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Intensive insulin therapy in the intensive care unit
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yperglycemia in response to critical illness has long
H been associated with adverse outcomes. Large ob-

servational studies have recently confirmed and
fine-tuned this association, reporting the lowest risk of death
with blood glucose levels roughly between 5 and 7 mmol/L
or between 6 and 8 mmol/L for patients with diabetes melli-
tus."” This association is thought to be causal based on poten-
tial glucose toxicity in the context of ischemia—reperfusion.
Studies in patients and animals support the hypothesis of tox-
icity induced by excess glucose, specifically toxicity to the
mitochondria of cells that take up glucose independent of in-
sulin and in proportion to the circulating levels of glucose.*”
However, the level at which blood glucose becomes toxic in
the clinical context of critical illness is unclear.

Several studies with heterogeneous designs and outcome
measures have tested the hypothesis that tight control of blood
glucose levels improves outcomes in critically ill patients. The
first such randomized trial targeted a “strictly normal” level
for fasting glucose (i.e., 4.4—6.1 mmol/L), compared with
usual care, in adult patients in surgical intensive care units
(ICUs).* Usual care, at that time, was to initiate insulin only
when a patient’s blood glucose level exceeded the renal
threshold (12 mmol/L) and to discontinue insulin when the
level decreased below 10 mmol/L. The intervention comprised
insulin infused continuously via an accurate syringe-driven in-
fusion pump to patients in a nonfasting state. Dose modifica-
tions were performed frequently by well-trained bedside
nurses who used accurate blood gas analyzers to measure glu-
cose and potassium levels. The intervention was labelled “in-
tensive insulin therapy” and was found to reduce morbidity
and mortality. A subsequent study in a medical ICU setting’
documented similar organ protective effects, although not as
strikingly as in the surgical ICU study. Mortality was not dif-
ferent in an intention-to-treat analysis in the second study.

In this issue of CMAJ, Griesdale and colleagues® per-
formed a meta-analysis of 26 studies involving over 13 500
patients. The authors concluded that intensive insulin therapy
does not provide an overall mortality benefit, but that it may
decrease mortality among surgical ICU patients. The differ-
ences among the individual studies are likely important. First,
the type of patients and type and logistics of the intensive care
units differed substantially. Second, the accuracy of insulin
infusion and glucose monitoring differed among studies. In
the initial randomized trial,* all of the patients had central ve-
nous lines for reliable adjustment of continuous insulin infu-
sion, and arterial lines for monitoring glucose and potassium,
thus avoiding hypokalemia-induced arrhythmia. In several
subsequent studies, insulin was administered as peripheral ve-
nous or subcutaneous infusions (including bolus injections),
measurement of blood glucose was often infrequent, and sam-

Key points

e Hyperglycemia and hypoglycemia are linked to adverse
outcomes in different types of patients with critical illness.

e Lowering blood glucose with insulin does not affect mor-
tality in all critically ill patients.

e Intensive insulin therapy may be effective in lowering the
risk of death among surgical patients in intensive care units.

e Differences in study outcomes may be because of the dura-
tion of hyperglycemia before the start of the intervention,
the target blood glucose ranges in the 2 groups, the accu-
racy of blood glucose measurement and the degree of suc-
cess in reaching the target level while avoiding hypo-
glycemia.

e Further research is needed to identify the optimal target
level for blood glucose in different patient populations
and to improve the tools for implementation in clinical
practice.

pling was performed via finger pricks with glucometers that
were often insufficiently accurate for the intensive care set-
ting.” Furthermore, the blood glucose targets for the interven-
tion and comparator groups differed among studies. Most im-
portantly, success in achieving these targets varied greatly
among the included studies; the experience of the nursing
team may have played a role in these differences.

When used in such different ways, the term “intensive in-
sulin therapy” may not always describe the same intervention.
In some settings, such therapy may have induced large fluctu-
ations in blood glucose, possibly with undetected hy-
pokalemia and hypoglycemia alternating with hyperglycemia.
This might have resulted in a reduced average blood glucose
level; however, the fluctuation in blood glucose may be worse
for than constant moderate hyperglycemia.

Such differences may explain the finding that patients in
surgical ICUs may benefit from intensive insulin therapy
more than patients in medical ICUs. First, surgical ICUs rou-
tinely use central venous and arterial lines and are able to
monitor and correct glucose and potassium more accurately.
This may not be the case in medical ICUs, in which patients
often do not have arterial and central lines and glucometers
may be used for measurement of glucose via finger pricks,
which have been shown to be inaccurate’ and may lead to
dosing errors.

Second, hyperglycemia in surgical ICU patients is usually
triggered by surgery or trauma, which is the equivalent of
acute ischemia—-reperfusion, and, thus, the delay between
onset of hyperglycemia and the start of glycemic control is
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usually short. In contrast, patients in medical ICUs often have strongest for adults and children in surgical ICUs. For pa-
suffered from chronic illnesses before admission and hyper- tients considered eligible for tight glucose control, the clini-
glycemia was more likely to be present for a longer time in cian should assess whether the intervention can be applied
these patients. This may have induced adaptive changes to safely in the specific clinical setting.
protect the cells against elevated extracellular glucose such
that acute lowering of blood glucose may not be beneficial. This article has been peer reviewed.
Alternatively, the time window for the prevention of glucose
t(.)XICIty may have passeFl ) Equence supportmg this hypOth.e- Contributors: Greet Van den Berghe wrote the first draft of the manuscript.
sis comes from randomized trials of tight glucose control in All of the authors revised the manuscript for intellectual content and ap-
critical illness in adults,” and recently in children'' and pa- proved the version submitted for publication.
tients with type 2 diabetes.'>"
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