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Introduction

Intraoperative glucose control during cardiac surgery is 
often difficult. Intraoperative blood glucose control for good 
postoperative outcome in the cardiac surgery depends on 
preoperative control of diabetes, intraoperative management of 
blood sugar, duration of cardiopulmonary bypass, use of inotropic 
agents, other co‑morbidities, etc. Hyperglycemia in response to 

stress during on‑pump coronary artery bypass grafting (CABG) 
increases vulnerability to surgical site infection, neurological 
damage, cardiac and renal injury, and perioperative mortality.[1,2]

Intense blood glucose control targeting blood glucose levels 
between 80 and 110 mg/dl resulted in a reduction in morbidity 
and mortality in the critically ill patient population including 
cardiovascular surgery patients.[3,4] Intensive insulin therapy (IIT) 
has been shown to reduce infection rates, improve outcomes in 
acute neurologic injury and acute myocardial infarction, and Address for correspondence: Dr. Vaishali Mohod, 
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Background and Aims: Hyperglycemia during cardiac surgery is a risk factor for postoperative outcomes. Because incidence 
of diabetes mellitus is increasing in Indian population, we tried to evaluate the western protocol for strict control of blood 
sugar perioperatively. The main aim of the study was to evaluate glycemic control during coronary artery bypass grafting and 
to determine whether intensive insulin therapy (IIT) is better than the conventional one.
Material and Methods: A prospective randomized comparative study was conducted to evaluate IIT and conventional 
management of glucose in 40 patients undergoing on‑pump coronary artery bypass grafting. Outcomes measured were incidence 
of hyperglycemia or hypoglycemia, incidence of hypokalemia, prolonged intubation, wound infections, strokes, acute renal 
failure, new onset arrhythmias, length of stay in ICU and hospital, cardiac arrest and mortality. The statistical analysis was done 
by using Chi‑square test, and paired and unpaired t test.
Results: The diabetic patients had significantly higher mean blood sugar and insulin requirement. The incidence of hyperglycemia 
was significantly higher in conventional management of blood sugar (P = 0.001), whereas hypoglycemia (P = 0.047) and 
hypokalemia (P = 0.020) were significantly higher in IIT. There were no significant difference in the incidence of prolonged 
intubation, wound infection, length of ICU and hospital stay, strokes, acute renal failure, new onset arrhythmias, cardiac arrest, 
and mortality.
Conclusion: The IIT did not improve the morbidity and mortality in our patients undergoing coronary artery bypass 
grafting.
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and later restarted, when the blood sugar levels were above 
80 mg/dl, it was always restarted according to this column.

Insulin infusion was given as per column 2, if the patient did 
not reach blood sugar level in the range of 80–110 mg/dl 
within 2 h of using column 1 protocol, or if blood sugar levels 
decreased by less than 50 mg/dl over the preceding 2 h of 
using column 1 protocol.

Insulin infusion was given as per column 3, if the patient did 
not reach blood sugar level in the range of 80–110 mg/dl 
within 2 h of using column 2 protocol, or if blood sugar levels 
decreased by less than 50 mg/dl over the preceding 2 h of 
using column 2 protocol.

When blood sugar levels dropped below 80 mg/dl, insulin 
infusion was stopped, and 50 ml/h of 5% dextrose infusion was 
initiated. Thereafter, blood sugar was checked every 30 min until 
the sugar level was more than or equal to 80 mg/dl (however, these 
30 min readings have not been entered in our monitoring charts, 
and only the next value as per the study protocol time intervals 
have been entered). When blood sugar level ≥80 mg/dl was 
achieved, dextrose infusion was discontinued. Insulin infusion was 
then resumed, always as per column 1 of the algorithm.

This protocol was followed for maintaining tight control of 
blood sugar levels between 80 and 110 mg/dl throughout the 
intraoperative as well as the 48 h postoperative period.

Group II (Conventional insulin therapy): Patients received 
conventional treatment of insulin i.e., they were not given insulin 
unless blood sugar levels were more than 200 mg/dl. If blood 
glucose concentration was between 200 and 250 mg/dl, the 
patients received an intravenous bolus of 4 units of insulin every 
hour until the glucose concentration was below 200 mg/dl. If 
the blood glucose levels were above 200 mg/dl despite bolus 
dose, then the patients received an intravenous infusion of 

improve survival after cardiac surgery.[5,6] However, recent 
evidence of severe hypoglycemia associated with IIT brings its 
safety and efficacy into question.[7,8] Some clinical trials evaluating 
other patient populations have also shown a reduction in morbidity 
with a lesser impact on mortality using tight blood glucose control. 
In addition, it has been observed that blood glucose variability 
is an independent predictor of ICU and in‑hospital mortality.[9]

This study was designed with the primary objective to study 
glycemic control during on‑pump CABG and to compare 
conventional versus IIT in these patients. Secondary objective was 
to evaluate whether IIT is better than conventional management of 
glucose in the terms of various outcomes in postoperative period.

Material and Methods

After institutional ethics committee approval, a prospective 
randomized comparative study was conducted in 
40 adult diabetic and non‑diabetic patients posted for 
on‑pump CABG. Patients with diabetic ketoacidosis 
or hyperosmolar coma were excluded from the study. 
Preoperatively patients were evaluated as per the study 
protocol. They were divided into two groups of 20 by 
computer based random tables.

Group I (IIT ):[7] Patients received continuous intravenous 
infusion of 50 units of recombinant human insulin diluted in 
50 ml of 0.9% sodium chloride solution, to maintain tight 
control of blood sugar level between 80 and 110 mg/dl. Insulin 
infusion was started after induction of anesthesia and continued 
intraoperatively as well as for 48 h postoperatively in the intensive 
care unit (ICU). The required rate of insulin infusion was 
calculated according to the standardized algorithm [Table 1].

Insulin infusion was started as per the corresponding blood 
sugar values given in column 1. If insulin infusion had to be 
discontinued because of blood sugar levels below 80 mg/dl 

Table 1: Insulin infusion protocol

Column 1 Column 2 Column 3
Serum glucose 
level (mg %)

Insulin infusion 
rate (U/h)

Serum glucose 
level (mg %)

Insulin infusion 
rate (U/h)

Serum glucose 
level (mg %)

Insulin infusion 
rate (U/h)

>400 18 >400 25 >400 30
351‑400 16 351‑400 22 351‑400 27
301‑350 14 301‑350 20 301‑350 24
251‑300 12 251‑300 18 251‑300 21
201‑250 10 201‑250 15 201‑250 18
176‑200 8 176‑200 12 176‑200 15
151‑175 6 151‑175 9 151‑175 12
121‑150 4 121‑150 7 121‑150 9
101‑120 2 101‑120 4 101‑120 6
80‑100 1 80‑100 2 80‑100 3
<80 Off <80 Off <80 Off
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insulin, which was continued until the blood glucose level was 
below 200 mg/dl. This was carried out intraoperatively as well 
as up to 48 h postoperatively in the ICU.

In both the groups, blood glucose levels were measured on 
induction, on bypass, at the end of first hour, second hour, and 
third hour on bypass, off bypass, postoperatively on admission 
to ICU, during the first 24 h at 2 hourly intervals and next 
24 h at four hourly intervals. Arterial blood samples were 
drawn for each of the blood glucose measurements through an 
arterial line. The blood glucose concentration was measured 
with the help of One Touch Horizon blood glucose monitor, 
and same sample was subjected to arterial blood gas and 
electrolyte analysis.

Dextrose containing fluids were avoided and administered only 
during episodes of hypoglycemia. Patients were kept nil by 
mouth depending on the individual duration of postoperative 
intubation and ventilation. Thereafter starting with clear 
liquids, patients were shifted on soft diet within the next 
24 h. Patients were not given any oral diabetic medications 
or subcutaneous insulin during this period. Diabetic patients 
were put on oral hypoglycemic agents and/or insulin 48 h 
postoperatively as per the recommendation of physicians. 
The patients were followed up till discharge from the hospital.

The primary outcomes studied were incidence of 
hyperglycemia (blood sugar ≥200 mg/dl) and hypoglycemia (blood 
sugar ≤80 mg/dl), and requirement of total insulin during 
perioperative period. The secondary outcomes studied were 
incidence of hypokalemia, prolonged intubation, wound infections, 
strokes, acute renal failure, new onset arrhythmias, length of stay 
in ICU and hospital, cardiac arrest, and mortality. Observed 
data were compiled and statistically analyzed using Chi‑square 
test and paired and unpaired t test.

Results

Both groups were comparable in their baseline 
characteristics [Table 2].

The mean as well as total insulin requirement was significantly 
higher in the intensive group than the conventional group 
intraoperatively as well as postoperatively (P = 0.001). In 
the diabetic patients of both the groups, the mean insulin 
requirement was significantly higher in the intensive group 
during the postoperative period. In the non‑diabetic patients 
of both the groups, the total as well as the mean insulin 
requirement was significantly higher in the intensive group 
than the conventional group during the intraoperative as well 
as postoperative periods (P = 0.001) [Table 3].

Eleven patients out of 20, in the conventional group 
developed hyperglycemia (blood sugar >200 mg/dl), where 
as none of the patients in the intensive group developed 
hyperglycemia (P = 0.001) [Table 4]. It was also found that 
five out of 20 patients (25%) in the intensive group developed 
hypoglycemia (P = 0.047). Hypokalemia (serum K+<3.5 
mEq/L) occurred in six out of 20 patients in the intensive 
group. It was noted that this hypokalemia was mild and did 
not lead to any ECG changes or arrhythmias. Two patients 
in the conventional group (10%) developed renal failure and 
received hemodialysis. Two patients in the intensive treatment 
group and four patients in the conventional treatment group 
developed sternal wound infections. The incidence of 
prolonged intubation (>48 h) was not significantly different 
in the two groups. Three patients in the intensive treatment 
group and four patients in the conventional group required 
prolonged intubation. The mean length of ICU stay for 
patients in the intensive group and  conventional group was 
not significantly different (P = 0.097).

Table 3: Comparison of insulin requirement

Study 
Groups

Diabetic 
status

Intraoperative Postoperative Total

Group I Diabetics 24.5±2.6 128±45 152±45.6
Nondiabetics 17.33±3.7 88.67±28.9 106±29.5

Group II Diabetics 16.7±11.9 14±5.3 30.75±14
Nondiabetics 2±3.7 2±4 4±7.4
Mean insulin requirement

Group I 20.20±4.8 104.4±40.3 124±42.3
Group II 7.9±10.7 6.8±7.5 14.7±16.9

Table 2: Demographic characteristics and co‑morbidities

Group I Group II
n % n %

Mean age (SD) 54.1 (9.9) 56.1 (8.0)  
Mean body mass index (SD) 28.6 (3.7) 27.5 (2.7)  
Sex

M 18 90 17 85
F 2 10 3 15
Diabetes 8 40 8 40

H/O smoking
Current 1 5 0 0
Past 7 35 9 45
Never 12 60 11 55

H/O AMI 11 55 13 65
H/O stroke 0 0 1 5
ASA class

II 0 0 0 0
III 18 90 17 85
IV 2 10 3 15

Type of surgery
Only CABG 18 90 16 80
CABG with other procedure 2 10 4 20

H/O=History of, AMI=Acute myocardial infarction
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maintained tight control of blood sugar in both the groups 
in the postoperative period.

In this study, every blood sample taken for blood sugar 
measurement was subjected to electrolyte analysis to measure 
the potassium levels. Thus, early detection of hypokalemia was 
possible and prompt correction could be instituted. Earlier 
study by Van den Berghe found that 41% reduction in the 
incidence of renal failure in patients receiving IIT as against 
those on conventional glucose management.[3] LeComte 
et al. reported that in non‑diabetics, strict perioperative 
blood glucose control was associated with a significantly 
reduced incidence of renal impairment (P = 0.01), renal 
failure (P = 0.02), and acute postoperative dialysis (from 
3.9% in control group to 0.7% in insulin group (P < 0.01).[9] 
Their scoring was according to RIFLE (Risk, Injury, Failure, 
Loss of kidney function, End stage kidney disease) criteria [an 
international consensus classification for acute kidney injury, 
which defines three grades of severity – risk (class R), 
injury (class I), and failure (class F)]. Azevedo et al. did 
not find a significant difference in renal function outcome in 
the two groups (P = 0.37)[10], which correlated with the 
results of the present study.

Furnary AP et al. conducted a follow‑up study evaluating the 
effect of continuous insulin infusion found significant decrease 
in deep sternal wound infections with IIT (P = 0.005).[2] Vora 
et al. assessed the effects of tight blood glucose control of 120 to 
200 mg/dl, using continuous insulin infusion in diabetic patients 
after cardiac surgery, reported a decrease in the incidence of deep 
surgical wound infections in the intensive group (4.63% versus 
4.94% in the conventional group).[5] Van den Berghe et al. 
found that patients receiving intensive therapy were less likely 
to require prolonged mechanical ventilation and intensive care 
along with decreased in hospital mortality by 34%.[3] Lazar HL 
et al. (2000) also found that patients treated with GIK (Glucose 
Insulin Potassium) infusion had a significantly shorter duration 
of ventilator support (8.35 ± 2.60 versus 13.45 ± 7.33 
h; P = 0.0128) and hospital stay (6.70 ± 1.52 versus 
10.15 ± 6.62 days; P = 0.02) than the patients on conventional 
glucose management after CABG.[15,16]

The benefits of strict glycemic control during cardiac surgery 
was questioned by Gandhi et al., suggesting higher mortality for 
patients receiving IIT to achieve tight control of blood glucose levels 
between 80–100 mg% (four deaths vs. 0 deaths in the conventional 
group; P = 0.061). In meta‑analysis of various RCTs, it has been 
suggested that there may be a significant reduction in early mortality 
in the tight glycemic control groups.[17‑20] In the Action to Control 
Cardiovascular Risk in Diabetes study, there was no significant 
difference in the rate of nonfatal stroke (1.3% vs. 1.2%; P = 0.74) 
between the two study groups.[18]

Table 4: Comparison of outcomes in intensive therapy 
and conventional therapy

Outcomes Group I Group II
Mean Length of ICU 
stay (days)

3.3 4.2

Mean Length of hospital 
stay (days)

11.0 17.2

Hyperglycemia 0 11 (55%)
Hypoglycemia 5 (25.0%) 0
Hypokalemia 6 (30%) 0
Renal failure 0 2 (10%)
Prolonged intubation 3 (15%) 4 (20%)
Wound infection 2 (10%) 4 (20%)
New onset arrhythmias 3 (15%) 3 (15%)
Stroke 0 1 (5%)
Cardiac arrest 3 (15%) 4 (20%)

Mortality 3 (15%) 4 (20%)

Two patients in intensive group required re‑exploration for 
postoperative bleeding. One more patient had sudden onset 
arrhythmias and cardiac arrest. In conventional group, two 
patients had renal failure, one patient had stroke, and one patient 
had sepsis. Out of these four, three had new onset arrhythmias 
leading to cardiac arrest to which they succumbed (P = 0.677).

Discussion

It has been found in number of studies that maintaining a 
tight control of blood sugar between 80–110 mg/dl is difficult 
despite an IIT.[3,7,10] Some studies observed that IIT was not 
only related to a reduction in the average glucose level but also 
reduction in the variability of glucose levels perioperatively 
along with duration of hyperglycemia.[11,12] Hypoglycemia 
is a major concern with aggressive insulin administration 
in anesthetized and sedated ICU patients who cannot 
report symptoms of low blood glucose. As such, there is no 
consensus definition of hypoglycemia; we considered <80 
mg/dl as hypoglycemia. Brunkhorst et al. terminated a study 
of IIT for critically ill patients after the first safety analysis, in 
view of significant incidence of hypoglycemia in the intensive 
treatment group (12.1%) compared to the conventional 
therapy group (2.1%) (P < 0.001).[13,14] The principal 
investigators of the Normoglycemia in Intensive Care 
Evaluation—Survival Using Glucose Algorithm Regulation 
study also found that severe hypoglycemia (glucose less 
than or equal to 40 mg/dl) occurred in 6.8% of those in 
the intensive therapy group, compared with 0.5% in the 
conventional therapy group (P = 0.03). Gandhi et al. found 
that the intraoperative insulin requirement in the intensive 
group was 19 ± 16 units, whereas in the conventional 
group it was 2 ± 5 units.[7] Their postoperative insulin 
requirement was similar in both the groups because they 
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When the present study was started, the existing guidelines 
for blood sugar control were from the American Association 
of Clinical Endocrinologists for in‑hospital management of 
blood glucose in critically ill patients that suggested a goal 
blood sugar of 80 to 110 mg/dl.[21] Later in 2009, it was 
recommended that blood glucose should be maintained 
between 140 and 180 mg/dl in critically ill patients admitted 
in ICU, with increased benefits in maintaining blood 
glucose closer to 140 mg/dl. The Society of Thoracic 
Surgery workforce on evidence based surgery recommended 
maintenance of intraoperative as well as postoperative blood 
sugar <180 mg/dl for 24 h in diabetic patients by continuous 
insulin infusion and in non‑diabetics by intermittent or 
continuous insulin to maintain the same level.[22] Maintenance 
of blood glucose below 110 mg/dl is no longer recommended.

Limitations: The study included diabetics and non‑diabetic 
patients who received IIT irrespective of diabetic status. This 
study included small Indian population and can be used to 
design a future larger study in same population.

Conclusion

We noted that maintenance of strict glucose control is very difficult 
in conventional glucose management than with IIT in on‑pump 
CABG patients. The IIT did not significantly improve the 
morbidity and mortality in Indian patients undergoing on pump 
CABG as compared to conventional glucose management.
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