

leukocytes. (8) It has been shown that interleukins play   

a key role in a number of immune and inflammatory 

responses. (9-10) Interleukins 6 (IL-6) is an anti- 
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inflammatory cytokine that that plays a pivotal role in 

inducing acute phase reactions and controlling acute local 

and systemic inflammatory response. (11) 

Interleukins 17 (IL17) is a hemodynamic molecule that 

appears in both glycosylated and non-glycosylated forms. 

The effect of this cytokine is probably attributable to its 

glycosylated form. The human IL-17 gene is located on 

the long arm of chromosome 2. IL-17 affects estrogen 

cells, forcing them to produce cytokines such as IL-6 and 

C-CSF, which leads to the production of neutrophils. (12) 

IL17 is a cytokine that acts as a potent mediator in delayed 

reactions by improving the  production  of  chemokines 

in different tissues in order to absorb monocytes and 

neutrophils in the inflammation site, which is similar to 

IFN-ᵧ. IL17 is produced by adjuvant cells and induces 

destructive tissue damage in delayed-type reactions. It 

also acts as an anti-inflammatory cytokine that responds to 

attacks on the immune system by extracellular pathogens 

and destroys the cellular pathogen. (13) 

The goal of this study is to investigate the role of CABG 

by off-pump and on-pump methods in the severity of 

postoperative inflammation based on IL 6 and 17. 

 
Methods 

This is a cross-sectional study. The study population 

consists of 39 patients candidate for CABG surgery who 

referred to a public hospital over a six-month period. 

Patients who were scheduled for emergency surgery or 

had a history of autoimmune and inflammatory diseases, 

patients treated with corticosteroids or immunosuppressive 

drugs, patients with a history of  cardiac  arrhythmias  

and CPR during surgery, patients undergoing off-pump 

surgery where certain conditions had necessitated a shift 

to on-pump method, patients with a history of advanced 

renal and hepatic insufficiency, cancer, severe allergies, or 

concomitant valvular disease, and finally patients who did 

not wish to participate in the study were excluded. 

After the informed consent forms were obtained from 

the patients, we recorded their demographic and clinical 

data. The patients were then randomly assigned to two 

groups of on-pump and off-pump surgeries, and a skilled 

heart surgeon conducted the operation. 

2 cc of the patients’ blood was taken before and after 

surgery to measure serum IL6 and IL17 levels. It was sent 

to the laboratory in less than 30 min, and the patients’ serum 

was isolated after 10-min centrifugation at 2000-3000 

RPM. The hemolytic or lipomic samples were excluded. 

To measure serum levels of IL 6 and 17, the sandwich 

analysis method was used. IL 6 was evaluated by Diaclone 

kit in the detection range of 25.6-200 pg/ml, with a cut-off 

of 2 pg/ml and high specificity and ZellBio kit were used 

to evaluate the level of IL17. 

The present study was approved by the ethics 

committee of Mashhad University of Medical Sciences. 

 
Statistical analysis 

The data analysis was conducted by SPSS software. 

Qualitative variables with high frequency and quantitative 

variables with low mean and standard deviation were 

described. Also,  the  possible  relationship  between  

each background variable and the main variables was 

investigated using the independent t-test, covariance test 

and paired t-test. In all computations, a significance level 

of p<0.05 was considered. 

 
Results 

The study was performed on 39 patients, 19 of whom 

underwent off-pump surgery and 20 had on-pump surgery. 

The demographic information of participants is reported 

in Table 1. 

 

 
 

 

Table 1. Demographic characteristics of the study population and their frequency 
 

 On-pump Off-pump Level of significance 

Sex (male) 14 (70%) 10 (52.6%) 0.26 

Age 63±8.9 59±7.74 0.096 

Weight 71±13.38 69±13/02 0.7 

Height 164±12/05 164±8/62 0.98 

Hypertension 15(75%) 15(78.9%) 0.77 

Diabetes 8 (40%) 9 (47.4%) 0.64 

Chronic obstructive pulmonary disease 0 (0%) 1 (5.3%) 0.29 

Hyperlipidemia 10 (50%) 6 (31.6%) 0.24 

Drugs addiction 5 (25%) 9 (47.4%) 0.14 

History of thyroid disease 1 (5%) 0 (0%) 0.32 

Preoperative hemoglobin level 2.1±13.51 2.22±12.92 0.5 

PH changes in venous blood before 

surgery 

0.052±7.39 0.038± 7.41 0.359 
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As can be seen, there is no significant difference 

between the two groups in terms of characteristics and 

clinical conditions at the baseline. 

In the on-pump group, 55% of patients had an EF of 

20-50% and 45% had an EF of above 50%. In the off- 

pump group, 26% of patients had an EF of 20-50% and 

74% had an EF of above 50%. There was no significant 

difference between the two groups in this regard. (P=0.06) 

In most patients in the on-pump group (51%), three 

blocked vessels were detected in the angiogram, but in 

the off-pump group, only 38% had three blocked vessels. 

There  was  no  significant  difference  between  the   two 

groups in this respect. (P = 0.09) 

There was, however, a significant difference between 

the two groups in terms of the number of grafts during 

surgery. (P = 0.04) In the on-pump group, most patients 

(85%) had 3 or 4 grafts during the surgery. In the off-pump 

group, 53% of patients had 3 or 4 grafts and 47% had one 

or two grafts during the operation. 

There was no significant difference between the two groups 

in terms of postoperative hemoglobin levels. (p = 0.473) 

The results of the covariance test showed that IL6 

was not significantly different between the two groups 

after surgery. (p=0.462), but IL17 exhibited a significant 

difference between the two groups. (p = 0.012) 

The changes in IL 6 and 17 are shown in Table 2. 

The mean changes of IL 6 in the two groups of opium 

users and non-opium users manifested a significant 

difference. (p = 0.016) However, the mean changes of IL 

17 in the two groups of opium users and non-opium users 

was not significantly different. (p = 0.114). 

 

 
 

Table 2. Average changes of IL 6 and 17 in two on-pump and off-pump groups 

 IL-6 before CABG IL-6 after CABG IL-17 before CABG IL-17 after CABG 

(Mean±SD) On-pump 

group 

3.87±7.54 50.70±34.81 8.73±13.28 6.76± 4.02 

(Mean±SD) Off-pump 

group 

1.29±2.39 37.63± 27.16 3.38± 2.73 3.53± 2.56 

 
 

Discussion 

Off-pump CAB have a number of advantages such as 

reduced operating time and cost over on-pump CAB 

surgery. (2) However, there are controversies whether 

off-pump surgery can significantly reduce postoperative 

inflammation. In the present study, no significant 

difference was observed between the two groups  in  

terms of the serum level of IL 6 but the two groups were 

significantly different in terms of IL 17 serum level (p = 

0.012). However, in the off-pump group, we observed that 

this value increased by 0.2. Since the difference between 

IL 17 levels before and after surgery was not significant in 

the off-pump group (p = 0.846), this difference could be 

attributed to small sample size of the study. Hence, it is 

often argued that IL 17 is not a good factor for evaluating 

the inflammatory response after CABG. 

In line with the present study, the 2017 meta-analysis 

conducted by Meng et al. did not show any significant 

difference in the serum IL 6 and 8 serum levels in the two 

groups of off-pump and on-pump surgeries. This means 

that off-pump CAB surgery does not have any advantages 

over on-pump CAB surgery in reducing postoperative 

inflammatory response in patients. (1) 

Shi et al. (14) found that IL 6 could induce an inflammatory 

response associated with obesity. In addition, some anti- 

inflammatory markers, including IL-6, were positively 

linked to obesity-independent insulin resistance and 

 

metabolic syndrome features. (15-17) In the present study, 

patients in the two groups were not significantly different 

at the baseline in terms of obesity and diabetes. 

In the same vein, the results of another 2011 study did 

not reveal any significant association between IL 6 

polymorphism and postoperative CABG  complications 

in the two groups both with and without postoperative 

complications. (10) This study is somewhat consistent 

with the results of our study, the only difference is that 

they did not draw a distinction between the two surgical 

methods. 

One of the limitations of the present study was its small 

sample size. Therefore, it is recommended to undertake 

more large-scale and multicenter trials to address this 

drawback. Opium may appear to be a confounding factor as 

it suppresses the secretion of anti-inflammatory cytokines 

and constrains the stimulation of the inflammatory system 

compared to other patients. 

 
Conclusion 

In general, the results of this study showed that increased 

IL6 serum level following coronary artery bypass was 

not different between the two methods of CABG surgery. 

Besides, IL17 exhibited a significant difference between 

the two groups that it was reduced in on-pump group 

after surgery. It can be due to special condition’s patients 

or low sample size of study. Moreover, the postoperative 



Alizadeh K. et al.. 

Razavi Int J Med.2020;8(1-4):e1019 21 

 

 

complications were not significantly different between 

the two groups. This valuable outcome contradicts the 

popular belief that the use of the CARDIO PULMONARY 

BYPASS (CPB) system stimulates the immune system 

and hence its application should be limited. However, for 

definite conclusions to be draw, more large-scale studies, 

especially multi-center trials are needed. The present study 

reaffirmed that the off-pump method does not increase 

inflammation after surgery. 
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