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of complications. These include renal dysfunction 
and in particular renal replacement therapy3. 
CABG is preferable in the presence of diabetes 
and/or heart failure when two or three coronary 
arteries are narrowed. If revascularization is 
feasible, either angioplasty or CABG is indicated 
when medical treatment has failed to relieve 
angina. During a CABG, a heart-lung machine 
artificially maintains circulation while the 
surgeon operates on the heart4.

After the recent development of effective 
devices for target vessel exposure and 
stabilization, beating heart techniques, e.g. off-
pump coronary artery bypass grafting (OPCAB) 
and minimally invasive direct coronary artery 
bypass (MIDCAB) have gained widespread 

Introduction

Coronary Artery Bypass Graft (CABG) surgery 
among the most common operations performed 
in the world and account for resources expanded 
in the cardiovascular medicine than any other 
single procedure1. It is the leading cause of 
death of both of men and women in the United 
States. When blood flow is a reduced in the 
coronary arteries, patient may develop chest 
pain or angina. CABG is highly successful 
treatment for the relief of anagina and in 
selected patients for prolongation of life2.

Coronary Artery Bypass Grafting is associated 
with a significant morbidity and mortality and 
several factors have been identified as predictive 

Coronary Artery Bypass Grafting (CABG) is associated with a significant morbidity and 
mortality and several factors have been identified as predictive of complications. These 
include renal dysfunction and in particular renal replacement therapy. More than 600,000 
coronary artery graft procedures are performed annually in the United States. Of those 
patients with coronary arterial disease 10% patients undergo CABG surgery. To explore the 
association of renal function between off-pump and on-pump-CABG. To evaluate the degree 
of impairment of renal function in on-pump, 80 patients (off-pump group = 50, on-pump 
group = 30) who underwent CABG were recruited from cardiac surgery dept. of National 
Heart Foundation and Research Institute Mirpur Dhaka and National Institute of 
Cardiovascular Disease (NICVD). Subjects were selected according to exclusion and 
inclusion criteria. Purpose and procedure of the study were explained in detail and 
informed written consent was taken from the study subjects. All the information of the 
study subject including history, clinical finding were recorded in a preformed data sheet. 
Serum urea and creatinine were significantly higher in on-pump group patients 12 hours 
after CABG. Serum urea was significantly higher and serum creatinine was slightly in on-
pump group in comparison to off-pump group. The mean urea and creatinine were found 
significantly higher in on-pump group in comparison to off-pump group and CCr was 
slightly higher lower in on-pump but not significantly decreased. 
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diffusion as alternative techniques to 
conventional on-pump coronary artery bypass 
grafting5. According to guideline from National 
Kidney Foundation (NKF) normal renal function 
is defined as eGFR of 90 ml/min or more. Mild, 
moderate or severe renal insufficiency are 
defined as eGFR 60-90, 30-60, and <30 
ml/min, respectively6.

The spectrum of definition in published studies 
of acute renal failure (ARF) is striking ranging 
from severe (e.g. ARF requiring dialysis) to 
relatively modest observable increase in serum 
creatinine concentration (e.g., increase in serum 
concentration of 0.3 to 0.5 mg/dl above 
baseline7. The definition of an increase in serum 
creatinine of 0.5mg/dl within 48 h of radio-
contrast exposure in a widely cited study that 
showed a borderline significant difference in 
ARF among individual given saline infusion 
versus frusemide or mannitol before radio-
contrast exposure. Finally, because serum 
creatinine is influenced by one of the potential 
interventions for ARF (e.g., creatinine is 
removed by dialysis), its specificity for renal 
recovery is even more problematic8.  

Post-operative acute renal insufficiency 
continued to be a significant cause for morbidity 
and mortality after cardiac operations, despite 
advances and improvement in cardiopulmonary 
bypass (CPB) technology, anesthesia, intraoperative 
homodynamic monitoring, intensive care and 
antibiotic therapy9,10. Recent study has shown 
that, CABG, which provides good long term 
graft patency, can be performed on the beating 
heart as a viable alternative to conventional 
CABG i.e. on-pump. Multiple side effects on 
every organ system including brain, lungs, liver 
and kidney which are mainly because of CPBG 
can be avoided, by applying off-pump CABG 
which is important advantage11.

Kidneys are susceptible to ischemic damage 
because of their peculiar blood circulation. As a 
matter of fact, the renal medulla is perfused at a 
low oxygen tension; therefore, its functional 
reserve is limited. Many per operative condition 
may lead to an oxygen supply/demand 
imbalance at the renal level: low cardiac output 
state, renal vasoconstriction, hemodilution, 

hypertension, and loss of pulsatile flow during 
CPB. Therefore, this pathophysiological 
pathway should be considered as on of the 
possible explanations for renal damage in the 
setting of cardiac surgery12.

At present, there is enough scientific 
information suggesting that a relative 
hypoperfusion (DO2 inadequate to satisfy the 
oxygen needs) during CPB may be responsible 
for different kinds of bad outcome (eg, 
postoperative ARF). These conditions of relative 
circulatory shock activate catecholamine release, 
associated with a reactive hyperglycemia, and 
play a significant role in deteriorating the 
postoperative outcome. Therefore, every attempts 
should be applied to avoid low values of DO2 
during CPB, and the critical DO2 value of 260 to 
270 mL min-1 m-2 should be considered every 
time when setting the pump flow and maximum 
acceptable hemodilution degree13.

Patients can have significant reduction of their 
glomerular filtration rate with normal plasma 
creatinine level. The ability of kidneys to clear 
the creatinine is assessed more accurately by 
estimating creatinine clearance (CCr). The 
formula developed by Cockcroft and Gault 
provides a simple and accurate way of 
measuring CCr. The association between 
preoperative renal dysfunction and postoperative 
morbidity and mortality is stronger when CCr, 
rather than creatinine level is used14.

Estimates of GFR are the best overall indices of 
the level of kidney function. Physician should 
estimate the level of GFR from prediction 
equation that take into account the serum 
creatinine concentration and some or the entire 
following variable: age, sex, and race and body 
size. The modification of diet in renal disease 
(MDRD) study and cock-croft and Gault equation 
provides useful estimate of (GFR) in adults.

Cockcroft and Gault equation:

                          (140 - age) x Weight in kg

CCr (ml/min) =   ----------------------------------- x 0.85 (if female)

                         72 x Scr in mg/dl
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Measurement of creatinine clearance by using 
timed (for example 24 hr) urine collection does 
not provide more accurate estimate of GFR than 
do prediction equation15.

Serum urea is less reliable marker of glomerular 
filtration rate than creatinine. A high protein 
diet, tissue breakdown, major gastrointestinal 
hemorrhage and corticosteroid therapy can lead 
to an increase in plasma urea whereas a low 
protein diet and liver disease can lead to a 
reduction. Also 40%-50% of filtered urea may be 
absorbed by the tubules, although the proportion 
is reduced in advanced renal failure16.
Renal impairment is a powerful independent risk 
factor. This may reflect the increased 
inflammation and oxidative stress associated 
with poor renal function. In addition kidney 
dysfunction may be associated with other 
physiological changes. These include high level 
of homocysteine, hyperuricemia, anemia, and 
uremia, all of which have detrimental 
cardiovascular effect17. Despite many limitation 
the cohort study on 2067 patient after 2.3 yrs 
follow up revealed the importance of renal 
function particularly eGFR in prediction short 
and long term prognosis of patients undergoing 
CABG. Future studies should determine 
strategies that can improve the outcome of 
patient with renal dysfunction18,19.

Avoidance of cardiopulmonary bypass (CPB) by 
using beating heart off-pump techniques has been 
suggested to reduce renal damage preoperatively 
and result in lower rate of postoperative renal 
dysfunction. However, studies conducted previously 
in this field have provided conflicting to support 
this hypothsis20,21.

Future investigations are needed to better define 
the mechanisms, risk factor, magnitude and 
kinetics of post operative renal dysfunction and 
to develop clinical & therapeutic strategies to 
reduce morbidity & mortality related with this 
devastating problem22.

In this study our aim was to see the degree of 
impairment of renal function in on-pump and to 
explore the association of renal function between 
off-pump and on-pump CABG.

Methods

This observational and prospective study was 
carried out from January 2008 to December 
2008 in the Department of Biochemistry, 
Bangabandhu Sheikh Mujib Medical University 
(BSMMU). Ethical clearance was taken from 
Departmental and central ethical review 
committee, BSMMU. 80 patients (off-pump 
group=50, on-pump group=30) who underwent 
CABG were recruited from cardiac surgery dept. 
of National Heart Foundation and Research 
Institute Mirpur Dhaka and National Institute of 
Cardiovascular Disease (NICVD). Subjects were 
selected according to exclusion and inclusion 
criteria. Purpose and procedure of the study 
were explained in detail and informed written 
consent was taken from each subject. All the 
information of the study subject including 
history, clinical finding were recorded in a 
preformed data sheet. With all aseptic precaution, 
5 ml venous blood was collected collected from 
each study subject for measurement of serum 
creatinine and serum urea. It was done 
preoperatively & at 12, 48 hours post operatively 
and at discharge from the hospital. Sample was 
transferred immediately to clean dry test tube 
and was allowed to clot. Then the sample was 
centrifuged and serum was collected in an 
eppendorf tube. After labeling it was preserved 
at -20oC until analysis. Serum creatinine was 
estimated by alkaline picrate method, serum urea 
by enzymatic (urase) method & creatinine 
clearance (CCr) by Cockroft and Gault equation23. 

Results 

Table-I shows comparison of renal parameter in 
different groups 12 hours after CABG. Serum 
urea and serum creatinine were significantly 
higher in Group-B and CCr was slightly lower in 
Group-B in comparison to Group-A. There was 
no significant difference between the two groups 
in respect to CCr. 

Table-II shows comparison of renal parameter in 
different groups of study subjects 48 hours after 
CABG. Sérum urea was significantly higher in 
Group-B in comparison to Group-A and serum 
creatinine was slightly higher in comparison to 
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Group-A. CCr was slightly lower in Group-B in 
comparison to Group-A. There was no 
significant difference between the two groups in 
respect to serum creatinine and CCr.

Table-III shows comparison of renal parameters 
in two groups at discharge after CABG. Serum 
urea was significantly higher in Group-B and 
serum  creatinine was higher in Group-B in 
comparison to group-A and CCr was slightly 
lower in Group-B in comparison to Group-A. 

Table  I: Comparison of renal parameters 12 hours after 
CABG in both the groups

P-value calculated by unpaired t-test

Table II: Comparison of renal parameters 48 hours
after CABG in study subjects

P-value calculated by unpaired t-test

Table III: Comparison of renal parameters at discharge 
after CABG in study subjects

P-value calculatedby unpaired t-test

In Table-IV & Table-V the three values were 
compared by One way ANOVA test was done and found 
highly significant difference between the three levels.

Table IV: Comparison of renal parameters preoperatively at 
admission, 48 hrs after CABG & at discharge in off pump group.

	      Group-A  (Off pump)
	                (n = 30)

Parameter	Preoperative 	48 hrs after CABG 	At discharge 	F-value 	P-value

Serum Urea	28.82 ±6.28	47.88 ±16.197	44.85 ±15.91	28.04 	<0.001

Serum Creatinine	1.31 ±0.16	1.46 ±0.396	131 ±0.27	15.46 	<0.001

CCr	87.00 ±18.22	72.98 ±22.51	79.89 ±18.22	6.80 	<0.001

P-value  calculated by one way ANOVA

Table V: Comparison of renal parameters preoperatively at 
admission, 48 hrs after CABG & at discharge in on pump group

	      Group-B (Of f pump)
	                (n = 30)

Parameter	Preoperative 	48 hrs after CABG 	  At discharge	F-value 	P-value

Serum Urea	31.17 ±7.26 	57.70 ±18.78 	53.43 ±18.50	24.44 	<0.001

Serum Creatinine	1.18 ±0.22 	1.48 ±0.361	1.42 ± 0.32	8.22 	<0.001

CCr	82.02 ±17.99 	79.89 ±18.22	71.39 ±23.16 	3.12 	<0.05 	

P-value  calculated by one way ANOVA

Discussion

In this observational prospective study our aim 
was to see the degree of renal impairment in one 
pump and to explore the association of renal 
function between off pump and on pump, 
CABG.

Preoperative renal parameters were similar in 
both the groups. All the parameters were 
increased significantly 12 hours and 48 hours 
after CABG in both the groups which is in 
agreement with the findings of other studies 
(Pramodth et al. 2003, Wen-Feng et al. 2008). 
Serum urea, serum creatinine were significantly 
higher in group B in comparison to group A. 

A nonsignificant low level of CCr- was observed 
in group B. This finding is consistent with 
findings of other studies24,25. 

In the prospective study by Pramodth et al. 
2003, there was significant decrease in the CCr 
in one pump group from preoperative level to 24 
hours post-operatively and further there was 
gradual increase from 24 hours to 48 hours post-
operative in off pump group which is consistent 
with our study. It indicates that on-pump group 
is more prone to develop renal dysfunction after 

Parameter

Serum Urea

Serum Creatinine

CCr

Group-A (Off 
pump)
(n=50)
Mean±SD

36.82±10.307

1.37 ±0.31

76.25±21.91

Group-B 
(On pump)
(n=30)
Mean±SD

4280±9.152

1.53±0.27

67.28±24.88

t-value

2.617

2.35

1.68

P-value

0.011

0.02

0.096

Parameter

Serum Urea

Serum Creatinine

CCr

Group-A (Off 
pump)
(n=50)
Mean±SD

47.88±16.197

1.46±0.396

72.98±22.51

Group-B (On 
pump)
(n=30)
Mean±SD

57.70±18.78

1.48±0.361

68.26±25.34

t-value

2.47

2.271

0.87

P-value

0.02

0.79

0.36

Parameter

Serum Urea

Serum Creatinine

CCr

Group-A (off pump)
(n=50)

Mean±SD

44.858±15.19

1.31±0.27

79.89±18.22

Group-B (on pump)
(n=30)

Mean±SD

43.43±18.50

1.42±0.32

71.39±23.16

t-value

2.27

1.66

1.82

p-value

0.03

0.10

0.072
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CABG. In a prospective randomized trial of 50 
patients,  a slightly greater decrease in 24 hours 
postoperative creatinine clearance in on-pump 
compared with off-pump, however there was no 
significant difference between pre- and post-
operative renal function in either study group 
which is not consistent with the findings of our 
study.

We estimated serum creatinine, serum urea and 
calculated CCr preoperatively and 48 hours after 
CABG and at discharge within the groups. We 
found highly significant differences among the 
preoperative, 48 hours after CABG and at 
discharge which may probably due to poor renal 
perfusion due to hypertension. Many peri-
operative conditions may lead to an oxygen 
supply/demand in balance in the renal level; 
such as low cardiac output state, renal 
vasoconstriction, hemodilution, hypotension and 
loss of pulsatile flow during CPB. Therefore, 
this path physiological condition should be 
considered as one of the possible explanation for 
renal damage in the setting of cardiac surgery. 
Similar findings were evident in many other 
studies. Here our findings are partially 
consistent with the previous findings26 where 
renal function deteriorated significantly in first 
four days in on-pump CABG. These changes 
were not seen in the OPCAB group. It should be 
noted that many previous studies revealed many 
effects of off pump CABG such as hypotension, 
low cardiac output and dysrhythmia, future 
study involving large group will be necessary to 
clarify whether off-pump CABG is to be the best 
option to on-pump CABG.

In conclusion, the mean serum urea and 
creatinine were found significantly higher in on-
pump group in comparison to off-pump and CCr 
was slightly lower in on-pump but not 
significantly decreased. We also have done one 
way ANOVA test as  the test of significance at 
different times (preoperatively and 
postoperatively) and found highly significant 
differences in serum urea, creatinine and CCR 
in both the groups (off-pump, p value <0.001, 
<0.01 and <0.05 for urea creatinine and CCR 

respectively). There were significant differences 
in serum creatinine, serum urea and CCR within 
the groups. This study demonstrates the effect of 
CABG (both on-pump and off-pump) on renal 
function. Both the groups showed significant 
reduction of renal function in early postoperative 
days (12 hrs 48 hrs after CABG). Both serum 
urea and serum creatinine were raised 
significantly in on-pump group as compared to 
off-pump but CCR did not show any significant 
differences. From this study this can be 
concluded that renal function is comparative 
better preserved in immediate post-operative 
days in off-pump CABG. 
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