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Abstract: Objective ― This study was conducted to determine whether HbA1c is a predictor of short term mortality and morbidity after 
coronary artery bypass graft operation.  
Methods ― The coronary artery bypass graft operation was performed on the patients between January 2009 and January 2013. Each 
patient's medical record was retrospectively reviewed. The patients who were included in the study were evaluated in groups of 60. One 
group was comprised of nondiabetic patients, whose HbA1c level is below 6% (the control group 0), the other included diabetic patients 
with the HbA1c level is between 6-6.9% (the group 1) and the last group, group 2, included those patients with HbA1c level is equal or 
greater than 7%. Pre, peri and post operation data was compared. The deaths that occured in the first 30 days were evaluated as mortality 
and complications as morbitity.  
Results ― While mortality was not observed in the control group, one incident was observed in group 1 and 5 in group 2, which 
corresponds to 1.7% and 8.3% respectively. The mortality ratio in the group with patients whose HbA1c was greater or equal to 7% found 
statistically significant compared to the control group (P=0.02). The following parameters were observed in group 2 and were found 
statistically significant: the need for dialisis (25%, P<0.01), atrial fibrillation (33%, P=0.01), revision due to bleeding (10%, P=0.18), 
cerebrovascular event (16,7%, P=0.01), duration of mechanic ventilation (19.5±21.6, P=0.06), duration of hospital stay (approximately 
9.91±5.35 days, P=0.01), infection in scar (53%, P<0.01), mediastenit (11%, P=0.01)  and urinary tract infection (10%, P=0.01) 
Conclusion ― We concluded that in those diabetic patients that elective coronart artery bypass graft is applied, highly reactive HbA1c levels 
(HbA1c ≥7), may indicate morbitity in the early stages of post operation. 
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Introduction  

Diabetes mellitus (DM) is an established risk factor for the 
development of coronary artery disease (CAD) and approximately 
20% to 30% of the patients undergoing coronary artery bypass 
graft operation (CABG) have DM [1]. The morbitity and mortality 
levels of diabetic patients increased by 5-10 fold in post operation 
stage [2]. 

Blood glucose levels regulate the glycosylation process of red 
blood cells. Given the lifespan of red blood cells, (90 to 120 days), 
continuous cell turnover and fluctuating glucose levels lead to a 
portion of HbA1c (normal range 4.0-5.9%) within the blood being 
glycosylated. Thus a measurement of the percentage of 
glycosylated hemoglobin complexes would be indicative of the 
patient’s glucose levels over the previous 3 to 4 months. This is 
substantially more informative than a single blood glucose reading 

which is very labile and dependent on shortterm changes in diet 
and metabolic demands. As such, it has been deemed the gold 
standard for monitoring diabetic control [3]. 

It is shown that HbA1c levels, morbitiy and mortality rates are 
closely related in the patients that CABG is applied [4].  Recently, a 
small number of studies have called into question the predictive 
value of HbA1c on short-term outcomes in well-controlled 
diabetes [5]. 

The purpose of this study was to determine whether HbA1C 
could predict probable adverse events including early 
postoperative complications in the surgical intensive care unit 
(ICU) and in-hospital mortality after CABG surgery in patients with 
well (HbA1c <7), poorly  (HbA1c ≥7) controlled HbA1c patients, and 
case-matched nondiabetic (ND) patients. 
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Table 1. Demographic and preoperative data of the patients 

Parameters Group 1 (n=60) Group 2 (n=60) Group 0 (n=60) P-value ≠ 

Age, years 62.80±7.90 61.50±7.40 62.90±7.50 0.61 
Female gender, n (%) 15 (25.0) 24 (40.0) 16 (26.7) 0.15 
BMI, kg/m² 28.40±4.30 28.50±3.40 29.10±3.70 0.38 
Smoking, n (%) 31 (51.7) 31 (51.7) 35 (58.0) 0.23 
Hypertension, n (%) 31 (51.7) 42 (70.0) 28 (46.7) 0.01 
USAP, n (%) 14 (23.3) 22 (36.7) 6 (10.0) 0.02 
MI, n (%) 16 (26.7) 21 (35) 16 (26.7) 0.31 
PAD, n (%) 10 (16.7) 14 (23.3) 1 (1.7) 0.01 
CVA, n (%) 3 (5.0) 6 (10.0) 4 (6.7) 0.48 
EF, % 56.40±8.30 56.90±7.90 59.00±6.70 0.15 
FBG, mg/dl 143.00±39.70 213.20±67.40 92.10±14.00 <0.01 
Hb, gr/dl 13.50±1.40 13.10±1.03 13.60±1.10 0.23 
Creatinin, mg/dL 0.87±0.20 0.93±0.27 0.88±0.10 0.37 
LDL, mg/dL 113.0±35.0 129.1±45.2 112.4±29.6 0.02 
HbA1c, n (%) 6.40±0.27 9.30±1.63 5.50±0.26 <0.01 
Need for inotropic support, n (%)* 0 (0) 2 (3.3) 0 (0) 0.08 
EuroSCORE 3.28±2.52 4.06±2.46 2.70±1.70 0.01 
Duration of Diabetes, years 8.18±5.60 12.70±7.23 0 <0.01 

* patients who were followed in intensive care preoperatively and who need positive inotropic support. 
≠ p-value is determined by the comparison of the three groups. 
BMI, body mass index; USAP, unstable angina pectoris; MI, myocardial infarction; PAD, periferal artery disease; CVA, cerebrovascular accident; EF, ejection 
fraction; FBG, fasting blood glıcose level; Hb, hemoglobin; LDL, low density lipoprotein. 

 

Material and Methods  
The study was approved by the local ethics committee. The files 

containing information about 980 patients that CABG had been 
applied between January 2009 – January 2013 were retrospectively 
analyzed. The data of inbound patients that required surgical 
operation was acquired from patients’ records which contains the 
forms of preoperative anamnesis and physical findings. 

Those patients with coronary artery diesase and coronary 
angiography and those who have been applied CABG in elective 
conditions as well as those patients whose glicolized hemoglabin 
(HbA1c) level was observed accepted into study. The patients with 
the following were not included in the study; Myocardial infarction 
that was had three weeks before the operation, urgent operation, 
cardiogenic shock, reoperation, left ventricular aneurysm 
reconstruction, CABG in beating heart, valve reconstruction or 
replacement, atrial fibrilation, renal failure and dialysis, those male 
patients with hemoglobin levels below 13 ml/dl, and women with 
12 mg/dl and those patients with unacceptable tyroid test results. 

The performed anesthesia, surgery and  cardiopulmonary 
perfusion (CPP) methods were  the same for all of the patients 
included in this atudy. Patients were monitored by, 
electrocardiography, pulse oximetry, urine output, invasive arterial 
and central venous pressure. Standard general anesthesia was 
applied using propofol vecurony, fentanyl,  sevoflurane and 
remifentanil. Membrane oxygenator and non-pulsatile roller pump 
were used for extracorporeal circulation and moderate 
hypothermia (rectal temperature 28–30ºC) at mean arterial blood 
pressure was maintained to be in the range 60-80 mmHg. Duration 
of cardiopulmonary bypass (CPB) and aortic cross-clamping (ACC) 
of the patients were evaluated in minutes. 

 After the end of CPB, intravenous infusion of noradrenaline, 
dobutamine and dopamine were applied to those patients with 
hemodynamic instability as positive inotropic support. 
Postoperatively the patients were evaluated in terms of their 
adherence adhere to the mechanical ventilation time (hour) , the 
amount of drainage (cc), intensive care unit length of stay (days), 
postoperative hospitalization time (days). 

As morbidity parameters; the need for revision, atrial 
fibrillation, and hemodialysis requirement, cerebrovascular 
accident, infection (wound, mediastinit, urinary tract infections 
and pneumonia), pleural effusion requiring drainage,  and sternal 
dehiscence requiring repair were evaluated. 

Patients enrolled in the study (180 patients) were classified as 
60 nondiabetic patients with HbA1c levels below 6% (control 
group or group 0), 60 patients with diabetes and HbA1c levels 
between 6.0 to 6.9% (Group 1) and 60 patients with diabetes and 
HbA1c levels ≥7% (Group 2) Demographics and preoperative data 
of the patients are shown in Table 1. Preoperative, perioperative 
and postoperative data were compared. In the postoperative 
period surgical site infection, mediastinit, urinary tract infections 
and pneumonia were considered as the infection parameters. The 
first deaths in the 30 days were considered as mortality and all 
complications were evaluated as morbidity. 

 

Statististics 

Chi-square and t-test were used for statisticalcomparison in 
each of the three groups. The comparison between groups was 
performed with Kruskal-Wallis test, and the comparison of data for 
the independent variables was performed by Mann-Whitney U 
test and Wilcoxon W test. SPSS V.18 for Windows was used for 
statistical analysis. Results were shown as mean±SD, and for all 
comparisons P<0.05 was considered significant. 

 

Results 

Demographic and preoperative data of the patients are shown 
in Table 1. In terms of laboratory values; each patient’s fasting 
blood glucose (FBG) displayed considerable difference between 
Group 1 and Group 2 (P<0.01). LDL levels displayed considerable 
difference, between Group 1 and Group 2 (P=0.02) and Group 2 
and the control group (P=0.04). The mean value of HbA1c in 
Group 1 was 0.27±6.40% , while the average in group 2 was 
9.30±1.63%. The P-value for two groups was determined as <0.01. 
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Table 2. The means of the standard EuroSCORE values and statistical values of patients 

Groups EuroSCORE P-value (<0,05 significant) 

Group 0 2.70±1.70 Grup 0-1 0.29 
Group 1 3.28±2.52 Grup 0-2 0.02 
Group 2 4.06±2.46 Grup 1-2 0.96 

 
 
Table 3. Perioperative findings of the patients 

Variables Group 1 (n=60) Group 2 (n=60) Group 0 (n=60) P-value ≠ 

Distal anastomosis, number 3.01±0.62 2.95±0.56 2.88±0.61 0.47 
IMA, n (%) 60 (100) 59 (98.3) 60 (100) 0.98 
Saphenous vein, n (%) 59 (98.3) 56 (93.3) 53 (88.3) 0.73 
Radial artery, n (%) 31 (51.7) 25 (41.7) 29 (48.3) 0.55 
CPB duration, minutes 123.9±22.7 130.5±29.6 111.9±17.7 0.32 
ACC, minutes 64.75±13.38 69.21±17.38 58.50±11.54 0.26 
IABP, n (%) 5 (8.3) 8 (15) 1 (1.7) 0.01 
Need for inotropic support, n (%) 18 (28.8) 21 (35) 5 (8.3) 0.01 

İMA, internal mammarian artery; CPB, cardiopulmonary bypass; ACC, aortic cross clamp; IABP, intraaortic balon pump. 
≠ p-value is determined by the comparison of the three groups. 
 
 
Table 4. Comparison of CPB time and ACC between groups according to P-value 

Comparison between groups CPB duration ACC duration 

Group 0-1 0.03 0.04 
Group 0-2 0.01 0.01 
Group 1-2 0.33 0.26 

CPB, cardiopulmonary bypass; ACC, aortic cross clamp. 
 
 
Table 5. Early postoperative data of patients 

Variables Group 1 (n=60) Group 2 (n=60) Group 0 (n=60) P-value ≠ 

DMV, h 13.9±10.5 19.5±21.6 11.7±7.24 0.06 

Drenaj, cc 903.3±506.7 1024.5±582.4 873.2±346.8 0.59 

LSICU, days 3.78±2.39 4.85±3.42 3.18±2.48 <0.01 

LSH, days 8.20±3.02 9.91±5.35 7.46±3.88 <0.01 

DMV, duration of mechanical ventilation; YBKS, length of stay in intensive care unit; LHS, length of stay in intensive care unit. 
≠ p-value is determined by the comparison of the three groups. 
 

 
 

Risk scoring system for each patient was performed with the 
standard EuroSCORE. Risk analysis of the three groups was 
statistically significant (Table 2). 

The patients’ duration of diabetes was longer in patients with 
HbA1c ≥7 comparing with the patients with HbA1c <7 (P<0.01). 

Perioperative findings of the three groups are shown in 
Table 3. There was no significant difference between Group 1 and 
2, there was significant difference between the control group and 
group 1 and the control group and group 2 according to duration 
of CPB and aortic cross-clamping ACC of the patients (Table 4). 

Out of 180 patients, 14 of them had to be reapplied CPB due to 
inadequate cardiac performance and intra-aortic balloon pump 
was used in these patients. Thirteen of these patients were 
diabetic patients.  

Five  (8.3%) patients in the control group, 18 (28.8%) patients 
in Group 1, and 21 (35%) patients in Group 2 needed positive 
inotropic support. While there was a significant difference 
between the Control group and Group 1 (P=0.03), and between 
the control group and Group 2 (P<0.01), the difference between 
Group 1 and Group 2 (P=0.56) was not significant. 

 

Postoperative findings 

The cumulative mortality rate was found to be 3.3%. It was 
1.7% in Group 1 with one patient and 8.3% in Group 2 with 5 
patients. Mortality rates were significant in the comparison of all 
three groups (P=0.01). The difference was not significant between 
the control group and Group 1 (P=0.31) and Group 1 and Group 2 
(P=0.09), there was significant difference statistically (P=0.02) 
between the control group and Group 2. 

Early postoperative morbidity and mortality data of patients 
are shown in Tables 5 and 6. 

Group 2 was found to have a high rate of surgical site 
infections (Table 7). 

In addition, acute deep vein thrombosis occured in three 
patients (two patients in the control group and one in group 2). 
Gastrointestinal bleeding In two patients (Group 2); pulmonary 
embolism in one patient (Group 2); achalasia in one patient 
(Group 1); paralytic ileus in two patients (Group 2) and significant 
hemolysis and thrombocytopenia in one patient (Group 2) were 
occured. 
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Table 6. Morbidity and mortality data of patients 

Variables Group 1  (n=60) Group 2 (n=60) Group 0 (n=60) P-value ≠ 

Revision, n (%) 7 (11.7) 6 (10.0) 2 (3.3) 0.18 
Dialysis, n (%) 6 (10.0) 15 (25.0) 0 <0.01 
AF, n (%) 14 (23.3) 20 (33.3) 8 (13.3) 0.01 
CVA, n (%) 2 (3.3) 10 (16.7) 2 (3.3) 0.01 
Surgical site infection, n (%) 10 (16.7) 32 (53.2) 9 (15.0) <0.01 
Mediastinitis, n (%) 5 (8.3) 7 (11.7) 0 0.01 
Urinary infection, n (%) 4 (6.7) 6 (10.0) 0 0.01 
Pneumonia, n (%) 6 (10.0) 6 (6.0) 2 (3.3) 0.17 
Pleural effusion, n (%) 13 (21.7) 15 (25.0) 8 (13.3) 0.11 
Sternal repair, n (%) 6 (10.0) 5 (8.3) 3 (5.0) 0.49 
Mortality, n (%) 1 (1.7) 5 (8.3) 0 0.01 

AF, atrial fibrillation; CVA, cerebrovascular accident. ≠ p-value is determined by the comparison of the three groups 
 

 
Table 7. Intergroup statistical rates of infection parameters 

Variables 
P-value 

0-1 0-2 1-2 

Surgical site infection 0.80 <0.01 <0.01 
Mediastinitis 0.02 <0.01 0.54 
Urinary infection 0.04 0.01 0.51 
Pneumonia 0.14 0.14 1.00 

 

 

Discussion 

The results of this study suggest that poor preoperative 
glycemic control (HbA1C ≥7%) is a predictor of morbidity after 
CABG in terms of cerebrovascular accident, surgical site infections, 
need for dyalisis, prolonged mechanical ventilation, prolonged 
hospital stay, reoperation for bleeding, and postoperative new-
onset AF. Cardiopulmonary bypass and aortic cross-clamp times 
were higher, use of positive inotropic drugs and intraaortic balloon 
pump (IABP) were more, intensive care unit (ICU) length of stay 
(LOS) and hospital LOS were longer in diabetics compared with 
non-diabetic patients after CABG. 

The patients with diabetes have more advanced; diffuse 
coronary artery stenosis and more end-organ dysfunction, 
including renal insufficiency and neurologic deficits, and therefore 
clinicians who treat the diabetic patients with CAD should be 
aware of the effects this factor has on the outcomes of CABG 
surgery. 

In a recent study consisting of 501 patients, it was reported 
that poor glycemic control (baseline HbA1c) prior to ischemic 
stroke is an independent risk factor for poor survival and a marker 
for increased stroke severity and unfavorable long-term functional 
outcome [6]. In this study, the CVA rate in postoperative patients 
with HbA1c ≥7 was significantly higher (P=0.01) than all other 
groups . 

Knapik et al. [7] reported a retrospective review in 782 diabetic 
patients. For comparison of outcomes, patients were matched to 
achieve similar preoperative status with a use of a Greedy 
matching procedure. For matched patients elevated HbA1c levels 
>7% were significantly associated with increased incidence of 
perioperative myocardial infarct (MI) compared with the HbA1c 
<7% group *4.7% HbA1c >7%, (±95% CI ±3.18%) vs 0.6% HbA1c 
≤7% (±95% CI ±1.15%); P=0.01] (matched preoperative variables). 
There were no significant differences in all other morbidity, early 
mortality and total LOS (P=0.59) including ICU (P=0.94) in either 
HbA1c group.  

In this study, it was found that unstable angina pectoris (USAP) 
was higher in diabetics (P=0.02), especially in patients with HbA1c 
≥7 and the frequency of USAP was significantly higher compared 
to the other groups (P<0.01). While the rate of myocardial 
infarction in diabetic patients appeared high, compared to with 
nondiabetics (P=0.31), there was no significant difference. 
Diabetes mellitus is recognized as an independent risk factor for 
the development of atrial fibrillation (AF) [8]. Dublin and 
colleagues [8] have found higher rates of AF development in 
patients with DM and stated that the development of atrial 
fibrillation risk is related to HbA1c levels.  

Kinoshita et al. [9] also reported the association between 
HbA1c levels and the development of postoperative atrial 
fibrillation. Interestingly, HbA1c values were significantly lower in 
patients who developed AF postoperatively [HbA1c 5.8 (5.4–6.3) 
vs HbA1c 6.1 (5.5–7.2), P=0.01]. In this study, 7 of 12 patients who 
developed AF and did not restore sinus rhythm were in Group 2. 
The increased incidence of AF in high HbA1c levels were found 
statistically significant (P=0.01). The HT ratio was higher in diabetic 
patients. We found significant correlation between increased 
HbA1c levels and the existence of HT (P=0.01). 

Schnack et al. [10] reported that pneumopathy incidence show 
correlation with HbA1c levels. In our study duration mechanical 
ventilation (MV) in non-diabetic patients was shorter. We have 
detected that MV periods prolonged as the HbA1c levels 
increased. We did not find significant differences among the three 
groups in terms of their bleeding after CABG surgery (P=0.59). 
However, we also found increased bleeding amount as HbA1c 
levels and duration of diabetes increased. Postoperatively acute 
deep vein thrombosis occured in two patients with DM, pulmonary 
thromboembolism in one, and gastrointestinal bleeding in two, 
hemolysis and thrombocytopenia in one patient. All of these 
patients had higher HbA1c levels than 7%. 

It was shown that the diabetic patients had a higher incidence 
of infective complications [11, 12]. According to results of these 
studies, treatment of hyperglycemia in the postoperative period 
might reduce infection in the patients with DM [13]. Alserius et al. 
[14] conducted a prospective study correlating HbA1c 
concentrations with infection rate and mortality outcomes in 605 
patients. Rates of superficial sternal wound infection were 
significantly increased in patients with HbA1c ≥6% (13.9% HbA1c 
≥6% vs 5.2% when HbA1c <6%, P=0.007). There was a trend 
towards higher rates of mediastinitis in HbA1c ≥6%; however, 
these results were not significant [4.9% in patients with HbA1c 
≥6% vs 2.1% in HbA1c <6%, hazard ratio (HR) 1.9, (95% CI: 0.6–5.9) 
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(P=0.20)]. Mortality after 3 years was significantly higher in 
patients with HbA1c ≥6% after multivariable adjustment (all-cause 
mortality: 18.9% in HbA1c ≥6% vs 4.1% in HbA1c <6%, HR 5.4 (95% 
CI: 3–10) (P<0.001).  

In this study, it was found that there was a significant 
relationship between HbA1c levels and the development of 
infection among the patients who had coronary artery bypass 
surgery. 

Some studies have pointed at diabetes as a risk factor for a 
poor outcome of operative mortality following CABG [15]. Similar 
to our findings, in some other studies, no significant relationship 
was found between diabetes and mortality [16, 17]. 

In a prospective study consisting of 3555 patients [3] it was 
reported that poor diabetic control is a significant indicator of 
post-CABG complications, and demonstrated a significant increase 
in the incidence of renal failure, infection, and length of hospital 
stay in patients with poorly  (HbA1c ≥7) controlled HbA1c 
preoperatively. An elevated HbA1c level increased the likelihood 
of hospital mortality after CABG (odds ratio 1.40 per unit increase, 
p=0.019), with HbA1c >8.6% associated with a 4-fold increase in 
mortality. For each unit increase in HbA1c, there was a 
significantly increased risk of myocardial infarction and deep 
sternal wound infection. Halkos et al. [18] also investigated long-
term outcomes. Their results show a significant reduction in long-
term survival (OR 1.15, P<0.001) per unit increase in HbA1c ≥7%. 
Selvin and colleagues [19] demonstrated that for every whole 
percentage increase in HbA1c, the relative risk of cardiovascular 
disease increased by 18% for type 2 diabetes and by 15% for type 
1 diabetes. Our study revealed no significant differences in 
hospital-mortality of CABG between HbA1c <7 and  ≥7 groups. This 
may be due to the fact that our study was conducted with fewer 
patients than above mentioned studies. 

 

Conclusion 

In our opinion,  preoperative HbA1c level is a strong predictor 
of morbidity after CABG. In elective situations, it has been 
proposed that these patients should be delayed for surgery until 
adequate glycaemic control is achieved.  

 

Study limitations 

 The main limitations of this study include its retrospective 
design with a limited number of participants. We have not studied 
the longterm outcomes, and it may be that although we are not 
seeing any difference in short-term outcomes, they may become 
apparent in the long term. The strengths of our study include 
presence of an adequate control group consisting of non-diabetic 
patients. 
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