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ABSTRACT 

Background 

Diabetics account for 34 per cent of all patients undergoing 

coronary artery bypass graft (CABG) surgery, and have 

higher rates of postoperative mortality. Furthermore, they 

are at risk for ICU admission postoperatively due to 

complications of hyperglycaemia, which in turn increases 

hospital mortality. 

Aims 

The purpose of this study was to evaluate the level of 

glycated haemoglobin (HbA1c) in patients undergoing 

cardiac surgery, and to establish it is an independent 

predictor for postoperative mortality and morbidity. 

Methods 

This retrospective study was conducted at King Fahd 

University Hospital. Files of 146 diabetic patients who 

underwent cardiac surgery in the period between 

September 2015 to June 2018 were included. One hundred 

and five patients met the inclusion criteria. Depending on 

the results of HbA1c preoperatively, patients were divided 

into 2 groups: Group A, with a HbA1c >=8.5 per cent, 

accounting for 33 patients, and Group B with a HbA1c <=8.4 

per cent accounting for 71 patients. 

Results 

This study included 79 males and 25 females, with ages 

ranging in between 17 to 87 years old, with no significant 

difference between both groups in age and sex. A significant 

difference was found between Group A and Group B in 

postoperative mortality (p-value <0.002). No significant 

difference was found when comparing length of hospital 

stay, wound infection postoperatively, reoperation, or 

readmission. 

Conclusion 

There was a significant difference in mortality 

postoperativly between the two groups, with patients who 

had higher HbA1c levels experiencing higher mortality. 

Since our sample size was small, we recommend that 

further studies be done in multiple centres. 
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What this study adds: 

1. What is known about this subject?

Diabetics account for 34 per cent of all patients undergoing

coronary artery bypass graft (CABG) surgery, and have

higher rates of postoperative mortality. Monitoring and

control of HgA1c preoperatively is very important.

2. What new information is offered in this study?

A high preoperative HbA1c level is associated with higher

postoperative morbidity, including wound infections and
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increased length of hospital stay. Further studies that 

include a larger sample size are needed. 

 

3. What are the implications for research, policy, or 

practice?  

Since data were obtained from one centre, there was no 

need to uniform the laboratory units or other values. 

 

Background 

Glycated haemoglobin A1c (HbA1c) level is an indicator of 

the average blood glucose concentrations over the past 

3 months. HbA1c may be underestimated due to haemolytic 

anaemia, renal failure, and drugs (e.g., erythropoietin, 

vitamin B12). Contrarily, the level of HbA1c may be 

increased in hypertriglyceridemia, alcoholism, and 

hyperbilirubinemia.
1 

 

It is an important indicator for outcomes in cardiac surgery, 

as evidenced by the increased incidence of cardiovascular 

accidents (7.5 per cent) in patients with high HbA1c 

undergoing cardiac surgery.
2
 The prevalence of diabetic 

patients who undergo coronary artery bypass grafting 

(CABG) is reported to be as high as 34 per cent, resulting in 

higher rates of postoperative morbidity, mortality, and ICU 

stay due to complications arising from hyperglycaemia.
3
 

Clinicians should optimize levels of HbA1c preoperatively 

when assessing the risk of cardiovascular complications. 

Intervention to improve glycaemic control in patients with 

HbA1C >8 per cent is strongly advised to improve surgical 

outcomes, with a target preoperative HbA1c of 6.0 per cent 

to 8.0 per cent.
4
 

 

The purpose of this study was to evaluate the levels of 

HbA1c in patients undergoing cardiac surgery, and to 

establish HbA1c level as an independent predictor for 

postoperative mortality and morbidity. 

 

Methods 
This retrospective study was conducted at King Fahd 

University Hospital. Files of 146 diabetic patients who 

underwent cardiac surgery between September 2015 to 

June 2018 were included. All diabetic patients who 

underwent cardiac surgery and had preoperative HbA1c 

levels available on-file were included. 

 

One hundred and four patient met the inclusion criteria and 

were included. Patients were divided into two groups based 

on their preoperative HbA1c levels: Group A (HbA1c >=8.5 

per cent) which consisted of 33 patients, and Group B 

(HbA1c <=8.4 per cent) which consisted of 71 patients. 

All patients were subjected to a full preoperative 

assessment, and their operative and post-operative data 

were recorded. Parameters used to compare the two 

groups were: preoperative and postoperative creatinine, 

length of hospital stay, postoperative mortality, wound 

infection, reoperation, and rate of readmission. 

 

Statistical analysis 

1. Data entry was done using Microsoft Excel, and 

analysis was done with the Statistical Package for 

Social Sciences software (SPSS) version 23.  

2. A P-value of less than 0.05 was considered 

statistically significant, with a confidence interval of 

95 per cent. 

 

Ethical considerations 

The ethical approval to conduct this study was obtained 

from the Institutional Review Board of Imam Abdulrahman 

bin Faisal University. 

 

Results 
A hundred and five diabetic patients who underwent 

cardiac surgery were included in this study and were divided 

into two groups based on their preoperative HbA1c levels. 

Group A accounted for patients with HgA1c levels above or 

equal to 8.5 per cent and consisted of 33 patients. While 

group B accounted for patients with HgA1c levels below or 

equal to 8.4 per cent, consisting of 71 patients. 

 

Group A comprised of 25 males and 8 females (75.8 per 

cent and 24.2 per cent respectively), while group B 

consisted of 54 males and 17 females (76 per cent and 24 

per cent respectively). Ages in both groups ranged between 

17 to 87 years old, with a mean and standard deviation of 

58.27±7.6 in group A, and 56±12.48 in group B. There was 

no statistically significant difference between both groups in 

age and sex, as shown in Table 1 and Figure 1. 

 

Table 1: Socio-demographic Characteristics 

 

Socio-

demographic 

data 

Group A 

(no=33) 

Group B 

(no=71) 
P-

value 
No % No % 

Sex 

Male 25 75.8 54 76 
0.95 

Female 8 24.2 17 24 

Age (years) 

Mean±SD 58.27±7.6  56±12.48 

0.3 Median 58 56 

Range 35 70 
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Maximum  73 87 

Minimum  38 17 

 

Figure 1: Age (Groups A and B) 

 
 

Table 2 compares the preoperative and postoperative renal 

function in the two groups. 

 

There was no statistically significant difference in 

preoperative creatinine between, as shown in Table 3. 

 

Table 3: Preoperative Creatinine 

 

  

Group A 

(no=33) 

Group B 

(no=71) 

P-

value 

Preoperative Creatinine  

Mean± SD 1.15+0.49 1.13+0.81 0.971 

Median 1.03 0.99   

Maximum 2.75 7   

Minimum 0.6 0.3   

 

There was no statistically significant difference in length of 

hospital stay in the two groups. Median length of stay was 

14 days in group A and 12 days in group B, as can be seen in 

Figure 2 and Table 4. 

 

Figure 2: Length of Stay 

 

Table 4: Length of Stay 

 

  

Group A 

(no=33) 

Group B 

(no=71) 

P-

value 

Hospital stay (days) 

Mean± SD 17.42+14.1 17.11+19.46 0.31 

Median 14 12   

Range 82 135   

Maximum 84 140   

Minimum 2 5   

 

Table 5 shows the correlation between HgA1c and 

mortality, showing 4 instances of mortality in group A 

compared to zero in group B. (Figure 3) 

 

Table 5: Difference in mortality 

 

  

HgA1c 

P-value Group A Group B 

Mortality yes 4 0 0.002 

  no 29 71   

Total   33 71   

 

Figure 3: Mortality Count 

 

 
 

Table 6 shows the frequency of postoperative wound 

infection in relation to Hb1Ac levels, with no significant 

statistical difference in between. Four patients from Group 

B developed wound infection postoperatively compared to 

only one patient in Group A (Figure 4). 

 

Table 6: Correlation between HgA1C and postoperative 

wound infection  

 

  
HgA1c P-

value Group A Group B 

Wound 

Infection 

yes 1 4 

0.56 no 32 67 

Total   33 71 
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Figure 4: Rate of postoperative wound infection in relation 

to HbA1c 

 

 
 

Table 7 and Figure 5 compare rates of reoperation in the 

two groups, with no statistically significant difference. Three 

patients in Group A had to undergo reoperation compared 

to four from Group B. 

 

Table 7: Rate of Reoperation 

 

  

HgA1c 

P-value Group A Group B 

Reoperation 

yes 3 4 

0.51 no 30 67 

Total   33 71 

 

Figure 5: Number of patients who underwent reoperation 

in the two groups: 

 

 
 

There was no significant statistical difference when 

comparing rates of readmission in Groups A and B. Nine and 

17 patients were readmitted after discharge from Groups A 

and B, respectively. (Table 8, Figure 6) 

 

Table 8: Rate of readmission and HbA1c levels 

 

  

HgA1c 

P-value Group A Group B 

Readmission 

yes 9 17 

0.71 no 24 54 

Total   33 71 

 

Figure 6: Number of patients who were readmitted in both 

groups: 

 

 
 

There was no significant difference when comparing 

postoperative creatinine level in Groups A and B. 

 

Table 9: Postoperative creatinine: 

 

  

Group A 

(no=33) 

Group B 

(no=71) 

P-

value 

Postoperative Creatinine  

Mean± SD 1.18+0.59 1.23+0.63 

0.74 

Median 1 1.03 

Maximum 2.58 3.9 

Minimum 0.51 0.41 

 

Discussion 
There was no significant difference when comparing the 

two groups included in our study with regards to 

postoperative creatinine. A study conducted in Dhahran in 

the period between 2005–2008 showed that out of 293 

patients undergoing cardiovascular surgery, 29 per cent 

developed acute kidney injury postoperatively.
5
 The 

pathophysiology of AKI following cardiac surgery is not yet 

well explained.
5
 However, multiple risk factors contributing 
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to the development of acute kidney injury have been 

identified, such as female sex, age, diabetes, preoperative 

chronic kidney disease, peripheral vascular disease, 

congestive heart failure, renal insufficiency, and emergent 

surgery.
6
 

 

Prolonged postoperative hospital and ICU stay is associated 

with high risk for both early and in-hospital mortality.
7
 Odds 

ratios for in-hospital mortality were 1.071 and 1.033 for ICU 

and hospital stays respectively. The daily observed mortality 

rate after 30 postoperative days in the ICU was 25.6 per 

cent.
7
 

 

Early mortality is defined as death within 30 days of cardiac 

surgery, and should be used as a benchmark of isolated 

CABG procedures.
8
 The course of early mortality after 

cardiac surgery differs across interventions and continues 

up to 120 days.
8
 A prolonged follow up period must be 

considered as to not miss these patients.
8
 No statistically 

significant differences were found between mortality and 

prolonged ventilation, prolonged stay, mediastinitis, and 

bleeding related exploration.
9
  

 

In our present study, there was no statistically significant 

difference in hospital stay between group A and B.  

However, group A had a longer hospital stay (median 14) 

than B, which may be explained by the larger number of 

patients in group A.  

 

This study did not show a statistically significant correlation 

between HgA1c and wound infections. Studies in the 

literature showed that reduced levels of perioperative 

hyperglycaemia were associated with lower rates of deep 

sternal wound infections.
10-12

 Moreover, a retrospective 

study done in the United States reported that medically 

treated diabetes was associated with deep sternal wound 

infection, especially in bilateral internal thoracic artery 

grafting.
13

 

 

It is important to consider the type of cardiac surgery that 

maximizes and improves the long-term survival in diabetic 

patients. Bilateral internal thoracic artery grafting had a 21 

per cent lower mortality rate, and was recommended for 

those patients undergoing CABG. However, it was more 

associated with deep sternal wound infections compared to 

single internal thoracic artery grafting.
13

 

 

No significant difference was found when correlating HbA1c 

and the rate of reoperation. In comparison, a retrospective 

study from Italy found that diabetics undergoing CABG were 

at a higher risk for reoperation, along with other adverse 

effects including prolonged ICU stay, renal and lung 

complications.
14

 Age, BMI, chronic obstructive pulmonary 

disease, gender or diabetes were not associated with risk of 

reoperation.
15

 The risk of reoperation due to bleeding or 

cardiac tamponade were not significant.
16

 Also, 

postoperative blood product transfusion was considered an 

independent predictive factor for reoperation.
17,18

 

 

Reoperation was associated with mediastinitis, especially 

where the duration of primary operation was prolonged. 

The most common causes of reoperation were stabilization 

of the sternum (46 per cent) and postoperative bleeding (36 

per cent).
15

 

 

 In diabetic patients, the main complication after cardiac 

surgery is bleeding and deep sternal wound infection 

(DSWI).
19

 Diabetic patients undergoing CABG had a higher 

risk for reoperation, prolonged ICU stay, renal dysfunction, 

and blood transfusion.
20

  

There was no statistically significant difference between 

patients who were treated with insulin versus patients who 

did not receive insulin therapy.
19

 

 

Significant predictive factors for reoperation in 

postoperative patients are decreased ejection fraction, high 

EuroSCORE, operations other than the primary procedure 

(isolated CABG), prolonged duration on cardiopulmonary 

bypass, low BMI, diabetes mellitus, smoking, emergency 

setting and preoperatively elevated s-creatinine.
19,21

 In our 

study, only a minimal number of patients underwent 

reoperation between groups A and B, with no statistically 

significant difference observed. 

 

Our study did not show a significant correlation between 

HbA1c and readmission. However, according to a 

retrospective study conducted in the United States and 

Canada, readmission after cardiac surgery was associated 

with pharmacologically treated diabetes (p-value<0.001).
22

 

This finding is also similar to other studies in the literature 

which found that diabetes was one of the predictive factors 

for early readmission.
23-27

 However, a retrospective study 

done in US analysed data from 3132 patients who had 

invasive cardiovascular procedures, and concluded that 

elevated levels of blood glucose were not associated with 

30-day readmission, but increased risk of in-hospital 

mortality.
28

 

 

In the literature, many factors were associated with 

increased rate of ICU readmission.
29-32

 Patients with higher 

mortality rate had ICU readmission 23 times more than 

usual patients.
29,31,33

 More than 21 per cent required more 
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than one admission.
30

 The rate of ICU readmission reach up 

to 33.3 per cent in patients who underwent CABG, and 16 

per cent in patients who had a stay in the ICU of less than 3 

days.
29,31,32,34

 Patients who were readmitted to the ICU 

within 30 days of the operation were found to have poor 

left ventricular function, congestive cardiac failure, 

ventricular arrhythmias, unstable angina, peripheral 

vascular disease, renal dysfunction, higher body mass index, 

chronic obstructive airway disease, and sternal dehiscence. 

These patients were also found to have Parsonnet scores of 

more than 10, high APACHE III scores and a EuroSCORE of 

more than 9, along with prolonged bypass duration and a 

cross-clamp time of more than 80 minutes.
29,31

 

 

Most of the literature concludes that older age, female 

gender, NYHA class III/IV, high BMI >30kg/m
2
, EuroSCORE II 

>3.9 per cent, non-elective surgery, long duration of surgery 

>4h, bypass time >103min, mechanical ventilation >530min, 

pre-operative renal failure, re-exploration for hematoma, 

low cardiac output, ventricular arrhythmias, myocardial 

infarction, use of inotropic or balloon pump support, blood 

loss and transfusion wound infection or sternal dehiscence, 

postoperative renal failure, and cerebrovascular 

complication are considered independent factors for 

readmission to ICU after CABG.
29-31,33,34

  

 

The most common indications for ICU readmission are 

respiratory failure, cardiac arrest, renal failure 

gastrointestinal complications, sepsis, and deep sternal 

infection.
29,30

 Upon ICU discharge, non-use of beta-blockers, 

low haemoglobin, high oxygen requirement, and high 

respiratory rate were reported as risk factors for ICU 

readmission.
29

 The Bounce Back After Transfer (BATS) score 

was created to determine the risk of ICU re-admission. 

Patients with a score <5 are considered low risk, 5–10 

moderate risk, and >10 are at a high-risk.
34

 Patients 

experienced ICU re-admission at a rate of 3.0 per cent, 10.4 

per cent, and 42 per cent, respectively.
34

 

 

However, there was a significant difference between the 2 

groups, 4 patients in group A had high levels of HA1C in 

which they were associated with postoperative mortality (p-

value=0.002). Reports in the literature show a four-fold 

increase in mortality especially with coronary artery bypass 

surgeries when the HbA1c level is more than 8.6 per 

cent.
35,36

 However, a retrospective study conducted in 

Turkey reported that high levels of HbA1c more or equal to 

7 per cent were not considered an independent factor in 

predicting mortality in cardiac surgery patients.
36

 A similar 

retrospective study done at Duke University in the United 

States concluded that elevated levels of HbA1c have no 

positive correlation with 30-day mortality in cardiac surgery 

patients, yet controlling peri-operative glucose levels would 

positively affect and predict mortality in those patients.
37

 

In general, several studies suggested the use of continuous 

insulin infusion for perioperative control of hyperglycaemic 

patients, since elevated levels of glucose were associated 

with several adverse outcomes in cardiac surgeries. These 

include increased postoperative morbidity, mortality, length 

of hospitalization, and recurrent attacks of ischemia, 

affecting the long-term survival and the prognosis of the 

patient.
12

 

 

Conclusion 
Our study shows that there is a significant difference in 

postoperative mortality in the two groups studied, with 

higher mortality in Group A, which included patients with 

HgA1c levels >=8.5. However there was no statistically 

significant difference in preoperative and postoperative 

creatinine level, length of hospital stay, wound infection, 

risk of reoperation and readmission. As this study was 

conducted in a low volume centre, it is limited by a small 

sample size. We recommend that further studies be 

conducted in larger centres to increase the accuracy and 

validity of the results. 
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Table 2: Preoperative and postoperative renal function tests 

 

Renal function tests 

Preoperative 

urea nitrogen 

Preoperative 

Creatinine 

Postoperative 

urea nitrogen 

Postoperative 

Creatinine 

Group 

A 

Mean 21.2424 1.1509 22.7333 1.1813 

Std. Deviation 11.44288 0.4972 10.4219 0.5921 

Median 18 1.03 20 1 

Minimum 10 0.6 11 0.51 

Maximum 58 2.75 50 2.58 

Group 

B 

Mean 17.9009 1.1361 21.1909 1.23 

Std. Deviation 11.60122 0.80994 12.17042 0.63 

Median 15.5 0.995 18 1.03 

Minimum 0.9 0.3 5 0.41 

Maximum 80 7 82 3.9 

 

 


