POINT COUNTERPOINT

Are Tight Glycemic Targets Achieved
Through Intensive Insulin Infusion Still
Applicable in the Intensive Care Unit?

THE “PRO” SIDE

Clinical trials have shown that over 98% of patients in the
intensive care unit (ICU) require insulin therapy to maintain
normoglycemia."* Hyperglycemia is associated with higher mor-
bidity and mortality for patients with traumatic brain injuries,””
sepsis,” hematologic malignancy,’ and nondiabetic stroke.
Among those who have had myocardial infarction, hypoglycemia
is associated with an increased risk of congestive heart failure and
cardiogenic shock."” However, the use of intensive insulin
therapy (IIT) to manage hyperglycemia in the ICU is a contro-
versial topic. Although some studies have shown that IIT
improves outcomes, recent trials have questioned the benefit
of IIT in light of the potental for increased frequency of
hypoglycemia. The question to be addressed here is: Does
implementing IIT for all ICU patients improve outcomes?
Various trials will be discussed to illustrate that treatment of
hyperglycemia with IIT does improve outcomes.

Van den Berghe and others conducted both of the landmark
trials supporting IIT in the ICU setting.'? Their first trial
involved patients in a surgical ICU." Participants were randomly
assigned to IIT (blood glucose target 4.4-6.1 mmol/L) or
conventional treatment (blood glucose target 10~11.1 mmol/L).
The study was terminated early after a planned interim analysis
indicated significantly lower ICU mortality (4.6% versus 8.0%,
2 < 0.04) and in-hospital mortality (7.2% versus 10.9%, p =
0.01) in the IIT group. The mortality benefit was most evident
among patients requiring intensive care for longer than 5 days.
The greatest reduction in mortality involved deaths due to mul-
tisystem organ failure, followed by deaths due to severe brain
damage.! Other benefits included reductions in blood stream
infections, critical illness polyneuropathy, blood transfusions,'
acute renal failure,> and duration of mechanical ventilation.”
These authors subsequently conducted a similar study enrolling
medical ICU patients.> Among patients who stayed in the ICU
for at least 3 days, in-hospital mortality was significantly lower in
the IIT group than in the group receiving conventional therapy
(43.0% versus 52.5%, p = 0.009). The results of these studies
suggest that II'T has particular benefits for those with a prolonged
stay in the ICU.

Recent studies that have conflicted with the findings
summarized above are the Normoglycaemia in Intensive Care
Evaluation — Survival Using Glucose Algorithm Regulation
(NICE-SUGAR) study,® a prospective randomized multicentre
controlled trial of tight glucose control by II'T in adult ICUs (the
Glucontrol study)," and a trial of II'T and pentastarch resuscita-
tion in severe sepsis (VISED, the Efficacy of Volume Substitution
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and Insulin Therapy in Severe Sepsis study).’ The
NICE-SUGAR study* compared IIT (target 4.5-6.0 mmol/L)
with conventional glucose control (target < 10 mmol/L). The
mortality rate was significantly greater among participants who
were randomly assigned to receive IIT than among control
patients (27.5% versus 24.9%, p = 0.02), with no difference in
outcomes between surgical or medical patients. However, a
subgroup analysis revealed possible trends of benefit with IIT
among patients who had experienced trauma (p = 0.07) and
those receiving corticosteroids (p = 0.06). The Glucontrol study
compared IIT (target 4.4-6.1 mmol/L) with intermediate
glucose control (target 7.8-10.0 mmol/L) in medicosurgical
ICU patients. There was no difference in mortality between the
2 groups. The VISEP investigators compared IIT (target
4.4-6.1 mmol/L) with conventional insulin therapy (target
10-11.1 mmol/L) in patients with severe sepsis. At 28 days, there
was no significant difference between the 2 groups in the rate of
death (p = 0.74) or the mean score for organ failure (p = 0.88).
As for concerns about hypoglycemia and its proposed harmful
effects, no long-term sequelae were reported in the
NICE-SUGAR study,’ and this was not considered to be a
safety concern in the Glucontrol study." In VISED the IIT arm
was terminated early because of an increased number of
hypoglycemic events, which were not found to result directly
in death.?

The studies described above had limitations. The
NICE-SUGAR study used a subjective inclusion criterion
(expected length of stay in the ICU), and the glucose concentra-
tion in the IIT group was modestly above the target range. Fur-
thermore, 10% of patients in the II'T group discontinued the
study treatment prematurely. Given that this analysis was an
intention-to-treat analysis, the extent to which these patients
contributed to the difference in mortality between the 2 groups

remains unclear."

The Glucontrol study was stopped early
because of high rates of protocol violations and was therefore
underpowered. Furthermore, variations in the number of
patients recruited at each centre, differences in experience with
glucose control within the ICU team, therapeutic limitations,
and/or prolongations of ICU stays for nonmedical reasons might
have represented confounding factors. The pumps used for
insulin infusion were not standardized, leading to a possibility
of inaccuracies in the rate of infusion. Potential reasons for
hypoglycemia, such as discontinuation or lowering of the
infusion rate of enteral or parenteral nutrition solutions, were not
recorded. Furthermore, sampling of capillary blood for blood
glucose was an option, even though this method is sometimes
inaccurate in the ICU setting because it may overestimate the
reference standards and potentially miss hypoglycemic episodes. ¢
In the VISEP study, hypoglycemia was shown to be an indepen-
dent risk factor for death from any cause; however, the severity of
clinical sequelae from hypoglycemic events was unknown.
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Interestingly, although IIT resulted in more hypoglycemic events
in the VISEP study (p < 0.001), IIT was not a risk factor for
death (p = 0.72). Therefore, hypoglycemia may be a marker
of poor outcome, independent of insulin therapy in patients
with sepsis.’

In 2009 Griesdale and others” published a meta-analysis
involving over 13 500 critically ill patients. The pooled relative
risk (RR) of death with IIT (target < 6.1 mmol/L) compared
with conventional management (target < 8.3 mmol/L) was 0.93
(95% confidence interval [CI] 0.83—1.74). However, there was a
mortality benefit for surgical ICU patients (RR 0.63, 95% CI
0.44-0.91). The patients included in this analysis had different
severities of illness and event rates, and the ICU settings had dif-
ferent management and nutritional strategies. The authors were
therefore unable to exclude the possibility that some patients
might benefit from IIT."7#

Perhaps the main concern regarding tight glycemic control
in the ICU setting ought to be shifted from concerns about
hypoglycemia to the clinical consequences of fluctuations in
blood glucose. It remains unclear whether the association
between hypoglycemia and mortality in IIT is coincidental or
causal. The clinical relevance of brief hypoglycemic episodes,
independent of the severity of illness, is poorly defined. In the
studies performed by Van den Berghe and collaborators,
hypoglycemic events in the II'T group had no serious complica-
tions."” In the Glucontrol study, hypoglycemia due to IIT was
not a safety concern of the Data and Safety Monitoring Board
when it halted the study." In the NICE-SUGAR study, the rate
of hypoglycemia among patients with II'T was lower than in the
trials discussed here, and no long-term sequelae of severe
hypoglycemia were reported.” Conversely, fluctuations in blood
glucose do deserve our attention. In the Glucontrol study, more
than 50% of blood glucose readings for patients in the II'T group
were out of range." It is this variability in blood glucose level that
is thought to be a strong independent predictor of death in the
ICU.>' Perhaps the lack of benefit and/or higher mortality rate
may also be attributed to glucose variability, which occurs
secondary to poor adherence with the insulin protocol and
inaccuracies in glucose monitoring.”

It may be true that IIT is not suitable for all ICU patients,
but haphazard glycemic control should not be ignored. Striving
for moderately tight glycemic goals to avoid hypoglycemia, with
minimal variability in glucose, strikes a safer balance. Unfortunate-
ly, the available evidence does not allow definitive recommenda-
tions for optimal targets. The clinical significance of episodic
hypoglycemia occurring in association with IIT needs to be
evaluated within the context of glucose variability. As illustrated
by the Van den Berghe studies,"? benefits are realized when IIT
targets are reached through strict adherence to insulin protocols.
It may very well be that no benefits are apparent when insulin
protocols are violated and glucose levels fluctuate, as was
observed in the Glucontrol study. Overall, it seems that IIT
confers morbidity and mortality benefits when implemented in
specific ICU populations within the context of well-defined IIT

protocols.
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THE “CON" SIDE

During critical illness, glucose homeostasis is disrupted,
which often results in hyperglycemia. Observational studies have
revealed an association between uncontrolled hyperglycemia and
poor clinical outcomes in critically ill patients with various
conditions."* In 2001, Van den Berghe and others® reported that
maintenance of normoglycemia (target 4.4—6.1 mmol/L)
with intensive insulin therapy (IIT) for patients in the surgical
intensive care unit (ICU) was associated with a 32% lower risk of
in-hospital mortality. That pivotal trial persuaded many institu-
tions to adopt IIT. Their enthusiasm was understandable:
maintenance of normoglycemia makes sense intuitively, and IIT
seems to be an inexpensive way to improve the outcomes of
critically ill patients. However, in subsequent trials, the mortality
benefits of II'T could not be confirmed in other ICU patients.*
Therefore, tight glycemic control (target 4.4-6.1 mmol/L) with
IIT should not be applied in medical or mixed (medical and
surgical) ICU settings.

In their single-centre, prospective, open-label, randomized
controlled trial involving 1548 critically ill patients who had
undergone surgery, Van den Berghe and others’ found that,
compared with a conventional blood glucose target (10-11.1
mmol/L), tight glycemic control (target 4.4-6.1 mmol/L)
achieved through II'T was associated with lower ICU mortality
(8.0% versus 4.6%; absolute risk reduction [ARR] 3.4%,
number needed to treat [NNT] 29) and lower in-hospital
mortality (10.9% versus 7.2%; ARR 3.7%, NNT 27). Severe
hypoglycemia (blood glucose < 2.2 mmol/L) was significantly
higher in the IIT group (5.1% versus 0.8%, absolute risk increase
[ARI] 4.3%, number needed to harm [NNH] 23). The
investigators claimed that the severe hypoglycemia was not
detrimental,” but others have expressed concern that neurologic
and cardiac sequelac may outweigh the benefits of tight glycemic
control."™"!

Despite its compelling results, the study by Van den Berghe
and others® had several limitations. It included predominantly
ICU patients who were receiving mechanical ventilation after
cardiac surgery and who had low Acute Physiology and Chronic
Health Evaluation IT (APACHE II) scores (mean score 9). There-
fore, the results cannot be extrapolated to other groups of ICU
patients or to individuals with higher risk of death. Importantly,
the trial was stopped early for efficacy reasons; hence, it may have
overestimated treatment effects but lacked the ability to detect
harm.”" Furthermore, routine IV administration of glucose
(200-300 g/24 h) and frequent use of total parenteral nutrition
in the study did not reflect current practice.’™ One might
speculate that IIT led to a mortality benefit by offsetting the
deleterious effect of “excessive” parenteral glucose.” Finally,
glucose concentrations were determined from whole blood by
means of point-of-care arterial blood gas analyzers. However,
point-of-care systems, including “bench-top” analyzers and
glucometers, are unreliable for determining low-range blood
glucose values, and hypoglycemia may therefore have been
underreported.”

In 2006, Van den Berghe and others® repeated their study in
a medical ICU setting. Because the participants in the later study
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had higher APACHE 1I scores, a similar or greater mortality
benefit was expected. Although there were differences in
morbidity for the IIT group (lower incidence of newly acquired
kidney injury and earlier weaning from mechanical ventilation),
an intention-to-treat analysis of data from 1200 patients revealed
no statistically significant difference in hospital mortality (IIT
37.3% versus control 40.0%, p = 0.33). A post hoc analysis
showed a mortality benefit for the subgroup of patients with a
length of stay of 3 days or longer (IIT 43.0% versus control
52.5%, p = 0.009).° In clinical practice, selecting newly admitted
ICU patients who may benefit from IIT is difficult. Importantly,
in both of the studies by Van den Berghes group, insulin
adjustments were made at the bedside by dedicated “insulin
teams” who followed a general dosing algorithm; such a practice
may not be feasible in most facilities.>®

Three subsequent studies™ have shown no mortality or
morbidity benefits with tight glycemic control, which has raised
concerns about the safety and efficacy of this approach. The
Efficacy of Volume Substitution and Insulin Therapy in Severe
Sepsis (VISEP) study” was a multicentre randomized controlled
trial comparing a conventional blood glucose target (10-11.1
mmol/L) with an intensive target (4.4-6.1 mmol/L). VISEP
showed no statistically significant difference in 28-day mortality
(IIT 24.7% versus control 26%, p = 0.74) or morbidity (defined
as ventilator-free days, new acute renal failure, need for dialysis or
vasopressors) in patients with sepsis or septic shock.” The trial was
stopped early for safety reasons.” Analyses of data for 537 patients
showed that the rate of hypoglycemia was unacceptably high in
the IIT group (17.0% versus 4.1%, ARI 12.9%, NNH 8),” and
regression analysis indicated that hypoglycemia was an indepen-
dent risk factor for death.” Unrecognized adverse effects of
hypoglycemia on the brain or heart might have offset the
potential benefits of treatment.”

Glucontrol was a multicentre randomized controlled trial
involving 1078 medical and surgical ICU patients. The study
compared a conventional blood glucose target of 7.8-10.0
mmol/L with an intensive target of 4.4-6.1 mmol/L.* Although
the trial was terminated early because of a high rate of unintended
protocol violations, there was no ICU mortality benefic (IIT
17.2% versus control 15.3%, p = 0.41), and the IIT group
experienced significantly higher rates of severe hypoglycemia
(8.7% versus 2.7%, ARI 6.0%, NNH 17).

The Normoglycaemia in Intensive Care Evaluation —
Survival Using Glucose Algorithm Regulation (NICE-SUGAR)
study was a prospective, multicentre randomized controlled trial
with 6104 medical and surgical ICU patients. This study com-
pared a conventional blood glucose target of < 10 mmol/L with
an intensive target (4.5-6 mmol/L).” In contrast to the studies by
Van den Berghe’s group,” enteral nutrition was the primary
source of nutrition, in accordance with current recommenda-
tions, which removed a potential confounder.”” There was no
significant difference in 28-day mortality (IIT 22.3% versus
20.8% control, p = 0.17), but the IIT group had significantly
higher rates of severe hypoglycemia (6.8% versus 0.5%, ARI
6.3%, NNH 16). Of most concern was the 90-day mortality
rate, which was significantly higher in the II'T group than in the
control group (27.5% versus 24.9%, ARI 2.6%, NNH 38).° The
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extended follow-up and much larger sample size of the NICE-
SUGAR study provided sufficient power to detect a clinically
important difference in mortality, which previous studies had not
been able to do.

Clinicians should always abide by the ethical principle of
“First, do no harm.” Although the 2 studies by Van den Berghe’s
group appeared to show benefits with tight glucose control,*
3 subsequent randomized controlled trials highlighted the harm
associated with this approach, particularly increased mortality
rates.”” Although it is prudent to treat hyperglycemia (blood
glucose > 10 mmol/L) to prevent potential adverse outcomes,
tight glycemic control does not reduce mortality; instead, it
increases the risk of severe hypoglycemia over that of more
liberal targets (7.8-10 mmol/L), as shown by the Glucontrol®
and NICE-SUGAR’ studies. Weighing the risks and benefits of
tight glucose control, we conclude that, until more convincing
data become available, tight glycemic control should not be used.
Rather, targeting blood glucose under 10 mmol/L is achievable
and safe for critically ill patients.
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