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Introduction
Epidemiological studies of acute kidney injury (AKI) are 
surprisingly sparse and confounded by differences in  
definition. Reported incidences vary, with few studies being 
population-based. Given this and our aging population, the 
incidence of AKI may be much higher than currently 
thought1. Acute kidney injury (AKI) is one of the most 
frequently occurring complications after off-pump coronary 
artery bypass graft (OPCAB)2-3. Chertow et al. (1998)3 
showed that 1% to 5% of cardiac surgical patients develop 
renal failure requiring dialysis.

Several mechanisms have been suggested as the reason for 
kidney injury following cardiac surgery. Cellular ischemia 

is an important factor in AKI following cardiac surgery, 
which leads to vascular endothelial and tubular epithelial 
injury. Since a substantial part of these factors is related to 
the use of cardiopulmonary bypass (CPB), off-pump 
coronary artery bypass surgery (OPCAB) was considered to 
be advantageous4. As yet, definite evidence in favor of 
OPCAB is lacking and AKI still remains a serious and 
frequent morbidity after OPCAB5.

Hyperglycemia is well known to aggravate kidney injury by 
the following multiple mechanisms. Hyperglycemia can 
increase oxidative stress and results in amplification of 
ischaemia-reperfusion injury6. Cellular glucose overload 
also induces mitochondrial dysfunction and kidney injury7. 
Inflammation is an important factor for the development of 
kidney injury, and hyperglycemia was reported to increase 
inflammatory cytokines such as interleukin-6, tumour 
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Abstract 
Background: Acute kidney Injury is one of the most frequently occurring complications after off-pump coronary artery 
bypass surgery. Several factors have been found as the reason for renal dysfunction following cardiac surgery. Intra-operative 
hyperglycemia which occurs frequently in cardiac surgical patients with or without diabetes is one of the causes. This study 
was therefore designed to see the impact of intra-operative hyperglycemia on post-operative renal dysfunction after off-pump 
coronary artery bypass surgery.
Materials and Methods: A prospective cohort study was conducted in the Department of Cardiac Surgery, NHFH & RI 
during the period of July 2014 to March 2016. After fulfillment of enrollment criteria 400 patients were studied for the 
purpose of the study and they were grouped in two, intra-operative glucose level ≤150 mg/dl in group A and intra-operative 
glucose level >150 mg/dl in group B. 
Results: The incidence of AKI was higher in patients with a glucose level >150 mg/dl than in patients with a glucose level ≤
150 mg/dl [9.5% in group B and 0.5% in group A, p=0.001]. Patients risk factors like Diabetes in patients with glucose level 
>150 mg/dl were significantly higher (73.5% and p = 0.001). Hospital stay (p <0.001), increase of post-operative serum  
creatinine (p <0.010) and decrease of eGFR (p <0.043) were found correlated with intra-operative hyperglycemia.               
Multivariate Logistic regression analysis showing intra-operative hyperglycemia as independent risk factor for Acute Kidney 
Injury (OR, 1.020; 95.0% C.I. for Odds ratio1.007-1.033). 
Conclusion: This study over 400 patients admitted in the National Heart Foundation Hospital & Research Institute shows that 
intra-operative glucose concentration >150 mg/dl in the patients irrespective of Diabetes was independently associated with 
AKI after OPCAB.
                        (JNHFB 2019; 8 : 24-30)

necrosis factor-α and interleukin-188. In addition, endotheli-
al dysfunction induced by hyperglycemia can contribute to 
the pathogenesis of kidney injury9.

Intra-operative hyperglycemia, which occurs frequently in 
cardiac surgical patients with and without diabetes, has been 
shown to be associated with increased morbidity and 
mortality10-11. These patients are exposed to significant 
adverse consequences including surgical site infection, 
neurologic, renal, and cardiac complications as well as 
longer intensive care unit and hospital stay12. In recent years, 
glycemic control during coronary artery bypass surgery and 
all cardiac surgical procedures has been the focus of interest. 
However, an optimal value for glycemic control has yet to 
be fully elucidated. Moreover, there are clear potential 
adverse consequences of tight glycemic control such as 
hypoglycemia13-14.

A limited number of studies have focused on the intra-oper-
ative period, and no study has specifically investigated the 
renal outcome primarily. Accordingly, uncertainty exists 
whether the same recommendations can be applied to differ-
ent cardiac surgical settings and morbidity endpoints12.

Successful glycemic control requires a multidisciplinary 
approach, which includes representation from nursing, 
anesthesiology, pharmacy, surgery, and endocrinology. 
Most of the studies have shown that maintaining serum 
glucose levels <150 mg/dl reduces morbidity and mortality, 
while the effects of more aggressive control on clinical 
outcomes are less clearly defined10.

During CPB, glucose homeostasis is invariably altered with 
hypothermia, glucose-containing cardioplegic solutions, 
inflammatory response and insulin resistance, and these 
aspects indicate that recommendations regarding glycemic 
control need to be surgery-specific and cannot be general-
ized, particularly to cardiac surgeries without CPB. As 
expected, intra-operative glucose homeostasis was less 
disturbed in OPCAB compared with its on-pump counter-
part15. Yet, no comprehensive data exist regarding the 
relationship between intraoperative blood glucose concen-
tration and postoperative AKI in OPCAB16.

National Heart Foundation Hospital and Research Institute, 
Mirpur, Dhaka, Bangladesh, is performing very important 
role in the field of cardiac surgery country wide. At NHFH 
& RI, CABG is one of the commonest surgical procedures 
and almost twelve hundred such cases were performed in 
2014. In this Institute, off pump coronary artery bypass 
surgery (OPCAB) has been started since 2001 and 
now-a-days more than 95% CABG is being done using this 
procedure. 

Materials and Method
This prospective cohort study was conducted from July, 
2014 to March, 2016 at the Department of cardiac surgery, 
National Heart Foundation Hospital and Research Institute 
(NHFH & RI), Mirpur, Dhaka, Bangladesh.

A number of 400 patients undergoing off-pump coronary 
artery bypass grafting were taken as study population. 
Patients having incomplete medical records, undergoing 
emergency surgery or redo-surgery, patients with preopera-
tive serum Creatinine > 1.4 mg/dl, or patients requiring 
dialysis, having a left ventricular ejection fraction of less 
than 30%, having acute or chronic pulmonary disease, 
patients with associated liver dysfunction, associated valvu-
lar or congenital heart disease, patients needing intra-opera-
tive epinephrine or conversion to on-pump procedures, 
having anemia (Hb%<13 gm/dl for male and <12 gm/dl for 
female), and patients needing haemostatic re-operation 
criteria were excluded from the study.

Patients were prospectively allocated into two groups, 200 
patients in each group. Group A (Patients with intra-opera-
tive mean glucose concentration ≤150 mg/dl) and Group B 
(Patients with intra-operative mean glucose concentration 
>150 mg/dl).

Ethical clearance for the study was taken from the Ethical 
Committee of National Heart Foundation Hospital & 
Research Institute. Keeping compliance with Helsinki 
Declaration of Medical Research involving Human subjects 
1964, all patients and their legal guardians (where applica-
ble) were informed verbally and explained the purpose of 
the study and also the importance of such study. The study 
was conducted with signed informed consent of all the 
participants and with the right to withdraw himself / herself 
from the study at any time during the study period. Interest 
of study was given highest priority and confidentiality was 
maintained with safe guard of the right and health of the 
participants.

Operational Definition

AKI
Post-operative AKI has been defined on the basis of RIFLE 
classification

RIFLE category SCr/GFR criteria Urine output criteria
Risk ↑ SCr≥ 150 – 200% (1.5 – 2-fold) Or   
 <0.5mL/kg/h for 6h decrease of GFR >25%
Injury ↑ SCr>200 – 300% (>2 – 3-fold) Or  
 <0.5mL/kg/h for 12h decrease of GFR >50%
Failure ↑ SCr>300% (>3-fold) from baseline 
 Or <0.3mL/kg/h for 24h decrease of GFR  
 >75% Or anuria for 12h ↑ SCr≥ 350µmol/L 
 (≥4.0mg/dL) with an acute rise of at least  
 45µmol/L (0.5mg/dL) Or On RRT.
Loss Complete loss of renal function for >4 weeks
End-stage  Need for RRT for >3 months
kidney disease

GFR, glomerular filtration rate; 
RRT, renal replacement therapy; 
SCr, serum creatinine. 
Only one criterion needs to be met to be classified as AKI; 
if both are present, the criterion which places the patient in 
the higher stage of AKI is selected.

Pre-operative Serum creatinine: 
Pre-operative laboratory value of serum creatinine done 
during pre-operative routine checkup after admission in the 
hospital for OPCAB surgery.

Post-operative Serum creatinine: 
Laboratory value of serum creatinine, done on the morning 
of 2ndpost operative day in the ICU or Post ICU.

Estimated Glomerular Filtration Rate (eGFR)
eGFR calculation was done by cockcroftgault equation

Data Collection
A structured questionnaire was developed containing all the 
variables of interest. Data were collected by interview of the 
patients, clinical examination, laboratory investigations, 
preoperative, per-operative and postoperative findings using 
the research instrument.

Statistical Analysis
Data was analyzed by the software statistical program for 
social science (SPSS 22.0). Statistical analysis was done 
using unpaired t-test between the groups and paired t- test 
within the groups. Chi-square test was done for comparing 
categorized data. Univariate/Multivariate logistic regression 
analysis was performed to identify significant predictors of 
composite outcome using variables. Odds ratio (OR) and 
associated 95% confidence interval (CI) was estimated. 
Continuous variables were shown as mean ± SD or median 
[inter-quartile range], and categorical variables was given as 
number (percentage). A p-value of <0.05 was considered as 
significant.

Result
The mean ±SD of age the patients 53.28 ± 8.37 and 54.62 ± 
7.75 in group A and group B respectively; the age group of 
51-60 seen to have highest number of patients (89 in group 
A and 105 in group B) and there were no significant 
(p<0.099) difference between the two groups in regards of 
age distribution. Though the gender distribution showed to 
have significant difference among the groups with the P 
value of 0.018 (Table 1). 

The numbers of hypertensive patients were almost equal in 
both the groups (139 in group A and 138 in group B). 
Diabetic patients were almost double in group A (35.5%) 
than in group B (73.5%), and this difference was statistically 
significant among the groups (p<0.001). Nearly 56% from 
group A and 50% from group B seem to have 40-60% 
LVEF. Comprising of 9 patients in high risk group, most 
patients were in low risk group of EuroSCORE II (159 
patients in group A and 145 patients in group B). The mean 
of the preoperative serum creatinine was same for both the 
groups. Similarly, the mean of preoperative eGFR was also 
nearly same in both the groups (Table 2).

Every patient received 2-6 grafts and most number of 
patients received 4 grafts (75 patients in group A and 79 
patients in group B), followed by patients receiving 3 grafts 
(total 140 patients 71 patients in group A and 69 patients in 
group B) and it was not statistically significant. Intra          
operative mean glucose concentration in group A was 
124.39 ± 7.88 mg/dl (Mean ±SD) and in group B was 
180.81 ± 7.17 mg/dl (Mean ±SD) which was statistically 
significant in groups (p<0.001) (Table 3). 

Differences between post-operative levels of serum            
creatinine, eGFR, urine output and hospital stay among the 
groups were not significant. Though, the difference between 
pre and post-operative levels of creatinine and eGFR were 
statistically significant. Differences of acute kidney injury 
in terms of serum creatinine and e GFR individually and 
together were statistically significant among the groups 
(Table 4). Only hospital stay (p <0.001), increase of 
post-operative serum creatinine (p <0.010) and decrease of 
eGFR (p <0.043) were found correlated with intra-operative 
hyperglycemia (Table 5). Multivariate Logistic regression 
analysis showing intra-operative hyperglycemia as              
independent risk factor for Acute Kidney Injury (OR, 1.020; 
95.0% C.I. for Odds ratio1.007-1.033) (Table 6).

Table 1: Distribution of the patient by demographic profile

Table 2: Distribution of the patients by pre-operative 
clinical profile

Table 3: Distribution of patients by per-operative variables

Table 5: Correlation of variables with intra-operative 
hyperglycemia

*Pearson correlation test was done to measure the level of 
significance.

Table 6: Logistic Regression to observe intra-operative 
hyperglycemia as independent risk factor for Acute Kidney 
Injury

Discussion
In this study age of the patients in years were 53.28 ± 8.37 
(Mean ±SD) and 54.62 ± 7.75 (Mean ±SD) in group A and 
group B respectively and there was no significant (p<0.099) 
difference between the two groups. In the previous study by 

Song et al. (2013)12 patient’s age was significant (OR,1.06) 
between the groups which contradicts with the findings of 
our study. Among the 400 patients most patients were in 
50-60 years’ group (89 in group A and 105 in group B). In 
group A, 174 (52.7%) patients were male and 26 (37.1%) 
were female and group B 156 (47.3%) patients were male 
and 44 (62.9%) were female and there were significant 
(p<0.018) difference between the both groups corresponding 
the study finding of Song et al. (2013)12.

OPCAB carries a significant risk of postoperative kidney 
injury as it can lead to renal hypoperfusion12. In our study 
we have seen that most patients are from the 45-60% LVEF 
group i.e. 56% in group A and 50% in group B, and it was 
not significant in our study population. We had 55 (27.5%) 
patients in group A and 54 (27%) patients in group B having 
LVEF <45%, it was not statistically significant, (p<0.243).
EuroSCORE II, (European System for Cardiac Operative 
Risk Evaluation) helps to weigh the risk against the benefits 
through calculating the risk of death before and after a  
cardiac surgery and thus acts as a method of quality 
control17-18. In our study most of the study samples (304) 
were in low risk group of EuroSCORE II, only 9 patients 
were in High risk group and the differences were not         
statistically significant among the groups.

Hypertension has severe deleterious effects on kidney 
function. In epidemiological surveys, high blood pressure 
was associated with increased rates of premature mortality, 
cardiovascular diseases and progressive loss of kidney 
function in patients with hypertension and or diabetes19-20. 

In our study the numbers of hypertensive patients were 
almost equal in both the groups (139 in group A and 138 in 
group B). It was almost 70% of the study population in both 
the groups. The statistical analysis shows it was not            
significant, which was significant in the previous study by 
Song et al. (2003)12.  

Diabetes mellitus is an established independent risk factor 
related to significant morbidity and mortality after cardiac 
surgical procedures and prolonged hospital stay21. In our 
study we have seen numbers of diabetic patients are less in 
group A (71) than group B (147). Diabetic patients in group 
B (73.5%) were almost double the patients in group A 
(35.5%), which was statistically significant (p<0.001). In 
the previous study it was 24% vs 81%, respectively in group 
A and group B populations and was statistically significant 
(p<0.001). Although significantly more patients group >150 
mg/dl had DM, it did not remain an independent risk factor 
for adverse outcome after multivariate regression analysis.

Poor intra-operative glycemic control despite aggressive 
insulin therapy occurred in 18% of cases, and poor intra- 
operative glycemic control is associated with a worsened 
in-hospital outcome after cardiac surgery22. Intra-operative 

hyperglycemia is an independent risk factor for complica-
tions, including death, after cardiac surgery13. We could 
observe that an intra-operative blood sugar >150 mg/dl was 
associated with the increased incidence of postoperative 
renal dysfunction following OPCAB, regardless of the 
presence of DM, while normoglycemia ≤150 mg/dl           
provided added benefit. In our study mean glucose            
concentration in group A was 124.39 ± 7.88 mg/dl (Mean 
±SD) and in group B was 180.81 ± 7.17 mg/dl (Mean ±SD) 
which was statistically significant in groups (p<0.001).

Pre-operative serum creatinine in Group A was 1.06 ± 0.16 
mg/dl (Mean ±SD) and in Group B was 1.06 ± 0.18 mg/dl 
(Mean ±SD) which was statistically not significant 
(p<0.931). Post-operative serum creatinine in group A was 
1.11 ± 0.16mg/dl (Mean ±SD) and in group B was 1.15 ± 
0.31 mg/dl (Mean ±SD) which was statistically not signifi-
cant (p<0.107). Overall rise of serum creatinine was 0.05 ± 
0.14mg/dl (Mean ±SD) and 0.12 ± 0.27mg/dl (Mean ±SD) 
respectively in group A and group B, which was significant 
statistically (p<0.002).

Pre-operative eGFR in Group A was 71.88 ± 18.03 mg/dl 
(Mean ±SD) and in Group B was 71.64 ± 17.23 mg/dl 
(Mean ±SD) which was statistically not significant 
(p<0.892). Post-operative eGFR in group A was 68.66 ± 
17.31mg/dl (Mean ±SD) and in group B was 67.14 ± 17.58 
mg/dl (Mean ±SD) which was statistically not significant 
(p<0.382). Overall decrease of eGFR was 3.59 ± 14.50 
mg/dl (Mean ±SD) and 7.11 ± 19.74mg/dl (Mean ±SD) 
respectively in group A and group B, which was statistically 
significant (p<0.043).

Patient’s urine volume is an important indicator of acute 
kidney injury in the operation theatre and in the intensive 
care unit. Urine volume of the patients in both the groups 
was statistically not significant (p<0.937), which                   
correspond to the previous study of Song et al. (2013)12. 
Takaki et al. (2015)16 showed that the incidence rate of acute 
kidney injury (AKI) following cardiac surgery is 5–30%. In 
our study acute Kidney Injury in the group A was 1 (0.5%) 
and in group B was 19 (9.5%) when measured by serum 
creatinine and it was significant statistically (odds 
ratio[OR], 4.04; 95% confidence interval [CI] 1.88-8.71, 
p=0.001). In the group A number of acute kidney Injury 
patient was 1 (0.5%) and in group B it was 18 (9.0%) when 
measured by eGFR and it was significant statistically (odds 
ratio[OR],5.06; 95% confidence interval [CI] 2.17-11.78, 
p=0.001). In the group A number of acute kidney Injury 
patient was 1 (0.5%) and in group B it was 19 (9.5%) when 
measured by both serum creatinine and eGFR which was 
significant statistically (odds ratio[OR],3.21; 95%             
confidence interval [CI] 1.61-6.40, p=0.001. As per           
previous study by Song et al. (2013)12 it was 21(3.34%) in 
group A and 20(8%) in group B which was statistically 
significant (p<0.012). 
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Introduction
Epidemiological studies of acute kidney injury (AKI) are 
surprisingly sparse and confounded by differences in  
definition. Reported incidences vary, with few studies being 
population-based. Given this and our aging population, the 
incidence of AKI may be much higher than currently 
thought1. Acute kidney injury (AKI) is one of the most 
frequently occurring complications after off-pump coronary 
artery bypass graft (OPCAB)2-3. Chertow et al. (1998)3 
showed that 1% to 5% of cardiac surgical patients develop 
renal failure requiring dialysis.

Several mechanisms have been suggested as the reason for 
kidney injury following cardiac surgery. Cellular ischemia 

is an important factor in AKI following cardiac surgery, 
which leads to vascular endothelial and tubular epithelial 
injury. Since a substantial part of these factors is related to 
the use of cardiopulmonary bypass (CPB), off-pump 
coronary artery bypass surgery (OPCAB) was considered to 
be advantageous4. As yet, definite evidence in favor of 
OPCAB is lacking and AKI still remains a serious and 
frequent morbidity after OPCAB5.

Hyperglycemia is well known to aggravate kidney injury by 
the following multiple mechanisms. Hyperglycemia can 
increase oxidative stress and results in amplification of 
ischaemia-reperfusion injury6. Cellular glucose overload 
also induces mitochondrial dysfunction and kidney injury7. 
Inflammation is an important factor for the development of 
kidney injury, and hyperglycemia was reported to increase 
inflammatory cytokines such as interleukin-6, tumour 

necrosis factor-α and interleukin-188. In addition, endotheli-
al dysfunction induced by hyperglycemia can contribute to 
the pathogenesis of kidney injury9.

Intra-operative hyperglycemia, which occurs frequently in 
cardiac surgical patients with and without diabetes, has been 
shown to be associated with increased morbidity and 
mortality10-11. These patients are exposed to significant 
adverse consequences including surgical site infection, 
neurologic, renal, and cardiac complications as well as 
longer intensive care unit and hospital stay12. In recent years, 
glycemic control during coronary artery bypass surgery and 
all cardiac surgical procedures has been the focus of interest. 
However, an optimal value for glycemic control has yet to 
be fully elucidated. Moreover, there are clear potential 
adverse consequences of tight glycemic control such as 
hypoglycemia13-14.

A limited number of studies have focused on the intra-oper-
ative period, and no study has specifically investigated the 
renal outcome primarily. Accordingly, uncertainty exists 
whether the same recommendations can be applied to differ-
ent cardiac surgical settings and morbidity endpoints12.

Successful glycemic control requires a multidisciplinary 
approach, which includes representation from nursing, 
anesthesiology, pharmacy, surgery, and endocrinology. 
Most of the studies have shown that maintaining serum 
glucose levels <150 mg/dl reduces morbidity and mortality, 
while the effects of more aggressive control on clinical 
outcomes are less clearly defined10.

During CPB, glucose homeostasis is invariably altered with 
hypothermia, glucose-containing cardioplegic solutions, 
inflammatory response and insulin resistance, and these 
aspects indicate that recommendations regarding glycemic 
control need to be surgery-specific and cannot be general-
ized, particularly to cardiac surgeries without CPB. As 
expected, intra-operative glucose homeostasis was less 
disturbed in OPCAB compared with its on-pump counter-
part15. Yet, no comprehensive data exist regarding the 
relationship between intraoperative blood glucose concen-
tration and postoperative AKI in OPCAB16.

National Heart Foundation Hospital and Research Institute, 
Mirpur, Dhaka, Bangladesh, is performing very important 
role in the field of cardiac surgery country wide. At NHFH 
& RI, CABG is one of the commonest surgical procedures 
and almost twelve hundred such cases were performed in 
2014. In this Institute, off pump coronary artery bypass 
surgery (OPCAB) has been started since 2001 and 
now-a-days more than 95% CABG is being done using this 
procedure. 

Materials and Method
This prospective cohort study was conducted from July, 
2014 to March, 2016 at the Department of cardiac surgery, 
National Heart Foundation Hospital and Research Institute 
(NHFH & RI), Mirpur, Dhaka, Bangladesh.

A number of 400 patients undergoing off-pump coronary 
artery bypass grafting were taken as study population. 
Patients having incomplete medical records, undergoing 
emergency surgery or redo-surgery, patients with preopera-
tive serum Creatinine > 1.4 mg/dl, or patients requiring 
dialysis, having a left ventricular ejection fraction of less 
than 30%, having acute or chronic pulmonary disease, 
patients with associated liver dysfunction, associated valvu-
lar or congenital heart disease, patients needing intra-opera-
tive epinephrine or conversion to on-pump procedures, 
having anemia (Hb%<13 gm/dl for male and <12 gm/dl for 
female), and patients needing haemostatic re-operation 
criteria were excluded from the study.

Patients were prospectively allocated into two groups, 200 
patients in each group. Group A (Patients with intra-opera-
tive mean glucose concentration ≤150 mg/dl) and Group B 
(Patients with intra-operative mean glucose concentration 
>150 mg/dl).

Ethical clearance for the study was taken from the Ethical 
Committee of National Heart Foundation Hospital & 
Research Institute. Keeping compliance with Helsinki 
Declaration of Medical Research involving Human subjects 
1964, all patients and their legal guardians (where applica-
ble) were informed verbally and explained the purpose of 
the study and also the importance of such study. The study 
was conducted with signed informed consent of all the 
participants and with the right to withdraw himself / herself 
from the study at any time during the study period. Interest 
of study was given highest priority and confidentiality was 
maintained with safe guard of the right and health of the 
participants.

Operational Definition

AKI
Post-operative AKI has been defined on the basis of RIFLE 
classification

RIFLE category SCr/GFR criteria Urine output criteria
Risk ↑ SCr≥ 150 – 200% (1.5 – 2-fold) Or   
 <0.5mL/kg/h for 6h decrease of GFR >25%
Injury ↑ SCr>200 – 300% (>2 – 3-fold) Or  
 <0.5mL/kg/h for 12h decrease of GFR >50%
Failure ↑ SCr>300% (>3-fold) from baseline 
 Or <0.3mL/kg/h for 24h decrease of GFR  
 >75% Or anuria for 12h ↑ SCr≥ 350µmol/L 
 (≥4.0mg/dL) with an acute rise of at least  
 45µmol/L (0.5mg/dL) Or On RRT.
Loss Complete loss of renal function for >4 weeks
End-stage  Need for RRT for >3 months
kidney disease

GFR, glomerular filtration rate; 
RRT, renal replacement therapy; 
SCr, serum creatinine. 
Only one criterion needs to be met to be classified as AKI; 
if both are present, the criterion which places the patient in 
the higher stage of AKI is selected.

Pre-operative Serum creatinine: 
Pre-operative laboratory value of serum creatinine done 
during pre-operative routine checkup after admission in the 
hospital for OPCAB surgery.

Post-operative Serum creatinine: 
Laboratory value of serum creatinine, done on the morning 
of 2ndpost operative day in the ICU or Post ICU.

Estimated Glomerular Filtration Rate (eGFR)
eGFR calculation was done by cockcroftgault equation

Data Collection
A structured questionnaire was developed containing all the 
variables of interest. Data were collected by interview of the 
patients, clinical examination, laboratory investigations, 
preoperative, per-operative and postoperative findings using 
the research instrument.

Statistical Analysis
Data was analyzed by the software statistical program for 
social science (SPSS 22.0). Statistical analysis was done 
using unpaired t-test between the groups and paired t- test 
within the groups. Chi-square test was done for comparing 
categorized data. Univariate/Multivariate logistic regression 
analysis was performed to identify significant predictors of 
composite outcome using variables. Odds ratio (OR) and 
associated 95% confidence interval (CI) was estimated. 
Continuous variables were shown as mean ± SD or median 
[inter-quartile range], and categorical variables was given as 
number (percentage). A p-value of <0.05 was considered as 
significant.

Result
The mean ±SD of age the patients 53.28 ± 8.37 and 54.62 ± 
7.75 in group A and group B respectively; the age group of 
51-60 seen to have highest number of patients (89 in group 
A and 105 in group B) and there were no significant 
(p<0.099) difference between the two groups in regards of 
age distribution. Though the gender distribution showed to 
have significant difference among the groups with the P 
value of 0.018 (Table 1). 

The numbers of hypertensive patients were almost equal in 
both the groups (139 in group A and 138 in group B). 
Diabetic patients were almost double in group A (35.5%) 
than in group B (73.5%), and this difference was statistically 
significant among the groups (p<0.001). Nearly 56% from 
group A and 50% from group B seem to have 40-60% 
LVEF. Comprising of 9 patients in high risk group, most 
patients were in low risk group of EuroSCORE II (159 
patients in group A and 145 patients in group B). The mean 
of the preoperative serum creatinine was same for both the 
groups. Similarly, the mean of preoperative eGFR was also 
nearly same in both the groups (Table 2).

Every patient received 2-6 grafts and most number of 
patients received 4 grafts (75 patients in group A and 79 
patients in group B), followed by patients receiving 3 grafts 
(total 140 patients 71 patients in group A and 69 patients in 
group B) and it was not statistically significant. Intra          
operative mean glucose concentration in group A was 
124.39 ± 7.88 mg/dl (Mean ±SD) and in group B was 
180.81 ± 7.17 mg/dl (Mean ±SD) which was statistically 
significant in groups (p<0.001) (Table 3). 

Differences between post-operative levels of serum            
creatinine, eGFR, urine output and hospital stay among the 
groups were not significant. Though, the difference between 
pre and post-operative levels of creatinine and eGFR were 
statistically significant. Differences of acute kidney injury 
in terms of serum creatinine and e GFR individually and 
together were statistically significant among the groups 
(Table 4). Only hospital stay (p <0.001), increase of 
post-operative serum creatinine (p <0.010) and decrease of 
eGFR (p <0.043) were found correlated with intra-operative 
hyperglycemia (Table 5). Multivariate Logistic regression 
analysis showing intra-operative hyperglycemia as              
independent risk factor for Acute Kidney Injury (OR, 1.020; 
95.0% C.I. for Odds ratio1.007-1.033) (Table 6).

Table 1: Distribution of the patient by demographic profile

Table 2: Distribution of the patients by pre-operative 
clinical profile

Table 3: Distribution of patients by per-operative variables

Table 5: Correlation of variables with intra-operative 
hyperglycemia

*Pearson correlation test was done to measure the level of 
significance.

Table 6: Logistic Regression to observe intra-operative 
hyperglycemia as independent risk factor for Acute Kidney 
Injury

Discussion
In this study age of the patients in years were 53.28 ± 8.37 
(Mean ±SD) and 54.62 ± 7.75 (Mean ±SD) in group A and 
group B respectively and there was no significant (p<0.099) 
difference between the two groups. In the previous study by 

Song et al. (2013)12 patient’s age was significant (OR,1.06) 
between the groups which contradicts with the findings of 
our study. Among the 400 patients most patients were in 
50-60 years’ group (89 in group A and 105 in group B). In 
group A, 174 (52.7%) patients were male and 26 (37.1%) 
were female and group B 156 (47.3%) patients were male 
and 44 (62.9%) were female and there were significant 
(p<0.018) difference between the both groups corresponding 
the study finding of Song et al. (2013)12.

OPCAB carries a significant risk of postoperative kidney 
injury as it can lead to renal hypoperfusion12. In our study 
we have seen that most patients are from the 45-60% LVEF 
group i.e. 56% in group A and 50% in group B, and it was 
not significant in our study population. We had 55 (27.5%) 
patients in group A and 54 (27%) patients in group B having 
LVEF <45%, it was not statistically significant, (p<0.243).
EuroSCORE II, (European System for Cardiac Operative 
Risk Evaluation) helps to weigh the risk against the benefits 
through calculating the risk of death before and after a  
cardiac surgery and thus acts as a method of quality 
control17-18. In our study most of the study samples (304) 
were in low risk group of EuroSCORE II, only 9 patients 
were in High risk group and the differences were not         
statistically significant among the groups.

Hypertension has severe deleterious effects on kidney 
function. In epidemiological surveys, high blood pressure 
was associated with increased rates of premature mortality, 
cardiovascular diseases and progressive loss of kidney 
function in patients with hypertension and or diabetes19-20. 

In our study the numbers of hypertensive patients were 
almost equal in both the groups (139 in group A and 138 in 
group B). It was almost 70% of the study population in both 
the groups. The statistical analysis shows it was not            
significant, which was significant in the previous study by 
Song et al. (2003)12.  

Diabetes mellitus is an established independent risk factor 
related to significant morbidity and mortality after cardiac 
surgical procedures and prolonged hospital stay21. In our 
study we have seen numbers of diabetic patients are less in 
group A (71) than group B (147). Diabetic patients in group 
B (73.5%) were almost double the patients in group A 
(35.5%), which was statistically significant (p<0.001). In 
the previous study it was 24% vs 81%, respectively in group 
A and group B populations and was statistically significant 
(p<0.001). Although significantly more patients group >150 
mg/dl had DM, it did not remain an independent risk factor 
for adverse outcome after multivariate regression analysis.

Poor intra-operative glycemic control despite aggressive 
insulin therapy occurred in 18% of cases, and poor intra- 
operative glycemic control is associated with a worsened 
in-hospital outcome after cardiac surgery22. Intra-operative 

hyperglycemia is an independent risk factor for complica-
tions, including death, after cardiac surgery13. We could 
observe that an intra-operative blood sugar >150 mg/dl was 
associated with the increased incidence of postoperative 
renal dysfunction following OPCAB, regardless of the 
presence of DM, while normoglycemia ≤150 mg/dl           
provided added benefit. In our study mean glucose            
concentration in group A was 124.39 ± 7.88 mg/dl (Mean 
±SD) and in group B was 180.81 ± 7.17 mg/dl (Mean ±SD) 
which was statistically significant in groups (p<0.001).

Pre-operative serum creatinine in Group A was 1.06 ± 0.16 
mg/dl (Mean ±SD) and in Group B was 1.06 ± 0.18 mg/dl 
(Mean ±SD) which was statistically not significant 
(p<0.931). Post-operative serum creatinine in group A was 
1.11 ± 0.16mg/dl (Mean ±SD) and in group B was 1.15 ± 
0.31 mg/dl (Mean ±SD) which was statistically not signifi-
cant (p<0.107). Overall rise of serum creatinine was 0.05 ± 
0.14mg/dl (Mean ±SD) and 0.12 ± 0.27mg/dl (Mean ±SD) 
respectively in group A and group B, which was significant 
statistically (p<0.002).

Pre-operative eGFR in Group A was 71.88 ± 18.03 mg/dl 
(Mean ±SD) and in Group B was 71.64 ± 17.23 mg/dl 
(Mean ±SD) which was statistically not significant 
(p<0.892). Post-operative eGFR in group A was 68.66 ± 
17.31mg/dl (Mean ±SD) and in group B was 67.14 ± 17.58 
mg/dl (Mean ±SD) which was statistically not significant 
(p<0.382). Overall decrease of eGFR was 3.59 ± 14.50 
mg/dl (Mean ±SD) and 7.11 ± 19.74mg/dl (Mean ±SD) 
respectively in group A and group B, which was statistically 
significant (p<0.043).

Patient’s urine volume is an important indicator of acute 
kidney injury in the operation theatre and in the intensive 
care unit. Urine volume of the patients in both the groups 
was statistically not significant (p<0.937), which                   
correspond to the previous study of Song et al. (2013)12. 
Takaki et al. (2015)16 showed that the incidence rate of acute 
kidney injury (AKI) following cardiac surgery is 5–30%. In 
our study acute Kidney Injury in the group A was 1 (0.5%) 
and in group B was 19 (9.5%) when measured by serum 
creatinine and it was significant statistically (odds 
ratio[OR], 4.04; 95% confidence interval [CI] 1.88-8.71, 
p=0.001). In the group A number of acute kidney Injury 
patient was 1 (0.5%) and in group B it was 18 (9.0%) when 
measured by eGFR and it was significant statistically (odds 
ratio[OR],5.06; 95% confidence interval [CI] 2.17-11.78, 
p=0.001). In the group A number of acute kidney Injury 
patient was 1 (0.5%) and in group B it was 19 (9.5%) when 
measured by both serum creatinine and eGFR which was 
significant statistically (odds ratio[OR],3.21; 95%             
confidence interval [CI] 1.61-6.40, p=0.001. As per           
previous study by Song et al. (2013)12 it was 21(3.34%) in 
group A and 20(8%) in group B which was statistically 
significant (p<0.012). 

Gupta SD et al.Association of Intra-Operative Blood Glucose Concentration 
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Introduction
Epidemiological studies of acute kidney injury (AKI) are 
surprisingly sparse and confounded by differences in  
definition. Reported incidences vary, with few studies being 
population-based. Given this and our aging population, the 
incidence of AKI may be much higher than currently 
thought1. Acute kidney injury (AKI) is one of the most 
frequently occurring complications after off-pump coronary 
artery bypass graft (OPCAB)2-3. Chertow et al. (1998)3 
showed that 1% to 5% of cardiac surgical patients develop 
renal failure requiring dialysis.

Several mechanisms have been suggested as the reason for 
kidney injury following cardiac surgery. Cellular ischemia 

is an important factor in AKI following cardiac surgery, 
which leads to vascular endothelial and tubular epithelial 
injury. Since a substantial part of these factors is related to 
the use of cardiopulmonary bypass (CPB), off-pump 
coronary artery bypass surgery (OPCAB) was considered to 
be advantageous4. As yet, definite evidence in favor of 
OPCAB is lacking and AKI still remains a serious and 
frequent morbidity after OPCAB5.

Hyperglycemia is well known to aggravate kidney injury by 
the following multiple mechanisms. Hyperglycemia can 
increase oxidative stress and results in amplification of 
ischaemia-reperfusion injury6. Cellular glucose overload 
also induces mitochondrial dysfunction and kidney injury7. 
Inflammation is an important factor for the development of 
kidney injury, and hyperglycemia was reported to increase 
inflammatory cytokines such as interleukin-6, tumour 

necrosis factor-α and interleukin-188. In addition, endotheli-
al dysfunction induced by hyperglycemia can contribute to 
the pathogenesis of kidney injury9.

Intra-operative hyperglycemia, which occurs frequently in 
cardiac surgical patients with and without diabetes, has been 
shown to be associated with increased morbidity and 
mortality10-11. These patients are exposed to significant 
adverse consequences including surgical site infection, 
neurologic, renal, and cardiac complications as well as 
longer intensive care unit and hospital stay12. In recent years, 
glycemic control during coronary artery bypass surgery and 
all cardiac surgical procedures has been the focus of interest. 
However, an optimal value for glycemic control has yet to 
be fully elucidated. Moreover, there are clear potential 
adverse consequences of tight glycemic control such as 
hypoglycemia13-14.

A limited number of studies have focused on the intra-oper-
ative period, and no study has specifically investigated the 
renal outcome primarily. Accordingly, uncertainty exists 
whether the same recommendations can be applied to differ-
ent cardiac surgical settings and morbidity endpoints12.

Successful glycemic control requires a multidisciplinary 
approach, which includes representation from nursing, 
anesthesiology, pharmacy, surgery, and endocrinology. 
Most of the studies have shown that maintaining serum 
glucose levels <150 mg/dl reduces morbidity and mortality, 
while the effects of more aggressive control on clinical 
outcomes are less clearly defined10.

During CPB, glucose homeostasis is invariably altered with 
hypothermia, glucose-containing cardioplegic solutions, 
inflammatory response and insulin resistance, and these 
aspects indicate that recommendations regarding glycemic 
control need to be surgery-specific and cannot be general-
ized, particularly to cardiac surgeries without CPB. As 
expected, intra-operative glucose homeostasis was less 
disturbed in OPCAB compared with its on-pump counter-
part15. Yet, no comprehensive data exist regarding the 
relationship between intraoperative blood glucose concen-
tration and postoperative AKI in OPCAB16.

National Heart Foundation Hospital and Research Institute, 
Mirpur, Dhaka, Bangladesh, is performing very important 
role in the field of cardiac surgery country wide. At NHFH 
& RI, CABG is one of the commonest surgical procedures 
and almost twelve hundred such cases were performed in 
2014. In this Institute, off pump coronary artery bypass 
surgery (OPCAB) has been started since 2001 and 
now-a-days more than 95% CABG is being done using this 
procedure. 

Materials and Method
This prospective cohort study was conducted from July, 
2014 to March, 2016 at the Department of cardiac surgery, 
National Heart Foundation Hospital and Research Institute 
(NHFH & RI), Mirpur, Dhaka, Bangladesh.

A number of 400 patients undergoing off-pump coronary 
artery bypass grafting were taken as study population. 
Patients having incomplete medical records, undergoing 
emergency surgery or redo-surgery, patients with preopera-
tive serum Creatinine > 1.4 mg/dl, or patients requiring 
dialysis, having a left ventricular ejection fraction of less 
than 30%, having acute or chronic pulmonary disease, 
patients with associated liver dysfunction, associated valvu-
lar or congenital heart disease, patients needing intra-opera-
tive epinephrine or conversion to on-pump procedures, 
having anemia (Hb%<13 gm/dl for male and <12 gm/dl for 
female), and patients needing haemostatic re-operation 
criteria were excluded from the study.

Patients were prospectively allocated into two groups, 200 
patients in each group. Group A (Patients with intra-opera-
tive mean glucose concentration ≤150 mg/dl) and Group B 
(Patients with intra-operative mean glucose concentration 
>150 mg/dl).

Ethical clearance for the study was taken from the Ethical 
Committee of National Heart Foundation Hospital & 
Research Institute. Keeping compliance with Helsinki 
Declaration of Medical Research involving Human subjects 
1964, all patients and their legal guardians (where applica-
ble) were informed verbally and explained the purpose of 
the study and also the importance of such study. The study 
was conducted with signed informed consent of all the 
participants and with the right to withdraw himself / herself 
from the study at any time during the study period. Interest 
of study was given highest priority and confidentiality was 
maintained with safe guard of the right and health of the 
participants.

Operational Definition

AKI
Post-operative AKI has been defined on the basis of RIFLE 
classification

RIFLE category SCr/GFR criteria Urine output criteria
Risk ↑ SCr≥ 150 – 200% (1.5 – 2-fold) Or   
 <0.5mL/kg/h for 6h decrease of GFR >25%
Injury ↑ SCr>200 – 300% (>2 – 3-fold) Or  
 <0.5mL/kg/h for 12h decrease of GFR >50%
Failure ↑ SCr>300% (>3-fold) from baseline 
 Or <0.3mL/kg/h for 24h decrease of GFR  
 >75% Or anuria for 12h ↑ SCr≥ 350µmol/L 
 (≥4.0mg/dL) with an acute rise of at least  
 45µmol/L (0.5mg/dL) Or On RRT.
Loss Complete loss of renal function for >4 weeks
End-stage  Need for RRT for >3 months
kidney disease

GFR, glomerular filtration rate; 
RRT, renal replacement therapy; 
SCr, serum creatinine. 
Only one criterion needs to be met to be classified as AKI; 
if both are present, the criterion which places the patient in 
the higher stage of AKI is selected.

Pre-operative Serum creatinine: 
Pre-operative laboratory value of serum creatinine done 
during pre-operative routine checkup after admission in the 
hospital for OPCAB surgery.

Post-operative Serum creatinine: 
Laboratory value of serum creatinine, done on the morning 
of 2ndpost operative day in the ICU or Post ICU.

Estimated Glomerular Filtration Rate (eGFR)
eGFR calculation was done by cockcroftgault equation

Data Collection
A structured questionnaire was developed containing all the 
variables of interest. Data were collected by interview of the 
patients, clinical examination, laboratory investigations, 
preoperative, per-operative and postoperative findings using 
the research instrument.

Statistical Analysis
Data was analyzed by the software statistical program for 
social science (SPSS 22.0). Statistical analysis was done 
using unpaired t-test between the groups and paired t- test 
within the groups. Chi-square test was done for comparing 
categorized data. Univariate/Multivariate logistic regression 
analysis was performed to identify significant predictors of 
composite outcome using variables. Odds ratio (OR) and 
associated 95% confidence interval (CI) was estimated. 
Continuous variables were shown as mean ± SD or median 
[inter-quartile range], and categorical variables was given as 
number (percentage). A p-value of <0.05 was considered as 
significant.

Result
The mean ±SD of age the patients 53.28 ± 8.37 and 54.62 ± 
7.75 in group A and group B respectively; the age group of 
51-60 seen to have highest number of patients (89 in group 
A and 105 in group B) and there were no significant 
(p<0.099) difference between the two groups in regards of 
age distribution. Though the gender distribution showed to 
have significant difference among the groups with the P 
value of 0.018 (Table 1). 

The numbers of hypertensive patients were almost equal in 
both the groups (139 in group A and 138 in group B). 
Diabetic patients were almost double in group A (35.5%) 
than in group B (73.5%), and this difference was statistically 
significant among the groups (p<0.001). Nearly 56% from 
group A and 50% from group B seem to have 40-60% 
LVEF. Comprising of 9 patients in high risk group, most 
patients were in low risk group of EuroSCORE II (159 
patients in group A and 145 patients in group B). The mean 
of the preoperative serum creatinine was same for both the 
groups. Similarly, the mean of preoperative eGFR was also 
nearly same in both the groups (Table 2).

Every patient received 2-6 grafts and most number of 
patients received 4 grafts (75 patients in group A and 79 
patients in group B), followed by patients receiving 3 grafts 
(total 140 patients 71 patients in group A and 69 patients in 
group B) and it was not statistically significant. Intra          
operative mean glucose concentration in group A was 
124.39 ± 7.88 mg/dl (Mean ±SD) and in group B was 
180.81 ± 7.17 mg/dl (Mean ±SD) which was statistically 
significant in groups (p<0.001) (Table 3). 

Differences between post-operative levels of serum            
creatinine, eGFR, urine output and hospital stay among the 
groups were not significant. Though, the difference between 
pre and post-operative levels of creatinine and eGFR were 
statistically significant. Differences of acute kidney injury 
in terms of serum creatinine and e GFR individually and 
together were statistically significant among the groups 
(Table 4). Only hospital stay (p <0.001), increase of 
post-operative serum creatinine (p <0.010) and decrease of 
eGFR (p <0.043) were found correlated with intra-operative 
hyperglycemia (Table 5). Multivariate Logistic regression 
analysis showing intra-operative hyperglycemia as              
independent risk factor for Acute Kidney Injury (OR, 1.020; 
95.0% C.I. for Odds ratio1.007-1.033) (Table 6).

Table 1: Distribution of the patient by demographic profile

Table 2: Distribution of the patients by pre-operative 
clinical profile

Table 3: Distribution of patients by per-operative variables

Table 5: Correlation of variables with intra-operative 
hyperglycemia

*Pearson correlation test was done to measure the level of 
significance.

Table 6: Logistic Regression to observe intra-operative 
hyperglycemia as independent risk factor for Acute Kidney 
Injury

Discussion
In this study age of the patients in years were 53.28 ± 8.37 
(Mean ±SD) and 54.62 ± 7.75 (Mean ±SD) in group A and 
group B respectively and there was no significant (p<0.099) 
difference between the two groups. In the previous study by 

Groups  

 Group A  

F(%)  

Group B  

F(%)  

p value*  

Age (year)  

31-40 16 (8) 14 (7) 

0.099 
41-50 63 (31.5) 44 (22) 

51-60 89 (44.5) 105 (52.5) 

61-70 32 (16) 37 (19.5)  

Mean ± SD  53.28 ± 8.37 54.62 ± 7.75 

 
Sex 

      Male  174 (87) 156 (78) 
0.018 

Female  26 (13) 44 (22) 

 

Song et al. (2013)12 patient’s age was significant (OR,1.06) 
between the groups which contradicts with the findings of 
our study. Among the 400 patients most patients were in 
50-60 years’ group (89 in group A and 105 in group B). In 
group A, 174 (52.7%) patients were male and 26 (37.1%) 
were female and group B 156 (47.3%) patients were male 
and 44 (62.9%) were female and there were significant 
(p<0.018) difference between the both groups corresponding 
the study finding of Song et al. (2013)12.

OPCAB carries a significant risk of postoperative kidney 
injury as it can lead to renal hypoperfusion12. In our study 
we have seen that most patients are from the 45-60% LVEF 
group i.e. 56% in group A and 50% in group B, and it was 
not significant in our study population. We had 55 (27.5%) 
patients in group A and 54 (27%) patients in group B having 
LVEF <45%, it was not statistically significant, (p<0.243).
EuroSCORE II, (European System for Cardiac Operative 
Risk Evaluation) helps to weigh the risk against the benefits 
through calculating the risk of death before and after a  
cardiac surgery and thus acts as a method of quality 
control17-18. In our study most of the study samples (304) 
were in low risk group of EuroSCORE II, only 9 patients 
were in High risk group and the differences were not         
statistically significant among the groups.

Hypertension has severe deleterious effects on kidney 
function. In epidemiological surveys, high blood pressure 
was associated with increased rates of premature mortality, 
cardiovascular diseases and progressive loss of kidney 
function in patients with hypertension and or diabetes19-20. 

In our study the numbers of hypertensive patients were 
almost equal in both the groups (139 in group A and 138 in 
group B). It was almost 70% of the study population in both 
the groups. The statistical analysis shows it was not            
significant, which was significant in the previous study by 
Song et al. (2003)12.  

Diabetes mellitus is an established independent risk factor 
related to significant morbidity and mortality after cardiac 
surgical procedures and prolonged hospital stay21. In our 
study we have seen numbers of diabetic patients are less in 
group A (71) than group B (147). Diabetic patients in group 
B (73.5%) were almost double the patients in group A 
(35.5%), which was statistically significant (p<0.001). In 
the previous study it was 24% vs 81%, respectively in group 
A and group B populations and was statistically significant 
(p<0.001). Although significantly more patients group >150 
mg/dl had DM, it did not remain an independent risk factor 
for adverse outcome after multivariate regression analysis.

Poor intra-operative glycemic control despite aggressive 
insulin therapy occurred in 18% of cases, and poor intra- 
operative glycemic control is associated with a worsened 
in-hospital outcome after cardiac surgery22. Intra-operative 

hyperglycemia is an independent risk factor for complica-
tions, including death, after cardiac surgery13. We could 
observe that an intra-operative blood sugar >150 mg/dl was 
associated with the increased incidence of postoperative 
renal dysfunction following OPCAB, regardless of the 
presence of DM, while normoglycemia ≤150 mg/dl           
provided added benefit. In our study mean glucose            
concentration in group A was 124.39 ± 7.88 mg/dl (Mean 
±SD) and in group B was 180.81 ± 7.17 mg/dl (Mean ±SD) 
which was statistically significant in groups (p<0.001).

Pre-operative serum creatinine in Group A was 1.06 ± 0.16 
mg/dl (Mean ±SD) and in Group B was 1.06 ± 0.18 mg/dl 
(Mean ±SD) which was statistically not significant 
(p<0.931). Post-operative serum creatinine in group A was 
1.11 ± 0.16mg/dl (Mean ±SD) and in group B was 1.15 ± 
0.31 mg/dl (Mean ±SD) which was statistically not signifi-
cant (p<0.107). Overall rise of serum creatinine was 0.05 ± 
0.14mg/dl (Mean ±SD) and 0.12 ± 0.27mg/dl (Mean ±SD) 
respectively in group A and group B, which was significant 
statistically (p<0.002).

Pre-operative eGFR in Group A was 71.88 ± 18.03 mg/dl 
(Mean ±SD) and in Group B was 71.64 ± 17.23 mg/dl 
(Mean ±SD) which was statistically not significant 
(p<0.892). Post-operative eGFR in group A was 68.66 ± 
17.31mg/dl (Mean ±SD) and in group B was 67.14 ± 17.58 
mg/dl (Mean ±SD) which was statistically not significant 
(p<0.382). Overall decrease of eGFR was 3.59 ± 14.50 
mg/dl (Mean ±SD) and 7.11 ± 19.74mg/dl (Mean ±SD) 
respectively in group A and group B, which was statistically 
significant (p<0.043).

Patient’s urine volume is an important indicator of acute 
kidney injury in the operation theatre and in the intensive 
care unit. Urine volume of the patients in both the groups 
was statistically not significant (p<0.937), which                   
correspond to the previous study of Song et al. (2013)12. 
Takaki et al. (2015)16 showed that the incidence rate of acute 
kidney injury (AKI) following cardiac surgery is 5–30%. In 
our study acute Kidney Injury in the group A was 1 (0.5%) 
and in group B was 19 (9.5%) when measured by serum 
creatinine and it was significant statistically (odds 
ratio[OR], 4.04; 95% confidence interval [CI] 1.88-8.71, 
p=0.001). In the group A number of acute kidney Injury 
patient was 1 (0.5%) and in group B it was 18 (9.0%) when 
measured by eGFR and it was significant statistically (odds 
ratio[OR],5.06; 95% confidence interval [CI] 2.17-11.78, 
p=0.001). In the group A number of acute kidney Injury 
patient was 1 (0.5%) and in group B it was 19 (9.5%) when 
measured by both serum creatinine and eGFR which was 
significant statistically (odds ratio[OR],3.21; 95%             
confidence interval [CI] 1.61-6.40, p=0.001. As per           
previous study by Song et al. (2013)12 it was 21(3.34%) in 
group A and 20(8%) in group B which was statistically 
significant (p<0.012). 

Gupta SD et al.JNHFB Jan 2019

EuroSCORE II
The European System for Cardiac Operation Risk Evalu-
ation (EuroSCORE) is one of the possible tools to assess 
the operative mortality risk. This is important as it serves 
to guide the clinician and the patient about the advisabili-
ty of an operation by helping to weigh the risk against the 
benefits. It also acts as a method of quality control. The 
scoring system has three categories, 
Low (0-2), 
Moderate (2-5), 
High (>5). 
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Introduction
Epidemiological studies of acute kidney injury (AKI) are 
surprisingly sparse and confounded by differences in  
definition. Reported incidences vary, with few studies being 
population-based. Given this and our aging population, the 
incidence of AKI may be much higher than currently 
thought1. Acute kidney injury (AKI) is one of the most 
frequently occurring complications after off-pump coronary 
artery bypass graft (OPCAB)2-3. Chertow et al. (1998)3 
showed that 1% to 5% of cardiac surgical patients develop 
renal failure requiring dialysis.

Several mechanisms have been suggested as the reason for 
kidney injury following cardiac surgery. Cellular ischemia 

is an important factor in AKI following cardiac surgery, 
which leads to vascular endothelial and tubular epithelial 
injury. Since a substantial part of these factors is related to 
the use of cardiopulmonary bypass (CPB), off-pump 
coronary artery bypass surgery (OPCAB) was considered to 
be advantageous4. As yet, definite evidence in favor of 
OPCAB is lacking and AKI still remains a serious and 
frequent morbidity after OPCAB5.

Hyperglycemia is well known to aggravate kidney injury by 
the following multiple mechanisms. Hyperglycemia can 
increase oxidative stress and results in amplification of 
ischaemia-reperfusion injury6. Cellular glucose overload 
also induces mitochondrial dysfunction and kidney injury7. 
Inflammation is an important factor for the development of 
kidney injury, and hyperglycemia was reported to increase 
inflammatory cytokines such as interleukin-6, tumour 

necrosis factor-α and interleukin-188. In addition, endotheli-
al dysfunction induced by hyperglycemia can contribute to 
the pathogenesis of kidney injury9.

Intra-operative hyperglycemia, which occurs frequently in 
cardiac surgical patients with and without diabetes, has been 
shown to be associated with increased morbidity and 
mortality10-11. These patients are exposed to significant 
adverse consequences including surgical site infection, 
neurologic, renal, and cardiac complications as well as 
longer intensive care unit and hospital stay12. In recent years, 
glycemic control during coronary artery bypass surgery and 
all cardiac surgical procedures has been the focus of interest. 
However, an optimal value for glycemic control has yet to 
be fully elucidated. Moreover, there are clear potential 
adverse consequences of tight glycemic control such as 
hypoglycemia13-14.

A limited number of studies have focused on the intra-oper-
ative period, and no study has specifically investigated the 
renal outcome primarily. Accordingly, uncertainty exists 
whether the same recommendations can be applied to differ-
ent cardiac surgical settings and morbidity endpoints12.

Successful glycemic control requires a multidisciplinary 
approach, which includes representation from nursing, 
anesthesiology, pharmacy, surgery, and endocrinology. 
Most of the studies have shown that maintaining serum 
glucose levels <150 mg/dl reduces morbidity and mortality, 
while the effects of more aggressive control on clinical 
outcomes are less clearly defined10.

During CPB, glucose homeostasis is invariably altered with 
hypothermia, glucose-containing cardioplegic solutions, 
inflammatory response and insulin resistance, and these 
aspects indicate that recommendations regarding glycemic 
control need to be surgery-specific and cannot be general-
ized, particularly to cardiac surgeries without CPB. As 
expected, intra-operative glucose homeostasis was less 
disturbed in OPCAB compared with its on-pump counter-
part15. Yet, no comprehensive data exist regarding the 
relationship between intraoperative blood glucose concen-
tration and postoperative AKI in OPCAB16.

National Heart Foundation Hospital and Research Institute, 
Mirpur, Dhaka, Bangladesh, is performing very important 
role in the field of cardiac surgery country wide. At NHFH 
& RI, CABG is one of the commonest surgical procedures 
and almost twelve hundred such cases were performed in 
2014. In this Institute, off pump coronary artery bypass 
surgery (OPCAB) has been started since 2001 and 
now-a-days more than 95% CABG is being done using this 
procedure. 

Materials and Method
This prospective cohort study was conducted from July, 
2014 to March, 2016 at the Department of cardiac surgery, 
National Heart Foundation Hospital and Research Institute 
(NHFH & RI), Mirpur, Dhaka, Bangladesh.

A number of 400 patients undergoing off-pump coronary 
artery bypass grafting were taken as study population. 
Patients having incomplete medical records, undergoing 
emergency surgery or redo-surgery, patients with preopera-
tive serum Creatinine > 1.4 mg/dl, or patients requiring 
dialysis, having a left ventricular ejection fraction of less 
than 30%, having acute or chronic pulmonary disease, 
patients with associated liver dysfunction, associated valvu-
lar or congenital heart disease, patients needing intra-opera-
tive epinephrine or conversion to on-pump procedures, 
having anemia (Hb%<13 gm/dl for male and <12 gm/dl for 
female), and patients needing haemostatic re-operation 
criteria were excluded from the study.

Patients were prospectively allocated into two groups, 200 
patients in each group. Group A (Patients with intra-opera-
tive mean glucose concentration ≤150 mg/dl) and Group B 
(Patients with intra-operative mean glucose concentration 
>150 mg/dl).

Ethical clearance for the study was taken from the Ethical 
Committee of National Heart Foundation Hospital & 
Research Institute. Keeping compliance with Helsinki 
Declaration of Medical Research involving Human subjects 
1964, all patients and their legal guardians (where applica-
ble) were informed verbally and explained the purpose of 
the study and also the importance of such study. The study 
was conducted with signed informed consent of all the 
participants and with the right to withdraw himself / herself 
from the study at any time during the study period. Interest 
of study was given highest priority and confidentiality was 
maintained with safe guard of the right and health of the 
participants.

Operational Definition

AKI
Post-operative AKI has been defined on the basis of RIFLE 
classification

RIFLE category SCr/GFR criteria Urine output criteria
Risk ↑ SCr≥ 150 – 200% (1.5 – 2-fold) Or   
 <0.5mL/kg/h for 6h decrease of GFR >25%
Injury ↑ SCr>200 – 300% (>2 – 3-fold) Or  
 <0.5mL/kg/h for 12h decrease of GFR >50%
Failure ↑ SCr>300% (>3-fold) from baseline 
 Or <0.3mL/kg/h for 24h decrease of GFR  
 >75% Or anuria for 12h ↑ SCr≥ 350µmol/L 
 (≥4.0mg/dL) with an acute rise of at least  
 45µmol/L (0.5mg/dL) Or On RRT.
Loss Complete loss of renal function for >4 weeks
End-stage  Need for RRT for >3 months
kidney disease

GFR, glomerular filtration rate; 
RRT, renal replacement therapy; 
SCr, serum creatinine. 
Only one criterion needs to be met to be classified as AKI; 
if both are present, the criterion which places the patient in 
the higher stage of AKI is selected.

Pre-operative Serum creatinine: 
Pre-operative laboratory value of serum creatinine done 
during pre-operative routine checkup after admission in the 
hospital for OPCAB surgery.

Post-operative Serum creatinine: 
Laboratory value of serum creatinine, done on the morning 
of 2ndpost operative day in the ICU or Post ICU.

Estimated Glomerular Filtration Rate (eGFR)
eGFR calculation was done by cockcroftgault equation

Data Collection
A structured questionnaire was developed containing all the 
variables of interest. Data were collected by interview of the 
patients, clinical examination, laboratory investigations, 
preoperative, per-operative and postoperative findings using 
the research instrument.

Statistical Analysis
Data was analyzed by the software statistical program for 
social science (SPSS 22.0). Statistical analysis was done 
using unpaired t-test between the groups and paired t- test 
within the groups. Chi-square test was done for comparing 
categorized data. Univariate/Multivariate logistic regression 
analysis was performed to identify significant predictors of 
composite outcome using variables. Odds ratio (OR) and 
associated 95% confidence interval (CI) was estimated. 
Continuous variables were shown as mean ± SD or median 
[inter-quartile range], and categorical variables was given as 
number (percentage). A p-value of <0.05 was considered as 
significant.

Result
The mean ±SD of age the patients 53.28 ± 8.37 and 54.62 ± 
7.75 in group A and group B respectively; the age group of 
51-60 seen to have highest number of patients (89 in group 
A and 105 in group B) and there were no significant 
(p<0.099) difference between the two groups in regards of 
age distribution. Though the gender distribution showed to 
have significant difference among the groups with the P 
value of 0.018 (Table 1). 

The numbers of hypertensive patients were almost equal in 
both the groups (139 in group A and 138 in group B). 
Diabetic patients were almost double in group A (35.5%) 
than in group B (73.5%), and this difference was statistically 
significant among the groups (p<0.001). Nearly 56% from 
group A and 50% from group B seem to have 40-60% 
LVEF. Comprising of 9 patients in high risk group, most 
patients were in low risk group of EuroSCORE II (159 
patients in group A and 145 patients in group B). The mean 
of the preoperative serum creatinine was same for both the 
groups. Similarly, the mean of preoperative eGFR was also 
nearly same in both the groups (Table 2).

Every patient received 2-6 grafts and most number of 
patients received 4 grafts (75 patients in group A and 79 
patients in group B), followed by patients receiving 3 grafts 
(total 140 patients 71 patients in group A and 69 patients in 
group B) and it was not statistically significant. Intra          
operative mean glucose concentration in group A was 
124.39 ± 7.88 mg/dl (Mean ±SD) and in group B was 
180.81 ± 7.17 mg/dl (Mean ±SD) which was statistically 
significant in groups (p<0.001) (Table 3). 

Differences between post-operative levels of serum            
creatinine, eGFR, urine output and hospital stay among the 
groups were not significant. Though, the difference between 
pre and post-operative levels of creatinine and eGFR were 
statistically significant. Differences of acute kidney injury 
in terms of serum creatinine and e GFR individually and 
together were statistically significant among the groups 
(Table 4). Only hospital stay (p <0.001), increase of 
post-operative serum creatinine (p <0.010) and decrease of 
eGFR (p <0.043) were found correlated with intra-operative 
hyperglycemia (Table 5). Multivariate Logistic regression 
analysis showing intra-operative hyperglycemia as              
independent risk factor for Acute Kidney Injury (OR, 1.020; 
95.0% C.I. for Odds ratio1.007-1.033) (Table 6).

Table 1: Distribution of the patient by demographic profile

Table 2: Distribution of the patients by pre-operative 
clinical profile

Table 3: Distribution of patients by per-operative variables

Table 5: Correlation of variables with intra-operative 
hyperglycemia

*Pearson correlation test was done to measure the level of 
significance.

Table 6: Logistic Regression to observe intra-operative 
hyperglycemia as independent risk factor for Acute Kidney 
Injury

Discussion
In this study age of the patients in years were 53.28 ± 8.37 
(Mean ±SD) and 54.62 ± 7.75 (Mean ±SD) in group A and 
group B respectively and there was no significant (p<0.099) 
difference between the two groups. In the previous study by 

Variables  Groups  p value  Odds Ratio 
(95% CI)  Group A  

F(%)  
Group B  

F(%)  

Risk Factors  
Systemic HTN 139 (69.5) 138 (69) 0.999* 1.00 (0.66-1.53) 
Diabetes 71 (35.5) 147 (73.5) 0.001* 5.04 (3.29-7.73) 
Left ventricular ejection fraction  
30-45 55 (27.5) 54 (27) 

0.243 
 

46-60 112 (56) 100 (50) 
>60 33 (16.5) 46 (23) 
EuroSCORE II
Low (0-2) 159 (79.5) 145 (72.5) 

0.083 
 

Moderate (2-5) 35 (17.5) 52 (26) 
High (>5) 6 (3) 3 (1.5) 
Pre -operative serum creatinine  
Mean ± SD 1.06 ± 0.16 1.06 ± 0.18 0.931  
Pre -operative eGFR
Mean ± SD 71.88 ± 

18.03 
71.64 ± 
17.23 

0.892  

 

Acute kidney injury  
AKI 
according to 
Serum 
creatinine 

1 (0.5) 19 (9.5) 0.001 
4.04 

(1.88-
8.71) 

AKI 
according to 
eGFR 

1 (0.5) 18 (9.0) 0.001 
5.06 

(2.17-
11.78) 

AKI  
according to 
both Creatinine 
and e GFR 

1 (0.5) 19 (9.5) 0.001 
3.21 

(1.61-
6.40) 

ICU stay (hrs)  
24 131(65.5) 132(66) 

≤0.916 0.98 (0.65-
1.48) 36 69(34.5) 68(34) 

Hospital stay  
7 days 200 

(100) 
182 (81) 

0.001 
 

>7 days 0 (0) 18 (9.0) 

 
Intra -operative 

sugar Vs  
r value  p value*  

Urine volume (in ml) 0.009 0.862 
Number of Grafts 0.043 0.386 
EuroSCORE II 0.064 0.203 
ICU stay (hrs) -0.017 0.728 

Hospital stay(in days) 0.191** 0.001 
Pre-op creatinine -0.003 0.950 
Pre-op e CCR -0.007 0.886 
EF 0.028 0.577 
Post-op Creatinine 0.063 0.210 
Post-op  eGFR -0.037 0.455 
Increase of S. 
creatinine 

0.129** 0.010 

Decrease of GFR in 
percent 

0.091** 0.043 

B Wald  Sig. 
Odds 
ratio

95.0% C.I. for 
Odds ratio  

Lower  Upper

Intra-operative 
Hyperglycemia

0.019 9.124 0.003 1.020 1.007 1.033

Sex -.281 0.538 0.463 0.755 0.357 1.599

Diabetes 0.145 0.171 0.679 1.156 0.582 2.296

Constant -4.961    

Song et al. (2013)12 patient’s age was significant (OR,1.06) 
between the groups which contradicts with the findings of 
our study. Among the 400 patients most patients were in 
50-60 years’ group (89 in group A and 105 in group B). In 
group A, 174 (52.7%) patients were male and 26 (37.1%) 
were female and group B 156 (47.3%) patients were male 
and 44 (62.9%) were female and there were significant 
(p<0.018) difference between the both groups corresponding 
the study finding of Song et al. (2013)12.

OPCAB carries a significant risk of postoperative kidney 
injury as it can lead to renal hypoperfusion12. In our study 
we have seen that most patients are from the 45-60% LVEF 
group i.e. 56% in group A and 50% in group B, and it was 
not significant in our study population. We had 55 (27.5%) 
patients in group A and 54 (27%) patients in group B having 
LVEF <45%, it was not statistically significant, (p<0.243).
EuroSCORE II, (European System for Cardiac Operative 
Risk Evaluation) helps to weigh the risk against the benefits 
through calculating the risk of death before and after a  
cardiac surgery and thus acts as a method of quality 
control17-18. In our study most of the study samples (304) 
were in low risk group of EuroSCORE II, only 9 patients 
were in High risk group and the differences were not         
statistically significant among the groups.

Hypertension has severe deleterious effects on kidney 
function. In epidemiological surveys, high blood pressure 
was associated with increased rates of premature mortality, 
cardiovascular diseases and progressive loss of kidney 
function in patients with hypertension and or diabetes19-20. 

In our study the numbers of hypertensive patients were 
almost equal in both the groups (139 in group A and 138 in 
group B). It was almost 70% of the study population in both 
the groups. The statistical analysis shows it was not            
significant, which was significant in the previous study by 
Song et al. (2003)12.  

Diabetes mellitus is an established independent risk factor 
related to significant morbidity and mortality after cardiac 
surgical procedures and prolonged hospital stay21. In our 
study we have seen numbers of diabetic patients are less in 
group A (71) than group B (147). Diabetic patients in group 
B (73.5%) were almost double the patients in group A 
(35.5%), which was statistically significant (p<0.001). In 
the previous study it was 24% vs 81%, respectively in group 
A and group B populations and was statistically significant 
(p<0.001). Although significantly more patients group >150 
mg/dl had DM, it did not remain an independent risk factor 
for adverse outcome after multivariate regression analysis.

Poor intra-operative glycemic control despite aggressive 
insulin therapy occurred in 18% of cases, and poor intra- 
operative glycemic control is associated with a worsened 
in-hospital outcome after cardiac surgery22. Intra-operative 

hyperglycemia is an independent risk factor for complica-
tions, including death, after cardiac surgery13. We could 
observe that an intra-operative blood sugar >150 mg/dl was 
associated with the increased incidence of postoperative 
renal dysfunction following OPCAB, regardless of the 
presence of DM, while normoglycemia ≤150 mg/dl           
provided added benefit. In our study mean glucose            
concentration in group A was 124.39 ± 7.88 mg/dl (Mean 
±SD) and in group B was 180.81 ± 7.17 mg/dl (Mean ±SD) 
which was statistically significant in groups (p<0.001).

Pre-operative serum creatinine in Group A was 1.06 ± 0.16 
mg/dl (Mean ±SD) and in Group B was 1.06 ± 0.18 mg/dl 
(Mean ±SD) which was statistically not significant 
(p<0.931). Post-operative serum creatinine in group A was 
1.11 ± 0.16mg/dl (Mean ±SD) and in group B was 1.15 ± 
0.31 mg/dl (Mean ±SD) which was statistically not signifi-
cant (p<0.107). Overall rise of serum creatinine was 0.05 ± 
0.14mg/dl (Mean ±SD) and 0.12 ± 0.27mg/dl (Mean ±SD) 
respectively in group A and group B, which was significant 
statistically (p<0.002).

Pre-operative eGFR in Group A was 71.88 ± 18.03 mg/dl 
(Mean ±SD) and in Group B was 71.64 ± 17.23 mg/dl 
(Mean ±SD) which was statistically not significant 
(p<0.892). Post-operative eGFR in group A was 68.66 ± 
17.31mg/dl (Mean ±SD) and in group B was 67.14 ± 17.58 
mg/dl (Mean ±SD) which was statistically not significant 
(p<0.382). Overall decrease of eGFR was 3.59 ± 14.50 
mg/dl (Mean ±SD) and 7.11 ± 19.74mg/dl (Mean ±SD) 
respectively in group A and group B, which was statistically 
significant (p<0.043).

Patient’s urine volume is an important indicator of acute 
kidney injury in the operation theatre and in the intensive 
care unit. Urine volume of the patients in both the groups 
was statistically not significant (p<0.937), which                   
correspond to the previous study of Song et al. (2013)12. 
Takaki et al. (2015)16 showed that the incidence rate of acute 
kidney injury (AKI) following cardiac surgery is 5–30%. In 
our study acute Kidney Injury in the group A was 1 (0.5%) 
and in group B was 19 (9.5%) when measured by serum 
creatinine and it was significant statistically (odds 
ratio[OR], 4.04; 95% confidence interval [CI] 1.88-8.71, 
p=0.001). In the group A number of acute kidney Injury 
patient was 1 (0.5%) and in group B it was 18 (9.0%) when 
measured by eGFR and it was significant statistically (odds 
ratio[OR],5.06; 95% confidence interval [CI] 2.17-11.78, 
p=0.001). In the group A number of acute kidney Injury 
patient was 1 (0.5%) and in group B it was 19 (9.5%) when 
measured by both serum creatinine and eGFR which was 
significant statistically (odds ratio[OR],3.21; 95%             
confidence interval [CI] 1.61-6.40, p=0.001. As per           
previous study by Song et al. (2013)12 it was 21(3.34%) in 
group A and 20(8%) in group B which was statistically 
significant (p<0.012). 
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Table 4: Distribution of patients by post-operative outcomes 
 Post -operative  

 Group A
Groups
 Group B  p value  Odds 

Ratio 
(95% CI)

 
Mean ± SD 1.11 ± 

0.16 
1.15 ± 
0.31 

0.107  

Post -operative  eGFR  
Mean ± SD 68.66 ± 

17.31 
67.14 ± 
17.58 

0.382  

Changes of Serum Creatinine and eGFR  
Creatinine 
Increased 

0.05 ± 
0.14 

0.12 ± 
0.27 

0.002  

Percent of 
decrease eGFR 

3.59 ± 
14.50 

7.11 ± 
19.74 

0.038  

Post -operative urine output (ml/hr)  
40-50 7 (3.5) 6 (3) 

0.937 

 
50-60 59 (29.5) 71 (35.5) 
60-70 86 (43) 76 (38) 
70-80 41 (20.5) 37 (18.5) 
80-90 7 (3.5) 10 (5) 

Mean ± SD 65.06 ± 
8.26

65.13 ± 
8.65

 
 

 Creatinine

Groups  
 Group A  Group B  p value*  

Number of grafts  
2 19 (9.5) 15 (7.5) 

0.962
 3 71 (35.5) 69 (34.5) 

4 75 (37.5) 79 (39.5) 
5 32 (16) 34 1(7) 
6 3 (1.5) 3 (1.5) 

Intra -operative blood sugar

Mean ± SD 124.39 ± 7.88 180.81 ± 7.17 0.001
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Introduction
Epidemiological studies of acute kidney injury (AKI) are 
surprisingly sparse and confounded by differences in  
definition. Reported incidences vary, with few studies being 
population-based. Given this and our aging population, the 
incidence of AKI may be much higher than currently 
thought1. Acute kidney injury (AKI) is one of the most 
frequently occurring complications after off-pump coronary 
artery bypass graft (OPCAB)2-3. Chertow et al. (1998)3 
showed that 1% to 5% of cardiac surgical patients develop 
renal failure requiring dialysis.

Several mechanisms have been suggested as the reason for 
kidney injury following cardiac surgery. Cellular ischemia 

is an important factor in AKI following cardiac surgery, 
which leads to vascular endothelial and tubular epithelial 
injury. Since a substantial part of these factors is related to 
the use of cardiopulmonary bypass (CPB), off-pump 
coronary artery bypass surgery (OPCAB) was considered to 
be advantageous4. As yet, definite evidence in favor of 
OPCAB is lacking and AKI still remains a serious and 
frequent morbidity after OPCAB5.

Hyperglycemia is well known to aggravate kidney injury by 
the following multiple mechanisms. Hyperglycemia can 
increase oxidative stress and results in amplification of 
ischaemia-reperfusion injury6. Cellular glucose overload 
also induces mitochondrial dysfunction and kidney injury7. 
Inflammation is an important factor for the development of 
kidney injury, and hyperglycemia was reported to increase 
inflammatory cytokines such as interleukin-6, tumour 

necrosis factor-α and interleukin-188. In addition, endotheli-
al dysfunction induced by hyperglycemia can contribute to 
the pathogenesis of kidney injury9.

Intra-operative hyperglycemia, which occurs frequently in 
cardiac surgical patients with and without diabetes, has been 
shown to be associated with increased morbidity and 
mortality10-11. These patients are exposed to significant 
adverse consequences including surgical site infection, 
neurologic, renal, and cardiac complications as well as 
longer intensive care unit and hospital stay12. In recent years, 
glycemic control during coronary artery bypass surgery and 
all cardiac surgical procedures has been the focus of interest. 
However, an optimal value for glycemic control has yet to 
be fully elucidated. Moreover, there are clear potential 
adverse consequences of tight glycemic control such as 
hypoglycemia13-14.

A limited number of studies have focused on the intra-oper-
ative period, and no study has specifically investigated the 
renal outcome primarily. Accordingly, uncertainty exists 
whether the same recommendations can be applied to differ-
ent cardiac surgical settings and morbidity endpoints12.

Successful glycemic control requires a multidisciplinary 
approach, which includes representation from nursing, 
anesthesiology, pharmacy, surgery, and endocrinology. 
Most of the studies have shown that maintaining serum 
glucose levels <150 mg/dl reduces morbidity and mortality, 
while the effects of more aggressive control on clinical 
outcomes are less clearly defined10.

During CPB, glucose homeostasis is invariably altered with 
hypothermia, glucose-containing cardioplegic solutions, 
inflammatory response and insulin resistance, and these 
aspects indicate that recommendations regarding glycemic 
control need to be surgery-specific and cannot be general-
ized, particularly to cardiac surgeries without CPB. As 
expected, intra-operative glucose homeostasis was less 
disturbed in OPCAB compared with its on-pump counter-
part15. Yet, no comprehensive data exist regarding the 
relationship between intraoperative blood glucose concen-
tration and postoperative AKI in OPCAB16.

National Heart Foundation Hospital and Research Institute, 
Mirpur, Dhaka, Bangladesh, is performing very important 
role in the field of cardiac surgery country wide. At NHFH 
& RI, CABG is one of the commonest surgical procedures 
and almost twelve hundred such cases were performed in 
2014. In this Institute, off pump coronary artery bypass 
surgery (OPCAB) has been started since 2001 and 
now-a-days more than 95% CABG is being done using this 
procedure. 

Materials and Method
This prospective cohort study was conducted from July, 
2014 to March, 2016 at the Department of cardiac surgery, 
National Heart Foundation Hospital and Research Institute 
(NHFH & RI), Mirpur, Dhaka, Bangladesh.

A number of 400 patients undergoing off-pump coronary 
artery bypass grafting were taken as study population. 
Patients having incomplete medical records, undergoing 
emergency surgery or redo-surgery, patients with preopera-
tive serum Creatinine > 1.4 mg/dl, or patients requiring 
dialysis, having a left ventricular ejection fraction of less 
than 30%, having acute or chronic pulmonary disease, 
patients with associated liver dysfunction, associated valvu-
lar or congenital heart disease, patients needing intra-opera-
tive epinephrine or conversion to on-pump procedures, 
having anemia (Hb%<13 gm/dl for male and <12 gm/dl for 
female), and patients needing haemostatic re-operation 
criteria were excluded from the study.

Patients were prospectively allocated into two groups, 200 
patients in each group. Group A (Patients with intra-opera-
tive mean glucose concentration ≤150 mg/dl) and Group B 
(Patients with intra-operative mean glucose concentration 
>150 mg/dl).

Ethical clearance for the study was taken from the Ethical 
Committee of National Heart Foundation Hospital & 
Research Institute. Keeping compliance with Helsinki 
Declaration of Medical Research involving Human subjects 
1964, all patients and their legal guardians (where applica-
ble) were informed verbally and explained the purpose of 
the study and also the importance of such study. The study 
was conducted with signed informed consent of all the 
participants and with the right to withdraw himself / herself 
from the study at any time during the study period. Interest 
of study was given highest priority and confidentiality was 
maintained with safe guard of the right and health of the 
participants.

Operational Definition

AKI
Post-operative AKI has been defined on the basis of RIFLE 
classification

RIFLE category SCr/GFR criteria Urine output criteria
Risk ↑ SCr≥ 150 – 200% (1.5 – 2-fold) Or   
 <0.5mL/kg/h for 6h decrease of GFR >25%
Injury ↑ SCr>200 – 300% (>2 – 3-fold) Or  
 <0.5mL/kg/h for 12h decrease of GFR >50%
Failure ↑ SCr>300% (>3-fold) from baseline 
 Or <0.3mL/kg/h for 24h decrease of GFR  
 >75% Or anuria for 12h ↑ SCr≥ 350µmol/L 
 (≥4.0mg/dL) with an acute rise of at least  
 45µmol/L (0.5mg/dL) Or On RRT.
Loss Complete loss of renal function for >4 weeks
End-stage  Need for RRT for >3 months
kidney disease

GFR, glomerular filtration rate; 
RRT, renal replacement therapy; 
SCr, serum creatinine. 
Only one criterion needs to be met to be classified as AKI; 
if both are present, the criterion which places the patient in 
the higher stage of AKI is selected.

Pre-operative Serum creatinine: 
Pre-operative laboratory value of serum creatinine done 
during pre-operative routine checkup after admission in the 
hospital for OPCAB surgery.

Post-operative Serum creatinine: 
Laboratory value of serum creatinine, done on the morning 
of 2ndpost operative day in the ICU or Post ICU.

Estimated Glomerular Filtration Rate (eGFR)
eGFR calculation was done by cockcroftgault equation

Data Collection
A structured questionnaire was developed containing all the 
variables of interest. Data were collected by interview of the 
patients, clinical examination, laboratory investigations, 
preoperative, per-operative and postoperative findings using 
the research instrument.

Statistical Analysis
Data was analyzed by the software statistical program for 
social science (SPSS 22.0). Statistical analysis was done 
using unpaired t-test between the groups and paired t- test 
within the groups. Chi-square test was done for comparing 
categorized data. Univariate/Multivariate logistic regression 
analysis was performed to identify significant predictors of 
composite outcome using variables. Odds ratio (OR) and 
associated 95% confidence interval (CI) was estimated. 
Continuous variables were shown as mean ± SD or median 
[inter-quartile range], and categorical variables was given as 
number (percentage). A p-value of <0.05 was considered as 
significant.

Result
The mean ±SD of age the patients 53.28 ± 8.37 and 54.62 ± 
7.75 in group A and group B respectively; the age group of 
51-60 seen to have highest number of patients (89 in group 
A and 105 in group B) and there were no significant 
(p<0.099) difference between the two groups in regards of 
age distribution. Though the gender distribution showed to 
have significant difference among the groups with the P 
value of 0.018 (Table 1). 

The numbers of hypertensive patients were almost equal in 
both the groups (139 in group A and 138 in group B). 
Diabetic patients were almost double in group A (35.5%) 
than in group B (73.5%), and this difference was statistically 
significant among the groups (p<0.001). Nearly 56% from 
group A and 50% from group B seem to have 40-60% 
LVEF. Comprising of 9 patients in high risk group, most 
patients were in low risk group of EuroSCORE II (159 
patients in group A and 145 patients in group B). The mean 
of the preoperative serum creatinine was same for both the 
groups. Similarly, the mean of preoperative eGFR was also 
nearly same in both the groups (Table 2).

Every patient received 2-6 grafts and most number of 
patients received 4 grafts (75 patients in group A and 79 
patients in group B), followed by patients receiving 3 grafts 
(total 140 patients 71 patients in group A and 69 patients in 
group B) and it was not statistically significant. Intra          
operative mean glucose concentration in group A was 
124.39 ± 7.88 mg/dl (Mean ±SD) and in group B was 
180.81 ± 7.17 mg/dl (Mean ±SD) which was statistically 
significant in groups (p<0.001) (Table 3). 

Differences between post-operative levels of serum            
creatinine, eGFR, urine output and hospital stay among the 
groups were not significant. Though, the difference between 
pre and post-operative levels of creatinine and eGFR were 
statistically significant. Differences of acute kidney injury 
in terms of serum creatinine and e GFR individually and 
together were statistically significant among the groups 
(Table 4). Only hospital stay (p <0.001), increase of 
post-operative serum creatinine (p <0.010) and decrease of 
eGFR (p <0.043) were found correlated with intra-operative 
hyperglycemia (Table 5). Multivariate Logistic regression 
analysis showing intra-operative hyperglycemia as              
independent risk factor for Acute Kidney Injury (OR, 1.020; 
95.0% C.I. for Odds ratio1.007-1.033) (Table 6).

Table 1: Distribution of the patient by demographic profile

Table 2: Distribution of the patients by pre-operative 
clinical profile

Table 3: Distribution of patients by per-operative variables

Table 5: Correlation of variables with intra-operative 
hyperglycemia

*Pearson correlation test was done to measure the level of 
significance.

Table 6: Logistic Regression to observe intra-operative 
hyperglycemia as independent risk factor for Acute Kidney 
Injury

Discussion
In this study age of the patients in years were 53.28 ± 8.37 
(Mean ±SD) and 54.62 ± 7.75 (Mean ±SD) in group A and 
group B respectively and there was no significant (p<0.099) 
difference between the two groups. In the previous study by 

Song et al. (2013)12 patient’s age was significant (OR,1.06) 
between the groups which contradicts with the findings of 
our study. Among the 400 patients most patients were in 
50-60 years’ group (89 in group A and 105 in group B). In 
group A, 174 (52.7%) patients were male and 26 (37.1%) 
were female and group B 156 (47.3%) patients were male 
and 44 (62.9%) were female and there were significant 
(p<0.018) difference between the both groups corresponding 
the study finding of Song et al. (2013)12.

OPCAB carries a significant risk of postoperative kidney 
injury as it can lead to renal hypoperfusion12. In our study 
we have seen that most patients are from the 45-60% LVEF 
group i.e. 56% in group A and 50% in group B, and it was 
not significant in our study population. We had 55 (27.5%) 
patients in group A and 54 (27%) patients in group B having 
LVEF <45%, it was not statistically significant, (p<0.243).
EuroSCORE II, (European System for Cardiac Operative 
Risk Evaluation) helps to weigh the risk against the benefits 
through calculating the risk of death before and after a  
cardiac surgery and thus acts as a method of quality 
control17-18. In our study most of the study samples (304) 
were in low risk group of EuroSCORE II, only 9 patients 
were in High risk group and the differences were not         
statistically significant among the groups.

Hypertension has severe deleterious effects on kidney 
function. In epidemiological surveys, high blood pressure 
was associated with increased rates of premature mortality, 
cardiovascular diseases and progressive loss of kidney 
function in patients with hypertension and or diabetes19-20. 

In our study the numbers of hypertensive patients were 
almost equal in both the groups (139 in group A and 138 in 
group B). It was almost 70% of the study population in both 
the groups. The statistical analysis shows it was not            
significant, which was significant in the previous study by 
Song et al. (2003)12.  

Diabetes mellitus is an established independent risk factor 
related to significant morbidity and mortality after cardiac 
surgical procedures and prolonged hospital stay21. In our 
study we have seen numbers of diabetic patients are less in 
group A (71) than group B (147). Diabetic patients in group 
B (73.5%) were almost double the patients in group A 
(35.5%), which was statistically significant (p<0.001). In 
the previous study it was 24% vs 81%, respectively in group 
A and group B populations and was statistically significant 
(p<0.001). Although significantly more patients group >150 
mg/dl had DM, it did not remain an independent risk factor 
for adverse outcome after multivariate regression analysis.

Poor intra-operative glycemic control despite aggressive 
insulin therapy occurred in 18% of cases, and poor intra- 
operative glycemic control is associated with a worsened 
in-hospital outcome after cardiac surgery22. Intra-operative 

hyperglycemia is an independent risk factor for complica-
tions, including death, after cardiac surgery13. We could 
observe that an intra-operative blood sugar >150 mg/dl was 
associated with the increased incidence of postoperative 
renal dysfunction following OPCAB, regardless of the 
presence of DM, while normoglycemia ≤150 mg/dl           
provided added benefit. In our study mean glucose            
concentration in group A was 124.39 ± 7.88 mg/dl (Mean 
±SD) and in group B was 180.81 ± 7.17 mg/dl (Mean ±SD) 
which was statistically significant in groups (p<0.001).

Pre-operative serum creatinine in Group A was 1.06 ± 0.16 
mg/dl (Mean ±SD) and in Group B was 1.06 ± 0.18 mg/dl 
(Mean ±SD) which was statistically not significant 
(p<0.931). Post-operative serum creatinine in group A was 
1.11 ± 0.16mg/dl (Mean ±SD) and in group B was 1.15 ± 
0.31 mg/dl (Mean ±SD) which was statistically not signifi-
cant (p<0.107). Overall rise of serum creatinine was 0.05 ± 
0.14mg/dl (Mean ±SD) and 0.12 ± 0.27mg/dl (Mean ±SD) 
respectively in group A and group B, which was significant 
statistically (p<0.002).

Pre-operative eGFR in Group A was 71.88 ± 18.03 mg/dl 
(Mean ±SD) and in Group B was 71.64 ± 17.23 mg/dl 
(Mean ±SD) which was statistically not significant 
(p<0.892). Post-operative eGFR in group A was 68.66 ± 
17.31mg/dl (Mean ±SD) and in group B was 67.14 ± 17.58 
mg/dl (Mean ±SD) which was statistically not significant 
(p<0.382). Overall decrease of eGFR was 3.59 ± 14.50 
mg/dl (Mean ±SD) and 7.11 ± 19.74mg/dl (Mean ±SD) 
respectively in group A and group B, which was statistically 
significant (p<0.043).

Patient’s urine volume is an important indicator of acute 
kidney injury in the operation theatre and in the intensive 
care unit. Urine volume of the patients in both the groups 
was statistically not significant (p<0.937), which                   
correspond to the previous study of Song et al. (2013)12. 
Takaki et al. (2015)16 showed that the incidence rate of acute 
kidney injury (AKI) following cardiac surgery is 5–30%. In 
our study acute Kidney Injury in the group A was 1 (0.5%) 
and in group B was 19 (9.5%) when measured by serum 
creatinine and it was significant statistically (odds 
ratio[OR], 4.04; 95% confidence interval [CI] 1.88-8.71, 
p=0.001). In the group A number of acute kidney Injury 
patient was 1 (0.5%) and in group B it was 18 (9.0%) when 
measured by eGFR and it was significant statistically (odds 
ratio[OR],5.06; 95% confidence interval [CI] 2.17-11.78, 
p=0.001). In the group A number of acute kidney Injury 
patient was 1 (0.5%) and in group B it was 19 (9.5%) when 
measured by both serum creatinine and eGFR which was 
significant statistically (odds ratio[OR],3.21; 95%             
confidence interval [CI] 1.61-6.40, p=0.001. As per           
previous study by Song et al. (2013)12 it was 21(3.34%) in 
group A and 20(8%) in group B which was statistically 
significant (p<0.012). 
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About 1% to 5% of cardiac surgical patients develop renal 
failure requiring dialysis3. No patients required dialysis in 
our study, whereas 16 (2.5%) patients in group A and 
11(4.38%) patients in group B required dialysis in the study 
population showed by Song et al. (2013)12. 

In our study patients received 2-6 grafts and most number of 
patients received 4 grafts (total 154 patients 75 patients in 
group A and 79 patients in group B), followed by patients 
receiving 3 grafts (total 140 patients 71 patients in group A 
and 69 patients in group B) and it was not statistically signif-
icant. It corresponds to the previous study by Song, et al. 
(2013)12.

Our study shows most of the patients were shifted to 
post-ICU and post-operative ward within 2ndpost operative 
day without major consequences. In group A, 131 patients 
and in group B, 132 patients stayed at ICU 24 hrs post-oper-
atively and 69 patients in group A and 68 patients in group 
B had an ICU stay of 36 hrs which was not statistically 
significant (odds ratio[OR],0.98; 95% confidence interval 
[CI] 0.65-1.48, p≤0.916)

Post-operative in hospital stay was 7 days in all patients in 
group A and 182 patients in group B. Only 18 of group B 
patients having Acute Kidney Injury in our study had to stay 
8-12th (average 11) Post-operative day and later discharged 
as kidney function improved, which was statistically signifi-
cant (p<0.001). It was average 10 (9-15) days in group A 
and average 11 (9-15) in group B in the previous study of 
Jong W, et al.12 (2013), and it was not statistically significant 
(p<0.060). 

Correlation among the variables were seen by Pearson 
correlation test, hospital stay (p <0.001), increase of 
post-operative serum creatinine (p <0.010) and decrease of 
eGFR (p <0.043) were found correlated with intra-operative 
hyperglycemia. Multivariate logistic regression analyses 
were done to find out independent risk factor for AKI. It was 
found that intra-operative hyperglycemia was independent 
predictor for AKI, (OR, 1.020; 95.0% C.I. for Odds 
ratio1.007-1.033). During the hospital course no patient 
died nor required dialysis. 

Conclusion
This study began with the hypothesis that intra-operative 
elevated blood glucose concentration is associated with AKI 
after OPCAB. After carrying a study over 400 patients who 
underwent OPCAB, we found that control of hyperglycemia 
in the patients irrespective of Diabetes is very much essen-
tial to avoid some very detrimental outcome like renal 
dysfunction in the form of acute kidney injury. We have 
found that even minor increase in serum creatinine or 
decrease in estimated GFR may affect the outcome of 
OPCAB by increasing morbidity and mortality. To avoid 
the deleterious adverse condition, identification and  

prevention of AKI is worthwhile. As AKI is a modifiable 
risk factor dependent on many factors like poor LVEF, 
CPB, OPCAB itself, Diabetes, Hypertension and of course 
intra-operative hyperglycemia, we may recommend keeping 
blood glucose level ≤150 mg/dl in the intra-operative 
period.  Intra-operative mean glucose concentration >150 
mg/dl was found an independent risk factors for acute 
kidney injury during OPCAB.  Good intra-operative glycae-
mic (glucose ≤ 150 mg/dl) control is very much essential to 
avoid Acute Kidney Injury during OPCAB, thus ensuring a 
better outcome and avoiding morbidity following OPCAB. 
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About 1% to 5% of cardiac surgical patients develop renal 
failure requiring dialysis3. No patients required dialysis in 
our study, whereas 16 (2.5%) patients in group A and 
11(4.38%) patients in group B required dialysis in the study 
population showed by Song et al. (2013)12. 

In our study patients received 2-6 grafts and most number of 
patients received 4 grafts (total 154 patients 75 patients in 
group A and 79 patients in group B), followed by patients 
receiving 3 grafts (total 140 patients 71 patients in group A 
and 69 patients in group B) and it was not statistically signif-
icant. It corresponds to the previous study by Song, et al. 
(2013)12.

Our study shows most of the patients were shifted to 
post-ICU and post-operative ward within 2ndpost operative 
day without major consequences. In group A, 131 patients 
and in group B, 132 patients stayed at ICU 24 hrs post-oper-
atively and 69 patients in group A and 68 patients in group 
B had an ICU stay of 36 hrs which was not statistically 
significant (odds ratio[OR],0.98; 95% confidence interval 
[CI] 0.65-1.48, p≤0.916)

Post-operative in hospital stay was 7 days in all patients in 
group A and 182 patients in group B. Only 18 of group B 
patients having Acute Kidney Injury in our study had to stay 
8-12th (average 11) Post-operative day and later discharged 
as kidney function improved, which was statistically signifi-
cant (p<0.001). It was average 10 (9-15) days in group A 
and average 11 (9-15) in group B in the previous study of 
Jong W, et al.12 (2013), and it was not statistically significant 
(p<0.060). 

Correlation among the variables were seen by Pearson 
correlation test, hospital stay (p <0.001), increase of 
post-operative serum creatinine (p <0.010) and decrease of 
eGFR (p <0.043) were found correlated with intra-operative 
hyperglycemia. Multivariate logistic regression analyses 
were done to find out independent risk factor for AKI. It was 
found that intra-operative hyperglycemia was independent 
predictor for AKI, (OR, 1.020; 95.0% C.I. for Odds 
ratio1.007-1.033). During the hospital course no patient 
died nor required dialysis. 

Conclusion
This study began with the hypothesis that intra-operative 
elevated blood glucose concentration is associated with AKI 
after OPCAB. After carrying a study over 400 patients who 
underwent OPCAB, we found that control of hyperglycemia 
in the patients irrespective of Diabetes is very much essen-
tial to avoid some very detrimental outcome like renal 
dysfunction in the form of acute kidney injury. We have 
found that even minor increase in serum creatinine or 
decrease in estimated GFR may affect the outcome of 
OPCAB by increasing morbidity and mortality. To avoid 
the deleterious adverse condition, identification and  

prevention of AKI is worthwhile. As AKI is a modifiable 
risk factor dependent on many factors like poor LVEF, 
CPB, OPCAB itself, Diabetes, Hypertension and of course 
intra-operative hyperglycemia, we may recommend keeping 
blood glucose level ≤150 mg/dl in the intra-operative 
period.  Intra-operative mean glucose concentration >150 
mg/dl was found an independent risk factors for acute 
kidney injury during OPCAB.  Good intra-operative glycae-
mic (glucose ≤ 150 mg/dl) control is very much essential to 
avoid Acute Kidney Injury during OPCAB, thus ensuring a 
better outcome and avoiding morbidity following OPCAB. 
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Introduction
Cardiopulmonary bypass (CPB) is a technique by which 
pumping action of the heart and gas exchange functions of 
the lungs are replaced temporarily by a mechanical device, 
the pump oxygenator, attached to a patient's vascular 
system. Although some temporary dysfunction of organs 
and system are occasionally the sequelae of present 
techniques, CPB has become an indispensable technique for 
most cardiac surgical procedures1.

Magnesium is the fourth most abundant mineral (cation) in 
the body. Fifty percent of the total body magnesium is found 
in bone and other 50% is found predominantly inside the 
cells of the body tissues and organs. Only 1% of magnesium 
is found in blood. Magnesium is needed for more than 300 
biochemical reactions in the body. It helps to maintain 
normal muscle and nerve function, keeps heart rhythm 
steady, supports a healthy immune system, keeps bone 
strong, helps to regulate blood sugar levels, normal blood 
pressure, known to be involved in energy metabolism and 
protein synthesis. Dietary magnesium is absorbed in the 
small intestine and excreted through the kidneys2.

Magnesium plays role on stabilizing the cellular transmem-
brane potential, suppressing excessive cellular calcium 
influx cation, preserving myocardial metabolites and reduc-
ing the severity of reperfusion injuries3. For this reason, 
postoperative Magnesium supplementation has been 
suggested in the prophylaxis of ventricular arrhythmias 
following cardiopulmonary bypass.

Methods and Materials
This Prospective Observational Study was carried out from 
July 2014 to June 2016 in the Department of Cardiac 
Surgery, Bangabandhu Sheikh Mujib Medical University, 
Dhaka and Department of Cardiac Surgery, National 
Institute of Cardiovascular Diseases and Hospital (NICVD), 
Dhaka. Total study population was 80 aged from 18 to 55 
years of either sex was included in this study. They were 
divided into two groups, Group A  (Study group) (n=40): 
Patients who were given with 30mg/kg of Magnesium 
Sulphate in 100 ml of Normal saline over 10 minutes 
intravenously, 4 hours after release of aortic cross clump (0, 
POD) and daily at 9.00 am in 1st, 2nd and 3rd postoperative 
days. Group B (Control group) (n=40): Patients who were 
not given Magnesium. Conventional treatment was given 
following CPB. Presence of any pre-operative arrythmia 
and any abnormal serum magnesium level was not included 
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in this study. For the establishment of cardiopulmonary 
bypass, median sternotomy was done, pericardium was 
opened. Heparin was given before purse strings. Aortic and 
bicaval canulation was done. An antegrade cardioplegia/ 
aortic root vent is placed in the aortic root. A standard 
cardiopulmonary bypass technique was used for the surgery. 
Patient was shifted to ICU with same inotropic support & on 
ventilation. Cardiac, respiratory and renal functions were 
noted and treated accordingly. 30 mg/kg of Magnesium 
Sulphate in 100 ml of Normal saline over 10 minutes given 
4 hours after release of cross clamp (O, POD) and at 9.00 
a.m. in 1st, 2nd, 3rd post-operative days in experimental group. 
12 lead ECG was done before surgery and daily up to 3rd 
postoperative day. Estimation of serum magnesium     
including other electrolytes (Na+, K+, Cl-, HCO3-) was 
seen before surgery and before administration of magnesium 
and 4 hours after infusion of magnesium. Monitoring of the 
patient in ICU for incidence of ventricular arrhythmias in 
cardiac monitor. In the post-operative ward arrhythmia can 
be recognized by symptoms and rhythm strip ECG. Rhythm 
& heart block if any will be noted at all the time.

Results
The mean±sd of age of Group-A patients was 45.6±11.5 
years ranging from 18 to 55 years and of Group B it was 
44.5±8.7 years ranging from 18 to 55 years. There is no 
statistically significant mean age difference between Group 
A and Group B patients in terms of serum Mg (p>0.05). It 
was found that among Group A patients, highest percentage 
(50.0%) were in the age group of 41-50 years, as well as 
among Group B the highest percentage (52.5%) were in the 
age group of 41-50 years. In Group A 62.5% and Group B 
57.5% were male and the rest 37.5% and 42.5% was female 
in Group A and Group B respectively. The mean difference 
was statistically significant (p<0.05) between before and 
after supplementation of Mg in Group A in POD 0, POD1, 
POD2 and POD3.  Among Group A patients 20.0% found 
VA positive (PVC 10.0%, VT 5% and VF 5%) and rest 
80.0% VA negative. Among Group B VA positive were 
found in 32.5% cases (PVC 18.5%, VT 10.0% and VF 
5.0%), whereas 67.5% VA negative. VA positive cases were 
higher in Group B compare to Group A but statistically not 
significant.

Table 1: Mg+ status before supplementation of the study 
subjects (N=40)

Table 2: Comparison of Magnesium administration between 
before supplementation and after supplementation in Group A

P value was reached from Unpaired student t-test 
s : Significant 
ns : not significant

Table 3: Distribution of patients by ventricular arrhythmia 
(ECG)- VA (PVC, VT, VF)

Data were expressed as frequency and percentage
P value was reached from Chi-square test 
Group A :  Magnesium treated group 
Group B :  Control group
ns : not significant
n :  number of patients
VA :  Ventricular Arrhythmia 
PVC :  Premature Ventricular Contraction 
VT : Ventricular Tachycardia 
VF : Ventricular Fibrillation 

Discussion
In this study the mean age of Magnesium treated group 
patients were 45.6±11.5 years ranging from 18 to 55 years and 
Group B patients were 44.5±8.7 years ranging from 18 to 55 
years. Analysis revealed that no statistically significant mean 
age difference was found between Group A and Group B 
patients (p>0.05). It was found that among Group A patients, 
highest percentage (50.0%) had age group 41-50 years, where-
as among Group B highest percentage (52.5%) had age group 
41-50 years. It correlates the result in a study which showed 
that the mean age 59.6 years4.  

In present study, out of 80 patients, 60.0% were male and 
40.0% were female, with male and female ratio was 1.5:1. In 
Group A 62.5% and Group B 57.5% was male and the rest 
37.5% and 42.5% was female in Group A and Group B respec-
tively. Analysis revealed that no statistically significant differ-
ence was found between male and female patients (p>0.05). 

In present study out of 80 patients, 27.5% and 25.0% received 
β blocker in group A and group B respectively. Na+ channel 
blocker received 22.5% and 25.0% in group A and Group B 
respectively. Ca channel blocker received by 10.0% and 7.5% 
in Group A and Group B respectively. Other anti-arrhythmic 
drugs received 17.5% in Group A and 15.0% in Group B. 
Anti-arrhythmic drug not taken were 22.5% and 27.5% in 
group A and group B respectively. Analysis revealed that no 
statistically significant difference was found between two 
groups of patients (p>0.05)5.

In present study, the mean percent of ejection fraction was 
55.4±7.3. It was 56.3±5.9 in magnesium treated group and in 
control group respectively. Analysis showed that no statistical-
ly significant mean difference was found between two groups 
of patients (p>0.05), the mean percent of ejection fraction was 
low in group A patients compared to group B patients. It was 
found that the proportion of mean percent ejection fraction less 
than 50 was higher in group A patients (15.0%) than group B 
patients (10.0%). On the contrary, the mean percent of ejection 
fraction 50-60 was higher in group B patients (65.0) than 
group A patients (60.0%) and the mean percent of ejection 
fraction >60 was equal in both group (25.0%)6.

In present study showed the VA (ECG) of the studied patients. 
Among group A patients 20.0% found VA positive (PVC 
10.0%, VT 5% and VF 5%) and rest 80.0% VA negative. 
Among group B VA positive were found in 32.5% cases (PVC 
18.5%, VT 10.0% and VF 5.0%), whereas 67.5% VA negative. 
VA positive cases were higher in group B compare to group A 
but statistically not significant.

In study the mean Mg was 1.6±0.1 and 1.9±0.2 in before and 
after supplementation respectively in Group A during POD0. 
The mean Mg was 1.8±0.2 and 2.0±0.2 in before and after 
supplementation respectively in Group A during POD1. The 
mean Mg was 1.9±0.2 and 2.1±0.2 in before and after supple-
mentation respectively in Group A during POD2. The mean 
Mg was 2.0±0.1 and 2.3±0.1 in before and after supplementa-
tion respectively in Group A during POD3. The mean               
difference was statistically significant (p<0.05) between 
before and after supplementation of Mg in Group A in POD 0, 
POD1, POD2 and POD32, although their magnesium level was 
slightly high.

In present study, the mean duration of ICU stay was 4.6±1.6 
ranging from 4-5 days and 5.2±1.6 ranging from 4-6 days in 
group A and group B respectively. The mean duration of 
hospital stay was 10.7±2.8 ranging from 8-12 days and 
11.6±3.8 ranging from 9-14 days in group A and group B 
respectively. The difference of all parameters were not statisti-
cally significant (p>0.05) between group A and group B.
Prophylactic use of MgSO4 was effective at preventing 
arrhythmia that may occur following cardiopulmonary 
bypass7. Some meta-analysis investigated the effect of Mg 
about the prevention of arrhythmia after cardiac surgery. 
Burgess and Brooks (1988)8 examine trials that verified the 

effect of Mg to prevent postoperative ventricular arrhythmia. 
Based on their meta-analysis, Mg prevents postoperative 
ventricular arrhythmia, but there was a significant heterogene-
ity between trials. The source of heterogeneity partly was 
explained by concomitant use of beta-blockers. Furthermore, 
the lack of data about the incidence of VF and VT was their 
major limitation. The result of this study is similar to this 
meta-analysis, but we verified the effect of Mg on all type of 
arrhythmias such as VF, VT, premature ventricular complex, 
premature atrial complex, and junctional rhythms. Based on 
this study, prophylactic Mg decreased all type of arrhythmias 
such as PVC, VT and VF.

Conclusion
This study concluded that routine intravenous magnesium 
administration can reduce the incidence of ventricular arrhyth-
mias following cardiopulmonary bypass in cardiac surgery.
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