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To study the impact of poor glycemic control (Elevated HbA1c) on post-
operative frequency of acute kidney injury after coronary artery bypass 
graft (CABG) surgery.

Riaz ul Haq1, Muhammad Mujahid2, Muhammad Farooq Ahmad3, Muhammad Hussnain Raza4, Muneeza Dilpazeer5, 
Muhammad Azam6

ABSTRACT… Objective: To compare the frequency of acute kidney injury in diabetic patients with HbAlc ≥7% and HbA1c <7% 
undergoing CABG surgery and to determine the severity of AKI and adverse outcome in diabetic patients undergoing CABG 
surgery. Study Design: Comparative Cross-sectional study. Setting: The study was conducted in Cardiac Surgery Department, 
Faisalabad Institute of Cardiology, Faisalabad. Period: The duration of study was from 05/05/2023 to 04/05/2024. Methods: The 
present study involved 100 diabetic patients undergoing CABG surgery assimilated into two equal groups; Group-A (HbA1c ≥7.0%) 
and Group-B (HbA1c <7.0%). These patients were followed in the post-operative period and occurrence of AKI was noted along 
with its severity according to RIFLE criteria. These patients were managed as per department protocols and adverse outcome in 
the form of mortality was noted. Frequency of AKI, its severity and adverse outcome was compared between the groups. Results: 
The calculated mean age of the participants was 51.5 years, with a standard deviation of ±7.4 years. There was male predominance 
(M:F; 7.3:1). Following cardiac surgery, the mean of peak serum creatinine was significantly higher (1.25±0.36 vs. 1.03±0.24 mg/
dl; p-value<0.001) while the mean glomerular filtration rate was significantly lower (66.14±21.17 vs. 75.96±17.52 mL/min/1.73m2; 
p-value=0.013) in patients with elevated HbA1c (≥7.0%). The frequency of post-operative AKI was significantly higher in patients with 
poor glycemic control (44.0% vs. 12.0%; p-value<0.001). Among the 28 patients having AKI, 15 (53.6%) patients were categorized 
as risk while 13 (46.4%) patients were categorized as injury under RIFLE criteria. Adverse outcome was noted in 4 (4.0%) patients. 
When compared the frequency of adverse outcome comparably higher in individuals with increased HbA1c ≥7.0% (8.0% vs. 0.0%; 
p-value=0.041) and AKI (14.3% vs. 0.0%; p-value=0.005). Conclusion: In diabetic patients undergoing CABG, poor preoperative 
glycemic control was identified as a key predictor of postoperative AKI and mortality. This emphasizes the importance of HbA1c in 
risk stratification and optimizing glycemic management for better patient outcomes.
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INTRODUCTION
Glycated hemoglobin or HbA1c shows blood glucose 
control of the patients during last 3 to 4 months. 
When stable glycated hemoglobin is formed by 
irreversible binding of blood glucose to hemoglobin, 
is called HbA1c. Due to normal life span of 90-120 
days of red blood cells, elimination of HbA1c is only 
possible upon replacement of red cells. That is why, 
short-term glycemic changes do not affect HbA1c 
due to continuous turnover of red cells. So, glucose 
control can be better assessed for a period of 3-4 
months with the help of HbA1c.1

HbA1c increases reactive free radicals within blood 
cells, altering membrane properties. This leads 
to higher blood viscosity, cell aggregation, and 
impaired circulation. Additionally, HbA1c induces 
inflammation, contributing to atheroma formation.2

Postoperative AKI is a prevalent complication 
among cardiac surgery patients, with incidence 
rates reported between 20% and 49%.3,4,5,6 Even a 
minor elevation in creatinine (0.3 mg/dL) can result 
in long-term renal impairment, increasing the risk of 
CKD progression and mortality.7,8,9 
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Identified AKI risk factors include diabetes mellitus, 
gender, age, metabolic syndrome, and preoperative 
creatinine levels, while prolonged surgery and 
emergency procedures further contribute.3,10,11 
Both acute and chronic hyperglycemia have been 
associated with endothelial dysfunction, heightened 
infection risk, and cardiac complications post-
CABG.2,12,13,14 Furthermore, hyperglycemia is a well-
recognized risk factor for perioperative morbidity 
and mortality, particularly in patients with renal 
dysfunction.3,10,15

For evaluation of chronic hyperglycemia and diabetes 
control in diabetic patients, HbA1c is an established 
parameter16 and it is widely used to diagnose 
diabetes mellitus. Besides this, HbA1c has been 
reported as a vital marker for atherosclerosis, acute 
hyperglycemia, insulin resistance and endothelial 
dysfunction.2,12

The purpose of this study is to investigate the 
occurrence of acute kidney injury in patients with 
suboptimal glycemic control (HbA1c>7%) undergoing 
CABG surgery and to compare the frequency of 
AKI in patients with HbAlc > 7% and HbA1c < 7% 
undergoing CABG surgery. Additionally, the study 
will analyze the severity of acute kidney injury (AKI) 
in diabetic patients undergoing CABG surgery and 
its influence on postoperative outcomes, aiding in 
better risk assessment and management strategies.

METHODS 
This research employed a comparative cross-
sectional design, enrolling 100 diabetic patients 
scheduled for coronary artery bypass grafting 
(CABG) surgery during the period May 5, 2023, 
to May 4, 2024. Prior to study initiation, ethical 
approval was secured from the hospital’s Ethical 
Review Committee (24-2019/DME/FIC/FSD), 
ensuring compliance with institutional guidelines 
and ethical research standards. The authors confirm 
no conflicts of interest in relation to this study. 
We included both genders with known history of 
diabetes within the age range of 40 to 70 years, 
with a serum creatinine level below 1.2 mg/dL, who 
were scheduled for elective CABG surgery.Patients 
requiring redo surgeries, those with an estimated 
glomerular filtration rate (eGFR) below 60 ml/
min, and individuals with a left ventricular ejection 

fraction (LVEF) of less than 30% were excluded. 
Prior to participation, eligible patients received 
detailed counseling and structured interviews 
explaining the study’s objectives and procedures. 
After taking routine consent (informed), patients 
were subsequently admitted to the cardiac surgery 
ward for further management.

CABG was performed following standard surgical 
protocols, including median sternotomy, arterial 
and venous graft harvesting, pericardiotomy, 
heparinization, cannulation, and cardiopulmonary 
bypass (CPB) under moderate hypothermia. Aortic 
cross-clamping (20–140 min) and antegrade cold 
blood cardioplegia were utilized. The required 
number of grafts were anastomosed, followed by 
rewarming, cross-clamp removal, CPB weaning, 
protamine administration, pacing wire and drain 
placement, hemostasis, and chest closure. For 
strict monitoring all operated cases were moved to 
ICU. Serum creatinine levels were recorded on the 
1st, 2nd, and 4th postoperative days and compared 
with baseline values. Baseline serum creatinine was 
measured from a blood sample taken at hospital 
admission, and GFR was calculated using the CKD-
EPI equation. The primary objective was to determine 
the incidence of AKI at any stage postoperatively, 
based on KDIGO criteria, which align with AKIN and 
STS guidelines. AKI was classified as:
•	 Stage 1: Serum creatinine increase of 0.3 mg/

dL within 48 hours post-surgery or 1.5–1.9 
times the baseline.

•	 Stage 2: Creatinine rise of 2.0–2.9 times the 
baseline.

•	 Stage 3: Creatinine increase of ≥3.0 times the 
baseline or necessity for renal replacement 
therapy.

Standard laboratory tests, including HbA1c and 
serum creatinine levels, were performed upon 
admission. HbA1c ≥7.0% at admission was 
classified as preoperative hyperglycemia, while 
postoperative hyperglycemia was defined as fasting 
serum glucose ≥126 mg/dL at any point during the 
postoperative period. Patients were stratified into 
two groups:
•	 Group A: HbA1c ≥7.0%
•	 Group B: HbA1c<7.0%
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All patients remained under intensive care following 
surgery, and creatinine levels were recorded on 
the 1st, 2nd, and 4th postoperative days. Data 
entry and statistical analysis were conducted using 
SPSS version 23.0.Numerical variables (e.g., age, 
duration of surgery, HbA1c levels, preoperative 
and postoperative GFR, preoperative creatinine, 
and peak postoperative creatinine) were expressed 
as mean ± standard deviation (SD).However, 
variables (e.g., gender, AKI occurrence, severity 
of AKI, and adverse outcomes) were reported as 
frequency and percentage. The incidence, severity, 
and association of AKI with adverse outcomes 
were compared between Group A and Group B 
to determine statistical significance. To adjust for 
potential confounders, data were stratified based 
on gender, age, and surgical duration before further 
analysis.

RESULTS
The patients had age between 40-70 years with a 
mean of 51.5±7.4 years. 67 (67%) patients were 
aged ≤55 years and 33 (33%) patients were aged 
above 55 years. There were 88 (88%) males and 
12 (12%) females. Ratio between male to female 
patients was of 7.3:1. Duration of surgery ranged 
from 3.5-8.0 hours with a mean of 5.29±1.07 hours. 
It was ≤5 hours in 59 (59%) patients and >5 hours 
in 41 (41%) patients as given in Table-I. Both study 
groups exhibited similar demographic profiles, as 
detailed in Table-II.

Plasma HbA1c level ranged from 6.1-13.8% with 
a mean of 7.27±1.03%. Group A exhibited a 
significantly higher value compared to Group B: 
(7.96±1.05 vs. 6.57±0.28%; p-value<0.001). The 
average serum creatinine levels in both groups were 
statistically comparable, 0.96±0.22 vs. 0.94±0.17 
mg/dl; p-value=0.615) and mean glomerular 
filtration rate (92.78±12.25 vs. 93.88±14.47 mL/
min/1.73m2; p-value=0.683) at baseline. However, 
following cardiac surgery, the mean of peak serum 
creatinine was significantly higher (1.25±0.35 v/s. 
1.03±0.22 mg/dl; p-value<0.001) while the mean 
glomerular filtration rate was significantly lower 
(66.14±21.17 vs. 75.96±17.52mL/min/1.73m2; 
p-value=0.013) in patients with elevated HbA1c 
(≥7.0%) as shown in Table-III.

Following, cardiac surgery, acute kidney injury was 
noted in 28 (28.0%) patients (Table-IV). As indicated 
in Table-V, AKI occurred significantly more frequently 
in patients with HbA1c ≥7.0% than in those with 
lower HbA1c levels (44% v/s. 12%; p<0.001). This 
difference persisted across subgroups stratified 
by age, gender, and surgical duration. However, 
there was an increased rate of AKI with increasing 
duration of surgery irrespective of study group as 
shown in Table-VI.

Among the 28 patients having AKI, 15 (53.6%) 
patients were categorized as risk while 13 
(46.4%) patients were categorized as injury under 
RIFLE criteria. Both groups exhibited comparable 
distributions of AKI severity grades. Furthermore, 
stratified analyses based on age, gender, and 
surgical duration was computed as of no difference 
statistically between the groups.

On comparison the occurrence of adverse outcome 
was found significantly more in those with increased 
HbA1c ≥7.0% (8.0% vs. 0.0%; p-value=0.041) 
as evident from Table-VII. On comparison same 
difference was observed between groups in 
different subgroups on age, gender and duration 
of surgery as evident from Table-VIII. The rate of 
adverse outcome was also much higher in patients 
who developed AKI after surgery (14.3% vs. 0.0%; 
p-value=0.005) as indicated by Table-IX.

TABLE-I

Baseline demographic and clinical arameters of the study 
group

Characteristics Participants
n=100

Age (years)	 51.5±7.4

≤55 years 67 (67.0%)

>55 years 33 (33.0%)

Gender

Female 12 (12.0%)

Male 88 (88.0%)

Duration of Surgery (hours) 5.29±1.07

≤5 hours 59 (59.0%)

>5 hours 41 (41.0%)
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TABLE-II

Baseline characteristics of the study groups n=100

Characteristics HbA1c ≥7
n=50

HbA1c <7
n=50 P-Value

Age 
(years)	

51.6±7.5 51.4±7.4 0.894

≤55 years 33 (66.0%) 34 (68.0%)
0.832

>55 years 17 (34.0%) 16 (32.0%)

Gender

Male 45 (90.0%) 43 (86.0%)
0.538

Female 5 (10.0%) 7 (14.0%)

Duration of 
Surgery (hours)

5.22±1.12 5.36±1.03 0.516

≤5 hours 29 (58.0%) 30 (60.0%)
0.839

>5 hours 21 (42.0%) 20 (40.0%)

TABLE-III

Comparison of renal profile before and after cardiac 
surgery n=100

Parameter HbA1c ≥7
n=50

HbA1c <7
n=50 P-Value

Creatinine at 
Baseline(mg/dl)

0.96±0.22 0.94±0.17 0.615

GFR at Baseline 
(mL/min/1.73m2)

92.78±12.25 93.88±14.47 0.683

Creatinine after 
Surgery (mg/dl)

1.25±0.36 1.03±0.24 <0.001

GFR after Surgery 
(mL/min/1.73m2)

66.14±21.17 75.96±17.52 0.013

TABLE-IV

Frequency of post-operative AKI in the study cohort n=100

AKI Frequency (n) Percent (%)

Yes 28 28.0 %

No 72 72.0 %

Total 100 100.0%

AKI; Acute Kidney Injury

TABLE-V

Comparison of frequency of post-operative AKI n=100

AKI HbA1c ≥7
n=50

HbA1c <7
n=50 P-Value

Yes	 22 (44.0%) 6 (12.0%)

<0.001No 28 (56.0%) 44 (88.0%)

Total 50 (100.0%) 50 (100.0%)

TABLE-VI

Comparison of frequency of post-operative AKI n=100

Subgroups

Acute Kidney Injury
n/n (%)

P-Value
HbA1c ≥7

n=50
HbA1c <7

n=50

Age	

≤55 years
14/33 

(42.4%)
4/34 (11.8%) 0.005

>55 years 8/17 (47.1%) 2/16 (12.5%) 0.031

Gender

Male
20/45 

(44.4%)
5/43 (11.6%) 0.001

Female 2/5 (40.0%) 1/7 (14.3%) 0.310

Duration of 
Surgery

≤5 hours
11/29 

(37.9%)
3/30 (10.0%) 0.012

>5 hours
11/21 

(52.4%)
3/20 (15.0%) 0.012

TABLE-VII

Comparison of frequency of post-operative adverse 
outcome n=100

Adverse 
Outcome

HbA1c ≥7
n=50

HbA1c <7
n=50 P-Value

Yes	 4 (8.0%) 0 (0.0%)

0.041No 46 (92.0%) 50 (100.0%)

Total 50 (100.0%) 50 (100.0%)

TABLE-VIII

Comparison of frequency of post-operative adverse 
outcome across various subgroups n=100

Subgroups

Adverse Outcome
n/n (%)

P-Value
HbA1c ≥7

n=50
HbA1c <7

n=50

Age

≤55 years 2/33 (6.1%) 0/34 (0.0%) 0.239

>55 years 2/17 (11.8%) 0/16 (0.0%) 0.485

Gender

Male 4/45 (8.9%) 0/43 (0.0%) 0.117

Female 0/5 (0.0%) 0/7 (0.0%) -

Duration of Surgery

≤5 hours 2/29 (6.9%) 0/30 (0.0%) 0.237

>5 hours 2/21 (9.5%) 0/20 (0.0%) 0.488
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TABLE-IX

Comparison of frequency of post-operative adverse outcome 
between patients with versus without post-operative AKI 
n=100

Adverse 
Outcome

AKI
n=28

No AKI
n=72 P-Value

Yes	 4 (14.3%) 0 (0.0%)

0.005No 24 (85.7%) 72 (100.0%)

Total 28 (100.0%) 72 (100.0%)

DISCUSSION
Among the various cardiac surgical procedures, 
CABG is most frequently performed procedure 
with an estimated rate of 400,000 procedures per 
annum and 62 procedures per 100,000 inhabitants 
in US and Europe.17

 As in any other surgical procedure, post-operative 
morbidity and mortality remains a serious concern 
after CABG and research in the past few decades 
have focused on perioperative medications as well 
as development in instrumentation and techniques 
to decrease the likelihood of complications after 
CABG making it safer and effective.

Among the various post-operative complications 
of CABG, in adult patients, AKI is a frequently 
encountered and clinically significant complication.3 
Postoperative AKI is independently linked to higher 
short-term morbidity and increased treatment costs 
while long-term mortality.6 Therefore measures 
which can reduce the occurrence of AKI and its 
severity are of paramount importance in clinical 
practice.3,5,6

The frequency of diabetes in patients undergoing 
CABG surgery continues to increase. During cardiac 
surgeries hyperglycemia occurs in perioperative 
period, has been reported to have strong relationship 
with increased morbidity and mortality.12,13,4 HbA1c 
levels serve as an indicator of adequate glycemic 
control i.e. <7%. Perioperative hyperglycemia is 
also an independent predictor of post-operative 
acute kidney injury.3,10

Thus it appears that there is high risk of AKI when 
cardiac surgery is performed in a diabetic patient. 
Recently there was evidence that not only diabetes 

but poor glycemic control was related with increased 
risk of AKI after cardiac surgeries proposing potential 
role of glycemic control in the risk stratification of 
such patients.6 Due to the limited available evidence 
and the lack of local published studies, this research 
was deemed necessary.

The aims of this research were to compare the 
incidence of acute kidney injury in diabetic patients 
with HbAlc ≥7% and HbA1c< 7% who underwent 
CABG surgery and to identify the severity of AKI 
and adverse outcome in diabetic patients who 
underwent CABG surgery.

In this study, the average age of CABG patients was 
51.5±7.4 years. Our finding is in conformity with18 
who noted the same average age of 51.3±5.7 years 
in patients undergoing CABG at Chaudhary Pervaiz 
Elahi Institute of Cardiology, Multan. In another local 
study19 reported similar mean age of 51.6±10.3 
years among such patients undergoing CABG 
at Punjab Institute of Cardiology, Lahore. Similar 
mean age has already been reported in a number 
of other local studies where29,20,21 observed it to 
be 53.6±10.2 years, 55.3±9.6 years and 54.5±3.4 
years respectively. A comparable mean age has 
been observed in Indian patients undergoing CABG 
where22 reported it to be 52.±11.2 years and23 
reported it to be 53.7±9.5 years. A similar trial in 
Bangladesh24 reported comparable mean age of 
54.8±2.5 years while25 reported it to be 53.4±8.9 
years in Nepal.

This observed mean age in the present study 
matches with statistics reported by other studies 
conducted in local as well as other populations 
in South-East Asia. However in comparison with 
western population, this mean age is quite younger 
where26 in UK and27 in USA observed much higher 
mean age at the time of CABG and reported it to be 
67.1±10.1 years and 66.1±9.9 years respectively. 
Another study28 also reported higher mean age of 
67.3±9.1 years among Chinese such patients. This 
difference in the mean age can be attributable to 
geographical as well as life style and genetic factors 
associated with coronary artery disease. It implies 
public health measures in this regard to increase 
public awareness about this aspect to reduce the 
burden of disease and delay its development as 
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much as possible.

We observed a male predominance (M:F; 7.3:1) 
in patients undergoing CABG surgery. In another 
similar study29 conducted at Punjab Institute of 
Cardiology, Lahore, reported alike predominance of 
males with male to female ratio of 7.2:1. Findings of 
this study agree with another study30, as they also 
mentioned similar predominance of males with male 
to female ratio of 6.2:1 among CABG patients at 
Rahim Yar Khan.A notable male predominance was 
evident, with a male-to-female ratio of 6.2:1 has 
also been reported by another study20 at Chaudhary 
Pervaiz Elahi Institute of Cardiology Multan. Other 
studies22,23 described comparable predominance of 
male patients with male to female ratio of 7.1:1 and 
7.9:1 respectively in Indian CABG patients. Another 
study31 observed it to be 7.3:1 among Italian such 
patients.

We observed that following cardiac surgery, in 
patients with poor glycemic control the frequency 
of post-operative AKI (44.0% vs. 12.0%; 
p-value<0.001) and mortality (8.0% vs. 0.0%; 
p-value=0.041) was significantly high.

Our results in line with the parent study where6 
evaluated AKI and mortality in 300 German patients 
undergoing CABG surgery. The author took cut-
off value of HbA1c ≥6.0 % to define good and 
poor glycemic control. The author reported similar 
significantly higher frequency of AKI (56.5% vs. 
41.0%; p-value=0.008) and mortality (3.3% vs. 
0.0%; p-value<0.05) in patients with poor glycemic 
control undergoing CABG surgery.

Our observation is also in line with a similar study32 
conducted over 202 Turkish patients undergoing 
CABG surgery. The author reported AKI in 10.5% 
patients and mortality in 1.8% patients. When 
compared patients with low and high HbA1c, the 
author reported similar higher frequency of AKI 
(16.7% vs. 3.6%; p-value=0.002) and mortality 
(6.7% vs. 1.8%; p-value=0.036) in patients with 
poor glycemic control. In another Turkish study33 
studied 60 patients with good glycemic control 
matched with another 60 patients having poor 
glycemic control undergoing CABG surgery. They 
too reported similar significantly higher frequency 

of AKI (25.0% vs. 10.0%; p-value=0.031) and 
mortality (8.3% vs. 0.0%; p-value=0.046) in patients 
with poor glycemic control. Still another Turkish 
study34 described similarly higher rate of mortality 
in patients undergoing CABG surgery with high 
HbA1c in the pre-operative workup (21.4% vs 0.0%; 
p-value=0.005).

Similar results have also been reported by an 
Egyptian study35 evaluated results of CABG surgery 
in 40 patients with good versus poor glycemic 
control. The author reported similar significantly 
increased frequency of AKI (45.0% vs. 10.0%; 
p-value=0.034) in patients with poor glycemic 
control prior to surgery (HbA1c ≥6.5%).

However, it is clear that pre-operative poor glycemic 
control may lead to post operative AKI and mortality 
in diabetics which highlights the significance of 
glycemic control as well as potential role of HbA1c 
in the risk stratification. We also observed that 
increased duration of surgery was also an important 
determining factor of acute kidney injury as the 
frequency of AKI was lower when the duration of 
surgery was ≤5 hours as compared to when it was 
>5 hours (23.7% vs. 34.1%; p-value=0.254). This 
association between duration of surgery and acute 
kidney injury can be explained by increase surgical 
stress, tissue trauma and exposure to anesthetic 
and other medications as well as derangements in 
hemodynamics with prolongation of operative time 
which are established risk factors of acute kidney 
injury.3 In the light of this evidence, it is advocated 
that duration of surgery should be reduced to 
minimum in this population.

This trial is the first of its type in local population 
and contributes to the already available published 
international evidence on the subject. A large 
sample size of 100 patients was strength of this 
study besides strict exclusion criteria. A major and 
strong limitation to the current study was that we 
didn’t take into account the role of peri-operative 
insulin therapy and ideal glycemic control in the 
management of such patients and its impact on the 
development of AKI, its severity and overall mortality 
which would have fixed the place of glycemic control 
in managing such patients more clearly. It is a crucial 
study and one which is greatly to be suggested in 
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future clinical studies.

CONCLUSION
Preoperative poor glycemic control was found to be 
a strong link with acute kidney injury and mortality 
in diabetics undergoing CABG. This capitalizes 
the significance of glycemic management and the 
potential role of HbA1c in risk stratification for 
optimizing patient care.
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