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ABSTRACT 

 The aim of our study was to evaluate the relationship of hyperglycemia and postoperative 

hospital complications after coronary artery bypass surgery in diabetic patients.   The study 

included 482 patients who underwent coronary artery bypass surgery (CABG) in the period from 

2003 to 2008 in The Bakoulev Scientific Center for Cardiovascular Surgery. In our study DM is 

not associated with an increased risk of major cardiovascular events (death, stroke, myocardial 

infarction) after CABG. However, the presence of diabetes is associated with an increase in the 

number of postoperative infectious complications. Hyperglycemia more than 200 mg / dL is a risk 

factor that increases the risk of postoperative complications such as death, stroke, acute renal 

failure, arrhythmias, and infectious complications.  

 Keywords: coronary artery disease, diabetes mellitus, hyperglycemia, coronary artery 

bypass grafting. 

INTRODUCTION 

 The prevalence of diabetes mellitus (DM) among patients with coronary heart disease has 

led to a sharp increase in their numbers among the contenders for coronary revascularization. 

According to the literature, from 30 to 40% of diabetic patients in need of surgical treatment of 

concomitant coronary artery disease [1].  

 However, the results of the study suggest that the results of coronary artery bypass grafting 

(CABG) in patients with diabetes, in general, worse than others [5,6]. Szabó Z. et al. evaluated 

early and 30-day results of CABG in patients with diabetes (540 patients) and patients without 

diabetes (2,239 patients). Thirty-day mortality in the group of diabetics was 2.6% and in the control 

group was 1.6% (p = 0.15). However, the presence of diabetes was accompanied by a 1.9-fold 

increased risk of long-term mortality compared to patients without diabetes [15]. In recent studies 

more and more authors began to point to comparable levels of postoperative mortality between 

patients with and without diabetes mellitus [3, 11]. In addition, it points to an increased risk of 

neurological, renal complications and increased wound infections [2, 8, 9, 10]. In recent years, the 

glycemic control during CABG surgery and other cardiac surgery has become the object of intense 

study. According to most researchers, hyperglycemia that occurs in the postoperative period is 
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associated with increased morbidity in the postoperative period. Several authors indicated the need 

for careful control of intraoperative glucose, in order to correct the violations and prevent the 

adverse effects of hyperglycemia on the cardiovascular system.  The aim of our study was to 

evaluate the correlation of hyperglycemia and postoperative hospital complications after coronary 

artery bypass surgery in diabetic patients.   

 

MATERIALS AND METHODS 

 

 The study included 482 patients who underwent coronary artery bypass surgery (CABG) in 

the period from 2003 to 2008 in the Bakoulev Scientific Center for Cardiovascular Surgery. 

Patients were divided into 2 groups: group 1 included 282 patients with coronary artery disease 

with diabetes, the second group (control) - 200 CHD patients without diabetes. In both groups of 

patients are male dominated. By the number of women groups did not differ. The age of patients 

in group 1 averaged 57 ± 7,5 years, which is significantly lower than in the control group 2 (62 ± 

11,2 years.), P <0.01. Also, most patients’ in-group 1 had a history of myocardial infarction, 

clinically more severe angina, hemodynamically significant atherosclerosis of brachiocephalic 

arteries, chronic renal failure. Average EuroScore in Group 1 was 4.2, in comparison with the 

group 2 was significantly higher (p = 0.019). In addition, patients with diabetes had a higher body 

mass index, more frequent hypertension and hyperlipidemia. Overall, the survey results indicated 

an objectively more severe clinical condition of patients in group 1 patients underwent bypass 

surgery on a beating heart or cardiopulmonary bypass (no significant differences between groups). 

Index revascularization in group 1 was 2.9, group 2 - 3.0 and was not significantly different. All 

patients in Group 1 (n = 282) suffering type 2 diabetes.  Thus, patients with type 2 diabetes, 

lung flow (available only on the hypoglycemic diet) were excluded. 31 patients (11%) had a severe 

course of type 2 diabetes require regular insulin. The remaining 251 (89%) patients with 

hypoglycemic effect turned out to be using oral antidiabetic drugs, including drugs sulfonylurea - 

53% biguanides - 34%, thiazolidinediones - 8%, other - 5%. Use of oral hypoglycemic agents in 

diabetic patients discontinued for 12-48 hours prior to surgery. At the stage of preoperative 

preparation for readings of planned changes the hypoglycemic therapy and transfer patients to 

insulin. Excess fasting glucose above 180 mg / dL (10 mmol / L) is an indication for transfer to 

insulin The average fasting blood glucose level in the diabetic group was 134 mg / dl (7.44 mmol 

/ l), which expectedly higher in comparison with the control group 83 mg / dl (4.6 mol / l), p 

<0.001. On preoperative criteria for compensation of carbohydrate metabolism as measured by the 

level of glucose, consistent with 54% of patients, 28% were subcompensation patients. In 18% of 
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patients failed to achieve the level of compensation or subcompensation.  

 For the assessment of postoperative glycemic glucose monitoring was conducted at baseline 

(before surgery), the day of surgery and for the next 10 days after the operation. Repeated daily 

blood sampling result is determined by calculating the average daily figure. 

The primary study endpoint in the hospital stage was considered fatal outcome, nonfatal 

myocardial infarction (MI), nonfatal stroke. The secondary endpoints carried infectious-

inflammatory complications (including mediastinitis), bleeding, pulmonary complications, acute 

renal failure, supraventricular arrhythmias, and the duration of postoperative stay.  

 

Statistical analysis of the data 

 

The study used a statistical analysis performed using the software package «Statistica 8.0». For 

compare two groups of high-quality binary features used double-sided version of Fisher's exact 

test. For compare  two groups in quantity normally distributed attributes used Student's t test. 

Differences were considered statistically significant at p <0,05. To quantify the probability of the 

outcome associated with the presence of risk factors was carried out calculation of the relative risk 

with 95% confidence intervals (CI). Calculation of the confidence interval for the odds ratio was 

conducted by the method of Woolf. 

 

RESULTS 

 

 In group 1 to achieve the primary end point (death, MI, stroke) were observed in 24 patients 

(8.5%) in group 2 - 14 patients (7%), p> 0.05. In-group 1, the incidence of atrial fibrillation, acute 

renal failure, and infectious-inflammatory complications was significantly higher in comparison 

with the control group. The duration of the postoperative period in the group with diabetes was 

also more. In general, despite the lack of significant differences on major cardiovascular 

postoperative complications (death, myocardial infarction and stroke), hospital results in patients 

with diabetes were generally worse than in the control group (Table. 1). 
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Table 1  

Postoperative complications at the hospital period 

Note: * superficial wound complications, pneumonia, pleuritis, pericarditis, urinary tract 

infections, sepsis, mediastinitis. 
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 As stated previously, all patients underwent perioperative monitoring of blood glucose at 

baseline and 1 to 10 days after CABG. Peak lift glucose accounted for 1-2 days after surgery, 

which is associated usually with a common perioperative stress, the influence of cardiopulmonary 

bypass, using contra insular hormones and other factors. Perioperative blood glucose among 

patients in-group 1 in all inspection points was significantly higher (p trend <0.001) in comparison 

with the group 2. When comparing the dynamics of glycaemia from diabetic patients initially 

treated with oral hypoglycemic agents and insulin-dependent diabetes patients, it was found that 

the degree hyperglycemia with insulin dependent diabetes in the perioperative period was greater 

(p = 0.01) (Fig. 1).  

Figure 1. Dynamics of perioperative glycemia in patients with insulin-dependent diabetes 

and non-insulin dependent diabetes, compared with patients without diabetes  

 

Abbreviations: СД – diabetes, ИНСД – non-insulin dependent diabetes, ИЗСД – insulin-dependent 

diabetes. 

 

 In identifying the correlation between glucose level and the onset of the primary endpoint 

was observed that blood glucose above 200 mg / dl during the first 48 hours after surgery in patients 

with diabetes was accompanied by a significant increase in the number of analyzed complications 

(Fig. 2). 
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Figure 2. Correlation of postoperative glucose level (first 48 hours) and the occurrence of 

postoperative complications (death, stroke, myocardial infarction) in patients with diabetes 

 

To 150 mg/dl          150-200 mg/dl       201-250 mg/dl       more then 250 mg/dl 

 

 We conducted a risk assessment of postoperative complications in patients allocated to 

CABG in the presence of diabetes (Table. 2, A) and in the presence of hyperglycemia greater than 

200 mg / dl (in the first 48 hours after surgery) (Table. 2, B). Statistical analysis confirmed the 

absence of the correlation diabetes and increases the risk of the primary points in the immediate 

postoperative period. Also, there was no significant effect of diabetes on the development of acute 

renal failure, pulmonary complications, supraventricular arrhythmias and bleeding. However, it 

was found that the presence of diabetes increases the risk of mediastinitis (OR - 1.8, 95% CI 1,3-

2,2, p = 0.039), and any infectious-inflammatory complications (OR, 2.3; 95% CI, 1.9-2.8, p = 

0.01) and prolonged postoperative hospital stay (OR, 2.2; 95% CI - 1.5-2.7, p = 0.001).  
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Table 2 

 Correlation of diabetes (A) and perioperative hyperglycemia greater than 200 mg / dl (B) 

and the risk of hospital complications А. 

 

 

 Radically different pattern was observed in the group of patients with postoperative 

hyperglycemia: the development of hyperglycemia after CABG was associated with significant 
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increased risk of mortality (OR, 1.7; 95% CI 1.4-2.4, p = 0.038), stroke (OR-2 1, 95% CI 1.5-3.0, 

p = 0.04), acute renal failure (OR, 1.6; 95% CI, 0.8 - 2.0, p = 0.03), supraventricular rate (OR, 

1.35; 95% CI 1.2-1.6, p = 0.01), mediastinitis (OR, 2.6; 95% CI 2.0-1.6, p = 0.001, any infectious 

and inflammatory complications (OR - 4.7, 95% CI 4.2-5.2, p = 0.001), as well as an increase in 

the duration of postoperative hospital stay days (OR, 2.5; 95% CI: 1,9 2.9, p = 0.001). Thus, the 

development of hyperglycemia in the immediate postoperative period is more important and 

significant risk factor than the associated diabetes. Several studies have shown that hyperglycemia 

is the reason for the growth of morbidity and mortality in all patients undergoing CABG, regardless 

of the presence of diabetes. Thus, Donts T. et al. in the analysis of clinical outcomes of 6280 

patients undergoing cardiac surgery showed that patients with high peak levels of glucose (20 

mmol / L) during CABG had the highest rates of morbidity and mortality, regardless of the 

presence of diabetes [4]. Fish L. et al. discovered the following regularity - an increase of 

glycaemia in the postoperative period (more than 14 mmol / L) in 10 times increased risk of various 

complications [7]. Thus, these studies clearly show that, regardless of the presence of diabetes, 

increased levels of glucose in the perioperative period is associated with an increase in morbidity 

and mortality. 

In our study, despite a comparable incidence of major cardiovascular events (death, myocardial 

infarction, stroke), immediate results after CABG in patients with diabetes have been worse, 

primarily due to increased infectious complications. Also, it was shown that postoperative 

hyperglycemia greater than 200 mg / dL had an increased risk of early cardiovascular events 

(death, stroke), and also, acute renal failure, arrhythmias, and infectious and inflammatory events 

(including mediastinitis). Our results are consistent with data presented in other studies 

[6,12,13,14], where it was shown that uncontrolled intraoperative hyperglycemia is a predictor of 

hospital mortality and increase the growth of post-operative complications, including infection. 

Similar results confirming growth complications of hyperglycemia presented and other 

publications.  
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CONCLUSION 

 

The presence of diabetes in patients referred to CABG, is not accompanied by an increased 

risk of major cardiovascular events (death, stroke, myocardial infarction), but is associated with 

an increase in the number of infectious complications. Hyperglycemia more than 200 mg / dL is a 

risk factor that increases the risk of postoperative complications such as death, stroke, acute renal 

failure, arrhythmias, and infectious and inflammatory complications. In patients with insulin-

dependent diabetes occurs more severe decompensation of carbohydrate metabolism in the 

postoperative period compared with patients with diabetes on medication hypoglycemic therapies, 

and therefore they have a higher risk of postoperative complications. Ensuring careful monitoring 

of blood glucose levels in the perioperative period reduces postoperative morbidity and improve 

the immediate results of the operation. 

 

REFERENCES 

 

1.  Bokerija L. A., Goluhova E.Z., Sigaev I.Ju. [i dr.] Sovremennye podhody k 

hirurgicheskomulecheniju IBS u bol'nyh s saharnym diabetom [Modern approaches to the 

surgical treatment of coronary artery disease in patients with diabetes mellitus] Vestnik 

RAMN, 2012, № 1, p.  20-26. 

2. Inadequate blood glucose control is associated with in-hospital mortality and morbidity in 

diabetic and nondiabetic patients undergoing cardiac surgery / R. Ascione, C.A. Rogers, 

C. Rajakaruna, G. D. Angelini [et al.] //Circulation. 2008; 118: 113–123. 

3. Diabetic and nondiabetic patients with left main and/or 3-vessel coronary artery disease: 

comparison of outcomes with cardiac surgery and paclitaxel-eluting stents / A. P. Banning, 

S. Westaby, M. C. Morice [et al.] //J. Am. Coll. Cardiol.2010; 55 (11): 1067—1075. 

4. Hyperglycemia during cardiopulmonary bypass is an independent risk factor for mortality 

in patients undergoing cardiac surgery / T. Doenst, D. Wijeysundera, K. Karkouti [et al.] 

//Journal of Thoracic and Cardiovascular Surgery. 2005; 130:  4: 1144. el-l 144.e8. 

5. ACC/AHA 2004 guideline update for coronary artery bypass graft surgery: a report of the 

American College of Cardiology/American Heart Association Task Force on Practice 

Guidelines (Committee to Update the 1999 Guidelines for Coronary Artery Bypass Graft 

Surgery) / K. A. Eagle, R. A. Guyton, R. Davidoff [et al.] // Circulation.2004; 110: 340-

437. 

6. Outcomes and Perioperative Hyperglycemia in Patients with or without Diabetes Mellitus 



______________________________ 1’ 2016     26 

 

Undergoing Coronary Artery Bypass Grafting / C. A. Estrada, J. A. Young, L. W. Nifong 

[et al.] //Ann. Thorac.Surg. 2003; 75: 1392–9. 

7. Value of postoperative blood glucose in predicting complications and length of stay after 

coronary artery bypass grafting / L. H. Fish, T. W. Weaver, A. L. Moore [et al.] // American 

Journal of Cardiology. 2003; 92: 1: 74-76. 

8. Effect of risk-adjusted diabetes on mortality and morbidity after coronary artery bypass 

surgery / C. Kubal, A. K. Srinivasan, A. D. Grayson [et al.] //Annals of Thoracic Surgery. 

2005; 79: 1570-1576 

9. The Relation Between Hyperglycemia and Outcomes in 2,471 Patients Admitted to the 

Hospital With Community-Acquired Pneumonia / F. A. MсAlister, S. R.  Majmdar, S. Blitz 

[et al.] //Diabetes Care 28: 810 – 815, 2005 

10. Poor intraoperative blood glucose control is associated with a worsened hospital outcome 

after cardiac surgery in diabetic patients / A. Ouattara, P. Lecomte, Y. Le Manach, [et al.] 

//Anesthesiology 2005; 103: 687–694 

 

11. The effect of diabetes mellitus on patients undergoing coronary surgery: a risk-adjusted 

analysis / C. Rajakaruna, C.A. Rogers, C. Suranimala [et al.] // Thorac.Cardiovasc. Surg. 

2006; 132: 802–10 

12. A randomized study in diabetic patients undergoing cardiac surgery comparing computer-

guided glucose management with a standard sliding scale protocol / L. Saager, G. L. 

Collins, B. Burnside [et al.] //J CardiothoracVascAnesth. 2008; 22: 377–382 

13. The association of preoperative glycemic control, intraoperative insulin sensitivity, and 

outcomes after cardiac surgery / H. Sato, G. Carvalho, T. Sato, [et al.] //J 

ClinEndocrinolMetab 2010; 95: 4338–4344 

14. Intraoperative glucose control in diabetic and nondiabetic patients during cardiac surgery 

/ C. E. Smith, N. R. Styn, S. Kalhan [et al.] //J CardiovascVascAnesth.  2005; 19: 201–208 

15. Early postoperative outcome and medium-term survival in 540 diabetic and 2239 

nondiabetic patients undergoing coronary artery bypass grafting / Z. Szabó, E. Håkanson, 

K. Svedjeholm [et al.] //Ann. Thorac. Surg. 2002; 74: 712-719. 

  



______________________________ 1’ 2016     27 

 

The authors: 

FGBU Bakoulev Scientific Center of Cardiovascular Surgery, Department of comorbidities 

of coronary and the greater arteries, Moscow, Russia: 

 Sigaev Igo rYurevich, MD, Professor, Head; 

Yarbekov Rustam Raimkulovich, PhD, doctoral yarbekov@mail.ru; 

Keren Milena Abrekovna, MD, a researcher; 

 Nazarov Afanasi Anatolevich, graduate student  

Kazaryan Artak Varuzhanovich, PhD, researcher  

Starostin Maxim Vladimirovich, PhD, researcher.  

   


