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Abstract

Purpose of Review To provide an update of glycemic management during metabolic stress related to surgery or critical illness.
Recent Findings There is a clear association between severe hyperglycemia, hypoglycemia, and high glycemic variability and
poor outcomes of postoperative or critically ill patients. However, the impressive beneficial effects of tight glycemic management
(TGM) by intensive insulin therapy reported in one study were never reproduced. Hence, the recommendation of TGM is now
replaced by more liberal blood glucose (BG) targets (< 180 mg/dL or 10 mM). Recent data support the concept of targeting
individualized blood glucose (BG) values according to the presence of diabetes mellitus/chronic hyperglycemia, the presence of

brain injury, and the time from injury.

Summary A more liberal glycemic management goal is currently advised during metabolic stress and could be switched to
individualized glycemic management once validated by prospective trials.

Keywords Stress hyperglycemia - Insulin resistance - Critically ill - Postoperative care - Insulin - Glucose

Introduction

Hyperglycemia, previously called “diabetes of injury”, is con-
sidered as a physiological component of the stress response
[1]. The era of blood glucose (BG) management in critically ill
patients began in the late 1980s, when cardiac surgeons started
treating diabetes patients with insulin and demonstrated, over
time, reductions in mortality and infection rates as well as cost
of care [2]. A landmark trial published in 2001 in the New
England Journal of Medicine (NEJM) revealed the startling
results of the Leuven I study [3]. This investigation compared
two intensive care unit (ICU) insulin regimens, with an inten-
sive group (BG target 80—110 mg/dL) or a control group
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representative of usual care (BG target below 200 mg/dL). A
4% decrease in the absolute mortality of critically ill patients
randomized to intensive insulin therapy (ITT) was found.
These results triggered much enthusiasm and supported rec-
ommendations to implement tight glucose management
(TGM) by LT in ICUs by several US health care agencies
(Joint Commission on Accreditation of Healthcare
Organization, the Institute for Healthcare Improvement, and
the Voluntary Hospitals of America (VHA)) [4].

Since 2001, other investigators tried to reproduce the
Leuven results and examine the underlying mechanisms of
the findings of the Leuven team, in intensive care units
[5-12], stroke centers or neurointensive care units [13—15],
coronary care units [16], or liver transplant centre [17].
Overall, the results of the Leuven I study were never
reproduced, as the mortality rate did not decrease in patients
randomized to TGM, as compared to a more liberal target. The
rate of hypoglycemia was uniformly increased in the groups
randomized to TGM. The largest trial, i.e., Normoglycemia in
Intensive Care Evaluation and Survival Using Glucose
Algorithm Regulation (NICE-SUGAR study), showed a sig-
nificant increase in 90-day mortality in patients who received
intensive treatment with insulin [5], in part related to an in-
creased rate of hypoglycemia [18]. A systematic review and
network meta-analysis of 36 randomized controlled trials (n =
17,996 patients) showed no mortality benefit of TGM, but a 5-
fold increase in the rate of hypoglycemia. Among numerous
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hypotheses suggested to explain the discrepancies between
the results of the Leuven I and the other studies, the lack of
achievement of the predefined BG target in several studies and
the confounding effect of the intravenous infusion of large
amounts of glucose in Leuven, and not in the other centers
are usually quoted.

In patients who underwent scheduled surgical procedures,
some beneficial effects of TGM have been reported, mainly in
terms of decrease of infectious complications [19e, 20°].
Specifically, the first meta-analysis [21¢] reported a benefit
or TGM in terms of infection rate, as compared to the stan-
dards of care used in 15 studies (n = 5053 patients). The sec-
ond meta-analysis [22] reported decreased risks of short-term
mortality (26 trials, n = 9315). Importantly, the patients ran-
domized to the “TGM” arm were treated to achieve a varying
target range (upper limit from 110 up to 150 mg/dL).
Importantly, the positive results of these meta-analyses were
mainly driven by the data of the Leuven I study, which was
performed in a surgical ICU. Furthermore, the target BG in the
patients randomized to the TGM arm of the individual studies
varied over a wide range, with an upper limit from 110 to
180 mg/dL. In a recent systematic Cochrane review [22],
TGM was not associated with a consistent improvement of
surgical site infection. Hence, no consistent benefit of TGM
was found in postoperative patients.

Thus, these different results from RCTs performed in crit-
ically ill and postoperative patients yielded inconsistent re-
sults, raise several uncertainties, and support the need for fur-
ther clinical research [23]. This review aims to summarize (1)
the new insights of stress hyperglycemia in the inpatient set-
ting, (2) the most recent clinical findings in selected groups of
patients, and (3) the evolution of recommendations for clinical
practice.

Stress Hyperglycemia: New Insights
Prevalence and Definition

Stress hyperglycemia (SH) is a common metabolic response
occurring in the critically ill, following trauma or surgery,
even in the absence of diabetes mellitus. Its prevalence ranges
from 20 to 75% in critically ill patients according to the thresh-
old value used [24¢]. Indeed, the presence of a BG value >
110 mg/dL was used to define SH in some studies, while
higher thresholds were used in other studies [24¢]. Hence,
the major differences in the incidence of SH reflect partially
the wide ranges of definitions. In the past, “Hospital-related
hyperglycemia” was defined as any fasting BG > 124 mg/dL
or a random BG glucose >200 mg/dL during a hospital stay,
which reverts to normal after discharge [1]. In 2017, The
American Diabetes Association proposed a new definition of
SH as transient hyperglycemia in a patient with no history of
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diabetes with an acute illness or that has undergone an inva-
sive procedure (surgery or others) [25, 26¢]. It is characterized
by blood-glucose levels > 180 mg/dL with levels returning to
normal (< 126 mg/dL) after removal of the stressor and with-
drawal of glucose-lowering treatment, if it was started previ-
ously in a patient whose HbAlc was <6.5% .

Further studies should rely on a uniform definition in order
to enable comparisons between studies and a more thorough
assessment of performance and quality of GM. The ability to
achieve a pre-defined target BG must be reported, according
to unifying metrics, such as time in the target range [23].

Pathophysiology

The pathophysiology behind “stress hyperglycemia” is com-
plex and comprises merely insulin resistance, an adaptive
component during the acute phase of critical illness. The elab-
oration of glucose, primarily by the liver, is known to be an
essential component of the host response to injury [26¢]. The
supply of glucose to injured tissues is concentration-
dependent and mostly insulin-independent. The provision of
large amounts of glucose is hence required and depends on
hepatic gluconeogenesis, itself driven primarily by the direct
action of glucagon, epinephrine, cortisol, and inflammatory
cytokines [4, 27].

Clinically, a moderate hyperglycemia could hence be con-
sidered as desirable [28]. An aggressive treatment aiming at
the achievement of “normoglycemia” could be inappropriate,
but also lowers BG below a desirable value during the acute
phase of the disease, when insulin resistance develops as a
way to provide efficient energy substrates to life-sustaining
tissues and will increase the risks of hypoglycemia [29]. In
fact, insulin resistance is a hallmark of any severe injury [29,
30] and has evolved as mechanism designed to promote the
survival of any living body by the provision of neoglucogenic
substrates [31]. In surgical patients, perioperative insulin re-
sistance may last for several days. Importantly, modifiable
factors such as the duration of the surgical procedure, the
amount of perioperative blood loss, prolonged immobiliza-
tion, and fasting can further enhance insulin resistance, which
is of course unnecessary and possibly detrimental on a long-
term basis [26°].

Besides insulin resistance, other mechanisms have been
involved, including an uncontrolled glucagon release under
the effect of catecholamines or adrenal hormones [32].
Likewise, a blunting of the incretin effect has been reported
in the critically ill [33, 34], thereby leading to an insufficient
insulin secretion. Finally, a single-nucleotide polymorphism
(rs7903146) of the transcription factor 7-like 2 gene
(TCF7L2) could influence the insulin response in case of
stress, as its transcription induces the insulin secretion by pan-
creatic {3 cells and is involved in the susceptibility to develop
type 2 diabetes [35¢]. This genetic predisposition to develop
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stress hyperglycemia has been suspected but not confirmed in
a large study performed on 991 critically ill patients [36°].

Most Recent Clinical Findings

Even though an association between each domain of
dysglycemia (hyperglycemia, hypoglycemia, and increased
glycemic variability) and a poor outcome has been confirmed
by several analyses of large cohorts [37-39], new analyses
provide insightful evidence:

— The correlation between hyperglycemia and poor out-
come is mostly observed in case of concomitant
hyperlactatemia

— Diabetes status/chronic hyperglycemia modulates the re-
lationship between dysglycemia and outcome

— Brain-injured patients are more susceptible to hypoglyce-
mia than other categories of acutely ill patients, as a result
of the decreased ability of the injured brain to use alter-
native substrates.

Association Between Hyperlactatemia
and Hyperglycemia

At least three large cohort studies [40—42] reported similar
findings, e.g., the presence of hyperlactatemia modulates the
relationship between hyperglycemia and mortality.
Physiologically, these consistent findings suggest that the tox-
icity of glucose is amplified when the ability to oxidize glu-
cose is overwhelmed, as suggested by hyperlactatemia. From
clinical standpoint, the BG target could differ according to the
lactate concentration.

Diabetes Status/Chronic Hyperglycemia Modulates
the Relation Between Dysglycemia and Outcome

The relationship between mean BG during ICU stay and mor-
tality is distinctly different when comparing patients with and
without diabetes. In patients with DM, there is a “blunted”, or
even absent relationship between mean BG above 80—110 mg/
dL and mortality [39, 43, 44, 45+]. None of the RCT of TGM
reported the relationship between mean glycemia, in distinct
bands, and mortality, either for the entire cohort, or stratified
by DM status. A post hoc analysis of the Leuven trials [46]
reported a lack of benefit of TGM in the subset of patients with
diabetes, unlike the other subgroups of patients. Likewise, the
association between BG and outcomes was less pronounced in
patients with diabetes than in patients without diabetes with
acute myocardial infarction [47, 48]. Very recently, the rela-
tionship between diabetes status and outcome in patients with
sepsis or acute bacteremia was evaluated in a retrospective

cohort study of 128,222 patients admitted with sepsis over a
S-year period to 83 Dutch ICUs [45¢]. Among patients with
DM, only hypoglycemia in the absence of severe hyperglyce-
mia was independently associated with risk of death. Recently
published work suggests that the independent association of
hypoglycemia with death may be even stronger in patients
with DM than in those without [49¢]. A recent cohort study
including 90,644 patients of whom 5127 had an insulin-
treated DM [50¢] reported that patients with insulin-treated
DM had lower adjusted hospital mortality with higher peak
BG levels while those without DM had increased mortality
with higher peak BG. For patients without DM, increasing
glucose variability was associated with increased risk of
death; in contrast, there was no association between increasing
glucose variability and risk of death for patients with insulin
treated DM.

The presence of chronic hyperglycemia is probably a
key confounder in the relationship between hyperglycemia
and outcomes. Egi and coworkers evaluated the relation-
ship between acute and chronic glycemia in 415 patients
with DM admitted to 2 Australian ICUs [51]. Chronic gly-
cemia was characterized by glycated hemoglobin (HbAlc)
levels obtained on admission. There was no significant
difference in mean BG or mean HbAlc levels between
survivors and non-survivors. However, for patients with
low HbAlc levels, increasing mean ICU dysglycemia
was associated with increased risk of death, and for pa-
tients with high HbAlc levels, low mean ICU dysglycemia
was associated with increased risk of death. This landmark
study suggested that for patients who achieved glycemic
targets prior to admission, reflected by in range HbAlc
levels, the relationship between mean ICU glycemia and
mortality was similar to that seen among patients without
DM, and that for patients with above range Alcs prior to
admission, higher BG targets may be reasonable and ap-
propriate. More recently, Roberts et al. [52] calculated in a
group of 2290 patients acutely admitted to a tertiary hos-
pital the stress hyperglycemia ratio (admission BG/
estimated average BG deducted from admission HbAlc)
and found in a multivariable analysis, that the association
between the stress hyperglycemia ratio and poor outcomes
was maintained. We recently reported similar findings in a
sample of 311 consecutive admissions [53].

In another recent single-center 1000 patient study (22%
with previously diagnosed diabetes), peak dysglycemia dur-
ing the first 48 h of admission was associated with mortality,
stratified by the patient’s HgbA 1c level upon admission [54].

Altogether, these findings suggest that target BG should be
calculated according to the estimated average BG level. A
recent “before and after” study confirms the relevance of this
approach, when the observed-to-expected mortality decreased
as BG target was changed to a higher level in patients with
diabetes [55¢].
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Brain-Injured Patients Are More Susceptible
to Hypoglycemia than Other Categories of Acutely il
Patients

Brain-injured patients are particularly sensible to variations in
BG, as a result of the limited glucose reserves, and the require-
ment of energy substrates. Conversely, hypoglycemia can fur-
ther impair cerebral dysfunction and hence must be avoided in
brain-injured patients. On the other hand, severe hyperglyce-
mia is also associated with a worsening of brain dysfunction,
as reported by various observational studies performed in pa-
tients with traumatic brain injury (TBI) and intracerebral hem-
orrhage [56, 57¢]. Several prospective trials have compared
“tight” versus “conventional” glucose management protocols
in patients in neuro-ICUs for an acute cerebral insult [58, 59].
These studies reported increased rates of hypoglycemia in
patients in the TGM group with little or no impact on mortality
or neurological outcomes. The traditional cutoff values used
to define hypoglycemia may need to be reconsidered in these
patients, in view of the negative impact of mild-to-moderate
hypoglycemia on secondary brain injury.

In a retrospective analysis, Meier et al. reported that a BG
target of 63—117 mg/dL during the first week in patients with
TBI was associated with significantly elevated intracranial
pressure and a trend toward increased mortality compared to
a target of 90-144 mg/dL, whereas in the second week, the
lower target seemed more beneficial [60]. It may therefore be
that glucose concentrations should be kept at higher levels
during the early phase of TBI, and possibly other acute neu-
rologic conditions, and lower targets used at later stages [61].

Evolution of Recommendations for Clinical
Practice

After the initial enthusiasm for TGM and recommendations
issued by The Joint Commission (https://www.
jointcommission.org), the Institute for Healthcare
Improvement (http://www.ihi.org/), and Vizient (formerly
known as Voluntary Hospitals of America, https://www.
vizientinc.com/), the pendulum swung in the opposite
direction after the publication of the negative trials. The
American Diabetes Association Standards of Medical Care
(2019) [62] recommends that in hospitalized patients, insulin
therapy should be started for persistent hyperglycemia (BG >
180 mg/dL) and BG should be targeted at 140—180 mg/dL for
most critically ill and non-critically ill patients after an initia-
tion of insulin therapy. More stringent goals, such as 110—
140 mg/dL (BG 110-140 mg/dL), may be appropriate in se-
lected patients as long as it can be achieved without significant
hypoglycemia (BG <70 mg/dL). For patients on intravenous
insulin therapy, more frequent BG monitoring is recommend-
ed, ranging from every 30 to 120 min in order to titrate the
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infusion rate of the insulin drip and avoid hypo and hypergly-
cemia. This target BG can be applied in patients undergoing
surgery [63¢]. Similarly, regardless of precise value, expert
consensus in European guidelines [64] recommend a target
BG of less than 180 mg/dL and to avoid “tight” glucose man-
agement (BG 80-110 mg/dL) in emergency situations in adult
ICU patients without diabetes. Additionally, they suggested to
avoid marked glucose variability and to restrict intravenous
glucose infusions in cases of hyperglycemia.

Conclusion

The management of stress hyperglycemia should be individ-
ualized in order to achieve BG targets according to patient-
related factors such as the presence of diabetes/chronic hyper-
glycemia, or brain injury. Likewise, time-related factors could
also modulate the BG target range, such as the magnitude of
insulin resistance and the presence of hyperlactatemia.
Computer-assisted closed-loops linking continuous monitor-
ing devices to automated insulin infusion pumps could be
beneficial in the future to achieve safe and effective predefined
BG targets [23, 65].
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