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 ABSTRACT 

Objective: To determine the association of elevated HbA1c levels with 
length of ICU stay, prolonged mechanical ventilator and ionotropic support, 
and infections in diabetic patients undergoing CABG.  

Methodology: This Prospective cohort study was conducted at National 
Institute of Cardiovascular Diseases, Karachi. One hundred fifty eight (158) 
diabetic patients were enrolled fulfilling inclusion criteria. Data was 
classified into two groups, Exposed group: elevated HbA1c (≥7%) and Un-
exposed group: HbA1c (<7%) and study outcomes in both groups were 
compared for any statistically significant difference. 

Results: Total 86.1% patients had prolonged ICU duration, 79.7% 
(p<0.001) had prolonged mechanical ventilator and 87.3% (p<0.001) 
patients with prolonged ionotropic support in Exposed group (elevated 
HbA1c). In Un-exposed group (controlled HbA1c), 44.3% patients had 
prolonged ICU duration, 12.7% patients had prolonged mechanical 
ventilator and 64.6% had prolonged ionotropic support. In group-A, 35.4% 
were observed with sepsis, 16.5% with pneumonia and 31.6% (p=0.026) 
were with urinary tract infection while in group-B, 49.4% were with sepsis, 
16.5% pneumonia and 16.5% urinary tract infection. 

Conclusion:  Elevated HbA1c level is risk marker for higher rate of 
infections and hospital length of stay after CABG. An HbA1c of 7% or 
greater was found to be a strong predictor of a length of ICU stay, 
ventilator support and adverse short-term outcomes including urinary tract 
infections.  

Keywords: elevated pre-operative glycosylated hemoglobin, adverse 
short-term outcomes, coronary artery bypass graft 
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INTRODUCTION 

In a world of finite health care resources with ever 
increasing demand for medical services, clinicians 
usually need to identify patients at risk of requiring a 
long period of high dependency care after cardiac 
surgery.1 with factors which could anticipate adverse 
outcomes so that a better management strategy can 
be planned out. CABG being most commonly 
performed is considered the bread and butter of 
cardiac surgery.2,3 Several factors have been 
marked which can predict the adverse outcome 
following CABG, infact early detection of patients 
who are likely to end up for an increased 
postoperative length of stay (LOS) following CABG 
would allow operations to be planned strategically, 
maximizing the chance of the availability of the ICU 
beds for other critical patients, not only that it can 
help prevent the cancellations of operations. In 
addition, prolonged hospital stay in patients 
undergoing CABG increases overall hospital costs.4 
Glycosylated hemoglobin levels indicate average 
blood glucose levels over the past three months, 
elevated level is a marker for worse prognosis, 
whether or not there is diagnosis of diabetes.5-8 
Glycosylation process of red blood cells is regulated 
by level of glucose in blood. During the lifespan of 
red blood cells, (90 to 120 days), constant cellular 
turnover and fluctuating blood glucose levels set 
about a proportion of HbA1c (normal range 4.0-
5.9%) within the blood being glycosylated. Hence an 
estimation of the percentage of glycosylated 
hemoglobin is suggestive of the patient’s blood 
glucose levels over three to four months which is 
distinctively more informative and reliable than 
snapshot of blood glucose reading which is liable to 
change and may vary depending on alteration in diet 
and metabolism.5   

Pooled data has emphasized that raised HbA1c 
level is linked with worse postoperative outcomes 
including increased mortality and morbidity both long 
term and short term,7,9 acute renal injury, sternal 
wound infection, cerebrovascular events, new onset 
atrial fibrillation, myocardial infarction,5 and 
readmission rates.8 In spite of already documented 
risk, no cardiac surgical risk scoring system, 
including The Society of Thoracic Surgery score, 
incorporates HbA1c as a risk predictor for surgical 
morbidity and mortality. In a prospective study done 
by Halkos and colleagues5 in 3555 patients, it was 

reported that HbA1c more than 8.6% is linked with 
four times increase in hospital mortality rates. It is 
worth optimizing HbA1c levels particularly in elective 
cases. Researchers have depicted that reduction in 
HbA1c, by as little as 1%, results in reduced 
microvascular complications and lesser 
cardiovascular events.9-11 The objective of this study 
is to determine the association of elevated pre-
operative glycosylated hemoglobin with adverse 
short term outcomes in diabetic patients undergoing 
CABG operation at a tertiary care hospital in a 
developing country with handful resources. 

METHODOLOGY 

This Prospective Cohort study was conducted in 
Cardiac Surgery Department of National Institute of 
Cardiovascular Diseases (NICVD) Karachi after 
acquiring approval from ethical review board. 
Consecutive diabetic patients, of either gender, aged 
between 30 to 80 years undergoing CABG were 
enrolled. However, patients with history of previous 
CABG, open heart surgery, patients undergoing 
CABG on beating heart, concomitant CABG and 
valvular surgery were excluded from the study. 

Prior to inclusion the purpose of the study was 
explained to all the patients. Informed consent was 
acquired by the principal investigator from all 
patients. Patients with HbA1c level ≥7 were 
allocated to exposed group and those with HbA1c 
level <7 were allocated to un-exposed group. 
Preoperative laboratory assessment, 
echocardiographic assessment and angiography 
were performed by experienced cardiologist for all 
patients scheduled for CABG. Modified Yale insulin 
infusion protocol was used for all patients to 
maintain a target glucose goal of 150 to 179 mg/dL 
in the ICU with hourly glucose monitoring and insulin 
titration. CABG was performed by experienced 
cardiac surgeons with working experience of more 
than five years. The general anesthesia, surgical 
procedure and cardiopulmonary bypass perfusion 
(CPB) methods were similar for all of the patients. 
Baseline characteristics of the patients were already 
recorded like gender, age, weight (kg), height (cm), 
and NYHA class. BMI calculated for all patients 
using the formula BMI = (weight kg)/(height m)2. 
Pre-operative HbA1c levels (%) was recorded based 
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on laboratory assessment. History of the patients 
were taken regarding DM, hypertension, and 
smoking status. Left ventricular ejection fraction 
(LVEF %) was recorded after assessing on 
echocardiography for all patients. Duration of CPB 
and aortic cross-clamping (XCT) was recorded in 
minutes for all patients.  

Elevated pre-operative HbA1c level, Intensive Care 
Unit (ICU) length of stay in days (LOS), mechanical 
ventilator and ionotropic support in hours, and post-
operative sepsis (including line infections, surgical 
site infections) along with pneumonia and urinary 
tract infection (UTI) were recorded by principal 
investigator. Confounding variables and biasness 
were well controlled by strictly following inclusion 
and exclusion criteria and stratification. Data was 
collected on pre-designed structured proforma. 
Patient information was kept secured and available 
to authorized person only throughout the study. 

Data was entered and analyzed using SPSS 
version-21 (IBM Corp. Released 2012. IBM SPSS 
Statistics for Windows, Version 21.0. Armonk, NY: 
IBM Corp). Data were classified into two groups, 
exposed group: (HbA1c ≥7%) and un-exposed 
group: (HbA1c <7%) and study outcome in both 
groups was compared for any statistically significant 
differences and relative risk (RR) was also 
calculated. Descriptive statistics such as mean ± 
standard deviation (SD) were calculated for 
quantitative (continuous) variables and appropriate 
independent sample t-test or Mann–Whitney U test 
was applied to check the significant difference. 
Frequency and percentages were calculated for 
categorical variables such as age groups, gender, 
BMI categories, NYHA class, co-morbid conditions 
i.e. hypertension, and smoking and prolonged ICU 
length of stay (LOS), mechanical ventilator support, 
and ionotropic support. Effect modifier like gender, 
age, smoking, NYHA class, BMI categories, LVEF 
(%), CPB Time, aortic clamp time and comorbid 
conditions i.e., hypertension, and smoking were 
controlled through stratification. Post stratification 
appropriate Chi-square test or Fisher exact test was 
applied and relative risk (RR) was calculated. Two-
sided p-value of ≤0.05 was taken as criteria of 
statistical significance. 

RESULTS 

A total of 158 diabetic patients of either gender were 
enrolled for this study in 1:1 ratio of patients in 
Exposed group (elevated HbA1c) and Un-exposed 
group (HbA1c) with 79 patients in each group. There 

were 68.4% male and 31.6% female patient in group 
A while in group B, there were 70.9% male and 
29.1% females. The overall mean age of patients in 
exposed group and un-exposed group was 
62.87±7.24 years and 62.53±6.86 years 
respectively. It was observed that, all the patients in 
exposed group had uncontrolled diabetes mellitus, 
44.3% were hypertensive and 20.3% were smokers, 
while in un-exposed group, 53.2% of the patients 
had HbA1c levels >6.5% but less than 7%, 54.4% 
were hypertensive and 17.7% were smokers. 
Frequency distributions and detailed descriptive 
statistics of general characteristics including overall 
preoperative hbA1c, mean LVEF, CPB time and 
aortic clamp time of patients are presented in Table-
1.  

Table 1: Demographic and clinical 
characteristics 

  
Exposed 
group  

Un-
exposed 
group  

P-
value 
 

Total (N) n=79 n=79 

Gender       

Male 68.4% (54) 70.9% (56) 
0.729 

Female 31.6% (25) 29.1% (23) 

Age (years) 62.9 ± 7.2 62.5 ± 6.9   

≤ 65 years 60.8% (48) 62% (49) 
0.870 

>65 years 39.2% (31) 38% (30) 

Weight (kg) 86.9 ± 11 80.5 ± 10.4 <0.001 

Height (cm) 165.1 ± 9.4 171.1 ± 7.5 <0.001 

BMI (kg/m2) 26.4 ± 3.4 23.6 ± 3.2 <0.001 

Normal 31.6% (25) 62% (49) 

0.001 Overweight 53.2% (42) 31.6% (25) 

Obese 15.2% (12) 6.3% (5) 

NHYA class       

Class I 17.7% (14) 25.3% (20) 

<0.001 Class II 82.3% (65) 50.6% (40) 

Class III 0% (0) 24.1% (19) 

Co-morbid       

Hypertension 44.3% (35) 54.4% (43) 0.203 

Smoking 20.3% (16) 17.7% (14) 0.685 

HbA1c(%) 9.7 ± 1.5 6.1 ± 0.6 <0.001 

LVEF (%) 49.2 ± 10.9 49.4 ± 13.2 0.942 

Use of internal 91.1% (72) 92.4% (73) 0.772 
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mammary 
artery 

CPB Time 
(minutes) 

119.6 ± 
15.2 

109.8 ± 
13.9 

<0.001 

Aortic Clamp 
Time 
(minutes) 

94.4 ± 14 83.6 ± 18.4 <0.001 

The overall mean ICU stay, mechanical ventilator 
duration and ionotropic support in exposed group 
was 3.70±1.11 days, 28.05±8.29 hours and 
32.71±6.57 hours respectively while in un-exposed 
group, mean ICU stay, mechanical ventilator 
duration and inotropic support was 2.58±0.76 days, 
17.76±6.68 hours and 26.95±11.90 hours 
respectively. The detailed descriptive statistics of CU 
stay, mechanical ventilator duration and inotropic 
support are presented in Table-2. 

In our study, 86.1% patients were found with 
prolonged ICU duration, 79.7% patients with 
prolonged mechanical ventilator and 87.3% patients 
with prolonged ionotropic support in exposed group. 
While in un-exposed group B, 44.3% patients were 
found with prolonged ICU duration, 12.7% patients 
with prolonged mechanical ventilator and 64.6% 
patients with prolonged ionotropic support. In group 
A, 35.4% were found with sepsis, 16.5% with 
pneumonia and 31.6% with urinary tract infection 
while in group B, 49.4% were found with sepsis, 
16.5% with pneumonia and 16.5%with urinary tract 
infection as presented in Table-2. 

The results showed that there was significant 
association of elevated HbA1c with prolonged ICU 
stay (p=0.000), mechanical ventilator (p=0.000), 
prolonged ionotropic support duration (p=0.001) and 
Pneumonia (p=0.026). 

Table 2: Post-surgical in-hospital outcomes 

  Exposed group 
Un-exposed 

group 
Relative Risk 

(95% CI) 
P-value 

Total (N) n=79 n=79 - - 

ICU stay (days) 3.7 ± 1.1 2.6 ± 0.8 7.8 
(3.6-17.0) 

<0.001* 

Prolonged stay (>2 days) 86.1% (68) 44.3% (35) <0.001* 

Mechanical ventilator duration 
(hours) 

28.1 ± 8.3 17.8 ± 6.7 27.2 
(11.5-64.3) 

<0.001* 

Prolonged duration (>24 hours) 79.7% (63) 12.7% (10) <0.001* 

Ionotropic support (hours) 32.7 ± 6.6 27 ± 11.9 3.8 
(1.7-8.5) 

<0.001* 

Prolonged support (>24 hours) 87.3% (69) 64.6% (51) <0.001* 

Sepsis 35.4% (28) 49.4% (39) 
0.6 

(0.3-1.1) 
0.077 

Pneumonia 16.5% (13) 16.5% (13) 
1.0 

(0.4-2.3) 
>0.99 

Urinary Tract Infection 31.6% (25) 16.5% (13) 
2.4 

(1.1-5.0) 
0.026* 

In-hospital mortality 3.8% (3) 2.5% (2) 
2.5 

(0.2-9.3) 
0.649 

DISCUSSION  

Various studies have indicated that patients with DM 
tend to have worse clinical consequences12,13 with a 
marked increase in untoward consequences in 
patients post CABG. The most extensive study to 
date by Carson and colleagues sorted out outcomes 
in 41,663 patients with DM compared with those in 
105,123 non-diabetic patients undergoing CABG in 
434 hospitals from North America. They showed a 
23% to 37% increment in 30-day and in-hospital 
morbidity in diabetic patients who underwent 

CABG.14 It is mention worthy that Patients with DM 
are prone to develop postoperative infection, new-
onset atrial fibrillation, renal failure than non DM 
patients.15 2011 ACCF/AHA Guideline for CABG 
Surgery recommends use of continuous intravenous 
insulin infusion to achieve and maintain an early 
postoperative blood glucose concentration ≤ 180 
mg/dL to reduce perioperative adverse events.16 DM 
is directly related with a two to fourfold higher risk of 
cardiovascular diseases development, moreover a 
three times increased risk of mortality.17 Presently, 
25% of patients undergoing coronary 
revascularization are diabetic.18 Recently, the 
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American Diabetes Association(ADA) has included 
HbA1c in diagnostic criteria for diabetes mellitus.19 

Glycosylated hemoglobin hbA1c reflects a patient’s 
existing blood glucose levels over the period of three 
months. It may show lower than actual value 
because of hemolytic anemia, blood loss, renal 
issues, and drugs (e.g. erythropoietin, iron 
formulations). It may manifest higher levels 
secondary to hypertriglyceridemia, 
hyperbilirubinemia, alcoholism, pregnancy, and 
medications (e.g. salicylates etc.).20 Certified 
methods for analysis recommended by the National 
Glycohemoglobin Standardization Program 
(http://www.ngsp.org) and ADA are utilized to 
measure HbA1c levels. It is recommended that for 
disease prevention the target HbA1c should fall 
below 7% which manifests an estimated average 
glucose level of 154 mg/dl (8.6 mmol/l). It is probably 
a better prognostic forecaster than other glucose 
metabolic parameters, which only show a point in 
time level of blood glucose in diabetic patients. 
Selvin and colleagues10 demonstrated that the 
relative risk of cardiovascular disease increase by 
18% for type 2 diabetes and by 15% for type 1 
diabetes for each percent increase in HbA1c. 

Improved results in diabetic patients following CABG 
can be accredited to  adoption of secondary 
prevention protocol specially, use of the left internal 
thoracic artery (ITA), avoidance of bilateral ITAs use 
in diabetics, advancement in anesthesia and critical 
care management, encouragement of off-pump 
CABG techniques, perioperative insulin infusions, 
and postoperative antiplatelet drugs and lipid-
lowering agents.  

In this study, we evaluated pateints for association 
of elevated HbA1c levels with adverse outcomes 
post-CABG and we found an increase in ICU LOS, 
duration of mechanical ventilation, superficial wound 
infections and UTIs, these findings are consistent 
with studies presented by Halkos et al.5, Sato et al 
21, Alserius et al.22 and Hudson et al.23 The results of 
our study suggest that uncontrolled hyperglycemia 
(HbA1C ≥7%) is a marker of worst consequences 
after CABG in terms of infections, prolonged 
mechanical ventilation, hospital stay, acute kidney 
injuries and new-onset AF following surgery. A 
Study conducted by Finger B et al. reported infection 
rate of 31.58%, blood product or blood factor 
administration in 37.43%, cardiac arrest in 1.9%, 
reoperation in 10.13% of the patients, short term 
mortality rate of 3.51%, and ICU LOS of 76.26 ± 
71.17 hours in patients with HbA1c ≥ 7%. In patients 
with HbA1c less than 7%, infection rate was 10.76 

%, length of ICU stay was 81.85%.24 Almogati and 
collegues have also demonstrated a relationship 
between raised HbA1c and longer hospital stay.25 

CONCLUSION 

Patients with elevated HbA1c levels are at higher 
risk for adverse events after CABG. An HbA1c of 7% 
or greater was found to be a strong forecaster of 
longer ICU stay and rate of infections, markedly 
increasing the cost burden to hospital. It is proposed 
that HbA1c levels can be utilized as a surrogate 
marker and screening tool for cardiac and non-
cardiac morbidity that could possibly prolongs 
hospitalization after coronary artery bypass surgery. 
It’s worth devoting time and effort to optimize HbA1c 
<7% to avoid unfavorable detrimental, 
consequences of CABG. 

REFERENCES 

1. Najafi M, Goodarzynejad H. Determinants of 
length of stay in surgical ward after coronary 
bypass surgery: glycosylated hemoglobin as a 
predictor in all patients, diabetic or non-diabetic. 
J Tehran Heart Cent. 2012;7(4):170. 

2. Nilsson J, Algotsson L, Höglund P, Lührs C, 
Brandt J. EuroSCORE predicts intensive care 
unit stay and costs of open heart surgery. Ann 
Thorac Surg. 2004;78(5):1528-34. 

3. Riordan CJ, Engoren M, Zacharias A, Schwann 
TA, Parenteau GL, Durham SJ, et al. Resource 
utilization in coronary artery bypass operation: 
does surgical risk predict cost?. Ann Thorac 
Surg. 2000;69(4):1092-7. 

4. Ryan TA, Rady MY, Bashour CA, Leventhal M, 
Lytle B, Starr NJ. Predictors of outcome in 
cardiac surgical patients with prolonged 
intensive care stay. Chest. 1997;112(4):1035-
42. 

5. Halkos ME, Puskas JD, Lattouf OM, Kilgo P, 
Kerendi F, Song HK, et al. Elevated 
preoperative hemoglobin A1c level is predictive 
of adverse events after coronary artery bypass 
surgery. J Thorac Cardiovasc Surg. 
2008;136(3):631-40. 

6. Tennyson C, Lee R, Attia R. Is there a role for 
HbA1c in predicting mortality and morbidity 
outcomes after coronary artery bypass graft 
surgery?. Interact Cardiovasc Thorac Surg. 
2013;17(6):1000-8. 

7. Halkos ME, Lattouf OM, Puskas JD, Kilgo P, 
Cooper WA, Morris CD, et al. Elevated 
preoperative hemoglobin A1c level is associated 
with reduced long-term survival after coronary 



Elevated glycosylated hemoglobin is harbinger of adverse short-term outcomes following coronary 
artery bypass grafting 

Pak Heart J 2021 Vol. 54 (01): 79–84  84 

artery bypass surgery. Ann Thorac Surg. 
2008;86(5):1431-7. 

8. Engoren M, Schwann TA, Habib RH. Elevated 
hemoglobin A1c is associated with readmission 
but not complications. Asian Cardiovasc Thorac 
Ann. 2014;22(7):800-6. 

9. Kinoshita T, Asai T, Suzuki T, Kambara A, 
Matsubayashi K. Preoperative hemoglobin A1c 
predicts atrial fibrillation after off-pump coronary 
bypass surgery. Eur J Cardiothorac Surg. 
2011;41(1):102-7. 

10. Selvin E, Marinopoulos S, Berkenblit G, Rami T, 
Brancati FL, Powe NR, et al. Meta-analysis: 
glycosylated hemoglobin and cardiovascular 
disease in diabetes mellitus. Ann Intern Med. 
2004;141(6):421-31. 

11. Khaw KT, Wareham N, Bingham S, Luben R, 
Welch A, Day N. Association of hemoglobin A1c 
with cardiovascular disease and mortality in 
adults: the European prospective investigation 
into cancer in Norfolk. Ann Intern Med. 
2004;141(6):413-20. 

12.  Mohammadi S, Dagenais F, Mathieu P. Long-
term impact of diabetes and its comorbidities in 
patients undergoing isolated primary coronary 
artery bypass graft surgery. Circulation. 
2007;116(11 Supplement):I220–5. 

13.  Rajakaruna C, Rogers CA, Suranimala C, 
Angelini GD, Ascione R. The effect of diabetes 
mellitus on patients undergoing coronary 
surgery: a risk-adjusted analysis. J Thor 
Cardiovas Sur. 2006;132(4):802–10. 

14. Carson JL, Scholz PM, Chen AY, Peterson ED, 
Gold J, Schneider SH. Diabetes mellitus 
increases short-term mortality and morbidity in 
patients undergoing coronary artery bypass graft 
surgery. J Am Coll of Cardiol. 2002;40(3):418–
23. 

15. Liu Y, Han J, Liu T, Yang Z, Jiang H, Wang H. 
The Effects of Diabetes Mellitus in Patients 
Undergoing Off-Pump Coronary Artery Bypass 
Grafting. Biomed Res Int. 2016;2016:4967275. 

16. Hillis LD, Smith PK, Anderson JL, Bittl JA, 
Bridges CR, Byrne JG, et al. 2011 ACCF/AHA 
guideline for coronary artery bypass graft 
surgery: a report of the American College of 
Cardiology Foundation/ American Heart 
Association Task Force on Practice Guidelines: 
developed in collaboration with the American 
Association for Thoracic Surgery, Society of 
Cardiovascular Anesthesiologists, and Society 
of Thoracic Surgeons. J Am Coll Cardiol 
2011;58(24):e123-210 

17. LeibsonCL , Narayan KM. Trends in 
cardiovascular complications of diabetes. J Am 
Med Asso. 2005;293(14):1723. 

18.  Flaherty JD, Davidson CJ. Diabetes and 
coronary revascularization. J Am Med Asso. 
2005;293(12):1501–8. 

19.  American Diabetes Association. Diagnosis and 
classification of diabetes mellitus. Diabetes 
Care. 2015;38(Supplement 1):S8-S16. 

20. Reynolds TM, Smellie WS, Twomey PJ. 
Glycated haemoglobin (HbA1c) monitoring. BMJ 
2006;333:586-8. 

21. Sato H, Carvalho G, Sato T, Lattermann R, 
Matsukawa T, Schricker T. The association of 
preoperative glycaemic control, intraoperative 
insulin sensitivity and outcomes after cardiac 
surgery. J Clin Endocrinol Metab. 
2010;95:4338–44. 

22.  Alserius T, Anderson R, Hammar N, Nordqvist 
T, Ivert T. Elevated  glycosylated haemoglobin 
(HbA1c) is a risk marker in coronary artery 
bypass surgery. Scand Cardiovasc J. 
2008;42:392–8. 

23. Hudson C, Welsby I, Phillps-Bute B, Matthew J, 
Lutz A, Hughes C.  Glycosylated hemoglobin 
levels and outcome in non-diabetic cardiac 
surgery patients. Can J Anesth. 2010;57:565–
72. 

24. Finger B, Brase J, He J, Gibson WJ, Wirtz K, 
Flynn BC. Elevated hemoglobin A1c is 
associated with lower socioeconomic position 
and increased postoperative infections and 
longer hospital stay after cardiac surgical 
procedures. Ann Thorac Surg. 2017;103(1):145-
51. 

25. Almogati JG, Ahmed EO. Glycated Hemoglobin 
as a Predictor of the Length of Hospital Stay in 
Patients Following Coronary Bypass Graft 
Surgery in the Saudi Population. Braz J 
Cardiovasc Surg. 2019;34(1):28-32. 


