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ABSTRACT

Background: Subarachnoid hemorrhage (SAH) is a significant cause of morbidity and mortality. Hyperglycemia
seems to play a role in predictive outcome. Aggressive hyperglycemic control is associated with better prognosis.
Objective: Evaluate hyperglycemia following spontaneous subarachnoid hemorrhage and its impact on outcome.
Methods: Twenty patients with spontaneous SAH were recruited at day one of hemorrhage and followed for 14 days.
Transcranial Doppler examination using Lindegaard ratio (Lr) was used to assess vasospasm. CT scan was used to assess
delayed cerebral ischemia (DCI). Average mean glucose burden (GB) was calculated all through the first 14 days.
Results: At the day of admission the Mean GB was 150+76.4 mg/dl. Vasospasm occurred in 16 patients. DCI occurred in
9 patients. Mean GB was higher in patients with severe vasospasm (Lr>6) and those with DCI (P=0.02 and 0.03
respectively). Conclusion: Hyperglycaemia affects the course of the SAH critical illness through increasing the incidence

of vasospasm and delayed cerebral ischemia. [Egypt J Neurol Psychiat Neurosurg. 2014; 51(1): 7-11]
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INTRODUCTION

Spontaneous subarachnoid hemorrhage (SAH),
mostly from ruptured intracerebral aneurysm, is a
significant cause of morbidity and mortality
throughout the world. Mortality mean is around 25%
and 50% are left with some persistent neurological
deficit!. One of the most feared complications are
symptomatic vasospasm and delayed cerebral
ischemia, which occur in nearly 30% of patients 4-10
days following the initial hemorrhage?.

Hyperglycemia was revealed to occur after
aneurysmal subarachnoid hemorrhage, to be related to
delayed cerebral ischemia (DCI) and hence poorer
outcome®. Glucose level at admission seemed to be a
predictive value for mortality even one year after primary
event'. It was stated that aggressive hyperglycemic
control (AHC) was associated with better outcome
although not directly related to a decrease incidence of
vasospasm and delayed cerebral ischemia®.

Aim of this study is to evaluate hyperglycemia
following aneurysmal subarachnoid hemorrhage and
its impact on outcome through evaluation of cerebral
vasospasm (VSP) and delayed cerebral ischemia
(DCI).
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SUBJECT AND METHODS

Twenty Egyptian patients presenting  with
spontaneous aneurysmal subarachnoid hemorrhage were
recruited from the departments of neurology and
neurosurgery, Faculty of Medicine, Cairo University.
Both adult male and female patients above 18 years were
included. We excluded patients presenting with traumatic
SAH, arterio-venous malformation, mortality within the
first two weeks (mortalities after the day 14 were
included) and patients with bad temporal window.

Patients were followed from day 1 up to day 14
using clinical evaluation, laboratory and imaging
studies. Trans-cranial Doppler examination was
performed in Cairo University Neurosonology Unit
(CUNU). Further observation of the outcome was
performed till the end of the month.

Primary clinical evaluation was done using
Glasgow coma scale (GCS), APACHE II score, Hunt
and Hess criteria® and radiological assessment using
Fisher criteria’. Detection of DCI was done clinically
by detecting focal neurological deficit or global
unexplained deterioration of consciousness supported
by CT finding of cerebral infarct.

Vasospasm was evaluated and followed using
transcranial Doppler (TCD) Lindegaard criteria®. The
machine used for TCD was (DWL Ez-Dop,
Compumedics) with a 2 MHZ probe. The patients
were classified according to Lindegaard ratio (Lr)
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into; no vasospasm (Lr<3) mild to moderate
vasospasm (Lr 3-6) and severe vasospasm (Lr >6).
Final evaluation was done at the end of the 2 weeks
using Glasgow outcome scale®.

Hyperglycemia was assessed using the glucose
burden (GB). Glucose burden was calculated as the
excess value above 105 mg/dl. If the daily maximum
glucose value was below the reference (105 mg/dl) the
GB was considered zero. A mean glucose burden
(mGB) was obtained for each patient by averaging the
GB all through the 14 days™.

Patients who developed vasospasm were medically
treated using the triple-H therapy. Definitive aneurysm
repair was done either surgically or through endovascular
procedure as decided by neurosurgeons.

Statistical Analysis

Variables were analysed using “Statistical
Package of Social Science Software program” version
21 (SPSS). Data were summarized using mean and
standard deviation (parametric variables) or median
and interquartile range (non-parametric variables) for
quantitative variables and frequency and percentage
for qualitative ones. Comparison between groups was
performed using independent sample t-test or Mann
Whitney test for quantitative variables and Chi square
or Fissure’s exact test for qualitative ones. Pearson or
Spearman correlation coefficients were calculated to
get the association between quantitative or ordinal
variables respectively. P-values less than 0.05 were
considered statistically significant, and less than 0.01
were considered highly significant.

The twenty patients included 12 males (60%)
and 8 females (40%). Their mean age was 51+9.9
years. Risk factors were distributed as follow;
smoking 60%, positive family history of SAH 15%,
hypertension 45%, diabetes mellitus 30%, ischemic
heart diseases 25% and history of cerebrovascular
diseases as previous strokes or TIA’s 15%.

Patients who developed vasospasm received
medical treatment in the form of triple-H therapy.
Twelve patients (60%) underwent surgical aneurysm
clipping within 14 days of onset while definitive
aneurysm repair of the remaining was taken place
later. Two of those eight patients were revealed as

Table 1. Primary assessment of SAH patients at admission.

angiogram negative SAH (as resulted from CTA) and
were managed conservatively.

None of the patients experienced re-bleeding
while five patients developed hydrocephalus (25%),
three ones suffered from hyponatremia (15%) and
eight patients experienced seizures (40.0%) in the first
14 days of SAH.

Primary clinical assessment using different scales
and scores showed the following results (Table 1):

At the day of admission the glucose burden
ranged from 32 mg/dl to 387 mg/dl. Average glucose
burden above 105 mg/dl along the first 14 days ranged
from 33.9 to 247.0 mg/dl (mean was 150+76.4, 95%
Clwas 116.5 to 183.5).

Transcranial Doppler examination revealed the
occurrence of vasospasm in 16 (80%) patients. Only
four (20%) didn’t have vasospasm. Lindegaard ratio
median and igr on right side was 3.4 (2.8-8.3) and on
the left side 4.4 (2.7-7.8). Of the patients who
experienced vasospasm (n=16/20), four (20%) had
mild to moderate VSP (Lr 3-6) and 12 patients (60%)
had severe VSP (Lr > 6). Delayed cerebral ischemia
(DCI) was clinically detected and confirmed
radiogically in 9/20 patients (45%). Glasgow outcome
scale revealed four deaths (20%), two (10%) patients
with persistent vegetative state, three (15%) with
severe disability, 3 (15%) with mild to moderate
disability and 8 (40%) with minimal disability.

Highest cut-off blood glucose >105mg/dl on the
day of onset and average GB over the 14 days showed
a statistically positive correlation with degree of
severity of the detected TCD-VSP (Lindegaard ratio)
(r=0.610, P=0.004 and r=0.590, P=0.006 respectively)

No correlation was found between both GCS and
APACHE Il score and at onset measurement of
glucose burden. Hunt and Hess and Fisher score at
initial presentation showed a statistically significant
correlation with at-onset GB (r=0.466, P=0.038 and
r=0.463, P=0.04 respectively) (Figure 1).

Statistically significant difference of mean
glucose burden (mGB) was found in patients with and
without severe vasospasm (Lr >6) and patients with
and without DCI (Table 2).

No statistically significant correlation was
detected between GB and the GOS of the patients after
30 days of onset.

Score/scale

Median (iqr)

Glasgow coma scale (GCS)
APACHE Il score

Hunt and Hess score
Fischer score

15.0 (10.8-15)
11.0 (7.25-13.5)
3(2-3)

3 (3-3.75)
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Figure 1. Positive correlation between Hunt and Hess score and GB.

Table 2. Glucose burden (GB) affects vasospasm (VSP) and delayed cerebral ischemia (DCI).

GB

Mean£SD t value P value
Severe VSP (Lr >6)
Yes (n=12) 182.3+53.9 .
No (n=8) 101.6482.6 2.7 0.02
DCI
Yes (n=9) 189.8+47.2 -
No (n=11) 117.5+82.0 25 0.03

* Significant at P<0.05

Twenty patients with spontaneous SAH were
screened for hyperglycemia at admission and during
the 14 days following initial presentation. Our study
showed that hyperglycemia is a common finding in
patients presenting with spontaneous aneurysmal
subarachnoid hemorrhage. Hyperglycemia was shown
to affect initial clinical presentation and to have a role
in predicting outcome.

During the first 14 days following subarachnoid
hemorrhage (SAH) onset, the mean glucose burden
(mGB) above 105 mg% ranged from 33.9 mg% to 247.0
mg% with a mean of 150.0+76.4 mg%. This reference
value (105 mg%) was chosen because of the available
data indicating that tight glucose control to approximately
this level is associated with improved survival in
critically ill patients'™. As many as 90.0% of the included
sample (18 patients) had average mean GB higher than

50 mg% during the 14 days of observation, and 40.0% of
the sample (8 patients) had average GB >200 mg%. This
reflects the previously observed association between the
incidence of SAH and the elevated serum glucose level*.
Six out of the 20 patients (30.0%) were already diabetics.
Five of them were among the 8 patients whose average
GB was the highest (> 200 mg %). Yet, diabetes mellitus
(DM) is not considered as a risk factor for SAH, on the
contrary critical illness has a consequence on glycemic
state®,

Our study revealed that neither state of
consciousness (Glasgow Coma Scale) on admission, nor
severity of critical illness (APACHE |1 score) in the first
24 hours seemed to be predictors for the average GB.
Increased GB was found to be associated with the
severity of the neurological deficits caused by SAH
(Hunt and Hess scale) as well as the amount of blood
flooding the subarachnoid space (Fisher score). A
statistically significant positive correlation was detected
between GB and Hunt and Hess scale (rho 0.466, P value
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0.038) and also Fisher score (rho 0.463, P value 0.04).
Indeed, higher levels of admission glucose were reported
to be associated with the severity of SAHY,

Patients with severe vasospasm (Lr > 6) showed
a statistically significant higher mGB when compared
to patients with less severe vasospasm (Lr < 6) (P
value = 0.02). One previous study has reported similar
association between hyperglycaemia and an increased
risk of vasospasm after SAH, while another one
failed to confirm this association for reasons that were
unclear to its investigators'®. As vasodilatation was
shown to be predominantly mediated by endothelium-
derived nitric oxide®® in vitro studies showed that
hyperglycemia reduces the production of nitric oxide
by increasing the activity of nicotinamide adenine
dinucleotide phosphate (NADP) oxidase. Another
explanation was also postulated; hyperglycemia is
associated with the formation of vasoconstrictive
prostaglandins and increased eicosanoid production,
both resulting in vasoconstriction®”.

Average glucose burden showed statistically
significant higher values in our nine patients who
developed delayed cerebral ischemia (DCI) compared
to the 11 patients without DCI (GB; 189.8+47.2 and
117.5+£82.0 respectively P=0.03) matching with
previous studies?®!®  Four of the nine patients
affected by DCI (44.4%) were among the six who
were already diabetics before SAH event. Several
theories linking DCI to hyperglycemia have been
proposed; first through increasing incidence of
vasospasm as previously mentioned®. This agrees
with our findings since all of the nine patients affected
by DCI were among the 12 ones with severe VSP.
Secondly, hyperglycemia stimulates coagulation by
increasing platelet activation through thrombin-
antithrombin complexes and the tissue factor
pathway?'. Finally, hyperglycemia is associated with
an increase in pro-inflammatory transcription factors
and pro-inflammatory cytokines?*?2, In SAH patients,
several studies have linked markers of increased
inflammation to the development of DCIZ2,

Neither GCS nor GOS had any correlation with
mGB. That is to say; effect of hyperglycaemia is more in
relation to causing mild disability in the course of the
disease within the 30 days rather than being related to or
affecting clinical presentation or outcome through severe
disabilities or mortalities. Hyperglycaemia was stated to
be rather associated with disabling but nonfatal
complications, such as signs of cerebral infarct, ICU
neuropathy, nosocomial infections, and impaired wound
healing®?,

Conclusion

Hyperglycaemia was found even in non-diabetic
patients  presenting  with  spontaneous  SAH.
Hyperglycaemia affects the course of the SAH critical
illness through increasing the incidence of vasospasm

and delayed cerebral ischemia. Hyperglycaemia does
not affect severity of presentation and does not seem
to be the sole factor affecting outcome.
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