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Tight glycemic control (TGC) with intensive insulin therapy
(IIT) has been shown in selected randomized trials to improve
morbidity and mortality in critically ill patients.1-5 Data from
these trials suggest blood glucose (BG) values should ideally be
maintained in the range of 4.4-6.1 mmol/L for TGC to exert its
clinical benefit.1,4 Based on these findings, the use of IIT to
achieve TGC and avoid hyperglycemia has been widely
advocated and increasingly suggested as the standard of care.6,7

However, recently, the findings of the multi-centre multi-
national NICE-SUGAR (Normglycemia in Intensive Care
Evaluation -Survival Using Glucose Algorithm Regulation)
randomized trial comparing IIT with less-intensive insulin
therapy in 6104 critically ill patients has suggested the use of IIT

ABSTRACT:Objective: To evaluate the incidence of hypoglycemia, hyperglycemia and blood glucose (BG) variability in brain-injured
patients and their association with clinical outcomes. Methods: Retrospective cohort study of brain-injured patients admitted to an 11-
bed neurosciences intensive care unit (ICU) from January 1 to December 31, 2003. Results: We included 606 patients. Mean age was
52.3 years, 60.6% were male, 11.9% had diabetes mellitus, and 64% were post-operative. Seventy-five (12.4%) received intensive
insulin therapy (IIT) for a median (IQR) 72 (24-154) hours. Hypoglycemia and hyperglycemia occurred in 4.6% (96.4% receiving IIT)
and 9.6% (77.6% receiving IIT). Median number of episodes per patient was 3 (75% with ≥2) and 4 (81% with ≥2) for hypoglycemia
and hyperglycemia. Variable glycemic control occurred in 3.8% (100% receiving IIT) with median number of 13 episodes per patient.
In-hospital mortality was 16.7%, median (IQR) ICU and hospital lengths of stay were 2 (1-5) and 8 (3-19) days. Hypoglycemia,
hyperglycemia and BG variability showed non-significant but consistent associations with hospital mortality and prolonged lengths of
ICU and hospital stay. The rate of recurrence of episodes showed stronger and significant associations with outcome, in particular for
BG variability and hyperglycemia. Conclusions: Hypoglycemia, hyperglycemia and BG variability are relatively common in brain-
injured patients and are associated with IIT. An increased frequency of episodes, in particular for BG variability and hyperglycemia, was
associated with greater risk of both hospital death and prolonged duration of stay.

RÉSUMÉ: Maîtrise de la glycémie chez les patients atteints d’un traumatisme cérébral dont l’état est critique. Objectif : Le but de l’étude était
d’évaluer l’incidence de l’hypoglycémie, de l’hyperglycémie et de la variabilité du glucose sanguin (GS) chez les patients atteints d’un traumatisme
cérébral ainsi que la relation à l’issue clinique. Méthodes : Il s’agit d’une étude rétrospective sur une cohorte de patients atteints d’un traumatisme
cérébral admis à une unité de soins intensifs neurologiques (USI) de 11 lits entre le 1er janvier et le 31 décembre 2003. Résultats : Six cent six patients,
dont l’âge moyen était de 52,3 ans, ont été inclus dans l’étude. De plus, 60,6% étaient des hommes, 11,9% étaient diabétiques et 64% avaient subi une
chirurgie. Soixante-quinze patients (12,4%) ont reçu une insulinothérapie intensive (ITI) dont la durée médiane était de 72 heures (écart interquartile
de 24 à 154 heures). De l’hypoglycémie a été observée chez 4,6% (96,4% recevaient une ITI) et de l’hyperglycémie chez 9,6% (77,6% recevaient une
ITI). Le nombre médian d’épisodes d’hypoglycémie par patient était de 3 (75% ont eu ≥ 2 épisodes) et le nombre médian d’épisodes d’hyperglycémie
par patient était de 4 (81% ont eu ≥ 2 épisodes). Une maîtrise variable du GS a été observée chez 3,8% (100% sous ITI) et le nombre médian d’épisodes
par patient était de 13. La mortalité hospitalière était de 16,7%, la durée de séjour médiane à l’USI de 2 jours (écart interquartile de 1 à 5 jours) et la
durée d’hospitalisation de 8 jours (écart interquartile de 3 à 19 jours). L’hypoglycémie, l’hyperglycémie et la variabilité du GS étaient associées de façon
constante mais non significative à la mortalité hospitalière et à une durée prolongée du séjour à l’USI et du séjour à l’hôpital. L’association entre le taux
de récidive des épisodes et l’issue était plus marquée et significative, particulièrement en ce qui concerne la variabilité du GS et l’hyperglycémie.
Conclusions : L’hypoglycémie, l’hyperglycémie et la variabilité du GS sont relativement fréquentes chez les patients atteints d’un traumatisme cérébral
et sont associées à l’ITI. Une fréquence accrue d’épisodes, en ce qui concerne surtout la variabilité du GS et l’hyperglycémie, était associée à un risque
plus élevé de mortalité hospitalière et d’un séjour hospitalier prolongé.

Can. J. Neurol. Sci. 2009; 36: 436-442

Blood Glucose Control Among Critically
Ill Patients with Brain Injury
Michael J. Jacka, Clinton J. Torok-Both, Sean M. Bagshaw

From the Department of Anaesthesiology and Pain Medicine (MJJ, CJTB), Division of
Critical Care Medicine (MJJ, CJTB, SMB), Faculty of Medicine and Dentistry,
University of Alberta, Edmonton, Alberta, Canada.

RECEIVED FEBRUARY 13, 2009. FINAL REVISIONS SUBMITTED MARCH 27, 2009.
Correspondence to: Sean M Bagshaw, Division of Critical Care Medicine, Faculty of
Medicine and Dentistry, University of Alberta, 3C1.12 Walter C. Mackenzie Centre,
8440-112 Street, Edmonton, Alberta, T6G 2B7, Canada.

ORIGINALARTICLE

is associated with a higher 90-day mortality (27.5% vs. 24.9%;
OR 1.14, 95% CI 1.02-1.28, p=0.02).8

These studies, however, were primarily focused on mixed
medical-surgical, cardiac surgical or cardiac ICU
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patients1,2,4,5,9,10 and relatively few specifically focused on
critically ill patients with primary neurologic injury.11-16 The
brain-injured may represent a distinct subgroup of critically ill
patients with an unpredictable and variable cerebral response to
systemic hypoglycemia or hyperglycemia and use of IIT. For
example, in a retrospective study of 20 critically ill patients with
severe traumatic brain injury (TBI) monitored with brain tissue
microdialysis, Oddo et al found maintaining systemic TGC with
IIT was associated with a greater prevalence of brain energy
crisis that correlated with increased mortality.13 Importantly, the
brain-injured patient may not manifest the typical symptoms of
extremes in BG values due to their underlying condition and
therefore, risk delayed detection. Likewise, variability in
glycemic control has increasingly been recognized to have
important association with worse clinical outcome.17-21

Variability in BG control could, in theory, exacerbate brain-
injury due to unpredictable intracranial osmotic shifts.

The issue of TGC with IIT in the critically ill, in particular
those with brain injury, remains controversial.14,22 More recently,
data have emerged to suggest TGC with IIT may, in selected
circumstances, be associated with harm from increased risk of
hypoglycemia11,23-25 and observational data have indicated that
even a single episode of hypoglycemia is associated with higher
risk of death.26

Accordingly, we performed a one-year surveillance of all
critically ill brain-injured patients admitted to a dedicated
neurologic ICU at a single tertiary academic institution to
describe: 1) incidence of hypoglycemia; 2) incidence of
hyperglycemia; 3) variability in BG control; 4) the association of
use of IIT and BG control; and 4) the association of BG control
with length of stay and hospital mortality.

METHODS
Study Population and Setting

This was a retrospective observational cohort study. We
identified all adult critically ill patients with a primary
neurologic diagnosis admitted to the Neurosciences Intensive
Care Unit (NICU), a dedicated neurologic 11-bed mixed
medical, surgical and trauma ICU, at the University of Alberta
Hospital between January 1, 2003 and December 31, 2003. The
Health Research Ethics Board at the University of Alberta
approved this study.

Study Protocol
Selected clinical (i.e. age, sex, admission type, diabetes

mellitus [DM]), laboratory (i.e. BG) and outcome data (i.e. ICU,
hospital survival, ICU length of stay) data were extracted. All
patients receiving intravenous intensive insulin therapy for blood
glucose control were identified by review of medical records.
Data were also extracted on episodes of hypoglycemia,
hyperglycemia and BG variability.

Operational Definitions
Hypoglycemia was defined as a BG <4.0 mmol/L and

hyperglycemia as a BG ≥10.0 mmol/L. These values were
chosen to represent BG values below the lower threshold of TGC
(4.4 mmol/L) and likewise above the threshold for initiation of
IIT (10.0 mmol/L) in the standard or control arms from
randomized trials.1,2,4,11,12 We defined BG variability as any
patient who had both a hypoglycemic and a hyperglycemic
measurement during their ICU admission.20 The enumerated
blood glucose values did not include the index episode that led
to initiation of the insulin in those receiving IIT.

IIT = intensive insulin therapy; BG = blood glucose; ICU = intensive
care unit

Characteristic Cohort
(n=606)

No-ITT
(n=531)

IIT
(n=75)

p-
value

Age (mean [SD]) (years) 52.3 (17) 51.6 (17) 57.3 (17) 0.006

Male Sex (%) 367 (60.6) 317 (59.7) 50 (66.7) 0.26

Admission Category (%)
Surgical
Medical
Trauma

388 (64.0)
125 (20.6)
93 (15.3)

348 (65.5)
110 (20.7)
73 (13.8)

40 (53.3)
15 (20.0)
20 (26.7)

0.02

Diabetes Mellitus (%)
None
Type I
Type II

534 (88.1)
19 (3.1)
53 (8.7)

514 (96.8)
5 (0.9)

12 (2.3)

20 (26.7)
14 (18.7)
41 (54.7)

<0.001
<0.001
<0.001

Hypoglycemia (n, %) 28 (4.6) 1 (0.2) 27 (36.0) <0.001

Hyperglycemia (n,%) 58 (9.6) 30 (40.0) 45 (60.0) <0.001

BG Variability (n, %) 23 (3.8) 0 (0) 23 (30.7) <0.001

ICU stay (median [IQR]) 
(days)

2 (1-5) 2 (1-4) 4 (1-12) <0.001

Hospital stay (median 
[IQR]) (days)

8 (3-19) 7 (3-18) 13 (8-34) <0.001

Hospital Death (%) 101 (16.7) 85 (16) 16 (21.3) 0.25

Table 1: Baseline characteristics and outcome stratified by
use of intensive insulin therapy in NICU patients.

BG = blood glucose; ICU = intensive care unit

Characteristic Neither
(n=543)

Hypoglycemia
(n=28)

Hyperglycemia
(n=58)

BG 
Variability

(n=23)

Age (mean [SD]) 
(years)

51.6 (17.2) 58.5 (16.5) 57.3 (17) 57.0 (15.9)

Male Sex (%) 329 (60.6) 16 (57.1) 50 (66.7) 15 (65.2)

Admission 
Category (%)
Surgical
Medical
Trauma

354 (65.2)
112 (20.6)
77 (14.2)

18 (64.3)
5 (17.9)
5 (17.9)

40 (53.3)
15 (20.0)
20 (26.7)

15 (65.2)
4 (17.4)
4 (17.4)

Diabetes 
Mellitus (%)

None
Type I
Type II

511 (94.1)
5 (1.0)

27 (5.0)

10 (35.7)
3 (10.7)

15 (53.6)

20 (26.7)
14 (18.7)
41 (54.7)

9 (39.1)
3 (13.0)

11 (47.8)

ICU stay (median      
[IQR]) (days)

2 (1-4) 7 (4-18) 4 (1-12) 11 (4-19)

Hospital stay
(median 

[IQR]) (days)

8 (3-18) 24 (10-39) 13 (8-34) 27 (9-40)

Hospital Death (%) 87 (16.0) 7 (25.0) 16 (21.3) 6 (26.1)

Table 2: Summary of clinical characteristics and outcomes
stratified by BG control
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Blood Glucose Control
In our NICU, the standard nursing procedure during the study

period was to measure BG by finger capillary sampling using a
Chem-strip (® Chemstrip Inc, Detroit MI). All patients had BG
determinations at admission, daily and when clinically indicated.
In general, in those receiving IIT, sampling was performed every
six hours, and hourly until stable following any changes to the
prescribed therapy, however, there was no standardized practice
for monitoring. All patients prescribed IIT received a continuous
intravenous infusion of short-acting human recombinant insulin
(Humulin-R). During the study period, no standardized protocol
was used to target BG control and all BG control was directed by
the treating clinicians.

Statistical Analysis
The incidence of hypoglycemia and hyperglycemia were

expressed both as a proportion of patients experiencing the
abnormality and number of episodes per patient. We used
descriptive statistics to compare the demographic characteristics,

clinical factors and crude outcomes, stratified by therapy with
IIT, with hypoglycemia, hyperglycemia or BG variability.
Continuous data were compared using Student’s t-test, Mann
Whitney U or Kruskal-Wallis test as indicated. Differences in
proportions among categorical data were assessed using Fisher's
exact test or the chi2-test as appropriate. The association of
events with lengths of stay and hospital mortality were evaluated
in crude and multivariate logistic regression. Data are presented
as crude and adjusted odds ratios (OR) with 95% CI. All analyses
were performed using Stata Release 10 (Stata Corp, TX). Two-
sided p<0.05, unadjusted for multiple testing, were considered to
indicate statistical significance for all comparisons.

RESULTS
Study Cohort

We identified 606 critically ill patients with a primary
neurologic diagnosis who were admitted to the NICU during the
study period. The cohort had a mean (SD) age of 52.3 (17) years,
60.6% were male, 11.9% had DM, and most (64%) were
admitted for post-operative support.

We identified 75 patients (12.4%) who received IIT (Table 1).
These patients received IIT for a median (IQR; range) 72 (24-
154; 1-640) hours. Patients receiving IIT were older and more
likely admitted with a primary trauma diagnosis (Table 1). Those
with DM were significantly more likely to receive IIT compared
with non-DM patients (73% vs. 3.2%, Relative Risk [RR] 22.9,
95% CI, 14.1-37.3).

Blood Glucose Control
A total of 10.4% (n=63) of patients experienced an episode of

either hypoglycemia or hyperglycemia (Table 1). Of 28 patients
(4.6%) with an episode of hypoglycemia, 96.4% occurred in
those receiving IIT (Table 2). Overall, 36% of all patients
receiving IIT had a hypoglycemic episode. These patients
received IIT for a median (IQR) 149 (72-253) hours. The median

IIT = intensive insulin therapy; BG = blood glucose; ¶ Median (IQR)
number of episodes per patient for those with at least one episode.

Hospital Discharge 
Status

Characteristic

Dead 

(n=101)

Alive 

(n=505)

p-value

Age (mean [SD]) (years) 52.0 (17.3) 52.4 (17.0) 0.87

Male Sex (%) 53 (52.5) 314 (62.2) 0.08

Admission Category (%)
Surgical
Medical
Trauma

43 (88.9)
29 (23.2)
29 (31.2)

345 (11.1)
96 (76.8)
64 (68.8)

<0.001

Diabetes Mellitus (n, %)
None
Type I
Type II

Any

86 (16.1)
6 (31.6)
9 (17.0)

15 (20.8)

448 (83.9)
13 (68.4)
44 (83.0)
57 (79.2)

0.21

0.31

IIT (n, %) (n=75)
Duration IIT (median

[IQR]) (hours)

16 (21.3)
72 (20-

120)

59 (78.7)
72 (24-168)

0.25
0.40

Hypoglycemia
Incidence (n, %)

Episodes per patient 

(median [IQR])¶

21 (4.2)
3 (1-6)

7 (6.9)
2 (2-5)

0.29
0.87

Hyperglycemia
Incidence (n, %)

Episodes per patient 

(median [IQR]) ¶

13 (12.9)
5 (2-28)

45 (8.9)
3 (2-9)

0.26
0.11

BG Variability
Incidence (n, %)

Episodes per patient 
(median [range])

6 (26.1)
27 (14-54)

17 (73.9)
10 (5-16)

0.62
0.09

Table 3: Summary of patient characteristics, and BG control
stratified by hospital mortality

IIT = intensive insulin therapy; OR = odds ratio; ¶ Adjustment for age,
sex, diagnostic category, diabetes mellitus, intensive insulin therapy.

Characteristic Crude OR

(95% CI)

Adjusted OR
¶

(95% CI)

Hypoglycemia
Any

Number of Episodes (per episode)
1.72 (0.71-4.15)
1.05 (0.90-1.23)

2.04 (0.62-6.70)
1.05 (0.87-1.26)

Hyperglycemia
Any

Number of Episodes (per episode)
1.51 (0.78-2.92)
1.05 (1.01-1.09)

1.05 (0.41-2.72)
1.04 (1.00-1.09)

BG Variability
Any

Number of Episodes (per episode)
1.81 (0.70-4.72)
1.04 (1.01-1.08)

2.18 (0.63-7.54)
1.04 (1.00-1.08)

Table 4: Crude and adjusted logistic regression of hospital
mortality in association with BG control
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(range) number of hypoglycemic episodes per patient was 3 (1-
14) with 75% having ≥2 episodes. Patients who had a
hypoglycemic episode were older (58.5 vs. 52.0 years, p=0.05),
were receiving IIT (36% vs. 0.2%; RR 191.2, 95% CI, 26.4-
1386) and were more likely diabetic (25% vs 1.9%, RR 13.4,
95% CI, 6.4-27.8).

Of 58 patients (9.6%) having an episode of hyperglycemia,
77.6% were receiving IIT (Table 2). The median (IQR) duration
of IIT in these patients was 72 (12-144) hours. The median
(range) number of hyperglycemic episodes was 4 (1-63) with
81% have ≥2 episodes. Patients having hyperglycemia episodes
were older (57.8 vs. 51.7 years, p=0.01), were receiving IIT
(60% vs. 2.4%; RR 24.5, 95% CI, 13.9-43.2) were more likely
diabetic (50% vs 4.1%, RR 12.1, 95% CI, 7.6-19.4) and more
likely surgical admissions (46.6% vs. 34.9%, RR 1.33, 95% CI,
0.99-1.80). Marked hyperglycemia (BG >16.0mmol/L) occurred
in 5.0% of the cohort. These patients had a median (range) 3.5
(1-49) episodes per patient.

Variability in BG control occurred in 23 patients (3.8%), 14
of whom had DM (60.9%), and all (100%) were receiving IIT.
(Table 2) These patients had received IIT for a median (IQR)
duration of 154 (72-240) hours and had a median (range) of 13
(2-69) episodes of either hypoglycemia or hyperglycemia per
patient.

Clinical Outcomes
Overall crude in-hospital death was 16.7%. The cohort had a

median (IQR) duration of ICU and hospital stay of 2 (1-5) and 8
(3-19) days, respectively (Tables 1 and 3).

Hypoglycemia was associated with a non-significant increase
in the odds of crude and adjusted hospital death (Table 4).
Hypoglycemia was also associated with both longer median
([IQR]) durations of ICU (7 (3.5-7) days vs. 2 (1-4) days,
p<0.001) and hospital (24 days (9.5-39) vs. 8 (3-18) days) stay,
respectively.

Any episode of hyperglycemia was associated with a non-
significant increase in crude and adjusted odds of hospital death
(Table 4). Patients with more frequent episodes had a trend
towards higher hospital death (Table 3). Moreover, an increase in
episodes of hyperglycemia was associated with significantly
higher crude and adjusted odds of hospital death (Table 4).
Hyperglycemia was also associated with higher median (IQR)
ICU (4 (1-12) days vs. 2 (1-4) days, p=0.0008) and hospital (13 (7-
32) days vs. 8 (3-18) days, p=0.003) duration of stay.

Variability in BG control was associated with higher crude
mortality compared with those having hypoglycemia or
hyperglycemia alone (Table 2). Any BG variability was associated
with a non-significant increase in crude and adjusted odds of
hospital death (Table 4). Similarly, an increase in number of
episodes (cumulative hypoglycemia and hyperglycemia episodes)
showed trends towards higher hospital death (Table 3). In crude
and adjusted analysis, the number of episodes contributing to BG
variability was significantly associated with hospital death (Table
4). Variability in BG control was associated with the longest
durations of stay in both ICU and hospital (Table 1).

DISCUSSION
We conducted a one-year surveillance of glycemic control in

critically ill brain-injured patients admitted to a dedicated
neurosciences ICU to evaluate the incidence of hypoglycemia,
hyperglycemia and BG variability and describe their association
with use of IIT, duration of stay in ICU and hospital survival.

We identified 10.4% of patients as having either hypo-
glycemia or hyperglycemia during admission to NICU. We
found hypoglycemic episodes occurred in 4.6% of patients, and
nearly all were receiving IIT. Moreover, hypoglycemia recurred
frequently, with 75% of patients having ≥2 discrete episodes. We
also showed hyperglycemic episodes were relatively common,
occurring in 9.6% of patients, the vast majority of whom were
receiving IIT, and 81% had recurrent episodes (this excluded
initial episode prompting IIT initiation). In 3.8% of patients, all
of whom were receiving IIT, there was variability in glycemic
control with frequently repeated episodes of both hypoglycemia
and hyperglycemia.17 Diabetic patients were not only more likely
to receive IIT, but also likely to have greater BG variability.17 In
our study, we found no statistically significant association
between in-hospital mortality and the occurrence of an episode
of hypoglycemia, hyperglycemia or BG variability. However,
our data did show consistent trends for higher crude and adjusted
hospital mortality. Moreover, our study found increasing number
of episodes of hyperglycemia and poor BG control (occurrence
of both hypoglycemia and hyperglycemia) were associated with
higher odds of hospital death. The occurrence of hypoglycemia,
hyperglycemia and variability in BG control were associated
with longer durations of ICU and hospital stay.

The use of IIT to achieve TGC among the critically ill has
been suggested to reduce morbidity and mortality.1,3-5 This
premise, although adopted by recognized critical care societies6,
is largely supported from studies of patients with primary
myocardial pathology or mixed medical-surgical disease.1,4,5,9

However, emerging data have questioned the efficacy of IIT and
TGC, in particular, the optimal glycemic range to improve
clinical outcomes while minimizing risk of adverse
effects.2,8,10,23-25 Several recent trials have suggested the apparent
benefit of narrowly-regulated glycemic control and IIT may
come at the expense of increased rates of hypoglycemia.2,8,10,23-25

The high incidence of hypoglycemia (8.6-12.1% for BG <2.2
mmol/L) in patients allocated to IIT has recently justified the
premature termination of two large multi-centre randomized
trials of TGC in the critically ill.24,27 The NICE-SUGAR trial
described an incidence of severe hypoglycemia (BG <2.2
mmol/L) in 6.8% of those allocated to IIT (compared with only
0.5% in controls).8 Overall, these data suggest hypoglycemia
may be far more common than appreciated.22,26-28 While selected
studies have indicated no association between hypoglycemia and
mortality,29 Brunkhorst et al showed severe hypoglycemia was
independently associated with a higher risk of death (hazard
ratio30 3.31, 95% CI, 2.23-4.90) along with greater duration of
hospitalization.24 Importantly, despite data to suggest the
duration of hypoglycemic episodes may be short (largely due to
intensive monitoring),5,17 their recognition may be delayed, in
particular in critically ill brain-injured patients. While 6.4%
(n=391) of patients enrolled in NICE-SUGAR had ICU
admission associated with TBI, no specific data was presented
on hypoglycemia, BG variability or outcomes for this subgroup.8
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Two small randomized trials (total n=175) in acute
subarachnoid hemorrhage and severe TBI failed to show IIT
improved survival or neurologic outcome, however, it was
associated with a higher rates of hypoglycemia.11,12 We contend
that these brain-injured patients may represent an important and
distinct subgroup of critically ill patients where systemic BG
values do not necessary correlate with brain tissue glucose
concentration.14 For example, in brain-injured patients whose
cerebral metabolism is impaired, therapy with IIT to achieve
TGC (BG 4.4-6.1 mmol/L) has been associated with
significantly lower brain tissue glucose concentration and the
precipitation of brain energy crises.13,15,16 In a small study of TBI
patients monitored with cerebral microdialysis, Oddo et al
showed that TGC with IIT was associated with a higher
prevalence of a cerebral glucose concentration <0.7 mmol/L and
a lactate/pyruvate ratio >40. This association with cerebral
markers of brain energy crisis was further modified by lower
systemic BG values and higher insulin dose. Moreover, these
brain energy crises were associated with significantly higher
adjusted odds of hospital death (OR 7.4, 95% CI, 1.4-39.5).13

Recent data from two small microdialysis studies found similar
findings with the use of IIT in patients with aneurismal
subarachnoid hemorrhage.15,16 Both hypoglycemia and the
therapeutic response can be neurologically detrimental, by
precipitation of overt and subclinical status epilepticus, or
exacerbation of cerebral edema and intracranial pressure that
may lead to transtentorial herniation in extreme cases.31-33 The
frequency of hypoglycemia and BG variability in our study,
where a range of 4-10 mmol/L was generally targeted, raises
concern regarding the use of IIT to achieve TGC in this
population. Moreover, had a protocol to achieve “tighter”
glycemic control been used similar to prior trials1,4,11,12,24,34, the
incidence of hypoglycemia would likely have been higher.

While avoidance of overt (and sustained) hyperglycemia may
have recognized importance for improving clinical outcomes in
both general and brain-injured critically ill patients1,4,34, wide
variability in glycemic control is increasingly recognized as an
important aspect of BG control and has been associated with
significant higher mortality in several observational studies.17-
21,35 In a retrospective analysis of 168337 BG measurements
performed in cohort of 7049 critically ill patients, Egi et al found
variability in BG values were independently associated with
increased ICU and hospital death and prolonged duration of ICU
stay.17 Moreover, this study found BG variability was a more
powerful predictor of outcome than average BG values.
Similarly, in a prospective observational study of 191 critically
ill patients with sepsis receiving IIT, high BG variability
(measured by SD of mean BG values) was associated with higher
odds of death in multivariable analysis.35 In a retrospective
analysis of a large cohort of consecutively admitted critically ill
patients, Krinsley found the association between BG variability
and mortality was strongest for BG in the normal range. In these
patients, mortality for those with high BG variability (fourth
quartile) was 5-fold greater when compared to those with low
BG variability (first quartile).

Few investigations to date have specifically evaluated the
impact of BG variability in brain-injured patients and clinical
outcomes.36 In our study, 10.4% of all NICU patients had
repeated BG values “out-of-range”, and 3.8% fulfilled criteria

for BG variability. Moreover, 100% of these patients with BG
variability were receiving IIT. Whether this BG variability was
attributable to the local IIT practice or related to the timely
identification of abnormal BG values in brain-injured patients
remains unclear. Importantly, however, our data showed this BG
variability was associated with longer durations of both ICU and
hospital stay and (non-significant) higher hospital death.
Likewise, a higher rate of recurrence was associated with
significantly higher crude and adjusted odds of hospital death.
While these data do not establish causality, given the inherent
limitations in our study, we believe these observations are
important, largely consistent with the reported literature and
should raise caution to the potential harm of IIT in brain-injured
patients. The routine use of a standardized protocol of IIT to
achieve TCG would be expected to reduce BG variability,
however, in non-randomized trial settings (i.e. “real-world”) this
may be challenging to realize.36,37 For example, in a small
retrospective “before-and-after” study evaluating the
implementation of an IIT protocol (target 4.4-6.1 mmol/L) in a
neurosurgical ICU, Wittenberg et al found average BG values
were lower after introduction of the protocol, however, this came
at the expense of increased BG variability and a higher incidence
of hypoglycemia.36 These findings have practical implications
for the safe and effective use of “labour-intensive” IIT to achieve
glycemic control in this population and draws attention to the
possible need for protocols that are individualized.38

In addition to concerns regarding the potential harm
associated with IIT8, we believe attention should likewise be
directed at factors that may contribute to hyperglycemia in the
critically ill, such as nutritional support and/or use of
corticosteroids.32,39 The initiation of nutritional support in
critically ill patients is commonly believed to contribute to
hyperglycemia.40 Regrettably, nutritional intake during studies
evaluating IIT have generally been poorly defined.5 However,
recent data have speculated that “under-feeding” patients to
approximately 50% of estimated caloric targets may be
associated with better clinical outcomes compared with feeding
to standard caloric expectations.41 Whether this finding
represents avoidance of relative “over-feeding” and/or iatrogenic
hyperglycemia prompting insulin therapy remains unclear.
However, this would suggest there may be important and poorly
understood interactions between the stress of critical illness,
nutritional support, reactive hyperglycemia, and exogenous
insulin therapy that warrants careful investigation.30,31 Moreover,
these factors may be further complicated by augmented and/or
impaired cerebral glucose metabolism in brain-injured patients.

We recognize there are limitations to our study that should be
considered. First, this study was single-centred, retrospective and
had limited power to detect clinically important measures of
outcome. Second, during the study period, no specific protocol
was implemented for BG control. We believe this was not an
uncommon occurrence at the time our study was performed and
that IIT during this period was not universally adopted.42 Third,
all BG sampling was performed by finger capillary sampling
which may be prone to greater inaccuracy when compared to
other measures such as arterial blood sampling. We were also not
able to capture data on delivery of nutrition, the absolute quantity
of insulin delivered, the duration of each episode of BG
abnormality, or the use of concomitant corticosteroids and/or
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mannitol. We recognize that additional unmeasured variables
may have accounted for some of the association between BG
abnormalities and clinical outcomes we describe. Accordingly,
our findings may be prone to bias and confounding and not
broadly generalizable to all brain-injured and/or neurologic
critically ill patients. Finally, we were not able to capture data on
secondary outcomes (i.e. renal replacement therapy, critical
illness neuromuscular complications, nosocomial infections) or
data on the potential long-term sequelae (i.e. cognitive function,
survival).

In summary, glycemic control in brain-injured ICU patients
presents a unique therapeutic challenge. Overall, the occurrence
of hypoglycemia, hyperglycemia and BG variability was
relatively common in this cohort, however, their risk appeared to
be significantly modified (higher) by the presence of pre-existing
DM, and use of IIT. An increased frequency of episodes, in
particular for BG variability or hyperglycemia, was associated
with a higher risk of both hospital death and prolonged duration
of stay. While the findings are unable to establish causality, they
suggest further study to clarify the optimal method to achieve
safe glycemic control and the ideal BG range to minimize risk in
the brain-injured population is needed.
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