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REVIEW / DERLEME

Hyperglycemia in the Intensive Care Unit

Yogun Bakim Unitesinde Hiperglisemi

SUMMARY Hyperglycemia is frequently
encountered in the intensive care unit. In
this disease, after severe injury and during
diabetes mellitus homeostasis is impaired;
hyperglycemia, hypoglycemia and glycemic
variability may ensue. These three states
have been shown to independently increase
mortality and morbidity. Patients with
diabetics admitted to the intensive care unit
tolerate higher blood glucose values without
increase of mortality. Stress hyperglycemia
may occur in patients with or without
diabetes and has a strong association with
increased mortality in the intensive care unit
patients. Insulin is the drug of choice to treat
hyperglycemia in the intensive care unit.

In patients with moderate hyperglycemia

a basal-bolus insulin concept can be used.
Close glucose monitoring is of paramount
importance throughout the intensive care
unit stay of the patient. In the guidelines for
glycemic control based on meta-analyses

it was shown that a tight glycemic control
does not have a significant mortality
advantage over conventional treatment.
Given the controversy about optimal blood
glucose goals in the intensive care unit
setting, it seems reasonable to target a blood
glucose level around 140 mg/dL to avoid
episodes of hypoglycemia and minimize
glycemic variability. The closed loop system
with continuous glucose monitoring and
algorithm based insulin application by an
infusion pump is a promising new concept
with the potential to further reduce mortality
and morbidity due to hyperglycemia,
hypoglycemia and glycemic variability.

The goal of this review was to give a

brief overview about pathophysiology of
hyperglycemia and to summarize current
guidelines for glycemic control in critically ill
patients.
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control, intensive care unit

OZET Yogun bakim tnitesinde
hiperglisemiye siklikla rastlanmaktadir.
Hastallk durumlarinda agir hasar sonrasinda
ve diyabetes mellitus stirecinde homeostaz
bozulur, hiperglisemi, hipoglisemi ve
glisemik degiskenlik meydana gelebilir. Bu
(ic durumun bagimsiz olarak mortalite ve
morbiditeyi artirdigi gosterilmistir. Stres
hiperglisemisi diyabetik veya diyabetik
olmayan hastalarda gorulebilir ve yogun
bakim hastalarindaki artmis mortaliteyle
guclu iliskiye sahiptir. Yogun bakim
Uinitesinde hiperglisemi tedavisinde

tercih edilen ilag insulindir. Orta derecede
hiperglisemisi olan hastalarda, bazal-

bolus inslin uygulamasi kullanilabilir.
Metaanalizlere dayanan glisemik kontrol
kilavuzlarinda siki glisemik kontrollin
konvansiyonel tedaviye kiyasla mortalitede
anlamli fayda saglamadigi gosterilmistir.
Yogun bakim Unitesindeki kan glukoz
hedefleri tartismali olmakla birlikte 140
mg/dl civarinda kan glukozu, hipoglisemi
ataklarindan kacinmak ve glisemik
degiskenligi en aza indirmek kabul edilebilir
hedeflerdir. Bu derlemede hipergliseminin
patofizyolojisine genel bir bakis yapilmasi ve
kritik hastalardaki glisemik kontrol igin son
kilavuzlarin 6zetlenmesi amaclanmistir.
Anahtar Kelimeler: Hiperglisemi, kan glukoz
kontroli, yogun bakim
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Introduction

Hyperglycemia is encountered frequently in the intensive
care unit (ICU) setting. Hyperglycemia may be due to pre-
existing and known diabetes. It can also be seen in patients
who were unaware of having diabetes. In Turkey, diabetes
has a prevalence of about 7.3%.

In addition, hyperglycemia can be observed in patients
who are not diabetics, but have an increased resistance to
insulin due to stress of injury or critical iliness. This is termed
stress hyperglycemia. Combinations of stress hyperglycemia
and diabetes do occur and can raise blood glucose values
even further.

Hyperglycemia in the critical care unit has been
associated with increased morbidity and mortality. In early
randomized controlled trials, strict normoglycemia (80-110
mg/dl) by use of insulin infusions has shown a reduction in
morbidity and mortality (1,2). However, these results could
not be reproduced in later multicenter trial (3). A recent meta-
analysis revealed that tight glycemic control does not have a
mortality advantage over a less stringent glycemic control in
ICU patients (4).

Various speculations have nurtured theories about
the discrepancy in patient outcomes between the older
and the later studies. One possible explanation may lie in
the significantly higher incidence of severe (<40 mg/dl)
hypoglycemic events in patients undergoing tight glycemic
control. Griesdale showed in his meta-analysis that
hypoglycemia was six times more likely to occur during tight
glycemic control compared with conventional glucose control
(5).

Glycemic variability is considered yet another domain
of glycemic control besides hyper-and hypoglycemia. There
is an independent association between glycemic variability
and mortality in critically ill patients according to various
observational studies (6-8).

The goal of this review is to give a brief overview about
pathophysiology of hyperglycemia, address the three domains
of glycemic control and summarize current guidelines for
glycemic control in critically ill patients.

Pathophysiology

Hyperglycemia occurs as main laboratory aberration in
diabetes mellitus type-1 and type-2 and during gestational
diabetes. Type-1 diabetes is defined by insufficient insulin
production due to a R-cell disorder. In contrast, the etiology of
type-2 diabetes is a combination of 3-cell defects and insulin
resistance.

Acute, sustained hyperglycemia can be triggered by critical
illness or severe trauma, also termed stress hyperglycemia.
The development of stress hyperglycemia is a result of an
imbalance between insulin and counter-regulatory hormones.

Initial stress provokes an increase in catecholamine, cortisol,
glucagon and growth hormone secretions resulting in
excessive hepatic glycogenolysis and gluconeogenesis and
insulin resistance. The resulting hyperglycemia induces an
increase in pro-inflammatory cytokine production, including
IL-1, IL-6 and TNF-alpha (9). Pro-inflammatory cytokines, in
turn, may alter insulin receptor signaling thereby increasing
insulin resistance.

Hyperglycemia can be seen as adaptive response to injury or
critical illness. Glucose is delivered to vital tissues such as brain
and blood cells, while glucose uptake is diminished in insulin
dependent tissues such as skeletal muscle and fatty tissues.

However, sustained hyperglycemia causes an increase of
radical oxygen species (ROS) with subsequent mitochondrial
dysfunction (10). The mitochondrial dysfunction and change
in ultrastructure is thought to be a culprit of organ dysfunction
and may contribute to an increase of mortality associated
with stress hyperglycemia (11).

Hyperglycemia also induces changes in blood coagulation,
immune cell function and wound healing (12). On a cellular
level, hyperglycemia triggers endothelial dysfunction
inhibiting nitric oxide production. Monocytes exert enhanced
cytokine production under the influence of hyperglycemia
as do macrophages. In addition, hyperglycemia augments
macrophage proliferation and activity and induces neutrophil
dysfunction. Lastly, hyperglycemia inhibits T cell proliferation
and blocks neutrophil tissue infiltration, all of which can lead
to impaired wound healing (13).

Domains of Glycemic Control

Under normal conditions glycemic homeostasis is
tightly controlled. In disease states or after severe injury
and during diabetes mellitus homeostasis is impaired and
hyperglycemia, hypoglycemia and glycemic variability can
ensue. These three domains of glycemic control have been
associated independently with increased risk of death in
critically ill patients. Underlying diabetes may modulate the
relation of the three domains of glycemic control in this
patient population.

Hyperglycemia

Diabetes has been defined as a fasting plasma glucose
of >126 mg/dl and a casual plasma glucose concentration
of >200 mg/dl or a 2 hour plasma glucose >200 mg/dl after
oral glucose tolerance test (14). Likewise, a hemoglobin A1C
of >6% can be classified as diabetes mellitus (15). Diabetics
mainly suffer from long term sequelae including an increased
risk of myocardial infarction, stroke, nephropathy, foot ulcer,
retinopathy and neuropathy. Of note, it has been shown
that patients with known diabetes have a lower mortality
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during critical illness compared to patients with previously
undiagnosed diabetes (16).

Hyperglycemia due to stress from severe disease or
trauma has been defined as plasma glucose levels of >140
mg/dl (17). Stress hyperglycemia can occur in diabetic and
non-diabetic patients alike and has a strong association with
increased mortality in the ICU population (17-19).

In addition, hyperglycemia on admission appears to be
associated with an increase in long term mortality by a factor
of 1.5 and predicts an increased risk to subsequently develop
diabetes (20).

Hypoglycemia

Severe hypoglycemia was originally defined as plasma
glucose level <40 mg/dl. Lately, the definition has been
revised to higher levels, marking a plasma glucose of <70
mg/dl hypoglycemia (21,22).

During the last decade, insulin treatment has become
standard of care in critically ill patients with hyperglycemia.
As a side effect, insulin treatment increases the risk of
hypoglycemia in the course of the patient's ICU stay.
This adverse effect of insulin has been shown in various
randomized controlled trials comparing standard insulin
therapy with tight glycemic control (1-3,23). Predisposing
factors of hypoglycemia in association with mortality have
been identified as ICU length of stay, diabetes, female
gender, mechanical ventilation and APACHE scores (24).

In contrast, spontaneous episodes of severe
hypoglycemia are rare and may be encountered in acute
liver failure or adrenal failure due to septic shock and renal
replacement therapy.

Hypoglycemia has been identified as an independent
risk factor for mortality and for morbidity (25-28). In the
ICU setting it is particularly difficult to identify symptoms
of hypoglycemia such as seizures, confusion or dysarthria
as these symptoms may be disguised by sedation or coma.
One study demonstrated that the more severe hypoglycemia
is, the higher the risk of death (28).

Glycemic Variability

Blood glucose values vary throughout a day. Glucose
variability can be defined as the coefficient of variation
of blood glucose values measured daily in predefined
frequencies. Glycemic variability has been associated with
increased mortality in ICU patients (6,8,29,30). However, all
the available studies were observational in nature and do not
allow to draw a causal conclusion.

Is there a relationship between the three domains of
glycemic control in critically ill patients with and without
diabetes?

In a recent large retrospective analysis of prospectively
collected data Krinsley et al. have demonstrated slightly
different nadirs of blood glucose values associated with
lowest mortality (31).

Non-diabetic patients in the ICU appeared to have
the lowest risk of mortality at mean blood glucose values
between 80 and 140 mg/dl. Blood glucose values above or
below this range were associated with increased mortality.
Elevated glycemic variability as defined by coefficient of
variation of the mean glucose value was also associated with
increased risk of mortality.

Interestingly, in diabetic patients admitted to the ICU,
mean blood glucose levels between 110 to 180 mg/dl were
associated with lowest mortality, whereas values at a range
of 80-110 mg/dl increased the risk of mortality. Hypoglycemia
as defined by <70 mg/dl also raised the risk of mortality,
while glycemic variability of >20% (coefficient of variation)
did not alter the risk of mortality in diabetics.

Taken together these data suggest that there appears
to be a J-shaped curve of mortality with slightly different
ranges of lowest mortality in diabetics compared with non-
diabetics. Diabetics in the critical care setting seem to benefit
from higher glucose target ranges with a low cut off point of
110 mg/dl, while non-diabetics may tolerate a lower mean
blood glucose range (80-140 mg/dl). Hypoglycemia was
linked to higher mortality in both patient groups. Glycemic
variability seems to affect mortality in non-diabetics, but not
in diabetics. These results are in contrast to a more recent
study, suggesting that there also is an association of glycemic
variability in diabetics (OR 1,15), although lower compared to
non-diabetics (OR 1,37) (32).

Given the retrospective nature of the study, it may be
premature to draw conclusions for optimal treatment of both
ICU populations and randomized controlled interventional
trials will be needed to clarify the impact of potential
treatment differences (33).

Guidelines for Glycemic Control in Critically Ill Patients

There is lack of consensus for the ideal blood glucose
target for critically ill patients due to different outcomes in
randomized controlled trials comparing tight glycemic control
(80-110 mg/dl) with conventional glucose management (1-
3). However, various organizations have published guidelines
for glycemic control based on meta-analyses that have not
shown a significant mortality advantage of tight glycemic
control over conventional treatment (5,34,35).

The Surviving Sepsis Campaign recommends to treat
hyperglycemia in critically ill patients when two consecutive
blood glucose levels are >180 mg/dl (36). In addition, they
recommend that blood glucose values should be monitored



70

every 1-2 h until glucose values and insulin infusion rates are
stable, then every 4 h thereafter. Earlier recommendations
have suggested to keep critically ill patients in the range of
140-180 mg/dl (37,38).

Given the controversy about optimal blood glucose goals
in the ICU setting, it seems reasonable to target a blood
glucose level around 140 mg/dl with the secondary goal
to avoid episodes of hypoglycemia and minimize glycemic
variability. This may be accomplished the best by monitoring
blood glucose every hour and by administration of an insulin
infusion, if patient’s blood glucose levels are consistently
above 180 mg/dl.

An insulin infusion system should be applied by using a
validated insulin titration program, ideally software driven,
as computer based algorithms have been shown to allow
more accurate insulin titration and tighter glycemic control
(39). Likewise, it is important to have accurate monitoring
technology available, preferably using arterial or venous blood
samples as opposed to finger sticks. Concomitantly important,
there should be appropriate staffing, and there should be
emphasis on enteral nutrition support. Finally, there should be a
protocol in place to prevent and treat episodes of hypoglycemia
(40).

In diabetic patients admitted to the ICU, oral anti-glycemic
drugs should be discontinued. Instead, patients should
receive insulin under close blood glucose monitoring. If blood
glucose levels stay below 180 mg/dl, a basal-bolus insulin
regimen can be started. This regimen consists of a long
lasting basal insulin such as insulin glargin or insulin detemir
and bolus insulin during meals. If a patient is on continuous
enteral nutrition bolus insulin should be given 4 times a day
with constant intervals. The basal-bolus insulin concept has
been shown to be superior to a sliding scale insulin concept
to reach target blood glucose values of <140 mg/dl in both
medical and surgical patients (41).

The Future

Blood glucose monitoring is stressful for patients
(given hourly fingersticks) and time consuming for nurses.
Automated continuous glucose monitoring systems (CGM)
are currently in development (42,43). Continuous glucose
monitoring systems can be combined with insulin infusion
pumps to form a closed loop system. Several studies have
shown that a closed loop system alias an “artificial pancreas”
may become a reasonable tool to avoid the three domains of
glycemic control and maintain normoglycemia without major
swings (44,45).

Closed loop systems will eventually allow us to determine
ideal blood glucose levels in various patient populations
admitted to a critical care unit. In addition, by keeping blood
glucose levels fairly constant, we will be able to predictably
determine, if mortality and morbidity can be further reduced
in the future. One study has already shown to reduce surgical
site infections by using an artificial pancreas (46).

Summary

In summary, the three domains of glycemic control,
namely hyperglycemia, hypoglycemia and glycemic variability
have been shown to independently increase mortality and
morbidity. Diabetics admitted to the ICU tolerate higher
blood glucose values (up to 180 mg/dl) without increase of
mortality.

Insulin is the drug of choice to treat hyperglycemia in the
ICU setting. In patients with moderate hyperglycemia (<180
mg/dl), a basal-bolus insulin concept can be used. Close
glucose monitoring is of paramount importance throughout
the ICU (and hospital) stay of the patient.

The closed loop system with continuous glucose
monitoring and algorithm based insulin application by an
infusion pump is a promising new concept with the potential
to further reduce mortality and morbidity due to the three
domains of glycemic control.
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