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INTENSIVE INSULIN THERAPY VERSUS
CONVENTIONAL GLYCEMIC CONTROL IN
PATIENTS WITH ACUTE NEUROLOGICAL INJURY

A prospective controlled trial

José Raimundo A. de Azevedo’, Eduardo Rodrigues M. Lima?,
Rachel Jorge Dino Cossetti?, Renato Palacio de Azevedo?’

ABSTRACT - Objective: To compare intensive insulin therapy to conventional glycemic control in patients
with acute neurological injury evaluating neurological outcome and morbimortality. Method: Patients
with two glycemias above 150 mg/dL 12 hours after admission were randomized to receive intensive in-
sulin therapy (G1) or conventional treatment (G2). We evaluated a subgroup of patients with acute brain
injury from July, 2004 to June, 2006. Results: G1 patients (n=31) received 70.5 (45.1-87.5) units of insulin/
day while G2 patients (n=19) received 2 (0.6-14.1) units/day (p<0.0001). The median glycemia was compa-
rable in both groups (p=0.16). Hypoglycemia occurred in 2 patients (6.4%) in G1 and in 1 patient (5.8%)
in G2 (p=1.0). Mortality in G1 was of 25.8% and of 35.2% in G2 (relative reduction of 27%). Neurological
outcome was similar in both groups. Conclusion: A less strict intensive insulin therapy can reduce hypo-
glycemia and still maintain its benefits.
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Insulinoterapia intensiva versus controle glicémico em pacientes com injuria neurolégica agu-
da: estudo prospectivo randomizado

RESUMO - Objetivo: Comparar insulinoterapia intensiva com controle convencional da glicemia em pa-
cientes com injuria cerebral aguda avaliando evolu¢do neurolégica e morbimortalidade. Método: Pa-
cientes com duas glicemias acima de 150 mg/dL nas primeiras 12 horas ap6s admissdo foram randomiza-
dos para insulinoterapia intensiva (Grupo 1) ou tratamento convencional (Grupo 2). Avaliamos um sub-
grupo de pacientes com injuria cerebral aguda admitidos de julho/2004 a junho/2006. Resultados: O Gru-
po 1 (n=31) recebeu 70,5 (45,1-87,5) unidades de insulina/dia enquanto o Grupo 2 (n=19) recebeu 2 (0,6-
14,1) unidades/dia (p<0,0001). A glicemia mediana foi comparavel nos dois grupos (p=0,16). Hipoglicemia
ocorreu em 2 pacientes (6,4%) no Grupo 1 e em 1 paciente (5,8%) no Grupo 2. A mortalidade no Grupo 1
foi 25,8% contra 35,2% no Grupo 2 (reducéo relativa de 27%). A evolugdo neuroldgica foi semelhante nos
dois grupos.  Conclusdo: Insulinoterapia intensiva com controle mais flexivel da glicemia reduz a incidén-
cia de hipoglicemia mantendo os beneficios do tratamento.

PALAVRAS-CHAVE: tratamento intensivo, injuria cerebral, hiperglicemia, insulina, mortalidade, prognéstico.

The association of hyperglycemia and brain in-
jury had already been described by Claude Bernard
in 1849". For a long time, hyperglycemia was under-
stood only as an epiphenomenon due to the stress
of an acute injury. Its impact on the neurological re-
covery was ignored for a long time and the increase
in blood glucose level was understood as an adapta-
tive response to provide glucose for an exclusive glu-

cose consuming tissue. Hamilton et al.?, in 1995, ana-
lyzing an experimental model of stroke, showed that
a decrease in blood glucose levels with the use of in-
sulin expressively reduced the extent of the ischemic
injury. In 2001, Capes et al 3, in a meta-analysis of 32
studies associating hyperglycemia on admission with
the clinical outcome of patients with ischemic stroke
or intracerebral hemorrhage, showed that the risk
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of death during hospital stay was three times great-
er in patients with hyperglycemia on admission. In
a previous study conducted in our service* we ran-
domized 60 non-diabetic patients with acute brain
injury to strict blood glucose control or to a control
group. We showed that the prognosis assessed by the
Glasgow Outcome Scale (GOS) was expressively bet-
ter in the treatment group. Many recent studies have
shown that patients with stroke treated with throm-
bolitics presented with high rate of unfavorable re-
sults when blood glucose was higher than 140 mg/dL
before the infusion of thrombolitics®”.

With the publication of Van den Berghe’s study?,
in 2001, demonstrating important benefits of the use
of intensive insulin therapy in critically ill patients,
besides other various experimental studies>*'*dem-
onstrating a reduction of the brain injury extension
and a recovery of the penumbra area with a reduc-
tion of blood glucose levels with the use of exog-
enous insulin, there was great interest for the use
of insulin therapy in patients with acute brain inju-
ry. In a recent study, Van den Berghe et al."”", ana-
lyzed a subgroup of patients with primary brain in-
jury from a study that included 1548 critically ill pa-
tients randomized to intensive insulin therapy or to
conventional glycemic control. Although there was
no difference in mortality, the authors showed that
the group under continuous insulin infusion had low-
er levels of intracranial pressure, less seizures and an
expressively better prognosis after 6 and 12 months
of hospital discharge.

In July of 2004, we started a prospective random-
ized study including all patients with hyperglycemia
on Intensive Care Unite (ICU) admission. We com-
pared intensive insulin therapy to conventional blood
glucose control. In June 30", 2006, 260 patients had
been enrolled in the study. Forty-eight patients had
acute brain injury. The present study focuses on this
subgroup of patients. Our primary end point is to
compare the neurological recovery assessed by the
Extended Glasgow Outcome Scale (GOSE) applied at
least 3 months after hospital discharge. The second-
ary end points are ICU mortality and length of stay,
occurrence of seizures and infectious complications.

METHOD

This study analyzes a subgroup of patients with acute
neurological injury from the trial Intensive Insulin Therapy
versus Glycemic Control in Critically Ill Patients, a prospec-
tive randomized trial that enrolled all adult, non-pregnant
patients admitted to a 20-bed multidisciplinary intensive
care unit of a general hospital and to an 11-bed trauma
hospital ICU. We randomized all patients who presented

at least two out of three glycemic level measurements in
the first 12 hours of ICU admission above 150 mg/dL. After
obtaining written informed consent from the relatives, the
patients were randomized to one of the two study groups
using envelopes. The randomization was electronically per-
formed with the statistical program used for the data anal-
ysis. We need to emphasize that in the original trial there
was no stratification for nosologies before randomization.
The study protocol was approved by the Research Ethics
Committee of Hospital Sdo Domingos.

Patients randomized to Group 1 (intensive insulin thera-
py) received continuous intravenous insulin infusion adjust-
ed to maintain blood glucose level between 80 e 120 mg%.
The capillary glycemia was measured every two hours and
insulin infusion was adjusted according to a strict protocol
conducted by the nurse staff and supervised by the doc-
tor in charge to maintain the above level of blood glu-
cose. These patients received intravenous hydration with
glucosaline solution. Nutritional therapy was initiated in
the first 48 hours of ICU, preferably by the enteral route,
with a formula containing 49% of carbohydrates, 16% of
protein and 35% of lipids.

Patients randomized to Group 2 (glycemic control) re-
ceived glucose-free intravenous hydration (Ringer 3) and
enteral nutritional therapy with a formula containing 40%
of carbohydrates, 16% of protein and 45% of lipids. These
patients received regular insulin if blood glucose level was
higher than 180 mg/dL in the measurements taken every
six hours.

Although we have used isocaloric and isoproteic nutri-
tional formulas in both groups, caloric compositions were
different. In the intensive insulin therapy group we used a
formula with a higher percentage of carbohydrates to at-
tend the need for appropriate glucose intake in patients
that receive intravenous infusion of regular insulin. In the
glycemic control group we tried to reduce the glucose in-
take, either regarding the intravenous solution (Ringer 3)
and the nutritional formula, objecting to reduce the role
of insulin in glycemic control.

The subgroup of patients with acute neurological in-
jury included all patients randomized between July, 2004
and June, 2006 who had an admission diagnosis of a vas-
cular cerebral injury (hemorrhage or ischemia), brain trau-
ma, neurological surgery or status epilepticus. Two patients
had other kinds of acute brain injury: one had a cardiac ar-
rest during anesthetic induction for an elective surgical cor-
rection of an intracerebral aneurism and the other patient
was submitted to a complex endovascular procedure for an
intracerebral aneurism and was admitted to the ICU with
lowering of conscience level and a neurological deficit.

In this group of patients, we evaluated the outcome us-
ing the Extended Glasgow Outcome Scale' at least three
months after hospital discharge, ICU and length of stay,
seizure episodes and infectious complications (hospital ac-
quired pneumonia, urinary tract infection and venous cath-
eter-related infection).

Statistical analysis — Data is presented as means + stan-
dard deviation or medians with interquartile intervals.
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Fisher’s exact test was used to assess categorical variables.
Student’s t-test was performed for continuous parametric
variables and Mann-Whitney test for the non-parametric
variables. All statistical tests were considered to be signifi-
cant at p<0.05. SPSS version 11.0 (SPSS Inc, Chicago, IL, USA)
was used for all analyses.

RESULTS

From a total of 206 patients enrolled in the trial
from June, 2004 to July, 2006, 48 patients had acute
neurological injury. In this subgroup 31 patients were
randomized to Group 1 (intensive insulin therapy)
and 17 to Group 2 (glycemic control). Although the
number of patients in each group differs due to the
non-stratification per disease category in the origi-

nal trial, both groups were comparable for age, sex,
prevalence of diabetes, Glasgow Coma Scale on ICU
admission and nosology distribution. A visual differ-
ence in APACHE Il scores of 70 (48-86) for Group
1 and 53 (37,5-77) for Group 2 was not statistical-
ly significant (p=0.19). These data are presented on
Table 1.

Patients in Group 1 received 70.5 (45.1-87.5) units
of regular insulin per day, while patients in Group 2
received 2 (0.6-14.1) units per day (p<0.0001). The
difference between the mean blood glucose lev-
el of 138.9 (125.6-174) mg/dL in Group 1 compared
to 148.4 (131.5-188.6) in Group 2 did not reach sta-
tistical significance (p=0.16). Hypoglicemia (defined
as blood glucose level of 40 mg/dL or less occurred

Table 1. Demographic and clinical data.

Intensive insulin therapy Glycemic control p
n=31 n=17 value
Gender (M/F) 15/16 5/12 0.2
Age (yr, meanzsd) 57.1+£15.4 56.2+14.4 0.8
APACHE Il
Median 70 53 0.19
Interquartile range 48-86 37.5-77 0.16
Nosologies n (%)
Brain ischemia/status E 13 (42) 8 (47)
Intracerebral or SA hemorrhage 7 (22.5) 3(17.5)
Brain trauma 4(13) 3(17.5)
Tumor / neurosurgery 5(16) 3(17.5)
Others 2 (6.5) 0
LOS (days)
ICU
Median 9 9
Interquartile range 4-22 4-15.5 0.6
Hospital
Median 19.5 15.5
Interquartile range 7.7-39.2 4.2-21.7 0.16
GCS (mean=sd) 9.5+3.8 10.2+3.8
Positive history of diabetes (n%) 13 (42) 6 (35.2) 0.7
GCS, Glasgow Coma Scale.
Table 2. Insulin therapy, blood glucose and hypoglycemia.
Intensive insulin therapy Glycemic control p
n=31 n=17 value
Bood glucose (m/dL)
Median 138.9 148.4
Interquartile range 125.6-174 131.5-188.6 0.16
Insulin dose
IU / day / patient
Median 70.5 2
Interquartile range 45.1-87.5 0.6-14.1 <0,001

Hypoglycaemia n (%) 2(6.4) 1(5.8) 1.0
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Table 3. Mortality, morbidity, outcome.
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Intensive insulin Glycemic control p
therapy n=31 n=17 value

Mortality 8 (25.8) 6 (35.2) 0.5

ICU n (%)
Pneumonia n (%) 9 (29.9) 3(17.6) 0.5
UTI n (%) 3(9.6) 1(5.8) 1.0
Catheter-related infection n (%) 2(6.4) 0
Convultions 1 0
GOSE

Unfavorable evolution n (%) 9 (53) 5 (55.5) NS

GOSE, Glasgow Outcome Scale Extended.
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Figure. Extended Glasgow Outcome Scale. VS, vegetative state; SD, severe disability;

MD, moderate disability; GR, good recovery.

in 2 patients (6.4%) in the intensive-therapy group
and in 1 patient (5.8%) in the glycemic control group
(p=1.0) (Table 2).

Mortality, morbidity and neurological recovery —
It was observed a tendency for a lower mortality rate
for patients in the intensive insulin therapy group
(relative reduction of 27%) (Table 3). It was not ob-
served significant difference for infectious compli-
cations between the two groups. The GOSE, used
to evaluate the neurological recovery after hospital
discharge, showed that 9 (53%) patients in Group 1
and 5 (55.5%) patients in Group 2 had an unfavor-
able recovery (death, vegetative state or severe dis-
ability). The GOSE was applied at a mean time of 14
months after hospital discharge in both groups (Ta-
ble 3) (Figure).

DISCUSSION

Although this study has shown a tendency for
a lower ICU mortality for the subgroup of patients
with acute brain injury submitted to continuous in-
travenous insulin infusion, there was no difference
between both subgroups concerning neurological re-
covery after hospital discharge. We should point out
that this study was not intended to compare glycemic
control to no glycemic control at all, but to compare
two strategies of blood glucose control in critically ill
patients. One strategy was the use of continuous in-
travenous insulin infusion to maintain blood glucose
levels within a strict range of normal and the other
one was based on the restriction of glucose intake
(glucose-free intravenous hydration and use of the
most hypoglycidic enteral nutrition available) plus
subcutaneous insulin when necessary.
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In their 2001 study, Van den Berghe et al.® showed
expressive reduction in mortality and morbidity in
critically ill patients when comparing strict glycemic
control using continuous insulin infusion to intrave-
nous infusion of glucose solution at 5% and nutri-
tional formula with no glucose restrains plus the use
of intravenous insulin if blood glucose achieved lev-
els above 215 mg/dL. After various studies showing
that most of the benefits of insulin therapy are due
to the glycemic control itself'>'¥, we understood that
it would be important to compare intensive insulin
therapy to glycemic control without the use of high
doses of insulin.

Observing the glycemic levels in both groups of
our study we can infer that we succeeded on this
purpose. Patients in the intensive insulin therapy
group had a median blood glucose of 138.9 mg/dL
while in the control group it was of 148.4 mg/dL. To
reach these values it was necessary to use 70.5 units
of regular insulin per patient per day in Group 1 ver-
sus 2 units/patient/day in Group 2. We also observed
that the median glycemia of Group 1 was out of the
previously established range for treatment.

The severity of our patients created a great diffi-
culty to maintain blood glucose levels always within
a normal range. On the other hand, in a pilot study
conducted in our service we observed that when we
used the 2001 Van den Berghe’s protocol?, despite a
better control of glycemic levels, we also had a high-
er incidence of hypoglycemia episodes. Considering
this, we made some adjustments in the Leuven’s pro-
tocol® which resulted in a less strict glycemic control
but also in a lower incidence of hypoglycemia. In our
study, the incidence of hypoglycemia in this subgroup
of neurological patients was very low (6.4% in Group
1 and 5.8% in Group 2), which greatly differs from
the incidence observed by Van den Berghe et al.” in
a study with clinical patients (25% of hypoglycemia
in the intensive insulin therapy group).

Although an association between acute injury
and hyperglycemia is well known since Claude Ber-
nard', Malamed et al.” in a retrospective study, first
demonstrated that hyperglycemia occurs in an ex-
pressive percentage of patients with vascular brain
injury without previous history of diabetes and also
observed an association between hyperglycemia and
mortality. Recent clinical studies showed great bene-
fits of intensive insulin therapy in patients with acute
myocardial infarction' and in critically ill patients®.
These findings revived an interest for the possible
benefits of insulin therapy in critical patients with
acute neurological injury. Animal studies**'° have al-

ready shown that a reduction in blood glucose levels
with the use of insulin resulted in diminished isch-
emic brain injury.

Capes et al.? in a meta-analysis of 32 studies,
analyzed the impact of hyperglycemia on admis-
sion over the mortality of patients with ischemic or
hemorrhagic vascular brain injury and demonstrated
that hyperglycemic nondiabetic patients had a 3-fold
higher mortality when compared to normoglycemic
patients. Baird et al."® demonstrated that persistent
hyperglycemia during the acute phase of a stroke
resulted in an enlargement of the ischemic area, as
shown by magnetic resonance images (MRI). In their
conclusion, the authors emphasized the need for
more prospective studies analyzing the use of inten-
sive insulin therapy in acutely neurological injured
patients.

In 2005, Van den Berghe et al."" published a sub-
analysis of a large randomized trial with 1.548 ICU
patients, randomized to receive either continuous
infusion of regular insulin to maintain glycemia be-
tween 80 and 110 mg/dL or conventional glycemic
control, tolerating glucose levels up to 200 mg/dL. In
this subgroup analysis, Van den Berghe demonstrated
that 63 patients with primary brain injury (stroke, in-
tracerebral hemorrhage, brain trauma and status epi-
lepticus) presented clear benefits from the intensive
insulin therapy due to a reduced intracranial pres-
sure, lower incidence of seizures and a better neu-
rological recovery when evaluated by the Karnofsky
Score at 6 and 12 months after hospital discharge.

Our study, as well as Van de Berghe's study'’, anal-
yses a subgroup of patients from a general popula-
tion of a larger trial. Differently from the Leuven’s
study, we intended to compare patients undergoing
intensive insulin therapy to patients under glycemic
control without the use of high doses of insulin. Al-
though the glycemic levels were only slightly higher
in the control group, the intensive insulin therapy
provided a relative reduction in mortality without
increasing the risk for hypoglycemia. Despite that,
the neurological recovery assessed after a mean time
of 14 months after hospital discharge through the
Extended Glasgow Outcome Scale was comparable
for both groups.

Our study indicates a clear need for larger casu-
istics with specific disease categories. It also demon-
strates the need to use more flexible protocols of in-
tensive insulin therapy that allow a less strict glycemic
control, like ours. With this approach, we can greatly
reduce the major limitation of the intensive insulin
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therapy which is the high incidence of hypoglycemic
episodes and, at the same time, it enables us to main-
tain the benefits of the continuous insulin infusion.
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