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ABSTRACT
Background: Following intracranial aneurysm rupture, 70–90% of patients have hyperglycemia as a stressful 
response. Uncontrolled hyperglycemia is deleterious if not controlled well. e objectives of the study were 
to assess the prevalence, risk factors of hyperglycemia, and its effect on outcome in aneurysmal subarachnoid 
hemorrhage (aSAH) patients who underwent aneurysmal clipping.

Methods: Following intracranial aneurysm rupture, 70–90% of patients have hyperglycemia as a stressful 
response. Uncontrolled hyperglycemia is deleterious if not controlled well. e objectives of the study were to 
assess the prevalence, risk factors of hyperglycemia, and its effect on outcome in aSAH patients who underwent 
aneurysmal clipping.

Results: At admission, the prevalence of hyperglycemia and severe hyperglycemia was 31.8% and 6.8%, 
respectively. Perioperative hyperglycemia and severe hyperglycemia were seen in 75.7% and 27%, respectively. 
History of diabetes mellitus (DM), higher admission random blood sugar, and higher admission mean blood 
pressure were predictors of perioperative hyperglycemia (P-  0.046, 0.00, and 0.004, respectively) and severe 
hyperglycemia (P- 0.048, 0.00, and 0.031). In addition, female sex, prolonged duration of anesthesia, and surgery 
were also found to be the predictors of hyperglycemia (P- 0.025, 0.07, and 0.012). Increased ventilator, intensive 
care unit, and hospital days were associated with perioperative hyperglycemia and severe hyperglycemia, 
respectively (P ≤ 0.006/0.00, P ≤ 0.007/0.00, and P ≤ 0.038/0.00). Poor Glasgow Outcome Score at 1 and 
3 months after discharge was associated with admission and perioperative hyperglycemia ([P ≤ 0.000/0.000 and 
P ≤ 0.000/0.000], respectively). However, no association was seen between mortality and hyperglycemia or severe 
hyperglycemia.

Conclusion: A  higher prevalence of hyperglycemia is present in aSAH patients. A  higher incidence of 
perioperative hyperglycemia is associated with poor neurological outcomes. Hence, the identification of risk 
factors and meticulous perioperative control of hyperglycemia will help in preventing poor neurological 
outcomes.
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INTRODUCTION

Subarachnoid hemorrhage (SAH) is a terrifying 
condition.[12] Approximately 85% of cases of spontaneous 
SAH are due to a ruptured aneurysm, 10% are secondary 
to nonaneurysmal perimesencephalic hemorrhage, and rest 
5% are due to rare causes such as vascular malformations 
and septic aneurysm.[18] Aneurysmal SAH (aSAH) has 
poor outcome despite major advances in perioperative 
management.[5] Predictors of poor outcome in these patients 
include advanced age, hypertension, diabetes mellitus (DM), 
increased body mass index, poor Hunt and Hess grade, 
low Glasgow Coma Scale (GCS) and prolonged duration of 
temporary artery occlusion, delayed cerebral ischemia, and 
cerebral infarction.[13,14]

Approximately 75% of the patients have hyperglycemia 
and their blood glucose level exceeds 126–144  mg/dl 
during the first 2  weeks after aSAH.[8] Considering the 
absolute dependence of neurons on blood glucose, plasma 
hyperglycemia was initially thought to be physiologically 
indispensable to provide metabolic support to the injured 
neuronal tissue. Later studies have shown a significant 
association between persistent hyperglycemia with delayed 
cerebral ischemia and cerebral infarction resulting in poor 
outcome following surgery.[1,4,9] Consequently, intensive 
insulin therapy has been increasingly used for tight blood 
glucose control (80–110  mg/dl). Further data suggested 
deleterious effects of IIT on brain tissue due to frequent 
episodes of hypoglycemia. erefore, it is important to know 
the level of blood sugar which correlates with outcome in 
aSAH as deranged blood sugar levels augment secondary 
brain insult and worsen the outcome.

General anesthesia during aneurysmal clipping surgery 
further adds to the stress and can worsen hyperglycemia. 
For adequate glycemic control, it is important to know the 
predictors of hyperglycemia in this subset of patients. Very 
few studies have discussed predictors of hyperglycemia 
in aSAH.[4,8] Hence, we planned the present study to know 
the prevalence of hyperglycemia, assess predictors of 
hyperglycemia in the perioperative period, and impact of 
severity of hyperglycemia on patient’s outcome in aSAH 
patients undergoing surgical clipping.

MATERIALS AND METHODS

A prospective, observational, and cohort study was 
conducted over a period of 1½years in a tertiary care institute 
in India. After obtaining clearance from the Institute Ethical 
Committee (NK/1341/MD/227, February 25, 2014) and 
informed written consent from the next of the kin of the 
patient, 150 subsequent adult patients (age ≥18  years) with 
the aSAH posted for clipping of aneurysm were included in 
the study.

Anesthesia protocol

All patients underwent a detailed preoperative evaluation 
before the surgery. Demographic data, preoperative blood 
glucose level, and vital parameters such as heart rate and 
mean blood pressure (MBP) at admission were noted. e 
previous history of DM and steroid intake before surgery 
was recorded. A  standard anesthesia technique according 
to institute protocol was followed. e patients were 
induced with propofol (1–2  mg/kg) and intubated after 
vecuronium (0.1  mg/kg). Anesthesia was maintained with 
oxygen/nitrous oxide/propofol infusion and intermittent 
doses of vecuronium. Intraoperative analgesia was achieved 
with fentanyl (2  µg/kg) bolus followed by infusion at a 
rate of 2  µg/kg/h. In addition, to standard monitoring 
(electrocardiography, invasive arterial pressure, oxygen 
saturation, temperature, and end-tidal carbon dioxide), 
arterial blood gas analysis, blood sugar, electrolytes, and 
urine output were monitored. Hyperosmolar agent (mannitol 
0.5  g/kg) was given to all patients. Patients received 0.9% 
saline as the intraoperative fluid. Target blood pressure 
was kept within 20% of the baseline value. Target end-tidal 
carbon dioxide was maintained between 32 and 38  mmHg 
depending on the brain condition.

Postoperatively, all patients were electively ventilated if 
required in the neurosurgical intensive care unit (ICU) for 
12–24  h as per the institutional protocol. Patients were 
thoroughly assessed for blood sugar levels during the 
perioperative period. Intraoperative blood glucose was 
assessed hourly and the highest reading in the intraoperative 
period was recorded. Maximum blood glucose level per 
day in the postoperative period was noted during the 
hospital stay. Patients were divided into three groups 
based on random blood sugar (RBS): normoglycemia 
(≤160  mg/dl), hyperglycemia (>160  mg/dl), and severe 
hyperglycemia (>200 mg/dl).

All patients were followed up during their hospital stay 
for ventilator days, ICU days, and hospital days. In 
addition, major complications such as cerebral vasospasm, 
hydrocephalus, infection (pneumonia), and mortality 
were noted. After discharge from the hospital, patients 
were followed up at 30–90  days telephonically to assess 
neurological outcome using Glasgow Outcome Scale 
(GOS)[6] which describes an outcome in terms of the degree 
of disability concerning the activities of daily living which 
ranges from 1 (death) to 5 (good recovery). Outcome at 
30–90  days was dichotomized into favorable (4–5) and 
unfavorable outcome (1–3).

Statistical analysis

All statistical analyses were performed using IBM SPSS 
(version  22), SPSS, Chicago, IL, and StatXact 3, Cytel 
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Software, Cambridge, MA). Mean, standard deviation, 
and median with interquartile range were used to describe 
parametric data, whereas nonparametric data were stated 
as number (percentage). e independent sample t-test was 
used to compare parametric data between the two groups, 
while the Chi-square test was used to examine nonparametric 
data between the two groups. Using multivariate logistic 
regression, we created a multivariable model for independent 
predictors of hyperglycemia and severe hyperglycemia using 
candidate demographic and admission factors from the 
univariate study. Odds ratios within 95% confidence intervals 
were obtained. An independent sample t-test was used to 
determine the influence of hyperglycemia on the mean 
length of mechanical ventilation, ICU and hospital stay, and 
discharge GCS. We assessed the impact of perioperative 
hyperglycemia on mortality and GOS using multivariate 
logistic regression and odds ratios with 95% confidence 
intervals. For all analyses, significance was fixed at P ≤ 0.05 
level.

RESULTS

A total of 150 patients of either sex presenting with cerebral 
aneurysm for intracranial clipping were enrolled in the study, 
of which two patients were excluded due to nonavailability of 
complete data. Hence, statistical analysis was carried out in 
148 patients [Figure 1].

e demographical, baseline, and intraoperative parameters 
are described in Table 1.

In our study, during the perioperative period, normoglycemia 
was seen in 36  (24.3%) patients, hyperglycemia was 
observed as 102 (75.7%) patients, and severe hyperglycemia 
was present in 10  (27%) patients. At least one episode of 
hyperglycemia was seen at admission, during intraoperative 
and postoperative period in 31.8%, 23%, and 73% of patients, 
respectively. Similarly, 6.8%, 6.1%, and 25% of patients had 

at least one episode of severe hyperglycemia at admission, 
during intraoperative and postoperative period, respectively.

In our study cohort, seven patients had a history of DM and 
all of them had perioperative hyperglycemia. Hence, the 
prevalence of hyperglycemia in a known diabetic patient 
was 100%. Out of seven patients, three patients had severe 
hyperglycemia at admission and five patients had shown 
severe hyperglycemia at least once during perioperative 
period. erefore, the prevalence of severe hyperglycemia in 
a known diabetic patient was 42.85% during the preoperative 
period and 71.14% both during intraoperative and 
postoperative period.

e predictors of hyperglycemia and severe hyperglycemia 
during the perioperative period were determined using 
univariate analysis and are shown in Table  2. Factors such 
as female sex, the higher grades of World Federation of 
Neurological Surgeon (WFNS), history of DM, high MBP 
and high RBS at admission, and prolong duration of surgery 
and anesthesia were found to be significantly associated with 
perioperative hyperglycemia. Similarly, factors associated 
with severe hyperglycemia include history of DM, higher 
MBP at admission, high Acute Physiology and Chronic 
Health Evaluation II (APACHE II) score, and prolong 
duration of surgery and anesthesia were predictors of 
perioperative severe hyperglycemia.

e parameters which were found to be significant by the 
Chi-square test and an independent sample t-test during 
univariate analysis were subjected to multivariate logistic 
regression and are presented in Table 3. It was found that the 
female sex, history of DM, higher APACHE II score, high 
MBP, and high RBS at admission, and prolonged duration of 
surgery and anesthesia were predictors of hyperglycemia in 
perioperative period. Similarly, history of DM, high APACHE 
II score, high MBP, and high RBS at admission were predictors 
of severe hyperglycemia in perioperative period, respectively.

In this study, significantly increased duration of mechanical 
ventilation, ICU stay, and hospital stay was observed in 
patients with hyperglycemia and severe hyperglycemia 
compared to patients with normoglycemia (P < 0.05) 
[Table 4].

Poor neurological outcome (GOS-1–3) at 30–90  days was 
seen in 58.8% and 70% of patients with hyperglycemia, 
29.46% and 47.5% of patients with perioperative severe 
hyperglycemia, respectively (P < 0.05) [Table  5]. However, 
we could not identify a significant association between 
hyperglycemia and mortality [Table 6].

DISCUSSION

In this study, the prevalence of hyperglycemia (RBS 
>160 mg/dl) and severe hyperglycemia (RBS >200 mg/dl) was Figure 1: Consort flow diagram of the study.
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Table 1: Demographic, baseline, and intraoperative parameters in normoglycemic, hyperglycemic, and severe hyperglycemic group.

Parameter Normoglycemia  
(RBS≤160 mg/dl) (1)

Hyperglycemia  
(RBS>160 mgdl) (2)

Severe Hyperglycemia  
(RBS>200 mg/dl) (3)

P-value  
(1 vs. 2/1 vs. 3)

Age (years) 44.50±12.537 48.59±11.209 49.63±11.615 0.066/0.076
Sex (F: M) 15:21 68:44 26:14 0.054/0.136
Body mass index (kg/m2) 26.48±3.6455 27.40±3.9786 27.66±4.0589 0.196/0.142
Comorbidities: history of D.M 0 7 (6.25%) 5 (12.5%) 0.124/0.012*
History of hypertension 5 (13.88%) 15 (13.76%) 13 (15.38%) 0.985/0.960
Hunt and Hess grade 2 (2–3) 2 (2–3) 2 (2–3) 0/342/0.069
World Federation of Neurological Surgeons grade 1 (1–2) 1 (1–2) 2 (1–2) 0.662/0.351
Fisher grade 3 (2–4) 3 (2–4) 3 (2–4) 0.558/0.088
GCS at admission 15 (15–15) 15 (14–15) 15 (13–15) 0.50/0.50
GCS before induction 15 (15–15) 15 (14–15) 15 (13–15) 0.50/0.50
APACHE II score 8 (8–10) 10 (8–13) 12 (8–14) 0.003/0.000*
Mean HR at admission 68.57±11.736 73.17±13.602 73.05±14.968 0.074/0.455
Mean MAP at admission (mmHg) 102.13±6.861 107.5±14.162 113.22±15.11 0.023/0.070
Electrocardiographic changes 4 (11.11%) 14 (12.50%) 7 (17.5%) 0.378/0.192
Echocardiographic changes 1 (2.77%) 3 (2.67%) 2 (5%) 0.997/0.694
Duration of anesthesia (minutes) 198.64±40.441 237.38±63.30 257.65±69.778 0.001/0.001*
Duration of surgery (minutes) 166.58±38.552 203.98±62.120 224.75±68.228 0.001/0.000*
Duration of temporary clipping (minutes) 3.61±2.527 4.52±3.290 5.52±3.699 0.141/0.013*
Intraprocedural aneurysm rupture 5 (13.88%) 21 (19.09%) 8 (21.05%) 0.479/0.524
Continuous data expressed as mean and standard deviation, median, and interquartile range (IQR) and were analyzed using independent sample t-test for 
equality of mean and categorical data are expressed as number (percentage) and analyzed by Chi-square test. *P≤0.05 (significant), RBS: Random blood 
sugar, DM: Diabetes mellitus, GCS: Glasgow Coma Scale, APACHE II: Acute Physiology and Chronic Health Evaluation II

Table 2: Predictors of perioperative hyperglycemia and severe hyperglycemia on univariate analysis.

Parameter Normoglycemia  
(RBS≤160 mg/dl) (1)

Hyperglycemia 
 (RBS>160 mg/dl) (2)

Severe hyperglycemia  
(RBS>200 mg/dl) (3)

P-value  
(1 vs. 2/1 vs. 3)

APACHE-II score 8 (8–10) 10 (8–13) 12 (8–14) 0.003*/0.000*
Duration of 
anesthesia (minutes)

198.64±40.441 237.38±63.300 257.65±69.77 0.001*/0.001*

Duration of surgery 
(minutes)

166.58±38.542 203.98±62.12 224.75±68.22 0.001*/0.000*

MAP at admission 102.13±6.861 107.75±14.162 115.12±14.859 0.023*/0.004*
Sex (F: M) 15:21 68:44 26:14 0.045*/0.136
DM 0 7 (17.5%) 5 (12.5%) 0.015*/0.012*
RBS at admission 133.39±14.265 168.72±37.330 189.252±47.933 0.000*/0.000*
Continuous data expressed as mean and standard deviation, median, and interquartile range (IQR) and were analyzed using independent sample t-test for 
equality of mean and categorical data are expressed as number (percentage) and analyzed by Chi-square test. *P≤0.05 (significant), RBS: Random blood 
sugar, APACHE II: Acute Physiology and Chronic Health Evaluation II, DM: Diabetes mellitus

Table 3: Predictors of hyperglycemia and severe hyperglycemia in perioperative period on multivariate analysis.

Parameter Hyperglycemia P-value Severe hyperglycemia OR (CI) P-value

Female sex 0.329 (0.115–0.726) 0.025*
Duration of anesthesia 0.983 (0.965–0.988) 0.007*
Duration of surgery (minutes) 0.954 (0.932–0.995) 0.012*
MAP at admission (mmHg) 0.932 (0.915–0.987) 0.004* 0.888 (0.797–0.989) 0.031*
APACHE II score 0.783 (0.526–0.952) 0.018* 0.679 (0.505–0.914) 0.011*
RBS at admission 11.251 (3.698–34.224) 0.000* 29.244 (3.727–229.492) 0.001*
History of DM 7.583 (1.218–56.721) 0.046* 7.258 (0.906–58.186) 0.048*
Data are analyzed by multivariate logistic regression and expressed in terms of odds ratio (OR) with 95% confidence interval (CI) *P≤0.05 (significant), 
RBS: Random blood sugar, APACHE II: Acute Physiology and Chronic Health Evaluation II, DM: Diabetes mellitus
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Table 5: Hyperglycemia and its effect on GOS.

Parameter GOS at 1 month GOS at 3 months
OR (CI) P-value OR (CI) P-value

Hyperglycemia at admission 0.217 (0.097–0.487) 0.000* 0.217 (0.097–0.487) 0.00*
Severe hyperglycemia at admission 14.667 (3.388–63.494) 0.000* 14.–63.667 (3.388494) 0.00*
Perioperative hyperglycemia 14.620 (1.922–111.192) 0.001* 14.620 (1.922–111.192) 0.001*
Perioperative severe hyperglycemia 56.727 (6.753–476.498) 0.000* 56.727 (6.753–476.498) 0.000*
Data are analyzed by multivariate logistic regression and expressed in terms of odds ratio (OR) with 95% confidence interval (CI). *P≤0.05 (significant), 
GCS: Glasgow Coma Scale

Table 6: Hyperglycemia and its effect on mortality.

Parameter Mortality in hospital Mortality at 1 month Mortality at 3 months
OR (CI) P-value OR (CI) P-value OR (CI) P-value

Hyperglycemia at admission 1.076 (0.09–12.17) 0.953 1.078 (0.19–6.10) 0.933 0.454 (0.09–2.19) 0.315
Severe hyperglycemia at admission 0.909 (0.85–0.964) 0.655 0.907 (0.85–0.96) 0.524 0.903 (0.84–0.96) 0.327
Perioperative hyperglycemia 1.571 (0.13–17.85) 0.713 0.611 (0.06–5.41) 0.655 1.182 (0.29–4.71) 0.813
Perioperative severe hyperglycemia 0.667 (0.04–11.14) 0.776 0.321 (0.02–3.72) 0.341 1.014 (0.15–6.50) 0.989
Data are analyzed by multivariate logistic regression and expressed in terms of odds ratio (OR) with 95% confidence interval (CI). *P≤0.05 (significant)

Table 4: Effect of hyperglycemia and severe hyperglycemia on postoperative parameters.

Parameter Normoglycemia  
(RBS≤160 mg/dl) (1)

Hyperglycemia  
(RBS>160 mg/dl) (2)

Severe hyperglycemia  
(RBS>160 mg/dl) (3)

P-value  
(1 vs. 2/2 vs. 3)

Mechanical ventilation days 0.29±0.117 1.94±0.34 3.38±0.462 0.006*/0.00*
ICU stay days 4.460±0.122 5.970±0.320 7.45±0.429 0.007*/0.00*
Hospital stay days 10.40±0.203 11.460±0.0.277 12.50±0.319 0.038*/0.00*
Vasospasm/infection  
(pneumonia)/hydrocephalus

10/3/1 17/5/1 3/2/1 0.06/0.10/0.21

Data are expressed in terms of mean and standard deviation and number and analyzed using independent sample t-test for equality of mean, *P≤0.05 
(significant), RBS: Random blood sugar, ICU: Intensive care unit

75.7% and 27%, respectively, in the perioperative period in 
patients with aSAH undergoing clipping surgery. All known 
diabetic patients on medication had shown hyperglycemia in 
the perioperative period (100%). However, the incidence of 
severe hyperglycemia in diabetic patients at admission was 
42.85% and both during the intraoperative/postoperative 
period were 71.14%. is necessitates strict monitoring and 
management of hyperglycemia in all aSAH patients.

McGirt et al. found that 36% of patients had at least a single 
episode of hyperglycemia (RBS >200 mg/dl) in aSAH patients 
who underwent surgical or endovascular treatment.[12] Kruyt 
et al. in a meta-analysis observed that 67% of patients with 
aSAH have 9.3 mmol/L (5.7–12 mmol/L) mean admission 
glucose levels.[8] In an observational study conducted in 
ICU in aSAH patients, authors reported 67.6% and 71.3% 
prevalence of hyperglycemia (RBS >140 mg/dl) at admission 
and during hospital stay, respectively.[1] Frontera et al. found 
that 100%, 95%, and 25% of patients had hyperglycemia 
when blood glucose cutoff was kept at 105 mg/dl, 140 mg/dl, 

and 200  mg/dl, respectively.[4] Maher et al. observed that 
78.71% of patients who suffered aSAH had hyperglycemia.[11] 
In line with the results of the above studies, we also observed 
a similar prevalence of hyperglycemia (75.7%) and severe 
hyperglycemia (27%) in our study cohort. is suggests that 
hyperglycemia is commonly encountered in patients with 
cerebral aneurysmal hemorrhage.

Aneurysmal SAH (aSAH), a stressful condition, causes 
activation of both the hypothalamic-pituitary-adrenal axis 
(HPA) and the sympathetic nervous system, leading to an 
increase in the levels of stress hormones. Stress hormones 
such as cortisol, growth hormone, and catecholamines 
further enhance glycogenolysis, gluconeogenesis, proteolysis, 
and lipolysis, and eventually leading to excessive glucose 
production. Furthermore, catecholamines are responsible 
for the development of insulin resistance and thereby 
augmenting glucose levels. Moreover, aSAH is accompanied 
by an increased inflammatory response and resultant 
cytokine release further enhances hyperglycemia and insulin 
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resistance.[9] Consequently, both stress and inflammatory 
response are major contributors of hyperglycemia after aSAH.

Aneurysmal SAH (aSAH), a stressful condition, activates 
both the HPA and sympathetic nervous system. is initiates 
stress hormone production in the body. Stress hormones 
include cortisol, growth hormone, and catecholamines 
augment glycogenolysis, gluconeogenesis, proteolysis, 
and lipolysis, henceforth, excessive glucose production. 
Furthermore, development of insulin resistance with 
catecholamines also elevates blood glucose levels. An 
enhanced inflammatory response, and the cytokine release 
following aSAH, adds to hyperglycemia and insulin 
resistance.[9] ereupon, both stress and inflammatory 
response contribute to hyperglycemia after aSAH.

In our study, we evaluated predictors of hyperglycemia at 
admission and during the perioperative period in this subset 
of the population. On univariate analysis, female sex, high 
MBP, history of DM and high WFNS score at admission, high 
APACHE II score, longer duration of surgery, and anesthesia 
were significantly associated with perioperative hyperglycemia 
and severe hyperglycemia. Following multivariate logistic 
regression analysis, only three factors retained significance – 
high MBP, high RBS at admission, and high APACHE II score 
as the predictors of hyperglycemia/severe hyperglycemia.

Frontera et al. identified age ≥54 years, history of DM, high 
APACHE II score, and high Hunt-Hess grade as independent 
predictors of glucose burden (104 mg/dl) patients admitted 
to ICU with aSAH.[4] Furthermore, diabetes and high 
APACHE II score caused a synergistic increase in glucose 
burden. However, in our study, we could not identify poor 
Hunt-Hess or WFNS grades as a predictor of hyperglycemia. 
Once admitted in hospital, all grades of aSAH patient receive 
ICU care. However, only good grade aSAH patients were 
taken up for surgical intervention.

Hyperglycemia was considered as a risk factor for an 
increase in ICU stay. In our study, we observed significantly 
longer duration of ventilator days, ICU days, and hospital 
days in patients with hyperglycemia (RBS >160 mg/dl) and 
severe hyperglycemia (RBS >200 mg/dl) when compared to 
normoglycemic groups.

Similarly, Badjatia et al. observed that hyperglycemia in 
aSAH patients who were admitted within 48  h of ictus 
was associated with longer ICU stay (14.5 ± 7.1  days vs. 
11.6  ±  5.4  days; P < 0.001) and poor outcome at discharge 
(using modified Rankin score ≥3) in 58.9% versus 18.8% of 
patients (P < 0.001) compared to the normoglycemic group.[1]

We observed poor outcome (GOS-1–3) in patients who 
had hyperglycemia and severe hyperglycemia at admission 
or during the perioperative period but could not identify 
hyperglycemia as a predictor of mortality. Lanzino et al. 
were one of the first groups to identify an association 

between hyperglycemia and poor outcome in patients with 
aSAH.[10] ey found that blood glucose (>120 mg/dl) levels 
were associated with poor outcome (measured by GOS) at 
3 months compared to normoglycemic patients (P = 0.001). 
Our result supports Lanzino et al. findings that hyperglycemia 
at admission is associated with poor outcome (GOS 1–3) on 
30–90 days after discharge.

Rodriguez et al. found hyperglycemia with serum glucose 
>7.0 mmol/L as an independent predictor of mortality in 
patients with aSAH with rebleeding. e patient population 
selected accounts for difference in results as aSAH with 
rebleed comprises critical patients with a higher incidence 
of mortality (80%).[15] Bian et al. described elevated 1-year 
mortality with higher blood glucose levels in aSAH patients 
during 1-year follow-up period.[2] Schlenk et al. also predicted 
unfavorable outcome after aSAH when blood glucose levels 
>140  mg/dl and suggested accepting blood glucose levels 
up to 140 mg/dl might be more reasonable.[16] On the other 
hand, Dorhout et al. found that admission glucose levels 
were not an independent predictor of outcome but may be a 
link in the association between poor condition on admission 
and poor outcome.[3]

In the present study, however, we found that hyperglycemia 
and severe hyperglycemia during the perioperative phase are 
related with a poor neurological outcome (GOS-1–3), but not 
with mortality. It may be due to protocolized management 
of hyperglycemia in ICU. Furthermore, hyperglycemia 
increases secondary brain injury by increasing matrix 
metalloproteinase activity, intravascular coagulation issues, 
and metabolic dysfunction. Consequently, even after 
hyperglycemia treatment, these patients are at a greater risk 
of having a poor neurological outcome.[7,9,17]

Limitations

All grades of SAH were not represented in our study. 
erefore, the effect of hyperglycemia on outcome in all 
grades of aSAH could not be evaluated. We included only 
patients who came for aneurysmal clipping surgery and 
we have not included critical patients of aSAH managed 
conservatively. We did not include patients undergoing 
endovascular coiling of aneurysm which could have shown 
different relation of hyperglycemia with the outcome. 
Continuous blood sugar monitoring was not done, therefore, 
duration of hyperglycemia and severe hyperglycemia was not 
known. We did not measure cerebral glucose level; hence, we 
do not know actual cerebral glucose level during periods of 
hyperglycemia or severe hyperglycemia.

CONCLUSION

In patients with aSAH for clipping, the prevalence of 
perioperative hyperglycemia (RBS >160  mg/dl) was 75.7% 
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and the prevalence of perioperative severe hyperglycemia 
(RBS >200 mg/dl) was 27%. History of DM, high RBS, and 
high MBP at admission was found to be the predictors of 
perioperative hyperglycemia and severe hyperglycemia. 
Hyperglycemia and severe hyperglycemia were associated 
with long duration of ventilator days, ICU days, hospital 
days, and poor GOS at 30–90 days after discharge. However, 
hyperglycemia and severe hyperglycemia were not associated 
with increase mortality in the hospital or at 30–90 days after 
discharge.

List of drugs used

1. Propofol
2. Fentanyl
3. Vecuronium
4. Phenytoin
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