
Introduction

During the past years an increasing number of cardiac surgical
procedures is performed on older patients having a considerable
risk profile [1]. Despite this due to refinements in anesthesia and
new surgical techniques (beating heart revascularization, small

ECC circuits) surgery has become a safe treatment option asso-
ciated with a low morbidity and mortality for all patients.

Diabetes mellitus is an important risk factor for coronary artery
disease, showing a more extensive and accelerated course [2,3].
Due to the poor quality of target vessels as well as their consider-
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Abstract

Background: Diabetes mellitus is an established independent
risk factor related to significant morbidity and mortality after
cardiac surgical procedures. Methods: Data on 16,184 patients
undergoing cardiac surgery with and without cardiopulmonary
bypass between April 1996 and August 2001 were prospectively
evaluated. Diabetes mellitus as a patient related risk factor was
subjected to univariate analysis to identify potential associations
to 28 intra- and postoperative outcome variables. Outcome vari-
ables having a significant association with diabetes mellitus
(p < 0.05) were then subjected to a stepwise logistic regression
model to identify the influence of diabetes mellitus as compared
to additional 30 different patient related risk factors and treat-
ment variables. Diabetes mellitus was defined as glucose intoler-
ance treated either dietary, with oral hypoglycemics or with in-
sulin. Results: Overall prevalence of diabetes mellitus was

33.3%. Compared to non-diabetic patients the group with dia-
betesmellitus was older (p < 0.0001) and had a significantly low-
er ejection fraction (p < 0.0001). 15 outcome variables having a
significant association with diabetes mellitus were identified.
Furthermore, diabetes mellitus could be identified as an inde-
pendent predictor for 7 postoperative outcome variables (pro-
longed ICU-stay, sternal instability and/or infection, sternal revi-
sion and refixation respiratory insufficiency, postoperative delir-
ium, perioperative stroke, renal dysfunction, postoperative re-
intubation). Conclusion: Diabetes mellitus is a significant inde-
pendent predictor for several postoperative outcome variables
after cardiac surgery associated with higher postoperative mor-
bidity and prolonged hospital stay.
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able co-morbidity, diabetic patients are considered poor candi-
dates for coronary artery bypass grafting (CABG) and evenworse
for interventional techniques. The reported prevalence of dia-
betes among patients undergoing CABG varies from 7% to 20%
[4,5]. Studies comparing CABG and percutaneous transluminal
coronary angioplasty (PTCA) as treatment options in diabetic pa-
tients with coronary artery disease have been conflicting and are
discussed critically [6,7]. Most past studies focused on mortality
and long-term outcome following CABG surgery in diabetics.
There is little in the way of data specifically analyzing periopera-
tive morbidity in relation to diabetes and different surgical pro-
cedures are available [8–10].

Thus, aim of this study was to delineate the prevalence and the
impact of diabetes on perioperative outcome of different cardiac
surgical procedures.

Material and Methods

Study population
A total of 16,184 consecutive adult patients undergoing cardiac
surgery between April 1996 and August 2001 were prospectively
evaluated using an online database (MedworkL database soft-
ware, Lenz + Partner GmbH; Germany) [11]. Patients received
standard CABG (n = 8917) or CABG on the beating heart
(n = 1842) through either through a median sternotomy (OPCAB,
n = 765) or a left lateral minithoracotomy (MIDCAB, n = 1077),
mitral valve repair or replacement (MVS, n = 708), aortic valve
surgery (AVS, n = 1830), double valve surgery (DVS, n = 381) or
combined procedures (COMB, n = 2506).

Patient characteristics are shown on Table 1. The average agewas
64.8 € 10.4 years; 32.5% of patients were older than 70, 3.6%
were older than 80 in study population. Most patients were
male (72.2%).

Definition of diabetes mellitus
Diabetes mellitus was defined as preoperative glucose intoler-
ance treated by diet only, using oral hypoglycemics, or with insu-
lin in order to determine the impact of this systemic disease re-
gardless of its severity and treatment. Perioperative treatment of
high glucose levels in patients with diabetic disease was carried
out by subcutaneous or intravenous application of insulin during
the ICU stay and establishment of preoperative treatment either
by diet, with oral hypoglycemics or with insulin on the normal
ward.

Data collection
All potential preoperative risk factors including diabetes mellitus
for perioperative morbidity and mortality rate included in this
analysis are listed in Table 2. Outcome variables indicating perio-
perative morbidity were evaluated for a possible association
with preoperative diabetic disease and are shown in Table 3. ICU
stay was defined as intensive care treatment, either in the inten-
sive care unit or in the intermediate care unit without mechani-
cal ventilation but still requiring close monitoring of cardiac
function. Perioperative stroke was defined according to the
Guidelines for reporting morbidity and mortality after cardiac
valvular operations (Edmunds et al., 1996) as any new temporary
or permanent, focal or global neurological deficit. A transient
ischemic attack (TIA) was defined as a fully reversible neurologi-
cal event lasting less than 24 hours. A prolonged reversible
ischemic neurological deficit (PRIND) was defined as a fully re-

Table 2 Preoperative patient- and treatment variables subjected
to univariate analysis with 28 perioperative outcome vari-
ables

age ‡ 60<70 years preoperative cardiogenic shock

age ‡ 70<80 years NYHA ‡ 3
age ‡ 80 years CCS ‡ 3
use of CPB preoperative myocardial infarction

OPCAB LVEF £ 30%
MIDCAB history of peripheral vascular disease

valve surgery sex (male)

combined approaches history of renal disease

double valve surgery dialysis dependent renal
insufficiency

CABG preoperative atrial fibrillation

aortic valve + ascending aortic
surgery

aortic valve surgery

mitral valve surgery

prior cardiac surgery

diabetes mellitus

hyperlipidemia

arterial hypertension

history of pulmonary disease

history of cerebrovascular disease

history of embolism

preoperative infection

CPB, cardiopulmonary bypass; CABG, coronary artery bypass grafting; Beating
heart, OPCAB and MIDCAB approaches; OPCAB, off-pump coronary bypass
grafting; MIDCAB, minimally invasive direct coronary artery bypass grafting;
NYHA, New York Heart Association heart failure classification; CCS, Canadian
Cardiovascular Society angina classification

Table 1 Preoperative patient characteristics for the different surgi-
cal groups

n
age
(years)

gender
male (%)

NYHA ‡ 3
(%)

LVEF
(%)

total 16184 64.8€10.4 11522 (71.2%) 77.7 52.0€22.0

CABG 8917 65.4€ 9.2 6887 (77.2%) 79.9 53.0€20.6

B. H. 1842 63.1€10.6 1402 (76.1%) 71.4 55.9€20.7
–OPCAB 765 64.4€10.5 613 (80.1%) 74.5 54.4€20.2
–MIDCAB 1077 62.2€10.6 789 (73.3%) 69.3 57.0€21.1

MVS 708 59.7€12.6 333 (47.0%) 74.2 50.3€27.4

AVS 1830 61.5€13.7 1127 (61.6%) 68.5 50.2€26.1

DVS 381 63.7€12.9 171 (44.9%) 86.4 47.4€25.1

COMB 2506 68.3€ 8.8 1602 (63.9%) 80.8 47.8€21.5

CABG, coronary artery bypass grafting; Beating heart, OPCAB and MIDCAB
approaches; OPCAB, off-Pump coronary bypass grafting; MIDCAB, minimally
invasive direct coronary artery bypass grafting; MVS, mitral valve surgery;
AVS, aortic valve surgery; DVS, double valve surgery; COMB, combined ap-
proaches CABG and valve or aortic surgery; LVEF, left ventricular ejection frac-
tion
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versible neurological deficit lasting between 24 and 3 weeks.
Stroke was defined as permanent neurological event lasting for
more than three weeks or causing death [12]. Postoperative de-
lirium was defined in accordance with the American Psychiatric
Association's guidelines [13]. Postoperative renal dysfunction
was defined as increased serum creatinine and urea levels re-
quiring medical treatment with diuretics. Postoperative hemo-
filtrationwas defined as any postoperative renal failure requiring
first-time hemofiltration and/or dialysis during the postopera-
tive stay. Postoperative atrial fibrillationwas defined as any new-
ly developed refractory atrial fibrillation lasting until discharge
from the hospital. Postoperative infection was defined as any
kind of infectious disease during postoperative stay on the ICU
requiring antibiotic therapy. Rethoracotomywas defined as chest
reopening due to bleeding, whereas reoperation with CPB com-
prised any secondary surgical intervention on the heart requiring
cardiopulmonary bypass for coronary bypass revision or refixa-
tion of valve prosthesis. Preoperative infection comprised all dif-
ferent causes of infection, but mainly patients with a history of
endocarditis.

Statistical analysis
Continuous variables are expressed as mean € standard devia-
tion with categorical data as proportions. For continuous vari-
ables comparisons between patients with and without diabetes
mellitus carried out using the student’s t-test. Categorical vari-
ables were compared using c2 analysis. Groups of patients relat-
ed to different surgical procedures were compared by analysis of
variance (ANOVA) with the appropriate correction for multiple
comparisons. Univariate analysis of risk factors was performed
calculating odds ratios (OR) with 95% confidence intervals. Dia-
betes mellitus as well as 30 additional patient- and treatment-
related variables were evaluated regarding their possible asso-
ciation to 28 intra- and postoperative outcome variables. All p-
values were two-tailed. Preoperative patient- or treatment-relat-
ed risk factors showing a significant association with one out-
come variable (p-value less than 0.05) were consecutively sub-
jected to a multivariate logistic regression model. Thus, the inde-
pendent impact of diabetes mellitus in comparison to other sig-
nificant variables on perioperative outcome was assessed. A
stepwise procedure (backward Wald) was used. A p-value less
than 0.05 was used to enter and eliminate variables. All statisti-
cal analyses were performed using the SPSS statistical package
version 9.0 (SPSS Corp, Birmingham, AL; USA).

Results

There were significant differences in preoperative patient char-
acteristics (Table 1). These were as follows: Patients in the CABG
group were significantly older compared to MIDCAB, MVS, DVS,
and AVS patient groups (p < 0.05). Within the beating-heart
group, OPCAB patients were significantly older than patients in
the MIDCAB group (p = 0.001). Patients in the MVS group were
significantly younger compared to all other groups (p < 0.05),
and patients in the AVS groupwere significantly younger as com-
pared to the OPCAB group (p < 0.0001) and the DVS group
(p = 0.002). Patients in the COMB group had a significantly higher
age as compared to all other groups (p < 0.0001 between COMB
and all other groups).

Patients in the coronary artery bypass groups (CABG, OPCAB,
MIDCAB) had a significantly higher left ventricular ejection frac-
tion (LVEF) than all other groups (p < 0.05). Prevalence of im-
paired NYHA-classification (‡ 3) was highest in the DVS group,
reaching statistically significant differences as compared to all
other groups (p < 0.0001 vs. all other groups) with the exception
of the COMB group (p = ns). Additionally, prevalence in the CABG
group was significantly higher in comparison to all other groups
(p < 0.05) except of the COMB and the DVS group (p = ns). Preval-
ence of NYHA-classification ‡ 3 in the COMB group was signifi-
cantly higher as compared to all other groups (p < 0.05) with the
exception of the DVS and the CABG group (p = ns).

The overall prevalence of diabetes mellitus was 33.3%. Preval-
ence varied among the different surgical procedures (Fig.1). The
highest prevalence was found within the CABG (37.5%) and the
COMB group (37.4%) reaching statistically significant differences
compared to all other groups (p < 0.0001) with the exception of
the OPCAB group (p = 0.1 vs. CABG and p = 0.24 vs. COMB, respec-
tively). Lowest prevalence could be observed in both valve
groups – MVS: 17.1% (p < 0.0001 vs. all other groups except DVS;
p = 0.03 and AVS; p = ns); AVS: 19.4% (p < 0.0001 vs. all other
groups except DVS and MVS; p = ns).

Table 3 Perioperative outcome variables analyzed by univariate
analysis (factors that had a statistically significant asocia-
tion with diabetes mellitus are printed in bold)

p

intraoperative variables

– duration of surgery ‡ 3 hr 0.013
– total CPB time ‡ 2 hr 0.029
– ischemic time ‡ 1 hr < 0.0001
– intraoperative blood loss ‡ 500ml < 0.0001
– intraoperative hemofiltration 0.523
– intraoperative RBC-transfusion ‡ 1000ml 0.19
– intraoperative low output 0.458
– intraoperative IABP 0.228
– urgent operation 0.89

perioperative variables

– perioperative RBC - transfusion ‡ 2000 ml < 0.0001
– postoperative blood loss ‡ 500ml 0.929

postoperative variables

– delirium < 0.0001
– stroke < 0.0001
– dysrhythmia < 0.0001
– low cardiac output < 0.0001
– renal insufficiency < 0.0001
– sternal infection and/or instability < 0.0001
– prolonged duration of intubation (‡ 2 days) 0.005
– respiratory insufficiency < 0.0001
– postoperative reintubation < 0.0001
– prolonged ICU-stay (‡ 5 days) < 0.0001
– postoperative myocardial infarction 0.167
– rethoracotomy 0.577
– reoperation with CPB 0.159
– postoperative hemofiltration 0.287
– postoperative atrial fibrillation 1.0
– postoperative infection 0.679
– 30 postoperative day mortality 1.0

IABP, intra-aortic ballon pump; RBC, red blood cells; CPB, cardiopulmonary
bypass; ICU, intensive care unit
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Diabetics were significantly older (66.4 years € 8.7 vs. 64.1 years
€ 11.1; p < 0.0001) and had a significantly lower LVEF
(50.9% € 20.7 vs. 52.5% € 22.6; p < 0.0001) as patients without
diabetes for all groups, respectively. Furthermore, diabetic pa-
tients suffered significantly more often from impaired preopera-
tive NYHA-classification (76.2% vs. 80.6%; p < 0.0001). 67.3% of
the diabetic patients were male.

Table 2 shows variables with significant impact on outcome. Ta-
ble 3 identifies factors with a statistically significant association
with diabetes mellitus (printed in bold). Diabetes mellitus was
identified as an independent risk factor for eight outcome vari-
ables as shown in Table 4.

Prevalence of outcome variables significantly associated with
preoperative diabetic disease; statistically significant differences

between diabetic and non-diabetic patients are shown in Fig. 2.
Diabetics had a longer ICU stay (4.8 € 7.7 days vs. 3.9 € 6.5 days;
p < 0.0001) and hospital stay (12.5 € 10.9 vs. 7.9 € 357.4 days;
p = ns). In-hospital mortality was 5.2% (diabetics) versus 4.3%
(p = 0.01).

Discussion

Overall prevalence of diabetes mellitus in this large study cohort
includingmore than 16,000 adult patients was 33.3%while vary-
ing among different diagnoses. Prevalence was highest in all
CABG groups with or without cardiopulmonary bypass and in
the COMB group comprising patients undergoing CABG and
valve surgery. As diabetes mellitus one important independent
risk factor for coronary artery disease, this was not an unexpect-
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Fig. 1 Prevalence of diabetes mellitus
according to the type of cardiac surgery.
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Fig. 2 Prevalence of perioperative out-
come variables associated with diabetes
mellitus in patients with and without diabet-
ic disease.
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ed finding [14]. However, prevalence in the MIDCAB group was
lowest within patients undergoing CABG procedures – only
slightly higher than the DVS group. Diabetics have been found
to be significantly older and to have a significantly lower LVEF
both of these variables being co-morbidities related to an im-
paired postoperative outcome as reported by some series [8,15].

This series revealed diabetes mellitus as an independent risk fac-
tor for several perioperative outcome variables. Recent studies
have associated diabetes with stroke and postoperative delirium
[8,16,17]. Similarly, we found a significantly higher incidence of
both these neurological complications in diabetics as shown on
Fig. 2. As diabetes mellitus is one of the well-known risk factors
of artherosclerotic disease, diabetics are at an increased risk of
cerebral embolization due to atherosclerosis [14]. In addition,
since atherosclerotic disease is a systemic disorder inmost cases,
involvement of the cerebral and carotid arteries leading to im-
paired cerebral blood flow is not uncommon. Furthermore, auto-
regulation of cerebral blood flow seems to be impaired by dia-
betes mellitus, a finding which may even be exacerbated intra-
operatively during CPB [18]. However, although an increased
morbidity has been documented for diabetics after CABG by Fiet-
sam and associates, that study series could not show and higher
prevalence of stroke among these patients [5]. The systemic
character of diabetic disease can be emphasized by the signifi-
cant association between diabetesmellitus and postoperative re-
nal insufficiency as found in a series byMorricone and associates
as well as in this series (OR: 1.43) [17]. As mentioned above,
atherosclerosis is one of the most reported diseases caused by
diabetes mellitus, and may affect several organic systems. As
such, renal insufficiency due to atherosclerotic alterations of the
renal arteries is not surprising.

As expected and reported by other series, diabetes mellitus was
an independent predictor for sternal instability associated with
or without infection (OR: 1.35) [19]. Meticulous control of peri-
operative serum glucose levels should be beneficial in reducing
the risk of sternal infection and, subsequently, surgical revision
in diabetic patients as reported by Furnary and associates [19].
In this series, postoperative high glucose levels were treated by
either single or continuous intravenous or subcutaneous insulin
application.

Postoperative respiratory insufficiency (OR: 1.37) and consecu-
tive postoperative reintubation (OR: 1.27) both significantly
associated with diabetes mellitus in this series seem to be indi-
cators for the systemic impact of diabetic disease. Most of the re-
ported postoperative complications associated with diabetic dis-
ease in this series could be also associatedwith impaired respira-
tory function. As such, the impact of diabetes mellitus on both of
these outcome variables is most likely indirect, in contrast to the
direct influence of diabetes mellitus on respiratory function. This
can help explain the prolonged ICU stay, which is in accordance
with the current literature [17].

Diabetes mellitus has been associated with a higher periopera-
tive morbidity as well as decreased survival after coronary artery
bypass grafting [2,3,9]. These findings were confirmed by our
study. Furthermore, in-hospital mortality was significantly high-
er in diabetics.

With regard to the severity of diabetic disease, neither degree of
glucose intolerance nor mode of medical therapy seem to be ma-
jor determinants in early or late survival [3]. Furthermore, Magee
and associates found similar perioperative results after narrow-
ing the entire diabetic patient group to only treated diabetic pa-
tients, either with oral medication or insulin. Narrowing the
analysis even more to diabetic patients treated with insulin also
led to similar results to the analysis of the whole diabetic sub-
group [10]. Thourani and associates found no significant differen-
ces with regard to postoperative myocardial infarction, stroke,
death during hospitalization, or overall length of hospital stay
between insulin-treated diabetic patients undergoing CABG
compared to diabetic patients not treated with insulin [8].

In order to determine the systemic impact of diabetes mellitus,
we looked at all patients with diabetes mellitus together regard-
less of severity or preoperative treatment. Further large cohort
studies, investigating the impact of insulin-treatment on peri-
operative outcome in diabetic patients have to be undertaken.

In conclusion, diabetes mellitus is a significant preoperative pre-
dictor for several complications after cardiac surgical proce-
dures. Additionally, in times of limited health care resources
and increasing importance of economic aspects, patients with
diabetic disease undergoing cardiac surgical interventions
should receive special attention either in the pre- as well as in
the perioperative time period. This may lead to an improved
perioperative outcome in diabetic patients, and therefore to re-
duced postoperative intensive care treatment costs.
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