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Diabetes mellitus is one of the major risk factors for ischemic heart disease & atherosclerosis. It is a systemic disease involving all 
the systems of the body. Various studies have shown uncontrolled diabetes to be associated with many macro vascular 
complications like coronary artery disease, stroke & micro vascular complications like nephropathy, neuropathy, retinopathy, etc. 
Studies has also shown that glycosylated haemoglobin (HbA1C) level is an indicator of  blood sugar control over the last 3-4 
months and it predicts both micro & macro vascular complications. The optimal control of blood sugar in the perioperative period 
during cardiac surgery is a very controversial topic and many studies have addressed it differently. Perioperative hyperglycemia is 
an independent risk factor for increased morbidity & mortality during cardiac surgery. The objective of this study is to find out 
whether long term preoperative blood glucose control as indicated by the HbA1C (blood sugar levels over last 3-4 months) level 
influence the perioperative blood sugar levels, insulin requirement, inotropic requirement, the incidence of atrial fibrillation, 
infection rate & duration of ICU & hospital stay in patients undergoing on pump CABG surgery.
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INTRODUCTION
Diabetes mellitus is one of the major risk factors for ischemic heart 
disease & atherosclerosis. It is a systemic disease involving all the 
systems of the body. Various studies have shown uncontrolled 
diabetes to be associated with many macro vascular complications 
like coronary artery disease, stroke & micro vascular complications 

(1-5) like nephropathy, neuropathy, retinopathy, etc. Studies have 
also shown that glycosylated haemoglobin (HbA1C) level is an 
indicator of  blood sugar control over the last 3-4 months and it 
predicts both micro & macro vascular complications. The American 
diabetes association has recommended the use of HbA1C levels as 
a method of assessing long term glycemic control in diabetic 
patients. HbA1C more than 7% is an independent risk factor for 
micro vascular & macro vascular complications in diabetic patients. 
American Association of clinical endocrinologist's medical 
guidelines for clinical practice for the management of diabetes 
mellitus recommends to maintain glycosylated haemoglobin less 

(13)than 7%.  

The optimal control of blood sugar in the perioperative period 
during cardiac surgery is a very controversial topic and many 
studies have addressed it differently. Perioperative hyperglycemia 
is an independent risk factor for increased morbidity & mortality 
during cardiac surgery. Various retrospective studies have shown 
that perioperative hyperglycemia is associated with the increased 
inotropic requirement, increased ICU & hospital stay, higher 
infection rate, delayed wound healing, renal failure & 

 ( 1 - 5 )  cerebrovascular accidents. Van Den Berg et al had 
recommended tight control of blood sugar between 80-120 mg/dl 

(9)in critically ill patients.  Finfer S, et al studied intensive versus 
conventional glucose management in critically ill patients & 
concluded that tight control is associated with increased risk of 

(10)hypoglycemia & neurological complications.  Griesdale et al, in 
their meta-analysis titled 'Intensive insulin therapy and mortality 
among critically ill patients' reported increased risk of 
hypoglycemia & neurological complications with intensive insulin 

(11) therapy Currently Society of thoracic surgeon's guidelines 
recommends maintaining blood sugars less than 180mg/dl in the 

 (12)  perioperative period.

OBJECTIVES: 
1. To assess whether patients with HbA1C more than 7% have 

higher blood sugar & insulin requirements perioperatively.
2. To evaluate whether patients with HbA1C more than 7% 

require higher inotropic support. 
3. To assess whether a patient with HbA1C more than 7% have a 

higher incidence of atrial fibrillation, infections & prolonged 
ICU & hospital stay. 

MATERIALS AND METHODS
Study design: Prospective Randomized controlled observational, 
single center study. Patients who were scheduled for elective 
coronary artery bypass grafting on cardiopulmonary bypass, who 
met all the inclusion criteria and did not have any exclusion criteria 
and were willing to participate in the study were included. The 
total numbers of patients were 120 as calculated by power 
analysis.

Inclusion criteria: Patients aged 40-80 yrs of either sex, with triple 
vessel diseases & ejection fraction of > 30% undergoing elective 
on pump CABG. 

Exclusion criteria: Age < 40 yrs or > 80 yrs, emergency surgery, 
co- existing valvular disease, preoperative renal failure, EF < 30 %, 
LMCA lesion, large LA Size (> 4 cms),  h/o of atrial fibrillation & 
those unwilling to give consent were excluded.

Conduct of the study: After the approval of technical advisory 
committee & institutional ethical committee this study was started. 
Informed written consent was taken from participants who were 
willing to participate in the study. Those meeting all of the 
inclusion criteria and did not have any of the exclusion criteria were 
selected. HbA1C levels were done as a part of the routine CABG 
work-up. Depending on HbA1C levels they were divided into two 
groups.

Group I:  HbA1C > 7%.
Group II:  HbA1C < 7%
One day prior to surgery fasting blood sugar & random blood 
sugars were determined. If it was more than 180 mg/dl, the patient 
was treated according to sliding scale as per our institute protocol. 
In patients with a history of DM, oral hypoglycemic drugs & insulin 
were stopped on the day of surgery as per institute protocols. For 
all patients FBS was estimated on the day of surgery and further 
blood sugar estimations were done in the pre CPB, CPB and post 
CPB periods. If blood sugar was more than 180mg/dl, patients 
were treated uniformly with human regular Insulin using modified 
Cleveland clinic protocol. Postoperatively blood sugar levels were 
monitored every hourly, if blood sugar levels more than 180 mg/dl; 
it was treated as per modified Cleveland clinic protocol for insulin 
dose. All patients were treated to maintain blood sugar levels less 

 (7)than 180 mg/dl as per society of thoracic surgeon's guidelines.  

Data analysis: Preoperatively demographic data like age, sex, 
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history of diabetes, duration of diabetes & treatment, Ejection 
fraction, Regional wall motion abnormality, blood sugar & HbA1C 
levels were recorded. Perioperatively blood sugar levels, total 
insulin requirement during surgery & first 48 hrs post-operatively, 
the inotropic requirement (according to Wernovsky inotropic score 
= Dobutamine (µg/kg/min) + Dopamine (µg/kg/min) + 100 X 
adrenaline (µg/kg/min) + 100 X nor adrenaline (µg/kg/min) + 10 X 

(17)milrinone (µg/kg/min) + 10,000 X vasopressin dose (U/kg/min)  & 
any episode of atrial fibrillation were recorded. Postoperatively, 
patients were followed up till discharge from hospital. Superficial 
or deep sternal wound infections, duration of ICU & hospital stay, 
any episodes of atrial fibrillation, were recorded. These data were 
collected from the patient's charts and files in the intensive care 

thunit (ICU) & ward. Statistical analysis was performed with SPSS 16  
edition for windows. P value < 0.05 was taken as significant.

OBSERVATION AND RESULTS: 
Group-I (HbA1C > 7%) included patients in the age group 57 + 8 
yrs. 52 were males & 8 females. 48 patients had diabetes, whereas 
12 patients had no past h/o diabetes. Group-II (HbA1C < 7%) 
included  patients in the age group 58 + 8.6 yrs. 55 were males & 5 
females, only 15 patients had diabetes while the rest had no h/o 
diabetes. Demographic variables between group-I & group-II were 
compared using Chi-square test for variables with a nominal scale 
(gender, diabetic status & RWMA) & paired T-test for variables with 
interval scale & normal distribution (age, BSA, BMI, EF & bypass 
duration). Table-1 shows P value is > 0.05 for all variables except 
diabetic status, meaning both the groups are comparable with 

regard to demographic data. Graph-1 shows a comparison of the 
demographic variables between the two groups. Preoperative, 
intraoperative & postoperative blood sugar levels for the first 48 
hrs, intraoperative & postoperative insulin requirement were 
compared using the Paired T-test. Table-2 & Graph-2 & 3 shows 
that perioperative blood sugar levels & postoperative insulin 
requirement were higher in group-I & statistically significant as 
compared to group-II. Intraoperative insulin requirement was not 
statistically significant.

Perioperative outcomes were compared using the Paired T-test 
(inotropic score, ICU & hospital length of stay) & Fisher's test (atrial 
fibrillation & infection rate). Table-3 & Graph-4 shows that 
inotropic score (based on inotropic dose) was higher in group-I 
patients during first 48 hrs in the ICU. Six patients in group-I & four 
patients in group-II developed atrial fibrillation which was not 
statistically significant. Duration of stay in the ICU in group-I (2.8 + 
0.8 days) was longer than group-II (2.6 + 0.4 days) but not 
statistically significant (p = 0.08). Length of stay in the hospital was 
longer in group- I (7.1 + 3.5 days) as compared to group-II (6.2 + 
0.4) & was statistically significant. (p= 0.02). Six patients developed 
deep Sternal wound infection & three patients had to undergo 
pectoral flap surgery. All the six patients were from the group-I & 
had high HbA1C levels preoperatively. Graph-5 shows the glucose 
variability between the two groups during pre-bypass, bypass & 
ICU for the first 48 hrs. Glucose variability is more in group-I as 
compared to group-II.

Groups Patients 
(n)

Age
(years)

Gender (n)
(male/female)

BSA(m2)
Mean + SD

BMI(Kg/m2)
Mean + SD

Number of 
patients 
with/without  
diabetes

Bypass time
(minutes)
Mean + SD

EF%
Mean + SD

Number of 
patients 
with/without 
RWMA

I (HbA1C 
>7%)

60 57 + 8 52/8 1.71 + 0.2 25.5 + 3.5 48/12 113 + 30 62 + 11% 35/25

II (HbA1C 
<7%)

60 58 + 8.6 55/5 1.68 + 0.2 24.4 + 4.8 15/45 102 + 25 61 +11% 26/34

P- value 0.51 0.55 0.46 0.24 0.0 0.37 0.62 0.1

Test Paired 
T-test

Chi-square Paired T-test Paired T-test Chi-square Paired T-test Paired T-test Chi-square

Table-1 Demographic data

BSA- body surface area, BMI- body mass index, EF- ejection fraction, RWMA- regional wall motion abnormality

 

Graph-1 Demographic variables
BSA- Body surface area, BMI- body mass index, DM- diabetes 
mellitus, EF- ejection fraction, RWMA- regional wall motion 
abnormality.

Graph- 2 Perioperative blood sugar levels
Group-I: HbA1c > 7 grm/dl,  Group � II: HbA1c < 7 grm/dl

Table-2-Perioperative blood sugar levels & insulin requirement

Groups Preoperative 
BSL(mg/dl)
(Median+SD)

Intraoperative
BSL(mg/dl)
(Median+SD)

Postoperative
(First48 hrs.)
BSL(mg/dl) (Median+SD)

Intraoperative Insulin 
requirement (Units)
(Mean + SD)

Postoperative Insulin 
requirement (Units)
(Mean + SD)

I (HbA1C > 7%) 145 + 49 139 + 34 181 + 27.5 3.2 + 9 122 + 89

II (HbA1C < 7%) 102 + 20 125 + 31 161 + 22 1 + 3.5 50 + 43

P value 0.00 0.04 0.00 0.08 0.00

Test Paired T-test Paired T-test Paired T-test Paired T-test Paired T-test

BSL-blood sugar levels
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Graph-3 Perioperative insulin requirement to maintain BSL 
< 180 mg/dl
Group-I: HbA1c > 7 grm/dl,  Group-II: HbA1c < 7 grm/dl

LOS- length of stay
Graph-4 Perioperative outcomes following on pump CABG

Graph-5 Perioperative blood sugar levels & variability

DISCUSSION:
The objective of our study was to determine whether preoperative 
glycosylated haemoglobin levels (HbA1C) could predict the 
probability of perioperative hyperglycemia, duration of stay in the 
ICU & hospital, inotropic requirement, the incidence of surgical site 
infection & atrial fibrillation in the postoperative period. During 
cardiac surgery there is an alteration in the glucose metabolism. 
Many factors like surgical stress, exposure to CPB, inotropes, 
insulin resistance; predispose both diabetic & non-diabetic 
patients to develop hyperglycaemia. Various studies have shown 
that perioperative hyperglycaemia & glucose variability is 
associated with prolonged ICU & hospital stay, increased mortality 
& morbidity perioperatively during cardiac surgery.  Perioperative 
hyperglycaemia & glucose variability influence the outcome in 
critically ill patients. However, their extent of perioperative 
hyperglycaemia can only be determined afterwards, which limits 
their use as a clinical predictor. Identifying relevant patient 
characteristics that are connected to and could possibly predict 
intra- and postoperative hyperglycaemia is an important step 
toward improved medical management. 

The importance of preoperative HbA1C levels, whether surgery 
should be delayed in patients with higher values, HbA1C levels can 
it be used to predict perioperative hyperglycaemia & post-
operative outcomes following on pump CABG are the questions 
we have tried to answer from our study.

 Our study had two groups with 60 patients each. Group-I (HbA1C 
> 7%) included patients in the age group 57 + 8 yrs. 48 patients 
had diabetes, whereas 12 patients had no past h/o diabetes. 
Group-II (HbA1C < 7%)  included  patients in the age group 58 + 
8.6 yrs. 15 patients had diabetes while the rest had no h/o 
diabetes. Both groups were comparable with regard to 
demographic data, echo features & bypass duration. Group-I 
patients had higher blood sugars pre bypass, on bypass & in the 
ICU for the first 48 hrs. Group-I patients required higher insulin 
dose to maintain blood sugars around 180 mg/dl during 
perioperative period & first 48 hrs in the ICU. Inotropic score (based 
on inotropic dose) was higher in group-I patients during first 48 hrs 
in the ICU. Duration of stay in the ICU in group-I (2.8 + 0.8 days) 
was longer than group-II (2.6 + 0.4 days) but not statistically 
significant (p = 0.08). Length of stay in the hospital was longer in 
group- I (7.1 + 3.5 days) as compared to group-II (6.2 + 0.4) & was 
statistically significant. (p = 0.02). Six patients postoperatively 
developed deep Sternal wound infection & three patients had to 
undergo pectoral flap surgery. All the six patients were from the 
group-I & had high HbA1C levels preoperatively.Six patients in 
group-I & four patients in group-II developed atrial fibrillation 
which was not statistically significant.

LIMITATION AND STRENGTHS:
It was a small observational single center study. Inotropic score 
that is the maximum dose of inotrope used in the ICU during first 
48 hrs was used to calculate inotropic requirement in both the 
groups. The duration of inotrope used couldn't be compared as 
there was no cardiac output monitoring postoperatively in all 
patients.

Compared with other studies, it was a prospective study with a 
homogeneous cohort from a single center. All data was manually 
collected; so there was no issue of data loss through automatic 
data collection. The blood sugar level was maintained less than 
180 mg/dl in both the groups as per the present STS guidelines. 
Modified Cleveland clinic insulin dose protocol was used in both 
the groups to maintain blood sugar levels less than 180 mg/dl 
perioperatively. 

CONCLUSION: 
In summary, this prospective study proves that preoperative 
HbA1C levels predict the degree of perioperative hyperglycaemia, 
insulin requirement perioperatively & duration of stay in the 
hospital. Patients with higher HbA1C levels have an increased risk 
of infections & require higher inotropic support. In patients with 
higher HbA1C levels preoperatively, the risk benefit ratio to be 
considered before taking for surgery. In this subset of patients 
surgery may be delayed until the blood sugars are controlled for a 
better outcome  .
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