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Glucose control in hospital: Time for an aggressive
approach

Greet van den Berghe, Peiter Wouters, Frank Weekers, Charles
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Patrick Ferdinande, Peter Lauwers, Roger Bouillon. (Department
of Intensive Care Medicine, Electromyography Laboratory, De-
partment of Physical Medicine and Rehabilitation, Laboratory for
Experimental Medicine and Endocrinology, Catholic University
of Leuven, Leuven, Belgium.) Intensive insulin therapy in criti-
cally ill patients. N Engl J Med 2001;345:1359-67.

SUMMARY
This prospective randomized trial compared the use of conventional
insulin therapywith intensive insulin therapy in the intensive care
unit (ICU) setting over 12 months involving 1548 patients. The
primary outcome measure was death from any cause in the ICU. The
secondary outcome measure included the duration of stay in the ICU
or readmission to the ICU, need for prolonged intensive care (> 14
days) or need for ventilatory support, renal replacement or inotropic
support and/or the occurrence of critical illness polyneuropathy. The
number of deaths in hospital, episodes of bacteraemia or septicae-
mia, antibiotic use for more than 10 days, need for blood transfusion
and hyperbilirubinaemia were also studied. In the conventional
therapy group, insulin was started only ifthe blood glucose level was
>215 mg/dl and the infusion was titrated to maintain the blood
glucose in the range of 180-200 mg/dl, as was the usual practice in
that particular ICU. In the intensive therapy group, insulin infusion
was stared if the blood glucose level was> 110 mg/dl and the blood
glucose was maintained in the range of 80-100 mg/dl. These
protocols were followed while the enrolled patients were in the ICU.
On discharge from ICU, a conventional treatment plan was followed
for all patients till they were discharged from the hospital.

The baseline (gender, age, body mass index, APACHE II score
and reason for intensive care) and other characteristics in the two
groups were comparable. In the intensive therapy group, almost all
patients required insulin while in the conventional therapy group,
only 39% required insulin. The mean (SD) blood glucose level in
patients receiving insulin was 103 (18) mg/dl in the intensive
therapy group and 173 (33) mg/dl in the conventional group. The
mean blood glucose was 140 (25) mg/dl among those in the conven-
tional group who did not require insulin. The mortality was reduced
by 42% in the intensively treated group as compared to the conven-
tional treatment group (4.6% v. 8%). The determinants of mortality
were an APACHE score of ~9 in first 24 hours of ICU stay, advanced
age, an indication for admission other than cardiac surgery, tertiary
referral and conventional insulin treatment, but no history of diabe-
tes or hyperglycaemia at the time of admission to the ICU.

Intensive insulin therapy reduced the duration of stay in the ICU
but the readmission rate was the same in both the groups. Fewer
patients in the intensive therapy group needed prolonged ventilatory
support, renal replacement therapy or had hyperbilirubinaemia.
Intensive insulin therapy reduced episodes of septicaemia by 46%,
acute renal failure or the need for haemofiltration by 41%, median
number of red cell transfusions by 50% and critical illness polyneuro-
pathy by 44%. Among patients with bacteraemia, a lower mortality
was observed among those who received intensive insulin therapy

than among those who received conventional therapy (12.5% v.
29%). As expected, the incidence of hypo glycaemia was higher in
the intensive therapy arm, although none of the patients had haemo-
dynamic instability or convulsions.

The authors concluded that intensive insulin therapy to maintain
blood glucose level at ::;110 mg/dl reduces morbidity and mortality
among critically ill patients in the ICU, regardless of a history of
diabetes mellitus.

COMMENT

This paper tests a hypothesis in an evidence-based manner and has
the potential to change our practice of ICU medicine. It was
believed that good or tight glycaemic control in a stressful situa-
tion is helpful but it has not been widely practised because of the
time and effort involved as well as the impression that it is
expensive. However, accumulating evidence shows that control-
ling blood glucose in the hospital setting is important. We believe
the best evidence so far is available from the DIGAMI study' in
patients admitted with acute myocardial infarction and blood
sugar levels >200 mg/dl (including patients with stress-induced
hyperglycaemia as well as those with previously unknown and
known diabetes mellitus). The DIG AMI study I showed that
treating patients with an acute myocardial infarction aggressively
with insulin therapy could prevent 1 death during follow up.
Studies among diabetic patients following stroke.scoronary artery
bypass surgery" and wound and nosocomial infections" all point to
the potential of intensive insulin therapy in reducing hospital
morbidity, mortality, length of stay and costs, if effecti ve measures
are taken to achieve nonnoglycaemia.

This study was done in a busy ICU of Europe among critically
ill surgical (mainly cardiac surgery) patients. Intensive insulin
therapy to keep the blood glucose level at ::;110 mg/dl was shown
to reduce ICU mortality, and in-hospital mortality and morbidity
among patients admitted to the ICU. The incidence of acute renal
failure, need for prolonged mechanical ventilation, transfusion
requirements, incidence ofICU neuropathy and septicaemia were
all reduced. The improvement was so significant that the study
was stopped after a few interim analyses as it became clear that
patients treated intensively were doing much better than those
treated conventionally. In spite of close monitoring of blood sugar
levels and administration of insulin through an infusion pump, the
overall costs were significantly lower in the intensi ve therapy arm.

Several mechanisms have been postulated. Heightened sym-
pathetic activity in a stressful situation causes lipolysis and free
fatty acid generation, which, in addition to poor tissue perfusion
in a critically ill patient, increases anaerobic glycolysis. The use of
glucose and insulin helps in aerobic glycolysis and effective ATP
production, so critical for cell survival.v' The other postulated
factors are hyperglycaemia-induced ascorbic acid deficiency,"
increased plasma levels of fibronectin" and soluble adhesin mol-
ecules,? increased leucocyte adhesiveness'? as well as erythrocyte
lipid peroxidation. II

What lessons can be drawn from the accumulated evidence?
The evidence appears to favour the view that among patients with
acute myocardial infarction or stroke, as well as in a subset of
patients admitted to the ICU, glycaemic control should be tight-
ened with intravenous insulin infusion and close monitoring.
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Stress-induced hyperglycaemia can no longer be viewed as 'adap-
tive' , since it has been shown to be detrimental. The situation is
similar to the term 'essential' used for hypertension at a time when
it was thought that high blood pressure was 'essential' to maintain
cerebral blood flow in the elderly. We, therefore, need to identify
hyperglycaemia at the time of hospital admission, regardless of
the patient's primary reason for admission.

Hyperglycaemia (loosely defined as blood glucose level> 180
mg/dl) in the absence of a diagnosis of diabetes is quite common,
particularly in acutely ill patients. It is estimated that 10% of
hospital inpatients in the UK have diabetes mellitus while an
estimated 6 million hospitalizations annually in the USA are
accompanied by hyperglycaemia." We need to be aware of the
potential risks of hyperglycaemia in hospitalized patients. Like-
wise, we need to understand what is meant by good glycaemic
control in the context of all the published data. Good control
implies that avoidance of hyperglycaemia and hypoglycaemia is
desirable but the acceptable range for glycaemic control in a
stressful situation is still not known. We are not aware of any
published standards for glucose control in hospitalized patients
but believe that a blood glucose level between 80 mg/dl and 180
mg/dl should be the target range for patients on subcutaneous
insulin. Among hospitalized patients on continuous intravenous
insulin infusion, it is difficult to build a standard as stringent as the
one adopted by the present study. Since the publication of this
study, we have tried and failed to maintain the blood sugar level
of our ICU patients within a range of 100-150 mg/dl. Tighter
glycaemic control requires closer monitoring of sugar levels,
sometimes even on an hourly basis. In spite of this, hypoglycaemia
is a frequent occurrence (6 times higher in the intensive therapy
arm compared to the conventional therapy arm).

Intensivists have been traditionally reluctant to control sugar
levels too rigidly in the belief that hypoglycaemia in patients on
life support therapy can go unnoticed and lead to permanent
neurological damage. We believe that, at present, this factor along
with certain methodological drawbacks compromise the wide-
spread applicability of intensive insulin therapy as a routine
strategy in ICU patients. The authors have themselves acknowl-
edged their inability to conduct the study in a blinded fashion and
of having included mainly surgical patients in their study popula-
tion. Although the results are impressive and the evidence compel-
ling, it is unlikely that many of us will change our practice on the
basis of a non-blinded study from a single institution.
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This is obviously a good time for all of us to audit our practice
and find out how good we are at controlling blood sugar levels in
acutely ill hospitalized patients. It is also time for us to apply the
principle of tighter control whenever possible and strive towards
a standard of blood sugar control that is universally acceptable and
practically possible.
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