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Intensive insulin therapy targeting euglycemia burst into
prominence 9 years ago with the publication of the single-
center study from Leuven, Belgium, involving a cohort of
1,548 mechanically ventilated postoperative patients [1].
The prodigious influence of this landmark study is
reflected by the Google Scholar website: 5,421 published
manuscripts have cited this work in the 9 years since its
publication [2]! Nevertheless, the early promise of this
intervention, while corroborated in a large before and
after study at my institution [3], and included in treatment
guidelines by major organizations [4, 5], was not borne
out in subsequent investigations. Two large multicenter
studies [6, 7] were terminated prematurely by their safety
boards for safety reasons—high rates of severe hypogly-
cemia—and protocol violations, and the Leuven group’s
trial in a medical population demonstrated only modest
benefit [8]. Finally, the largest multicenter trial of all—
NICE-SUGAR—resulted in a small signal of harm in the
intensively treated arm [9].

What went wrong? Each of the interventional trials
focused on decreasing overall glycemic levels in the
intensively treated arm, reporting mean morning glucose
and mean glucose level as the main metrics. While the
potential deleterious effect of severe hypoglycemia (SH)
was discounted in the sentinel investigation [1], later
analysis of pooled data from the two Leuven studies
demonstrated that SH was, indeed, independently asso-
ciated with mortality [10]. Several large observational
cohort studies confirmed this important finding [11-13].
Most recently, the role of glycemic variability, a param-
eter of glycemic control not considered in the design of
any of the interventional trials, has been defined as an
additional important contributor to the outcome of the
critically ill—perhaps to an extent even greater than
that contributed by reduction in the mean glucose level
[14-17].

The current issue of Intensive Care Medicine features a
large observational single-center study by Mackenzie and
coinvestigators that sheds considerable light on this dis-
cussion [18]. The authors analyzed a total of 3,434
admissions over a 1-year period to four separate ICUs:
surgical-liver; trauma-medical; cardiac surgical; neuro-
science. Interestingly (especially in view of the fact that
the study period ranged from July 2007 through June
2008), none of the units had in place a protocol for
intensive insulin therapy. The study identified three dis-
crete “domains” of glycemic control: measures of central
tendency (four); measures of variability (eight); and a
single metric of hypoglycemia, the minimum glucose
value during ICU stay, and described for each their
association with mortality.

This well-written article has a number of strengths. The
use of blood gas analyzers avoided analytic issues relating
to possible inaccuracies associated with the use of bedside
glucometers. Four different patient populations were
compared, increasing the generalizability of the study’s
conclusions. The size of the cohorts was large and the
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patients had a high number of glucose values [overall 15
(6-32) (median, interquartile range)]. The absence of
information about the patients’ diabetic status is an
important limitation; recent literature has demonstrated
that hyperglycemia has a different impact in critically ill
diabetic and non-diabetic patients and, moreover, that
glycemic variability may also have different implications
in these two different groups [19-22]. Additionally, the
authors did not have access to details of insulin therapy,
so could not elucidate the impact of this therapy on
modulating the relative influence of the three domains of
glycemic control on mortality. Finally, the dataset did not
include any severity of illness measure, precluding its use
in a multivariable logistic regression model.

The association of mortality with the four measures of
central tendency varied among the ICUs studied. Specif-
ically, patients in the cardiac and surgical-liver unit
experienced a “U”-shaped mortality curve, with better
survival in the middle quintiles. Patients admitted to the
trauma-medical unit sustained a linear relationship
between increasing quintiles of this measure and mortal-
ity. Unexpectedly, patients admitted to the neurosciences
unit demonstrated an “N”-shaped mortality curve, with
higher mortality in the middle quintiles and lower mor-
tality in the lowest and highest quintile. In contrast, the
relationship between mortality and the eight metrics of
variability as well as the single metric of minimum glu-
cose was more consistent across patient populations.
Increasing glycemic variability was consistently associ-
ated with increasing mortality and the domain reflecting
hypoglycemia, minimum glucose level, was inversely
related to mortality, with highest mortality among patients
in the lowest quintile of minimum glucose.

Most significantly, Mackenzie et al. have demonstrated
convincingly that each of the different domains of gly-
cemic control affected mortality independently and that
the effects of derangements in more than one domain
were additive (see Table 3 in [18]). The odds ratios for
mortality comparing patients in “low risk” vs. “high
risk” groups for each of the three domains ranged from
2.0 to 2.5 when examining a single metric, 3.6—4.8 when

analyzing two metrics together, and 6.0 when all three
domains were combined.

The implications of these data are clear. The clinical
trials using intensive insulin therapy to target euglycemia
successfully achieved reductions in mean glucose level in
the treated patients. However, this success came with a
cost—high rates of hypoglycemia. Moreover, glycemic
variability was not explicitly measured or managed in any
completed trial. The Leuven investigators subsequently
analyzed pool data from their two interventional trials and
reported that severe hypoglycemia and increased glyce-
mic variability each had an independent effect on
mortality [10]. Notably, glycemic variability was
increased by the intervention! It is possible, then, to
describe the series of randomized trials that followed the
initial surgical ICU trial [1] as a noble but misguided
effort. The inability of these trials to demonstrate evi-
dence of benefit can be attributed to their failure to
successfully control and manage domains of glycemic
control—the occurrence of hypoglycemia, and glycemic
variability—that now have emerged as parameters at least
as important as overall (mean or median) glycemic levels.

The compelling data presented by Mackenzie and
coinvestigators in this issue of Intensive Care Medicine,
in conclusion, are highly explanatory. Future trials of
intensive glycemic management in critically ill patients
must follow a different path than that taken by the com-
pleted trials. These new data confirm that in order to
achieve optimum benefit for our patients, clinicians must
manage all three domains of glycemic control—overall
glucose levels (measures of central tendency), glycemic
variability, and hypoglycemia. There is now a large body
of literature that demonstrates that these goals cannot be
achieved with intermittent monitoring of glucose levels,
at intervals of 1-4 h. We eagerly await the implementa-
tion of new technology that allows continuous or near-
continuous glycemic monitoring [23]. These tools will
offer our community the best chance to simultaneously
ameliorate all three domains of glucose control. The next
chapter of the fascinating story of glycemic control in the
critically ill is ready to begin!
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