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Abstract 
 

Background: Acute kidney injury (AKI) is a common major complication after coronary artery bypass grafting 
(CABG) especially when the cardiopulmonary bypass is performed. This study was conducted to evaluate the 
impact of the off-pump technique on the incidence of AKI, also to determine the major risk factors for AKI. 
 
Methods: In this prospective cohort study, 535 consecutive adult patients who underwent CABG between 
January 2007 and May 2010 in a tertiary Hospital. Some 64 of 535 patients were operated through the off-pump 

coronary artery bypass (OPCAB) technique and another 471 patients by the on-pump coronary artery bypass 
graft (CABG) technique. Stratified sampling was used to assign patients to be operated either by the OPCAB or 
ONCAB technique. The AKI incidence and severity were compared between the two groups. 
 
Results: In OPCAB group 9.4% (6 patients) and in ONCAB group 4.1% (19 patients) developed AKI with no 
significant difference. Furthermore, the AKI severity was alike in the two groups and 10.5% (2 patients) in 
ONCAB and 33.3% (2 patients) in OPCAB group had mild AKI, 78.9% (15 patients) in ONCAB and 50% (3 
patients) in OPCAB group had moderate AKI, and 10.5% (2 patients) in ONCAB and 16.7% (1 patients) in 
OPCAB group had severe AKI. 
 
Conclusion: As the differences of incidence and severity of postoperative AKI between OPCAB and ONCAB 
groups were not significant, further studies to find other useful protective methods such as free-radical scaven-
gers, anti-inflammatory agents, and other modalities are recommended to prevent AKI. 
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Introduction 
 
Acute kidney injury (AKI) is a common major com-
plication after on-pump coronary artery bypass graft 
(ONCABG) surgery1 occurring in 9 to 19% of pa-
tients.2-4 The ischemic injury is the main cause of 
nephropathy in these patients,5-6 but performing coro-
nary angiography using a radiocontrast dye, before 
coronary artery bypass grafting (CABG), may result 
in contrast-induced nephropathy.7 Therefore, patients 
undergoing coronary angiography before CABG are 
at higher risk of AKI.8 The matter should be consid-

ered because of the point that any rise in serum 
creatinine following CABG is associated with in-
creased mortality and morbidity resulting in pro-
longed hospital stay and higher costs.9-13 The best 
way to decrease the burden of AKI is prevention.3,14 

Performing no cardiopulmonary bypass that may 
be achieved in off-pump coronary artery bypass (OP-
CAB) grafting technique, could be associated with a 
lower incidence of AKI.15,16 However, previous stud-
ies have shown different results. Available randomized 
clinical trials are insufficient to detect a difference in 
AKI requiring RRT after OPCAB; evidence from ob-
servational studies suggests a reduction in renal re-
placement therapy (RRT) requirement.11 Most studies 
lack consistency in defining AKI.3,11 Since, the 
CABG may be considered as a modifiable risk factor 
for AKI and the use of OPCAB may result in reduc-
tion of postoperative AKI after CABG,3 this study 
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was conducted to evaluate the impact of the OPCAB 
technique on the incidence of AKI, and also to deter-
mine the major risk factors for AKI. 
 
 
Material and Methods 
 
In this prospective cohort study, some 535 consecutive 
adult patients who underwent CABG between January 
2007 and May 2010 in a tertiary Hospital and had 
normal serum creatinine and estimated creatinine 
clearance values before operation were included. 
Shaheed Beheshti Ethical Committee approved this 
study, and the study was conducted in accordance with 
the declaration of Helsinki. Only patients who 
completed the informed consent form were included. 

Some 64 out of 535 patients were operated 
through the OPCAB technique and the other 471 
patients by the ONCAB technique. All 535 patients 
were candidates for CABG by either OPCAB or 
ONCAB technique.  One cardiovascular surgeon 
performed all OPCAB cases, and another surgeon 

performed all the ONCAB cases. Both surgeons were 
experienced in CABG through the ONCAB 
technique, but only one was expert in OPCAB 
surgery. Patients were randomly assigned to operation 
by either surgeon, namely the OPCAB or the 
ONCAB technique. The exclusion criteria were as 
follows: The patients under 14 and above 90 years 
old, those who had undergone emergency surgery and 
the patients with end-stage renal disease receiving 
hemodialysis before operation. Required clinical and 
laboratory data were extracted from the patients 
records. The serum creatinine was measured with a 
kinetic enzymatic colorimetric assay, before operation 
(baseline) and then twice a day until discharge. 

Postoperative AKI was diagnosed by a serum 

creatinine of higher than 2 mg/dL or 0.3 mg/dl or 
more compared with baseline, within 72 hours after 
operation. Severity of AKI was classified as stage 1 
(serum creatinine increase by 50–100% or >0.3 
mg/dL), stage 2 (serum creatinine increase by 101–
200%), and stage 3 (serum creatinine increase by 
>200% and the need for dialysis).17 

After testing for normal distribution by 
Kolmogorov-Smirnov test, continuous data were 

compared by Student's t-test or the one-way ANOVA, 
and categorical data were compared by the Chi-
Square or Fisher's Exact test. Potential risk factors 
associated with AKI after CABG were coded as 
present or absent and assessed by bivariate analysis.  
Continuous data were shown as mean±SD. 
 
 
Results 
 
Age, sex, weight, prevalence of diabetes mellitus, con-
gestive heart failure and chronic kidney disease, and 

preoperative renal function (as measured by serum 
creatinine and estimated glomerular filtration rate) 
were alike in the two groups (Table 1). Moreover, the 
severity of coronary heart disease did not differ be-
tween the two groups (Table 1). The mean preopera-
tive ejection fraction was 45.59±11.15 percent in ON-
CAB group and 47.34±10.03 in OPCAB group with no 
significant difference (p>0.05). 

In OPCAB group, 9.4% (6 patients) and in ON-
CAB group, 4.1% (19 patients) developed AKI with 
no significant difference (p=0.06). Furthermore, the 
AKI severity was alike in both groups and 10.5% (2 
patients) in ONCAB and 33.3% (2 patients) in OP-
CAB group with mild AKI, 78.9% (15 patients) in 
ONCAB and 50% (3 patients) in OPCAB group with 
moderate AKI, and 10.5% (2 patients) in ONCAB 

Table 1: Baseline and demographic characteristics of the patients. 
Variable ONCAB (No.=471) 

No. (%) 
OPCAB (No.=64) 
No. (%) 

P value 

CVP>9 mmHg 155 (32.9) 16 (25) 0.215 
Age (Mean±SD)   59.35±10.41 57.56±9.25 0.192 
Diabetes mellitus 153 (32.5) 17 (26.6) 0.340 
Hypertension 256 (54.4) 31 (48.4) 0.373 
Obesity 100 (21.2) 11 (17.2) 0.454 
Hyperlipidemia 231 (49) 27 (42.2) 0.303 
CVA history   11 (2.3) --- 0.217 
MI 121 (25.7) 10 (15.6) 0.709 
Smoking 174 (36.9) 26 (40.6) 0.568 
*Values were presented as mean±SD. OPCAB=off-pump coronary artery bypass; ONCAB=on-pump coronary  
artery bypass. 
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and 16.7% (1 patients) in OPCAB group with severe 
AKI (p=0.340). The creatinine and glomerular filtra-
tion rate (GFR) values were similar in the two groups 
during the study period (Table 2). 

The mean ICU stay was 3.56±2.23 days in ON-
CAB and 3.08±1.22 days in OPCAB group with no 
statistically significant difference (p=0.095). The 
mean hospital stay was 14.9±5.96 days in the ON-
CAB, and 11.77±4.32 days in the OPCAB group with 
a statistically significant difference (p<0.001). None 
of the patients died in OPCAB group, but 10 subjects 
(2.1%) died in the ONCAB group (p=0.246) None of 
the patients in OPCAB group and only one subject in 
ONCAB group required postoperative dialysis 
(p=1.000). In the OPCAB group, 62.5% (40 patients), 
and in the ONCAB group, 77.3% (364 patients) had 
urination within an hour after their operation with a 
statistically significant difference (p=0.010). Sixteen 
patients in OPCAB group (25%) and 154 subjects 
(32.8%) in ONCAB group had a central venous pres-
sure of higher than 9 mmHg (p=0.215). However, the 
preoperative platelet counts were similar in the two 
groups (210.19 and 208.73 per microliter in the ON-
CAB and the OPCAB groups, respectively); the post-
operative platelet count differed in the aforesaid 
groups (165.96 and 198.03 per microliter in ONCAB 
and OPCAB groups, respectively) (p<0.001). 

In bivariate analysis, age, sex, positive history of 
diabetes, hyperlipidemia, myocardial infarction (MI), 
family history of MI, smoking, ejection fraction, cen-
ter venous pressure (CVP), platelet count, and cerebro 
vascular accident (CVA) history had no impact on 
AKI developing in none of the groups (p>0.05). The 
hypertensive patients in OPCAB group developed 
more AKI (19.4% versus zero) with a significant dif-
ference (RR=1.24, [CI 95%]=1.04-1.47, p=0.010), 
but the AKI severity was not different in the groups 
(p>0.05). The obese patients had no higher rate of 
AKI (p>0.05), but the severe AKI cases were more 
common in the obese patients in the ONCAB group 

(40% versus zero) with a significant difference 
(p=0.024). The patients with 3-vessel and 2-vessel 
involvements, especially those with left main artery 
disease, had more occurrence of AKI (p<0.05) and 
also the AKI severity was significantly higher in the 
ONCAB group with 3-vessel involvement (p<0.05). 
However, none of these factors showed statistically 
significant impact on AKI occurrence in multivariate 
analysis (p>0.05). 
 
 
Discussion 
 
This study was performed to compare the incidence 
rate of AKI in patients undergoing coronary artery 
bypass with ONCAB or OPCAB techniques. This 
study was conducted in a prospective manner despite 
vast majority of previous similar studies. We had 
ONCAB/OPCAB ratio of 467/64 and the number of 
the patients in the ONCAB group was almost seven 
times higher than that of the OPCAB group. Never-
theless, the strength of the study was satisfactory. 

Our results showed that the OPCAB technique 
was not protective against AKI in patients undergoing 
CABG. Besides, it did not affect AKI severity. The 
only risk factors for AKI in our study were hyperten-
sion and the number of the involved coronary vessels 
in angiography. However, even these two factors 
were not effective in multivariate analysis. In addi-
tion, the mortality rate, and creatinine and GFR val-
ues were not significantly different in the two groups 
in the current study. The only significant difference 
found between the ONCAB and the OPCAB tech-
niques in our study was for the mean hospital stay 
that was longer in the ONCAP group. Yet, the mean 
ICU stay was not different between the two groups. 

In the current study, none of the patients in the 
OPCAB group, and only one subject in the ONCAB 
group required postoperative dialysis. Ten patients 
died in this study that all were in the ONCAB group, 

Table 2: Baseline and follow up serum creatinine and GFR measurements* 
Variable ONCAB OPCAB P value 
Baseline serum creatinine (mg/dL)   1.1±0.33   1.3±1.15 0.213 
Serum creatinine after 72 hours (mg/dL)   1.24±0.47   1.5±1.29 0.125 
Serum creatinine at hospital discharge (mg/dL)   1.19±0.38   1.42±1.24 0.152 
Baseline GFR (mL/min/1.73 m2) 71.51±24.31 72.3±30.93 0.845 
GFR after 72 hours (mL/min/1.73 m2) 67.3±25.46 67.46±31.27 0.963 
GFR at hospital discharge (mL/min/1.73 m2) 68.28±23.41 71.53±31.83 0.433 
*Values were presented as mean±SD. OPCAB=off-pump coronary artery bypass; ONCAB=on-pump coronary  
artery bypass. 
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but no significant difference was observed between the 
two groups. In a non-congruent manner, the AKI rate 
and severity were higher in the OPCAB group (two-
fold higher) and this matter may be due to inequality 
and the lack of matching for some confounding factors 
such as frequency of involved coronary arteries. 

In our study the patients with AKI had non-
significant higher mortality, but hospital stay was 
significantly longer among them. This matter shows 
the importance of AKI prevention in patients under 
coronary artery bypass procedures. However, this 
may not be achieved by the use of the OPCAB tech-
nique, according to our study. The post-CABG AKI 
is a multi-factorial entity, therefore, preventive pro-
grams should not be focused only on the type of pro-
cedure, and perhaps the application of other factors 
such as prolonging the interval between angiography 
and CABG is beneficial. Since cell injuries and cellu-
lar damages are present in patients with AKI after 
CABG,18 it may also be suggested to use cytoprotec-
tive agents especially in animal models. Moreover, 
the use of angiotensin-converting enzyme (ACE) in-
hibitors has been recommended in some studies with 
good protective effects.2 The role of inflammatory 

processes should be considered too, and the evalua-
tion of anti-inflammatory agents could be helpful.19 

There are only a few studies with results similar to 
our findings.20-22 Maganti et al. showed that the OP-
CAB method is effective in preventing AKI only in 
men and not in women. Moore et al. showed that OP-
CAB is equally safe in carefully selected high and low-
risk patients. Berdat et al. also showed similar rate of 
AKI in patients who had undergone the OPCAB tech-
nique, also in those in whom the ONCAB method was 
used. In addition, vast majority of studies were re-
ported beneficial effects of the OPCAB technique in 
comparison with the ONCAB method.15,16,23 

On the whole, this study demonstrated that the OP-
CAB technique has no additional renoprotective ad-
vantages in patients under coronary artery bypass sur-
gery. Thus, further researches for finding other useful 
protective methods such as free-radical scavengers, 
anti-inflammatory agents, and the other modalities are 
recommended to prevent AKI and to reduce its inci-
dence and the subsequent complications. 
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