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ABS TRACT  
 

 

BACKGROUND 

Cardiovascular diseases are one of the main causes of mortality in diabetic patients. 

The most important cardiac surgical procedure performed on diabetic patients is 

coronary artery bypass grafting surgery (CABG). This study was conducted to 

determine the effects of tight preoperative glycaemic control in outcomes of coronary 

artery bypass grafting surgery and early beneficial effects of tight glycaemic control 

in diabetic patients. 

 

METHODS 

In this clinical trial, 100 CABG candidates were enrolled into the study conducted in 

Shahid Madani Hospital, Tabriz, Iran. Patients were divided into control group lacking 

regular blood glucose control, and case group with regular blood glucose control. 

 

RESULTS 

The mean glucose levels in case and control groups before surgery was 183.34  

38.72 vs 230.75  91.47 mg/dL, respectively (p= 0.005); during surgery, mean 

glucose level was 138.67  33.41 vs 255.27  54.69 mg/dL (P0.001). In a three-day 

period after surgery, mean glucose level was 119.79  9.30 vs 209.75  28.74 mg/dL 

(p 0.001) on the first day, 122.94  9.50 vs 183.72  24.18 mg/dL (p.001) on the 

second day of surgery and 136.30  14.84; 200.03  41.70 mg/dL (p0.001) on the 

third day. Consumption of oral hypoglycaemic agents (p= 0.31), NYHA classification 

(p= 0.56), preoperative ejection fraction (EF) (%) (p= 0.08), type of surgery (p= 0.09) 

were statistically similar between groups. 

 

CONCLUSIONS 

Tight blood glucose control is effective in controlling hyperglycaemia, decreasing 

hospitalization period of patients, and reducing hospital costs in diabetic patients 

undergoing CABG. 
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Cardiovascular disease (CVD) is the leading cause of mortality 

for 17.5 million people in the world, which is about 30 percent 

of total mortality rate. Of this number, 7.6 million people suffer 

coronary artery disease (CAD).(1-4) CAD is a major cause of 

mortality, morbidity, and disability. It constitutes nearly 50 

percent of all deaths annually. CAD is recognized by the 

presence of atherosclerosis in the epicardial coronary 

arteries.(2) 

Diabetes mellitus (DM) as well as stress hyperglycaemia in 

non-diabetic individuals are predictors of morbidity and/or 

mortality in patients referred to the hospital with myocardial 

infarction or unstable ischemic syndromes, and those 

enduring a variety of surgical procedures.(5-9) The risk of 

future cardiovascular events is increased with poor glycaemic 

control. Prospective studies of patients with type 1 and type 2 

DM have proved that the incidence of vascular complications 

is decreased by lifestyle modifications or medications that 

decrease blood glucose concentrations.(10) Hypoglycaemia is 

also a risk for tight insulin therapy and glycaemic control. 

Patients, generally anesthetized in a high workload 

environment, may have increased rates of silent episodes of 

hypoglycaemia.(11) 

Accordingly, presence of DM not only affects the success of 

surgeries, but also affects the survival rate and quality of life 

after surgery. One of the most important therapies for CAD is 

coronary artery bypass grafting (CABG) surgery. CABG surgery 

is a known reason for occurrence of glucose metabolism 

changes, glucose intolerance, resistance against insulin, and 

stress hyperglycaemia.(12-16) 

In study by Reyden et al on the effect of preoperative blood 

glucose level on surgery results, uncontrolled blood glucose 

level was shown to increase complications such as myocardial 

infarction, acute coronary syndrome, and stroke in 

preoperative stage as well as wound infection and shock in 

postoperative stage. CAD is associated with the highest rate of 

mortality due to diabetes. Mortality rate is especially higher in 

women as a result of glycometabolic imbalance.(13) 

In a study by Vlasselaers et al on the effect of tight 

glycaemic control in neonatal heart surgery, it was concluded 

that in neonates experiencing cardiac surgery, intraoperative 

and postoperative TGC protects the myocardium and lowers 

the inflammatory response. It seems that this is not mediated 

by an early direct insulin signalling effect, but it is possibly 

because of independent effects of preventing hyperglycaemia 

during reperfusion.(17,18) 

 According to the studies mentioned above, DM with its 

wide range of metabolic changes not only affects 

cardiovascular status, but also may affect procedure outcomes. 

This study was therefore conducted to determine whether 

tight preoperative glycaemic control in diabetic CABG patients 

would improve preoperative outcomes. We also investigated 

the role of early beneficial effects of tight glycaemic control on 

survival. 

 

 
 

ME TH OD S  
 

 

This case-control study was conducted in Shahid Madani 

hospital, Tabriz, Iran, which is the main referral cardiology 

hospital in northwest of Iran. One hundred patients from the 

cardiac surgery ward and intensive care unit (ICU) were 

included in this study. Inclusion criteria were as follows- 

 Patients undergoing on-off pump CABG surgery for the 

first time. 

 Patients diagnosed with Type 2 diabetes in pre-admission 

stage. 

 Patients who diagnosed as type-2 diabetic patients in 

admission stage of hospital with fasting blood glucose 

test, postprandial blood glucose test, and oral glucose 

tolerance test (OGTT) base on definition of Type 2 

diabetes in American Diabetes Association. 

 Patients who were interested in taking part in the study. 

 

Patients undergoing second on-off pump CABG surgery, 

patients with type-1 diabetes, creatinine level more than 2 

mg/dL, or those who were expected to have other surgery in 

addition to CABG, were excluded from this study. 

Patients were randomly divided into two 50-person 

groups (intervention group; with regular blood glucose 

control, and control group; without regular blood glucose 

control) using Rand List software (Version 1.2, DatInf GmbH) 

and applying random specific blocks (10 units). 

First examined outcome of tight control glycaemic status 

was blood glucose level; Patients in the intensive treatment 

group received a continuous intravenous insulin infusion in 

ICU and during the surgery. 250 units of Novolin R (Novo 

Nordisk, Princeton, New Jersey) in 250 mL of 0.9% sodium 

chloride were administered, when the blood glucose levels 

passed 5.6 mmol/L (100 mg/dL). We adjust the infusions to 

keep blood glucose levels in the range of 4.4 (80 mg/dL) to 5.6 

mmol/L (100 mg/dL). This control was maintained by 

patients’ cardiologist. We adjusted the dose based on a 

standardized algorithm used by anaesthesiologists. 

Patients in the conventional treatment group did not 

receive insulin during surgery unless their glucose levels were 

more than 11.1 mmol/L (200 mg/dL). When glucose 

concentration was between 11.1 mmol/L (200 mg/dL) and 

13.9 mmol/L (250 mg/dL), patients received an intravenous 

bolus of 4 unit’s insulin each hour until the glucose 

concentration was lower than 11.1 mmol/L (200 mg/dL). If 

the intraoperative glucose concentration exceeded 13.9 

mmol/L (250 mg/dL), an intravenous infusion of insulin was 

given to patients. This was continued until the glucose level 

was reduced to an amount less than 8.3 mmol/L (150 mg/dL). 

In both study groups, arterial plasma glucose 

concentration was measured every 30 minutes, beginning 

right before anaesthetic induction using hexokinase method 

on a Double P Modular System (Roche Diagnostics, 

Indianapolis, Indiana). Intraoperative procedures, including 

cardiopulmonary bypass, monitoring, laboratory testing, and 

treatment were left to the discretion of anaesthesiologists and 

cardiac surgeons. There was not any standard protocol to 

monitor and manage intraoperative potassium levels. 

 

Statistical Analysis 

The obtained data were statistically analysed using statistical 

software of SPSS version 15.0. Normality of data distribution 

was assessed by Kolmogorov–Smirnov test. Categorical 

variables were presented as frequency and percentages. 

 

 

BACK GRO UND  
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Continuous variables were shown as mean (Standard 

deviation). Categorical variables were compared using chi-

square test or Fisher exact test as appropriate. Continuous 

variables were compared between groups using independent 

samples t test and one-way ANOVA. Repeated measurement of 

ANOVA was used to investigate the changes of blood glucose 

during study period. ICU stay and hospitalization duration was 

analysed using Mann-Whitney U test. P-value less than 0.05 

was considered statistically significant. 

 

Ethical Considerations 

On admission day, after necessary explanations about the 

study plan and acquiring informed consent, patients were 

included in the study. It should be mentioned that patients’ 

enrolment in the study was totally optional and patients were 

able to leave the study at any time. All stages of study protocol 

were confirmed by Ethical Committee (8815- 88.3.11) of 

Tabriz University of Medical Sciences based on Declaration of 

Helsinki. 

 

 
 

 

RES ULT S  
 

 

 

Demographic characteristics of both groups were presented in 

Table 1. According to this table, sex, age and BMI difference 

between two groups, was not statistically significant. 

The results of comparing the clinical characteristics of type 

2 diabetes in the two groups are presented in Table 2. It can be 

seen that only Duration of diabetes diagnosis has a significant 

difference between the two groups (p<0.001). Consumption of 

oral hypoglycaemic agents as well as regular or NPH insulin 

was similar between groups. NYHA classification (p= 0.56), 

preoperative ejection fraction (EF) (%) (p= 0.08), type of 

surgery (p= 0.09) were statistically similar between groups. 

Results of blood glucose measurement in different stages 

of hospitalization are shown in Figure 1. It can be seen that the 

glucose level was significantly different between the two 

groups during the first 24 hours before surgery (p<0.05). Also, 

there was a significant difference between the two groups 

during the surgical stage (p= 0.005), the first 24 hours after 

surgery (p<0.001), the second day after surgery (p= 0.001) 

and the third day after surgery (p<0.001). 

Mean hospitalization duration of patients including 

preoperative, intraoperative, and postoperative stages of 

cardiac surgery were compared between two groups using 

Mann-Whitney U test. Mean duration of hospitalization was 

significantly lower in case group vs. control group (141:58  

36:26:19; 221:55  109.16 respectively) (p<0.001). 

Mean duration of ICU stay after cardiac surgery were 

compared in two groups using Mann-Whitney U test and it was 

significantly different in two groups (63:36:22  28:24:30 and 

45:38:34 12:48:22, p= 0.004). 

Two groups were significantly different regarding the 

hospital costs including pre, intra, and postoperative stages 

(612.65  173.59 and 421.61  60.53, p <0.001). 

Time spent by nursing staff for controlling blood glucose in 

pre, intra, and postoperative stages was significantly different 

between two groups (136.73  71.11 and 159.31  22.33 p= 

0.003). 

Demographic Characteristics  

of Patients 

Intervention  

Group (N=50) 

Control Group 

(N=50) 
p 

Age (years) 60.28±8.38 59.38±9.01 0.60 

Sex )%( 
28 female (56%) 

22 male (44%) 

26 female (52%) 

24 male (48%) 
0.84 

B
M

I* 

Normal (18.5–24.9) 18 (36%) 15 (30%) 

0.08 
Overweight (25-29.9)  

Obese (30-39.9) 
26 (52%) 34 (68%) 

Severe obesity (> 40) 6 (12%) 1 (2%) 

Table 1. Comparison of Demographic Characteristics 

 in the Two Groups 

BMI: Body Mass Index (WHO, Global Database on Body Mass Index. 

*- Minimum BMI among patients was 18.5. 

 
 

 

Intervention 
Group 
(N=50) 
No. (%) 

Control 
Group 
(N=50) 
No. (%) 

p- 
Value 

Recent diagnosis diabetes by OGTT test 9(18.0) 13(26.0) 0.46 

Duration of diabetes 
diagnosis 

0-1 year 10(20.0) 8(16.0) 

<0.001 
2-5 years 18(36.0) 4(8.0) 

6-10 years 5(10.0) 6(12.0) 

11 years 8(16.0) 19(38.0) 

Preoperative medication history  

0.34 
Thyroid disease medications 1(2) 3(6) 

Thiazides 9(18) 3(6) 

Beta-blockers 16(32) 19(38) 

Thiazides or beta-blockers 7(14) 6(12) 
Family history of diabetes mellitus 30(60.0) 21(42.0) 0.10 

Consumption of oral hypoglycaemic drugs 29(58.0) 23(46.0) 0.31 

Subcutaneous treatment using insulin regular and 
insulin NPH 

7(14.0) 4(8.0) 0.52 

NYHA classification 
Class I 4(8.0) 5(10.0) 

0.56 Class II 22(44.0) 28(56.0) 

Class III 20(40.0) 14(28.0) 

Class IV 4(8.0) 3(6.0) 

Type of surgery OFF- pump 39(78.0) 46(92.0) 
0.09 

ON- pump 11(22.0) 4(8.0) 

Preoperative ejection 
fraction (%) 

25-35 4(8.0) 10(20.0) 

0.08 40-50 34(68.0) 22(44.0) 

55-60 10(20.0) 16(32.0) 

65-70 2(4.0) 2(4.0) 

Table 2. Comparison of Clinical Characteristics Related to  
Diabetes Mellitus Type-2 in the Two Groups 

 

 
 

 

DI SCU S SI ON  
 

 

In this study, type 2 diabetic patients undergoing CABG 

surgery were similar and homogeneous in terms of 

demographic characteristics, diabetes mellitus type-2 

characteristics, clinical characteristics, CAD, and coronary 

artery revascularization. Regular controlling of blood glucose 

in patients suffering type-2 diabetes in preoperative, 

intraoperative, and postoperative stages of CABG causes a 

decrease in blood glucose level. This strategy also decreases 

duration of hospital and ICU stay, hospital and treatment cost, 

as well as incidence of hyperglycaemia during hospitalization 

period. 

In a study on diabetic patients enduring coronary artery 

bypass graft, it was found that individuals with diabetes, who 

underwent CABG, were at higher risk of adverse 

cardiovascular and septic complications. Diabetic individuals 

undergoing CABG in a large tertiary care center died either in 

intraoperative stage or within the first postoperative 24 hours. 

Some also suffered nonfatal stroke or myocardial infarction, 

developed a septic complication (Most frequently wound 

infection), or died during their hospitalization period and also 

stayed at hospital for a longer time,(5) our findings verified this 

study. 
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Figure.1 Blood Glucose Level during the Study 

 

Another study was designed to examine whether 

continuous insulin infusion reduces mortality in patients with 

diabetes undergoing coronary artery bypass grafting. It was 

concluded that tight control glycaemic condition by insulin 

infusion reduced postoperative mortality. Insulin infusions in 

DM patients experiencing CABG diminish mortality and 

eliminate the incremental increase in risk-adjusted mortality 

previously attributed to DM, also it led to less hospitalization 

period,(19) which is similar to results of our study. 

In a prospective cohort study which was designed to 

determine the association of poor intraoperative glycaemic 

control with increased intra-hospital morbidity and 

hospitalization duration, it was concluded that in treated 

diabetic patients, who underwent on-pump cardiac surgery, 

despite aggressive insulin therapy, the intraoperative 

glycaemic control could be reduced difficulty. In these 

patients, the occurrence of a poor intraoperative glycaemic 

control was correlated with a worsened hospital outcome (20); 

This is similar to results of current study. 

Not also in CABG patients but also in critically ill patients 

the use of exogenous insulin to maintain blood glucose at the 

level lower than 110 mg/dL reduces morbidity and mortality 

amongst critically ill patients in the surgical intensive care 

unit, irrespective of whether they have a history of diabetes so 

the hospitalization duration and costs decreases.(21) 

In a study on estimating the magnitude of association 

between intraoperative hyperglycaemia and preoperative 

outcomes in patients who underwent cardiac surgery it was 

concluded that intraoperative hyperglycaemia is an 

independent risk factor for complications like death, longer 

hospitalization duration and increased costs after cardiac 

surgery,(22) this is similar to results of our study. 

Using subcutaneous insulin protocol in preoperative, 

intraoperative and postoperative ICU and column algorithm of 

intravenous insulin infusion and subcutaneous insulin 

protocol in postoperative stage nurses with lower dependence 

to doctors could effectively control and lead blood glucose 

level to target blood glucose level through regular glycaemic 

control, so tight blood glucose control is advised for 

controlling hyperglycaemia, decreasing hospitalization period 

of patients, and reducing hospital costs and nursing time 

which are short term outcomes of tight blood glucose control. 

 

 
 

 

CONC LU S ION S  
 

 

 

Tight blood glucose control is effective in controlling 

hyperglycaemia, decreasing hospitalization period of patients, 

and reducing hospital costs in diabetic patients undergoing 

CABG. 
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