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Abstract Objective: To find out
if there is an association between
hyperglycaemia and mortality in
mixed ICU patients. Design and
setting: Retrospective cohort study
over a 2-year period at the med-
ical ICU of a university hospital.
Measurements: Admission glucose,
maximum and mean glucose, length
of stay, mortality, insulin therapy
and Apache-II score. Results: In
1085 consecutive patients, ICU-
and hospital mortality were 20 and
25%, respectively. The total num-
ber of blood glucose measurements
was 10.012. Admission glucose
was 7.9 £ 4.5 mmol/l (mean + SD),
mean glucose 7.5 +2.9 and max-
imum glucose 10.0 £ 5.4 mmol/l.
Median ICU length of stay (LOS)
was 3.0 days (range 2.0-6.0 days,
IQR), and hospital LOS was 16 days
(range 7-32 days). In 28% of patients
insulin treatment was started. Median
Apache-II score was 13. 68% of pa-

Mean glucose level is not an independent risk
factor for mortality in mixed ICU patients

tients were mechanically ventilated.
Univariate analysis showed an asso-
ciation with ICU mortality for mean
glucose (non-survivors 8.6 +£4.3

vs 7.2 2.4 survivors), maximum
glucose (11.7 5.9 vs 9.6 = 5.2, non-
Survivors vs survivors, respectively),
use of insulin (mortality 29 vs 17%
in patients not using insulin) and
age (61 vs 55.7 years). Gender and
a history of diabetes mellitus were
not associated with mortality. In

a multivariate model, the Apache-II
score was the only variable associ-
ated with mortality independent

of other variables, including mean
blood glucose. Conclusion: In this
retrospective study mean glucose
level was not an independent risk
factor for mortality in mixed ICU
patients.

Keywords Blood glucose - Hyper-
glycaemia - Intensive care unit -
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Introduction

Hyperglycaemia frequently occurs in ICU patients. Van
Den Berghe et al. demonstrated that normoglycaemia
decreased mortality considerably in cardiothoracic pa-
tients [1]. These patients were less ill than our mixed ICU
patients (median Apache II score 9 vs 13 in our ICU).
Whether strict glucose regulation is also advantageous
in mixed ICU patients has not yet been proven [2].
We evaluated glucose levels at our ICU over a 2-year
period, firstly, to obtain an overview of glucose regu-
lation and, secondly, to investigate whether there exists

a correlation between glucose levels and mortality. Our
ICU is a university-based, 12-bed, closed-format med-
ical ICU with an “overflow” function for surgical (and
neurosurgical) patients.

Methods

Data of all patients admitted from September 2000 to
September 2002 were collected from the hospital in-
formation system. Patients admitted for short elective
diagnostic procedures were excluded (n=173). Data on
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ICU- and hospital mortality, admission-, maximum and
mean blood glucose, ICU and hospital length of stay
(LOS), insulin therapy at the ICU, Apache-II score, gen-
der, age, prior history of diabetes, mechanical ventilation
and diagnosis were collected. Arterial blood glucose
levels were determined at the clinical laboratory (Yellow
Springs Instruments, Yellow Springs, Ohio). The local
medical ethics committee agreed with the design of our
study.

Intravenous insulin (Velosuline, Novo Nordisk, Kopen-
hagen, Denmark) was started if glucose level was above
10-12 mmol/l using a ‘“dynamic scale” protocol which
had no specific glucose target at that time; arterial blood
glucose was determined every 4—6 h. Enteral feeding was
initiated as soon as possible (generally within 24 h after
admission, if needed, via a duodenal sonde). Baseline
and outcome variables were compared with the x? test,
the 7-test for independent samples or the Mann—Whitney
U test, as appropriate. Risk factors that were statistically
significant in the univariate analysis were entered in multi-
ple logistic regression analyses. In this model, interaction
between mean and maximum glucose and mortality was
studied. Apache scores were included as <9 or >9,
like Van Den Berghe et al. did [1]. Since we calculate
Apache scores during a 3-month period every year during
our ongoing quality project performed by a specialized
research nurse, we have Apache data for one-quarter of
study patients. Data were expressed as mean =+ SD (or
median, IQR). The SSPS version 12.0 (SAS Institute,
Chicago, I11.) was used.

Results

Patient characteristics

A total of 1085 patients were included: 56% male,
age 57 £ 18years. The ICU LOS was 3.0days (range
2.0-6.0 days; median, IQR); hospital LOS was 16 days
(range 7-32days; median, IQR). A history of diabetes
mellitus was present in 17% of cases (2% type 1, 15%
type 2). Apache-II score (calculated for 238 patients)

Table1 Intensive care unit admission diagnosis. CPR cardiopul-
monary resuscitation

Diagnosis upon admission No. of patients

Respiratory 285 (26)
Post-operative 259 (24)
Septic shock/MOF 153 (14)
Digestive tract bleeding 94 (9)
Cardiac 67 (6)
After CPR 76 (7)
Intoxication 53 (5)
Haemodialysis/fCVVH 24(2)
Polytrauma 24 (2)
Diabetic ketoacidosis 11 (D)
Acute liver failure 10 (1)
Neurological/neurosurgical 15 (1)
Other medical 14 (1)

Numbers in parentheses are percentages

had a mean of 14, median 13 (range 7-19, IQR). 68%
of patients were mechanically ventilated. Admission
diagnoses are depicted in Table 1.

Glucose values

The number of glucose measurements was 10,012. Ad-
mission glucose (mean + SD) was 7.9 & 4.5 mmol/l, max-
imum glucose 10.0 & 5.4 mmol/l and mean glucose during
ICU admission 7.5 £ 2.9 mmol/l. In 303 (28%) patients in-
sulin was administered. The ICU mortality was 20%, and
hospital mortality rate was 25%.

Variables associated with mortality

The univariate analysis associated with ICU mortality was
as follows (Table 2):

1. Mean glucose: non-survivors 8.6 4.3 vs 7.2+2.4
mmol/l in survivors

2. Maximum glucose: non-survivors 11.7 5.9 vs 9.6 £
5.2 mmol/l in survivors

Table 2 Variables associated with ICU mortality (univariate analysis: n = 1085; multivariate analysis including Apache scores: n = 238)

Univariate analysis Multivariate analysis

p-value 95% CI p-value 95% CI
Gender 0.19 - 0.44 -
Age 0.001 -7.9,-2.6 0.64 —
Diabetes mellitus history 0.11 - 0.21 -
Mean glucose 0.0001 —1.92, —0.74 0.59 —
Maximum glucose 0.0001 -3.0,—-1.3 0.91 -
Use of insulin during admission 0.0001 0.44 -
Apache-II score <0.0001 3.44-31.65
Interaction diabetes mellitus history and mean glucose 0.028 0.75 -
Interaction diabetes mellitus history and maximum glucose 0.013 0.50 -



3. Administration of insulin during ICU admission: 29%
of patients with insulin died vs 17% of patients without
insulin

4. Age: non-survivors had a mean age of 61.0 vs
55.7 years in survivors.

The variables gender (p=0.19, y>-test) and history
of diabetes mellitus (both type 1 and type2; p=0.11,
x2-test) were not associated with mortality. Apache-II
score was available for 238 patients. Of the patients, 33%
with a score > 9 died, vs 5% with a score <9 (p < 0.0001,
¥ 2-test).

With the Apache score included in a multivariate
model, it appeared to be the only variable associated with
mortality independent of the other variables (odds ratio
10.4). An increase of mean glucose was therefore not
associated with mortality independent of other variables,
including the Apache score.

In this model, the Apache scores were included as <9
or > 9. In the Van den Berghe et al. paper [1] Apache
scores were dichotomized this way, since the median score
in their study was 9. In our study the median Apache score
was 13. When the same multivariate model was run with
Apache scores divided into lower or higher than 13, this
did not change outcomes substantially.

Discussion

We expected a higher mean glucose level during ICU ad-
mission to be associated with increased mortality. This was
based on a literature review we performed on the effects
of hyperglycaemia during stress and on the outcomes of
the Van den Berghe study [1]. In the univariate analysis,
mean glucose, maximum glucose, use of insulin and age
were associated with ICU mortality; however, mean glu-
cose did not appear to be an independent predictor of mor-
tality in the multivariate analysis. The only independent
variable predicting mortality was the Apache-II score. In
other words, patients who die have a higher mean glucose,
but this seems only to reflect the severity of disease as ex-
pressed by the Apache-II score.

The limitations of our study are, of course, acknowl-
edged. The retrospective design precludes concluding
whether use of insulin during ICU admission increases
mortality: Is it the insulin or were these patients simply
more severely ill [3]? Van Den Berghe et al. found that
both the mean daily amount of infused insulin and the
mean glucose level during ICU stay were independent
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positive risk factors for ICU mortality [4]. The relation
between higher Apache-II scores and mortality has uni-
formly been established. In a recent retrospective study in
> 1800 heterogeneous ICU patients both Apache-II scores
and increasing mean glucose values were independent
predictors of hospital mortality in a heterogeneous ICU
population [5]. In that study mean glucose value was
higher (£ 8.6 mmol/l for the whole group) than in our
study. In 97 surgical and 38 medical ICU patients, Chris-
tiansen et al. suggest that hyperglycaemia is a marker of
increased morbidity and mortality in surgical, but not in
medical, patients [6]. The number of medical ICU patients
in this study is, in our opinion, insufficient to draw a firm
conclusion. In a retrospective study in 2713 medical,
surgical, neurosurgical and cardiothoracic ICU patients,
higher mortality was found in hyperglycaemic patients in
the cardiothoracic, cardiac and neurosurgical units, but not
in the medical and surgical ICU [7].

Mean glucose level during the study period (Septem-
ber 2000 to September 2002) appeared to be 7.5 mmol/l,
which seems fairly good. It is considerably lower than
in the recently published prospective study by Krins-
ley, in which the control group had a mean glucose
level of 8.4mmol/l [8] and also lower than the con-
ventional treatment group in the Van Den Berghe et al.
study: 8.5mmol/l [1]. The question arises, therefore,
as to whether implementing a strict glucose-regulation
protocol in our medical ICU would result in equal
impressive effects on mortality and morbidity. On the
other hand, since our ICU mortality is 20%, which is
higher than in the thoracosurgical population of the
Van Den Berghe [1] study (8%), less definite effects on
glucose levels could still result in a considerable effect on
mortality.

Conclusion

In conclusion, mean glucose level was not a risk factor for
mortality in mixed ICU patients independent of, among
others, the Apache score. This does not contradict the re-
sults found by Van Den Berghe [1], which show the ef-
fect of an intervention, namely, intensive insulin therapy,
in critically ill patients. The role of intensive insulin ther-
apy at medical intensive care units should be studied in
a prospective, randomized and controlled study design.
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