First do no harm...Hypoglycemia or hyperglycemia?
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Hyperglycemia is common in intensive care unit (ICU) patients, and severity of hyperglycemia has been
repeatedly associated with adverse outcome of a variety of illnesses including critical illness (1).
Traditionally, insulin was not administered until blood glucose exceeded 180—-200 mg/dL based on the
rationale that such mild increases were not deleterious and tighter control might be complicated by life-
threatening hypoglycemia.

In 2001, our large, randomized, controlled study revealed that intensive insulin therapy to maintain normal
blood glucose levels (<110 mg/dL) saves lives and prevents debilitating and expensive complications in a
predominantly surgical ICU population (2). The level of blood glucose control rather than the insulin dose
explained the benefits (3). This study was followed by a publication by Krinsley (4), who reported that
when intensive insulin therapy is implemented in real life intensive care, the benefits on morbidity and
mortality can be largely reproduced.

Our subsequent randomized, controlled study of intensive insulin therapy in a very ill medical ICU
population, with a high co-morbidity and a high risk of death, confirmed the morbidity benefits and, when
blood glucose control is continued for at least a third day, also the reduced mortality (5). Furthermore,
analysis of healthcare resource utilization clearly revealed substantial cost savings (6, 7). Hence, since
the 2001 publication, and strongly encouraged by the Krinsley (4) article, many centers have started to
implement blood glucose control in their ICUs.

Blood glucose control with insulin comes with risk of hypoglycemia. Despite this risk, tight blood glucose
control is nowadays advised for all patients with diabetes, as it is clear that glucose toxicity plays a major
role in diabetic complications (8, 9). Intensive insulin therapy in predominantly nondiabetic ICU patients
also increased the risk of hypoglycemia, from 0.8% to 5.2% in the surgical Leuven study (2) and from
3.1% to 18.7% in the medical Leuven study (5). In both these studies, hypoglycemia occurred more in
patients who did not survive. However, as hypoglycemia was associated with mortality in both insulin
therapy groups, it remained unclear whether this association was casual or causal. More importantly,
among hypoglycemic patients, mortality was lower in the intensive than in the conventional insulin therapy
group (5). Fears of hypoglycemia and its imagined consequences, based on deeply rooted emotional
belief rather than evidence, explain why hypoglycemia is often considered more dangerous than
hyperglycemia in the critically ill.

Hypoglycemia is generally defined arbitrarily as blood glucose of <50 mg/dL with neuroglycopenic
symptoms or of <40 mg/dL in the absence of symptoms. Clinically significant hypoglycemia is
characterized by Whipple's triad: a) symptoms of neuroglycopenia, b) simultaneous blood glucose of <40
mg/dL, and c) relief of symptoms with the administration of glucose. All three criteria should be met to
establish a diagnosis of hypoglycemia, at least outside the ICU, as a precipitous fall from hyperglycemia
to euglycemia in diabetes can produce hypoglycemic symptoms (10) and because asymptomatic
hypoglycemia with glucose levels as low as 30 mg/dL (1.7 mmol/L) can occur during fasting in normal
women and during pregnancy (11). In the ICU, however, sedation may mask symptoms of
neuroglycopenia and counter-regulatory responses may be impaired, which complicates the diagnosis of
hypoglycemia in this setting.

Thus, the clinical relevance of a brief hypoglycemic episode, independent of the illness severity, remains
unclear. Dr. Vriesendorp and colleagues (12) are to be congratulated for their elegant study in this issue
of Critical Care Medicine, in which they assess the effect of incidental hypoglycemia on outcome of
critically ill patients. This study was performed in a mixed medical/surgical ICU, where relatively strict
blood glucose control with insulin, targeting blood glucose levels between 80 and 140 mg/dL, had
become the standard of care. The risk of hypoglycemia with this regimen was 6.9%. They studied 302
patients using a nested case control design, which is the correct method for answering this question in a
clinical setting. Matching of



cases and controls was done for age, sex, severity of iliness, and duration of ICU stay before the
hypoglycemic event. They found no association between hypoglycemia and early (within 5 days of the
event) or late (hospital) mortality. These findings held after correcting for insulin therapy. Furthermore,
seizures were observed in only one patient and hypoglycemic coma observed in two. The authors
acknowledge that the small sample size does not allow to completely exclude harm of hypoglycemia, but
the data are quite reassuring. First, “do no harm” is indeed the basis of medical ethics. It has also been a
favorite one-liner for those opposing intensive insulin therapy in the ICU. The occurrence of biochemical
hypoglycemia has been considered the “harm” that should be balanced against lives saved with intensive
insulin therapy.

Hypoglycemia has also been the reason to stop one trial on intensive insulin therapy (13). The data of Dr.
Vriesendorp and colleagues (12) now provide evidence against using risk of hypoglycemia as the reason
not to apply intensive insulin therapy. Results of multiple-center trials on tight blood glucose control in the
critically ill and of studies on the most optimal level of blood glucose for different patient populations are
still lacking. While we await those results, the current evidence, largely provided by the two Leuven trials
and the implementation study by Krinsley, is in favor of controlling blood glucose levels in the ICU.
Indeed, these studies showed that many lives were saved with this intervention, despite a higher
prevalence of hypoglycemia.

Hyperglycemia is deleterious for critically ill patients. Dr. Vriesendorp and colleagues (12) have now
shown that incidental, brief episodes of hypoglycemia, when picked up rapidly and treated appropriately,
are not likely to cause serious harm. To safely target normoglycemia in ICU patients, intensivists and ICU
nurses alike anxiously await accurate continuous blood glucose sensors. This vital variable should be
added to the bedside monitor, with appropriate alarms and trends facilitating safe implementation of
insulin therapy. Ideally, a closed-loop computerized system, with an accurate continuous sensor and an
insulin pump linked via an automated algorithm, will also safeguard precious nursing time. Such devices
are not yet available, and systems that are commercially available and performing relatively well for
patients with diabetes do not perform at all in critically ill patients. Hopefully, validated systems will
become available soon and find their way to the ICU.
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