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Abstract 

 Off-pump surgery has involved into the most frequently adopted 

alternative technique to conventional on-pump coronary artery bypass grafting 

(CABG) in the treatment of patients with coronary artery disease.  

Our aim was to compare data analyses of complications and in-hospital 

mortality after on-pump vs off-pump CABG. 

Materials and methods: Retrospective data analyses research is based on 402 

patients, ranging in 37-75 years of age. Operations CABG were performed in 

2009- 2012, at the West Georgian Interventional Medicine National Center 

Hospital, Kutaisi; Aleksandre Aladashvili Clinic, Tbilisi; and L.T.D. Lancet, 

Tbilisi. 253 cases were performed off pump and 149 cases were performed on 

pump.  

Groups were diversified by the F Fischer’s criteria. Odds ratio (OR) was made 

using regression analysis.  Statistical analysis was made using SPSS 22 

program. 

Results: While on pump during surgery, intraoperative shock occurred in 

8(5.37%) cases, Thrombosis – 3(2.01%); Dissection –  3(2.01%), Stroke – 

1(0.67%) and  Myocardial Infarction – 1(0.67%). These  complications were 

not detected during off pump CABG. 

Frequency of in-hospital mortality after off pump and on pump CABG are 

respectively 7(2.77%) and 15(10.07%) - p<0.0018. Totally peri operative 
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complications were during off pump CABG – 35(13.83%) and on pump 

CABG – 41(27.51%)(p<0.0007). 

 In the cases of on pump surgery, odds ratio of complications that arise: 

bleeding OR=4.48(95CI;1.38-14.54); atrial fibrillation – 

OR=6.64(95%CI:1.82-24.21); pulmonary complications - 

OR=2.24(95%CI:1.19-4.21), renal insufficiency - OR=8.75(95%CI:1.01-

75.63);  in-hospital mortality – OR=2.365(95%CI:1.425-3.924).  

Conclusion: Off pump CABG seems to significantly reduce postoperative 

renal failure, bleeding, atrial fibrillation, and respiratory complications, while 

perioperative myocardial infarction rates remain significantly unchanged. 

Considering in-hospital mortality and perioperative complications, off pump 

CABG has much better results. 

 
Keywords: On pump, off pump, complications, hospital mortality 

 

 Heart ischemic disease is dominant at invalidation and mortality 

frequency in population [Allender S, et al., 2007].  

  During prolonged ischemia, angiography problems, multivessel 

disease, PCI inability, myocardial surgical revascularization is the most 

effective method of treatment, it gives opportunity to avoid ischemic 

symptoms, prolong life expectancy and improve life quality [O'Gara P.T. et 

al.,  2013].  

  Regarding to surgical strategy, it`s been several years that off pump 

CABG became the appropriate alternative of on pump surgery [Racz M. J. et 

al., 2004]. 

  Bleeding, low ejection fraction syndrome, postoperative arrhythmias, 

strokes, these complications are mostly decreased after off pump surgery 

[Mack M.J. et al., 2002]. Some authors, however, can not find any difference 

between those two strategies [Møller C.H. et al., 2010]. 

 The aim of our research is to compare on pump and off pump CABG`s 

data and to assess complications risk. 

 

Materials and methods:  

 Retrospective data analyses research is based on 402 patients, ranging 

in 37-75 years of age. Operations CABG were performed in 2009- 2012, at 

West Georgian Interventional Medicine National Center Hospital, Kutaisi; 

Aleksandre Aladashvili Clinic, Tbilisi; and L.T.D. Lancet, Tbilisi. 253 cases 

were performed off pump and 149 cases were performed on pump. Emergency 

operations were performed on 149 patients and 308 patients were planed 

procedures. Within each group, postoperative outcomes were compared 

according to whether patients underwent off-pump or on-pump coronary 

bypass surgery. Outcome was in-hospital mortality, postoperative stroke, renal 
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failure, MI, heart failure, bleeding, intraoperative shock, thrombosis, 

dissection. 

Inclusion criteria 

 Patients who were operated on for one or multiple coronary artery 

diseases. Patients informed agreement about taking part in medical research. 

 

Exclusion criteria 

 Terminal stage of heart, renal or pulmonary chronic diseases. 

 Examination methods:  anamnesis, E.C.G., echocardiography, 

coronary angiography, clinical laboratory tests, biochemistry.  

 

Statistical analysis 

 Data was processed by variation statistical method. Average and 

standard deviation were studied. Groups were diversified by the F Fischer’s 

criteria. Odds ratio (OR) was made using regression analysis.  Statistical 

analysis was made using SPSS 22 program. 

 

Results 

 Baseline characteristics of patients  by the age, gender and Co-

morbidities is shown in Table 1. 
  Table 1.                           Baseline characteristics of patients  

  
off pump 

[n=253] 

on pump 

[n=149] F p 

  abs % abs % 

Age  

<45 14 55.34 13 8.73 1.52 0.2180 

45-60 86 33.99 63 42.28 2.77 0.0970 

61-75 136 53.76 66 44.30 3.37 0.0672 

>75 17 6.72 7 4.70 0.68 0.4100 

Sex  Female 59 23.32 34 22.82 0.01 0.9086 

Co-

morbidities 

Diabetes 

Mellitus 
73 28.85 32 21.48 2.65 0.1044 

Obesity 18 7.11 13 8.72 0.34 0.5600 

Hypertension 226 89.33 103 69.13 27.37 0.0000 

Renal failure 2 0.79 1 0.67 0.02 0.8935 

COPD 2 0.79 1 0.67 0.02 0.8935 

 

 As it has been shown  starting data of both groups is nearly the same. 

Patients with age range 61-75 prevail in both groups. Hypertension is higher 

in off pump group.  

 Perioperative complications were studied in both groups (Table 2). 
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Table 2    Accessing complications frequency statistics by operation techniques 

 
off pump 

[n=253] 

on pump 

[n=149] F P 

 abs % abs % 

Intraoperative shock 0 0.00 8 5.37 14.28 0.0002 

Thrombosis 0 0.00 3 2.01 5.17 0.0235 

Myocardial Infarction 0 0.00 1 0.67 1.70 0.1929 

Bleeding 4 1.58 10 6.71 7.44 0.0067 

Heart failure 11 4.35 8 5.37 0.22 0.6422 

Dissection 0 0.00 3 2.01 5.17 0.0235 

Atrial fibrillation 3 1.19 11 7.38 10.95 0.0010 

Pneumonia 17 6.72 8 5.37 0.29 0.5893 

Plevritis 2 0.79 2 1.34 0.29 0.5914 

Stroke 0 0.00 1 0.67 1.70 0.1929 

Pulmonary complications 20 7.91 24 16.11 6.55 0.0109 

Acute renal failure 1 0.40 5 3.36 5.64 0.0180 

       
 In case of off pump surgery there were no such complications like: 

intraoperative shock, thrombosis, myocardial Infarction, dissections, stroke. 

Mean while those complications are met at on pump 2-5% cases. Besides in 

case of on pump surgery frequency of bleeding, acute renal failure, atrial 

fibrillation, pulmonary complications are much higher.  

 Frequency of total perioperative complications and in-hospital 

mortality by operation techniques are shown in Figure 1, Factor “total 

complication” was at list one of the complications we examined.   

 
Figure 1.  

 

In hospital mortality complication

Off pump 2,77 13,83

On pump 10,07 27,51
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 As it has been shown: total in-hospital complications and in-hospital 

mortality are significantly higher in the cases of on pump surgery.  

 With statistical analysis conducted, opportunity was gained to 

determine odds ratio perioperative complications and mortality risk, 

depending on surgery methods (Table 3).  
Table 3 Determination of perioperative complications and mortality risk, depending on 

surgery methods: on pump CABG vs. off pump CABG. 

 OR 95%CI 

Bleeding 4.48 1.38-14.54 

Heart failure 1.25 0.49-3.18 

atrial fibrillation 6.64 1.82-24.21 

Pneumonia 0.79 0.33-1.87 

Plevritis 1.71 0.24-12.25 

Pulmonary complications 2.24 1.19-4.21 

Renal insufficiency 8.75 1.01-75.63 

In-hospital mortality 3.93 1.57-9.89 

Total complications 2.37 1.43-3.92 

 

 Our study has shown that risk of bleeding, fibrillation, renal 

insufficiency, pulmonary and all complications, hospital mortality are much 

higher when using on pump CABG compared to off pump CABG. 

 

Discussion  

 During last 50 years coronary artery bypass grafting has become 

golden standard of multivessel coronary disease in those patients where PCI 

is not feasible [Goy JJ. et al., 2008, Tatoulis J. et al., 2004]. 

 Off-pump surgery has evolved into the most frequently adopted 

alternative technique to conventional on-pump coronary artery bypass grafting 

(CABG) in the treatment of patients with coronary artery disease (CAD) over 

the last two decades [Davierwala, P. M. 2016].  

 But the methods of CABG are still to negotiate, should we choose off 

pump or on pump method.  Optimal strategy is yet to discuss, according to 

some researches, both methods are affordable and safe [Samim D. et al., 

2010]. Off pump surgery strategy allows to reduction of bleeding, low ejection 

fraction syndrome, post operative arrhythmia, neurological 

complications[Mack M.J.2002].   Our study has shown during on pump 

surgery thrombosis are in 3(2.01%) cases, Dissection – 3(2.01%), stroke – 

1(0.67%) and  Myocardial Infarction – 1(0.67%). These complications were 

not detected during off pump CABG. 

  Neurological complications are one of the frequent complications of 

coronary artery surgery. Stroke and coma mortality are impacting at the 

success and price of procedure [Brown PP. et al., 2008]. 

 According to several meta-analysis, postoperative risk of stroke are 

high on CABG than OPCAB [Altarabsheh SE et al., 2015; Wang et al.,  J, 

https://www.ncbi.nlm.nih.gov/pubmed/?term=Samim%20D%5BAuthor%5D&cauthor=true&cauthor_uid=26709551
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2015] and it is 2-3%, using OPCAB risk is dominated [ Emmert MY. et al.,  

2013]. 

 According to our data during OPCAB there was no intra operative 

shock or stroke, it was respectively 5.37% and 0.67% in cases. These 

complications were not detected at the time of CABG pump. 

  The most influential independent factor of mortality is renal 

insufficiency, [Chertow GM. et al., 1998] it is one of the common 

complications in cardiac surgery, which impacts outcome. According to data, 

30% of patients are complicated with renal insufficiency [Haase M et al., 

2007; Rosner et al., 2006]. In our data, renal insufficiency is much higher in 

CABG group, and CPB is hardly impacting renal function. 

 According to literature: Some secondary end points, including rates of 

bleeding, acute kidney injury, and respiratory complications, favored off-

pump CABG. [Lamy A, et al., 2012]. According to our data - CABG 

comparing to OPCAB complications: bleeding, pulmonary problems,renal 

insufficiency, fibrillations and hospital mortality are much higher. Moller et 

al. has discussed 30 day result in high risk patients. Risks were: heart arrest, 

successful reanimation, infraction, cardiogenic shock, stroke, coronary 

reintervention. Comparing with those criteria’s there were no difference 

between two methods (15% VS17%; P=0.48) [Møller CH. et al., 2010]. 

Frequency of in-hospital mortality after off pump and on pump CABG are 

7(2.77%) and 15(10.07%) - p<0.0018 respectively. Total perioperative 

complications during off pump CABG – 35(13.83%) and on pump CABG – 

41(27.51%)(p<0.0007).   

 Excessive bleeding may be related to a coagulopathy resulting from 

greater heparin doses during CPB as guided by dosing protocols based on body 

weight and activated coagulation time (ACT) values or with maintenance of a 

defined heparin concentration [Raja, S. G., & Dreyfus, G. D. 2006]. In cases 

of on pump surgery, increase risk of bleeding OR=4.48(95CI;1.38-14.54). In 

cases of on pump surgery odds ratio of complications arising: atrial fibrillation 

– OR=6.64(95%CI:1.82-24.21); pulmonary complications - 

OR=2.24(95%CI:1.19-4.21),  renal insufficiency- OR=8.75(95%CI:1.01-

75.63);  in-hospital mortality – OR=2.365(95%CI:1.425-3.924).  

 In our case we found that CPB is rising odds ratio of negative 

perioperative outcome. 

  

Conclusion  

 Off pump CABG compared to on pump CABG significantly reduce 

postoperative renal failure, bleeding, myocardial fibrillation, and pulmonary 

complications. While perioperative atrial infarction, Pneumonia, Plevritis and 

Heart failure rates remain significantly unchanged. 
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 Considering in-hospital mortality and perioperative complications, off 

pump CABG produced better results. 
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