
238 Advances in Interventional Cardiology 2016; 12, 3 (45)

Original paper

Corresponding author: 
Wojciech Szychta MD, PhD, 1st Chair and Department of Cardiology, Medical University of Warsaw, 1a Banacha St, 01-049 Warsaw, Poland, 
phone: +48 22 599 19 58, fax: +48 22 599 19 57, e-mail: wszychta@wp.pl 
Received: 18.10.2015, accepted: 15.12.2015

Blood glucose concentration for predicting poor 
outcomes in patients with and without impaired glucose 
metabolism undergoing off-pump coronary artery bypass 
surgery – long-term observational study

Wojciech Szychta1, Franciszek Majstrak2, Grzegorz Opolski1, Krzysztof J. Filipiak1

11st Chair and Department of Cardiology, Medical University of Warsaw, Warsaw, Poland 
2Department of Cardiac Surgery, 1st Chair of Cardiology, Medical University of Warsaw, Warsaw, Poland

Adv Interv Cardiol 2016; 12, 3 (45): 238–246
DOI: 10.5114/aic.2016.61646

A b s t r a c t

Introduction: Strict glucose control is an everyday practice in the perioperative period. Elevated glucose level has a deleterious 
impact on clinical results, but a therapeutic target has not been stated yet.

Aim: To determine a glucose concentration range affecting long-term outcomes after coronary artery bypass surgery (CABG).
Material and methods: This study is a retrospective evaluation of consecutive patients treated in a university hospital in Poland 

from 2004 to 2008. Patients were divided into 2 groups: an impaired glucose metabolism group (IGM) if they had 1) known DM or  
2) perioperative hyperglycaemia defined as ≥ 200 mg/dl; and a non-IGM group. The end point (EP) was all-cause mortality.

Results: One thousand two hundred and eleven patients were covered by the analysis. The observation time was from 
01.01.2004 until 01.08.2012. Patients who had maximal glucose concentrations < 242 mg/dl had the lowest mortality risk (EP in 
21.1%); a higher risk was noted in the group with glucose concentrations 242–324 mg/dl (EP in 30.8%); and a very high risk was 
found for the group where glucose concentration was > 324 mg/dl (EP in 44.2%) (p = 0.041). Patients with IGM had a shorter sur-
vival at the end of the study (p < 0.001). The longest survival was observed in patients whose maximal glucose level was ≤ 242 mg/
dl (p < 0.001) and the minimal glucose concentration was in the range 61–110 mg/dl (p < 0.001).

Conclusions: Tight glucose concentration control should be performed irrespective of a diabetes diagnosis and proper treat-
ment introduced when necessary. Maximal glucose concentration should be kept < 242 mg/dl, while the minimum should be in the 
range 60–110 mg/dl.
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Introduction
Diabetes mellitus (DM) is a  risk factor for coronary 

artery disease (CAD) and a common co-morbidity, which 
can be found in up to 40.4% of cases referred for cardiac 
surgery [1]. Some patients have DM diagnosed after hav-
ing the first symptoms of CAD. The disease often coexists 
with advanced, diffused CAD [2] and has an impact on 
multiorgan failure, which worsens the prognosis [3–5]. 
Patients in this group benefit mostly from surgical revas-
cularisation [6]. Current European Society of Cardiology 
(ESC) guidelines support screening for DM in CAD pa-
tients, but clinical follow-up in the postoperative period 
is still under discussion [6].

Strict glucose control is an everyday practice in periop-
erative period as it improves outcome [7]. Elevated glu-
cose level has an aggravating impact on clinical results, 
although a therapeutic target has not been stated yet [3, 
6–9]. The first studies revealed reduction by 3% of mor-
tality in patients treated aggressively with insulin, having 
the target serum glucose of 80–110 mg/dl in comparison 
to the conventional target of 180–200 mg/dl [10]. Those 
results were not confirmed in a  study with three target 
groups – 1) tight (≤ 126 mg/dl), 2) moderate (127–179 
mg/dl) and 3) liberal (≥ 180 mg/dl) glucose control. The 
moderate group had the lowest mortality (2.9% vs. mod-
erate 2.0% vs. liberal 3.4%) and incidence of major compli-
cations (19.4% vs. moderate 11.1% vs. liberate 14.2%) [7]. 
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Further research (NICE-SUGAR trial) proved a 2.8% reduc-
tion of mortality in a group of patients treated with stan-
dard (< 180 mg/dl) in comparison to relative and tight con-
trol of glucose concentration (81–108 mg/dl) in patients 
admitted to the intensive care unit (ICU) who were expect-
ed to require treatment on ≥ 3 consecutive days [11].

Aim
The aim of the study was to determine a glucose con-

centration range affecting long-term outcomes after off-
pump coronary artery bypass surgery (OPCAB).

Material and methods
Study population
This study is a retrospective, observational evaluation 

of successive patients treated in a university hospital in 
Poland from 2004 to 2008. The analysis was conducted 
on data collected from medical records of patients. Inclu-
sion criteria were: CAD patients with surgical indication 
for OPCAB through median sternotomy and the same 
surgeon. Exclusion criteria were: combined procedures 
(operations different from isolated OPCAB) and conver-
sion to surgery with cardiopulmonary bypass.

Patients were divided into 2 groups: an impaired glu-
cose metabolism group (IGM) if they had 1) known DM 
or 2) perioperative hyperglycaemia defined as ≥ 200 mg/ 
dl, and a  non-IGM group in other cases. Such criteria 
were set to create a group of patients with DM, poorly 
controlled or undiagnosed DM and stress-induced insulin 
resistance, as about 50% of patients are believed to be 
undiagnosed for presence of DM in the preoperative peri-
od [6]. The perioperative period was defined as from the 
day of surgery until discharge from the ICU. Patients were 
treated according to ESC guidelines [6] for patients with 
DM referred for coronary artery bypass surgery (CABG). 
Data on mortality were collected from the Ministry of In-
ternal Affairs National Civil Register.

Maximal and minimal concentrations of serum glucose 
were analysed. Hypoglycaemia was defined as a  serum 
glucose level of < 60 mg/dl and severe hypoglycaemia was 
defined as a serum glucose level of ≤ 40 mg/dl. Anaemia 
was defined as a haemoglobin level < 12 g/dl in women 
and < 13.5 g/dl in men. Past smoking was defined as quit-
ting at least 2 weeks before surgery. Such criteria were set 
as the first 2 weeks are critical in determining quitting fail-
ure rates [12]. The ‘accelerated’ mode was in fact elective 
surgery; however, patients in this group were admitted to 
the Department of Cardiac Surgery directly from anoth-
er clinic/cardiology ward without being discharged from 
a referring hospital. We have introduced the term ‘logistic 
EuroSCORE’, which is the predicted mortality according to 
the logistic regression equation.

This paper is part of a larger study. We are also mon-
itoring long-term outcomes after OPCAB, and the first 
results have already been reported elsewhere [13, 14].

End point
The end point was all-cause mortality.

Statistical analysis
The results are presented as mean ± standard devia-

tion for numerical data. For categorical data, results are 
shown as a percentage. The χ2 test of independence was 
used for comparison of the frequency of occurrence of 
immeasurable data in the analysed subgroups. Analysis 
of variance (ANOVA) was used to compare the frequency 
of numerical data in the analysed subgroups. Decision 
exhaustive χ2 automatic interaction detection (CHAID) 
trees were performed to transform the numerical vari-
ables to compartment variables, maximizing the variabil-
ity of death/survival analysis. The survival was visualized 
using Kaplan-Meier graphs.

In case of maximal glycaemia, the analysis was 
conducted after verification of histograms and unusu-
al observations (deviating beyond the third standard 
deviation) and then removed from the database. Such 
a statistical procedure resulted in inclusion of 1207 pa-
tients for this parameter. Statistical significance was 
determined at the level of p < 0.05. Statistical analyses 
were carried out using IBM SPSS, Excel and Latex.

Matching procedure
A  set of covariates was selected to estimate the 

propensity score. These were: age, body mass index 
(BMI), neurological dysfunction affecting activity, oc-
currence of peripheral artery disease and EuroSCORE. 
The propensity score matched (PSM) group of patients 
was selected using logistic regression to evaluate pre-
dicted probability of belonging to a  group. The result 
was interpreted as a ‘balance vector’ for further match-
ing. Finally, IGM patients were matched with non-IGM 
controls using the nearest neighbour technique in a ra-
tio of 1 : 1.

Finally, we performed log-rank analysis to verify the 
impact of IGM on lifetime expectancy.

Results
We identified 1248 patients out of a  total popula-

tion of 2739. As some data were missing, we included 
1211 patients (896 men – 73.99%) aged 65.6 ±9.47 years 
who met the inclusion criteria in the study. The obser-
vation continued from 01.01.2004 until 01.08.2012. At 
the end of the observation period, 903 patients were 
alive (74.56%), while 308 (25.43%) had reached the end 
point (Figure 1). All variables were well balanced with 
the matching procedure; the standardized differences 
of means between covariates can be seen in Figure 2. 
After the matching procedure, ‘logistic EuroSCORE’ was 
the only parameter which significantly differentiated the 
two groups.
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Figure 1. Flow chart showing longitudinal analysis of the study population
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Figure 2. Distributions of balance vector for both groups: A – before matching procedure, B – after matching 
procedure
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Characteristics of patients
We identified 731 (58.6%) IGM patients, aged 66.58 

±9.09 years. Patients with IGM were significantly more 
often: women, older, with a  higher body mass index 
(BMI). The IGM group had more frequently coexisting: 
hypertension, extracardiac arteriopathy and neurological 
dysfunction affecting their activity. However, they less 
commonly had previous percutaneous coronary interven-
tion (PCI) (Table I). No significant differences were found 
between the groups when analysed for left ventricular 
ejection fraction (EF) and severity of CAD (Table II).

Patients with IGM had a  higher risk of mortality 
(logistic and additive EuroSCORE). Venous grafts were 

more often were implanted during the surgery, but 
right internal mammary (RIMA) grafts are less common 
than in the non-IGM group. No differences between the 
groups were found when frequency of using the left 
internal mammary artery (LIMA) as a  graft was com-
pared. In the postoperative period, the IGM group in-
curred a higher risk of such complications as resternot-
omy, atrial fibrillation (AF) in ICU, need for intra-aortic 
balloon pump (IABP) and sudden cardiac death (SCD), 
especially in the mechanism of ventricular fibrillation 
and tachycardia (VF/VT), and suffered from respirato-
ry failure. Those patients had significantly more units 
of packed red blood cells (PRBC) transfused (Tables I, 

Table I. Population characteristics

Parameter Before propensity matching After propensity matching

IGM (707) Non-IGM (504) P-value IGM (243) Non-IGM (230) P-value

Sex (women) 209 (29.6%) 106 (21%) 0.01 66 (27.2%) 50 (21.7%) 0.171

Sex (men) 498 (70.4%) 398 (79%) 177 (72.8%) 180 (78.3%)

Age [years] 66.59 ±8.86 64.11 ±10.07 < 0.0001 66.16 ±9.03 65.73 ±9.95 0.623

BMI [kg/m2] 28.44 ±4.47 27.32 ±3.87 < 0.0001 28.07 ±4.58 28.08 ±3.83 0.984

Hypertension 573 (81%) 362 (71.8%) < 0.001 191 (78.6%) 173 (75.2%) 0.382

GRF [ml/min/1.73 m2] 70.06 ±21.92 75.83 ±22.49 0.801 69.17 ±21.75 73.25 ±21.05 0.039

Active tobacco smoking 144 (20.4%) 119 (23.6%) 0.177 61 (25.1%) 46 (20%) 0.185

History of previous smoking 296 (41.9%) 217 (43.1%) 0.68 95 (39.1%) 102 (44.3%) 0.247

ACS < 90 days 232 (32.8%) 178 (35.3%) 0.364 85 (35%) 85 (37%) 0.654

History of previous CABG 10 (0.8%) 5 (0.4%) 0.512 1 (0.4%) 3 (1.3%) 0.289

Anaemia 218 (30.8%) 138 (27.4%) 0.193 76 (31.3%) 75 (32.3%) 0.756

CPD 82 (11.6%) 51 (10.1%) 0.417 30 (12.3%) 19 (8.3%) 0.145

Neurological dysfunction 85 (12%) 33 (6.5%) 0.002 26 (10.7%) 16 (7%) 0.153

Extracardiac arteriopathy 207 (29.3%) 112 (22.2%) 0.006 69 (28.4%) 62 (27%) 0.727

Preoperative PCI 96 (13.6%) 91 (18.1%) 0.034 36 (14.8%) 38 (16.5%) 0.61

Preoperative PCI < 3 months 32 (4.5%) 39 (7.8%) 0.019 18 (7.4%) 17 (7.4%) 0.995

Additive EuroSCORE 5.42 ±3.50 4.69 ±3.25 < 0.0001 5.47 ±3.72 5.09 ±3.19 0.232

Logistic EuroSCORE (%) 7.92 ±10.80 6.01 ±7.80 0.001 8.38 ±11.7 6.48 ±7.59 0.038

Hospitalization [days] 17.87 ±19.28 14.99 ±8.21 0.001 17.32 ±14.27 15.7 ±8.42 0.137

ICU [days] 6.33 ±4.83 5.23 ±2.16 < 0.0001 6.39 ±4.88 5.28 ±2.26 0.002

ACS – acute coronary syndrome, BMI – body mass index, CPD – chronic pulmonary diseases, GFR – glomerular filtration rate, IGM – impaired glucose metabolism, 
PCI – percutaneous coronary intervention, ICU – intensive care unit.

Table II. Cardiovascular parameters on admission day

Parameter Before propensity matching After propensity matching

IGM (707) Non-IGM (504) P-value IGM (243) Non-IGM (230) P-value

EF > 50% 391 (55.3%) 272 (54%) 0.645 139 (57.2%) 121 (52.6%) 0.316

EF = 30–50% 288 (40.7%) 216 (42.9%) 0.46 94 (38.7%) 108 (47%) 0.069

EF < 30% 32 (4.5%) 20 (4.0%) 0.637 12 (4.9%) 4 (1.7%) 0.054

CAD Single-vessel 120 (17%) 95 (18.9%) 0.201 41 (16.9%) 38 (16.5%) 0.889

Two-vessel 323 (45.7%) 245 (48.7%) 112 (46.1%) 111 (48.3%)

Three-vessel 264 (37.3%) 163 (32.4%) 90 (37%) 81 (35.2%)

CAD – coronary artery disease, IGM – impaired glucose metabolism, EF – left ventricular ejection fraction.
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III, IV). Hypoglycaemia was found in 57 (4.7%) patients 
and severe hypoglycaemia in 20 (1.65%) patients of the 
study population.

The IGM group stayed longer in the ICU, followed by 
a longer hospitalization (Table I). On discharge, patients 
with IGM were less often administered: acetylsalicylic 
acid, β-blockers, angiotensin-converting enzyme (ACE) 
inhibitors and statins. However, significantly more IGM 
patients had administered sartans and calcium channel 
blockers (Table V).

Propensity score matched patients from the IGM 
group stayed longer in the ICU. Moreover, in the post-

operative period, the IGM group still incurred a higher 
risk of any complication, especially resternotomy, AF in 
ICU, need for IABP and SCD, more often in the mech-
anism of VF/VT, and suffered from respiratory failure. 
These patients also had significantly more units of 
PRBC transfused. Patients from the PSM IGM group on 
discharge were less often administered ACE inhibitors 
and statins. However, significantly more of them were 
administered sartans (Tables I, IV, V). Finally, they had 
shorter mean lifetime duration than respondents from 
the non-IGM group (age: 79.31 vs. 87.18 years; χ2 = 6.14;  
p = 0.013). 

Table III. Intraoperative parameters

Parameter Before propensity matching After propensity matching

IGM (707) Non-IGM (504) P-value IGM (243) Non-IGM (230) P-value

CAD Stable 496 (70.2%) 363 (72%) 0.079 165 (67.9%) 170 (73.9%) 0.057

Unstable 118 (16.7%) 95 (18.8%) 42 (17.3%) 42 (18.3%)

ACS 93 (13.2%) 46 (9.1%) 36 (14.8%) 18 (7.8%)

Elective 389 (55.0%) 292 (57.9%) 0.486 129 (53.1%) 131 (57%) 0.449

Accelerated 208 (29.4%) 149 (29.6%) 73 (30%) 71 (30.9%)

Urgent 80 (11.3%) 47 (9.3%) 29 (11.9%) 22 (9.6%)

Emergency 30 (4.2%) 16 (3.2%) 12 (4.9%) 6 (2.6%)

Venous grafts 498 (70.4%) 318 (63.1%) 0.007 168 (69.1%) 156 (67.8) 0.759

LIMA grafts 683 (96.6%) 496 (95.6%) 0.384 236 (97.1%) 219 (95.2%) 0.28

RIMA grafts 122 (17.3%) 111 (22%) 0.033 43 (17.7%) 43 (18.7%) 0.778

LRA grafts 30 (4.2%) 28 (5.6%) 0.292 9 (3.7%) 10 (4.3%) 0.721

Anastomosis 2.34 ±0.92 2.28 ±0.95 0.859 2.34 ±0.91 2.34 ±0.92 0.936

Operation [min] 179.07 ±53.99 172.98 ±52.89 0.866 178.8 ±54.84 172.74 ±52.9 0.223

ACS – acute coronary syndrome, CAD – coronary artery disease, IGM – impaired glucose metabolism, LIMA – left internal mammary artery, RIMA – right internal 
mammary artery, LRA – left radial artery.

Table IV. Perioperative variables

Parameter Before propensity matching After propensity matching

IGM (707) Non-IGM (504) P-value IGM (243) Non-IGM (230) P-value

Chest tube drainage [ml] 708.59 ±406.9 714.85 ±366.11 0.981 692.2 ±367.1 729.6 ±403.02 0.292

PRBC [U] 2.47 ±3.08 1.7 ±1.8 < 0.0001 2.7 ±3.5 1.75 ±1.9 0.0003

Any complication 186 (26.3%) 110 (21.8%) 0.074 68 (28%) 44 (19.1%) 0.024

Resternotomy 59 (8.3%) 13 (2.6%) < 0.0001 26 (10.7%) 7 (3%) 0.001

In-hospital infections 94 (13.3%) 71 (14.1%) 0.725 29 (11.9%) 31 (13.5%) 0.614

IABP 65 (9.2%) 10 (2.0%) < 0.001 28 (11.5%) 3 (1.3%) < 0.001

AF in ICU 310 (43.8%) 151 (30.0%) < 0.001 99 (40.7%) 70 (30.4%) 0.019

SCD 26 (3.7%) 3 (0.6%) 0.001 11 (4.5%) 0 0.001

VF/VT 19 (2.7%) 4 (0.8%) 0.017 6 (2.5%) 0 0.016

Asystole/PEA 5 (0.7%) 0 (0%) 0.059 3 (1.2%) 0 0.091

Stroke 5 (0.7%) 2 (0.4%) 0.482 2 (0.8%) 0 0.168

Dialysis 18 (2.5%) 3 (0.6%) < 0.0001 5 (2.1%) 1 (0.4%) 0.115

Respiratory failure 25 (3.5%) 4 (0.8%) < 0.0001 9 (3.7%) 2 (0.9%) 0.041

AF – atrial fibrillation, IGM – impaired glucose metabolism, IABP – intra-aortic balloon pump, ICU – postoperative intensive cardiac unit, PEA – pulseless electrical 
activity, PRBC – packed red blood cells, SCD – sudden cardiac death, VF – ventricular fibrillation, VT – ventricular tachycardia.
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Mortality risk according to glucose 
concentration

Analysis was based on the decision exhaustive CHAID 
tree. Patients who had a maximal glucose concentration 
< 242 mg/dl had the lowest mortality risk (21.1% reached 
the end point). A higher risk (30.8% reached the end point) 
was noted in the group with glucose concentrations 242–
324 mg/dl, and a very high risk was found for the group 
where the glucose concentration was > 324 mg/dl (44.2% 
reached the end point) (χ2 = 34.22; p = 0.041).

Using log-rank tests, we found that patients with IGM 
had shorter survival at the end of the study (M = 79.42; 
SE = 1.35 vs. M = 86.47 in months, respectively; SE = 
1.35; χ2 = 12.33; p < 0.001) (Figure 3). Moreover, the lon-
gest survival time was found in patients whose maximal 
glucose level was ≤ 242 mg/dl (χ2 = 10.73; p < 0.001), 
a  shorter lifetime than in the first group was observed 
among patients whose the glucose concentration was 
within 242–324 mg/dl (χ2 = 29.82; p < 0.001), and the 
shortest survival was found when glucose concentration 
exceeded 324 mg/dl (χ2 = 4.45; p < 0.001) (M = 85.55; 
SE = 1.08 vs. M = 78.00; SE = 2.35 vs. M = 68.83; SE = 
3.69 in months, respectively) (Table VI, Figure 4). Minimal 
glucose concentration determined the shortest survival 
time when the glucose level was ≤ 60 mg/dl (p < 0.001), 
a longer survival was found among patients whose min-
imal glucose level was > 110 mg/dl (p = 0.03), but the 
longest survival time was found in the group of patients 
whose minimal glucose concentration was in the range 
61–110 mg/dl (p < 0.001) (M = 59.05; SE = 6.36 vs.  
M = 77.16; SE = 3.34 vs. M = 83.93; SE = 1.1 in months, 
respectively) (Table VI, Figure 5).

Discussion
One of the main results of this study is that we deter-

mined the range of blood glucose concentration related 

Figure 3. Postoperative survival in patients with 
IGM and without IGM undergoing OPCAB in the 
long-term follow-up: propensity scored analysis
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Table V. Pharmacological treatment administered after coronary artery bypass grafting (CABG)

Group of drugs Before propensity matching After propensity matching

IGM (707) Non-IGM (504) P-value IGM (243) Non-IGM (230) P-value

ASA 629 (89.0%) 480 (95.2%) < 0.001 216 (88.9%) 216 (93.9%) 0.052

β-blocker 646 (91.4%) 483 (95.8%) 0.002 226 (93%) 220 (95.7%) 0.215

ACE inhibitor 566 (80.1%) 433 (85.9%) 0.008 194 (79.8%) 204 (88.7%) 0.008

Sartan 33 (2.8%) 4 (1.0%) 0.027 9 (3.7%) 1 (0.4%) 0.014

Statin 607 (85.9%) 474 (94.0%) < 0.001 210 (86.4%) 217 (94.3%) 0.004

Ca-blocker 129 (18.2%) 67 (13.3%) 0.021 48 (19.8%) 36 (15.7%) 0.243

Diuretic 575 (81.3%) 413 (81.9%) 0.786 198 (81.5%) 198 (86.1%) 0.175

Aldosterone antagonist 32 (4.5%) 18 (3.6%) 0.41 13 (5.3%) 6 (2.6%) 0.129

LMWH 213 (30.1%) 166 (32.9%) 0.299 76 (31.3%) 68 (29.6%) 0.686

Metformin 70 (9.9%) 24 (9.9%)

Insulin 157 (22.3%) 58 (24%)

ACE – angiotensin-converting enzyme, ASA – acetylsalicylic acid, Ca-blocker – calcium channel blocker, IGM – impaired glucose metabolism, LMWH – low molecular 
weight heparin.

to poor long-term outcomes. Our results were influenced 
by treatment method, as all patients were operated on 
without cardiopulmonary bypass. Such a  technique al-
lows for better control of glucose concentration, as it has 
a  negative impact on postoperative glycaemia both in 
the DM and the non-DM population [15]. We analysed 
glucose concentrations during hospitalisation in the ICU, 
though previous research showed that a glucose concen-
tration ≥ 158 mg/dl on the first postoperative day is as-
sociated with death, in-hospital infections and prolonged 
stay in the ICU [16]. On the other hand, patients who 
have ≥ 3 hypoglycaemic episodes (< 74 mg/dl) also suf-
fered from increased mortality and complications [16].
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Figure 4. Postoperative survival in patients ac-
cording to maximum glucose concentration 
groups – based on CHAID decision trees
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Figure 5. Postoperative survival in patients with 
minimal glucose concentration – based on theo-
retical categories
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To our knowledge, this is one of the first studies with 
a long-term follow-up. Previous studies were focused on 
in-hospital mortality [16, 17], 30-day mortality [5, 7, 15, 
17] and 90-day mortality [11]. According to our results, 
the highest mortality can be seen in the early period of ob-
servation, although Kaplan-Meier graphs show a deterio-
rating prognosis for patients with a maximal glucose con-
centration > 242 mg/dl and minimal glycaemia > 110 mg/ 
dl or < 60 mg/dl.

Current ESC guidelines do not indicate a target glu-
cose concentration in the postoperative period, but only 
refer to the results of a study showing that the glucose 
concentration should be kept in the range 120–180 mg/dl 
by insulin infusions as such a protocol is followed by best 
outcomes in comparison to more intensive and less in-
tensive glucose management [6, 7]. However, the Society 

of Thoracic Surgeons (STS) supports the recommendation 
that all patients with persistently elevated serum glucose 
(> 180 mg/dl) should receive intravenous insulin infusions 
to maintain their glucose concentration < 180 mg/dl  
for the duration of their ICU care, and this should also 
be the target glucose level in the peak postprandial 
state. Also patients who require ≥ 3 days in the ICU due 
to respiratory complications or unstable hemodynamic 
condition, regardless of the diabetic status, should be 
treated with intravenous insulin injections to achieve 
glucose concentrations < 150 mg/dl. What is more, the 
STS recommends reaching a blood glucose level ≤ 110 
mg/dl in fasting and pre-meal states in further follow-up 
[18]. However, a meta-analysis of 29 randomized trials, 
considering 8432 patients, reported no significant differ-
ences in mortality when compared to the treatment tar-

Table VI. Mortality risk according to impaired glucose metabolism (IGM) occurrence and glucose concentration 
based on decision exhaustive c2 automatic interaction detection (CHAID) tree analysis and theoretical groups 
in Cox regression models for survival time

Parameter P-value OR CI 95% for OR

Lower limit Upper limit

IGM < 0.01 1.52 1.20 1.93

Maximal glycaemia – categories based on CHAID decision trees ≤ 242 mg/dl < 0.01

Maximal glycaemia – categories based on CHAID decision trees 242–324 mg/dl < 0.01 1.56 1.19 2.05

Maximal glycaemia – categories based on CHAID decision trees > 324 mg/dl < 0.01 2.29 1.68 3.12

Minimal glycaemia – theoretical category < 60 mg/dl < 0.01

Minimal glycaemia – theoretical category 61–110 mg/dl < 0.01 0.35 0.23 0.55

Minimal glycaemia – theoretical category > 110 mg/dl 0.03 0.55 0.32 0.93

CI – confidence interval, OR – odds ratio.
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get of ≤ 110 mg/dl vs. < 150 mg/dl, having a higher risk 
of severe hypoglycaemia (defined by glucose concentra-
tions ≤ 40 mg/dl) [17]. In our institution, we apply a pro-
tocol to maintain glucose concentrations < 180 mg/dl. 
Our results show clinical difficulties in everyday clinical 
practice. The highest glucose concentration was usually 
found on the first day after surgery. Unfortunately, we did 
not analyse time since leaving the operating theatre and 
the highest glucose level.

The IGM population analysed in our group was sim-
ilar to those previously described. Studies considering 
patients with DM in the perioperative setting of cardiac 
surgery report that those patients are more often: older 
[2], women [2, 3, 19], with a higher BMI [2, 3, 19]. Those 
patients have more often coexisting: hypertension [2, 
3, 19], dyslipidaemia [2], renal insufficiency, peripheral 
artery disease [2, 5] and anaemia [2]. Patients with DM 
are less often in New York Heart Association class I–II [2, 
19] and have more often depressed EF [5, 19]. However, 
we are aware that there are reports stating that non-DM 
patients are older [19], more often active smokers [2], 
and chronic pulmonary diseases can be more frequently 
diagnosed in that group [5], and they less often undergo 
PCI before the CABG [19]. We have also found that those 
patients more commonly suffer from neurological disor-
ders affecting their everyday activity and have a coexist-
ing extracardiac arteriopathy.

In an operative setting, patients with DM usually re-
quire more anastomosis. Some authors report a  longer 
operative time [3], but we did not observe such a correla-
tion. However, we found that patients with IGM had less 
often used RIMA, which was reported previously [2], yet 
this tendency is not universal [19]. In our study, although 
there was no difference in grafting LIMA between the an-
alyzed groups, the IGM group more often received the 
greater saphenous vein (SVG) as a graft. That approach 
is related to a usually diffused CAD, which makes it tech-
nically difficult for a  surgeon to achieve complete re-
vascularization using only arterial grafts. Unfortunately,  
12 years after CABG, 55% of SVG are patent, 18% nar-
rowed and 26% are closed, whereas 96% of RIMA and 
LIMA grafts are patent and less than 4% closed [20].

The IGM group more readily suffers from renal com-
plications, postoperative bleeding [3] and infections 
[5, 19] in the postoperative period. We also found that 
IGM patients are more likely to have onsets of AF in ICU. 
Moreover, we found that these patients are more likely 
to require resternotomy due to excessive postoperative 
bleeding and transfusions of PRBC. Although we did 
not collect information on indications for IABP implan-
tation, IGM patients were more often supported with 
IABP. These observations are followed by both a  longer 
hospitalization in the ICU and in-hospital stays, which is 
corroborated by another study [19].

We have found one study where no difference in 
pharmacological administration between DM and no-DM 

groups was found, although the possibilities of medical 
treatment (MT) were still underused (respectively, DM vs. 
no-DM: aspirin 95% vs. 94%; β-blockers 80% vs. 79%; 
ACE inhibitor/sartans 71% vs. 60%; statin 90% vs. 91%) 
[4]. The IGM patients operated on in our unit had sig-
nificantly underused possibilities of pharmacotherapy in 
comparison to the non-IGM group. This could result in 
poorer clinical outcomes, which was found in the long-
term follow-up. However, we have no data verifying 
whether our patients’ MT changed over time in outpa-
tient clinics.

We found that the estimated mortality risk (both in 
logistic and additive EuroSCORE) was higher in the IGM 
group, which was clinically confirmed by more frequent 
SCD in ICU. Even after a successful matching procedure, 
logistic EuroSCORE was the only parameter which sig-
nificantly differentiated the two groups. However, DM is 
one of the factors increasing the EuroSCORE value itself. 
On the other hand, authors from the US calculated that 
patients from non-DM groups had a  higher estimated 
mortality risk [19]. Previous reports show that in-hospi-
tal mortality decreased in the DM group over time (from 
2.7% in 1992 to 0.7% in 2001 [2]; from 3.1% in 1998–
2002 to 1% in 2003–2005 [19]). Such an evaluation is 
confirmed by short-term observational studies, where 
no differences were observed in the non-DM popula-
tion in terms of mortality [3, 5]. However, when the end 
point was analyzed as all-cause deaths, overall infection 
and acute renal failure, the DM group of patients had 
a  significantly worse outcome [5]. In the long-term fol-
low-up, mortality risk was higher for patients with DM 
and stable CAD than in the no-DM group, regardless of 
the treatment option (MT, PCI, CABG) [4]. Subjects un-
dergoing CABG had the lowest risk of cardiac mortality 
in a 10-year follow-up (respectively MT, PCI, CABG: 26.1% 
vs. 18.8% vs. 12.5%; p = 0.005 for CABG vs. MT, others 
p > 0.05) [4]. A study involving 39.235 patients conclud-
ed that the mortality risk is two times higher in patients 
with DM type 1, whereas for type 2 it increased only 
slightly. Diabetes mellitus type 1 is usually a longer last-
ing disease (DM type 1 – 40.8 vs. DM type 2 – 9.6 years; 
94% of DM type 1 had > 20 years of disease vs. 10% of 
DM type 2) [21]. In our study, we observed an impact of 
the disease on a patient’s prognosis. This results not only 
from proven clinical factors but also from the clinical pro-
file of patients, protocol of surgery (use of arterial grafts) 
and postoperative pharmacological treatment [20, 22]. 
Type of DM could have very little impact on the results of 
the study as only 2 patients had DM type 1 diagnosed. 

There are several limitations to this study. This was 
a  retrospective, observational project. The blood tests 
could be masked by a catecholamine-mediated physio-
logical response to hypoglycaemia, which is non-exclud-
able in an ICU setting. Our sample was large, but not 
large enough to stratify the level of glucose concentra-
tion control as a marker for risk events, as we still had too 



Wojciech Szychta et al. Blood glucose concentration and outcomes after OPCAB

246 Advances in Interventional Cardiology 2016; 12, 3 (45)

few complications. Blood glucose concentrations taken 
into account were measured in the hospital’s laborato-
ry, but also in an ICU device used for emergency cases. 
Patients analysed in the study not only had stable CAD, 
but some of them were operated with the diagnosis of 
acute coronary syndrome or, on admission, were in a crit-
ical clinical condition. We did not collect information on 
international names of drugs or drug doses, but we were 
aiming to administer the highest tolerated doses.

Conclusions
Patients with IGM have shorter lifetime duration. 

Moreover, they are burdened with more risk factors, 
which further worsens the prognosis after OPCAB. 
These patients have a higher risk of complications, es-
pecially resternotomy, AF in ICU, in-hospital infections 
and SCD. The possibilities of pharmacotherapy in dia-
betic patients are underused. Glucose concentration 
should be closely monitored irrespective of diagnosed 
diabetes and proper treatment introduced when neces-
sary. The maximal glucose concentration should be kept 
< 242 mg/dl, while the minimum should be in the range 
60–110 mg/dl.
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