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Abstract: Objective: To describe treatment outcome in patients who had undergone microsurgery for clipping of
cerebral aneurysm. Methods: A retrospective chart review of the clinical, radiological and operative records of
patients who had undergone surgery for ruptured intracranial aneurysms (IAs) between January 2001 and December
2012 at King Abdulaziz University Hospital, Jeddah. The patient’s demographic a clinical data, including their
neurological status and graded according to the World Federation of Neurological Surgeons (WFNS), cerebral
imaging findings, and surgical notes were reviewed. Outcome was assessed according the Glasgow outcome score
(GOS). Fisher’s exact and chi-square tests were performed to determine the association between GOS and the study
variables. Results: Thirty-three patients were included; with a mean (SD) age of the patients was 43.5 (12.0) years
(range, 17-65 years). Females constituted 63.6% of the sample. The average aneurysm size was 11.5 (5.2) mm, and
they were, in most cases, located in the anterior communicating artery. Most patients (n=13; 39.4%) had a clinical
grade of 1; only one patient (3.0%) had a clinical grade of 4. Approximately 60% of the patients showed evidence of
SAH on CT scan; in about one third of the cases, the findings were normal. Twenty-eight patients (84.8%) had a
good GOS. Good GOS were more likely in patients without postoperative vasospasm (P=0.04), hydrocephalus (P
=0.021), and in patients with aneurysms < 10 mm in diameter (P =0.044). Conclusion: Patients who undergo
surgery for clipping of IAs have a good outcome. Aneurysm size, and the presence of preoperative brain edema,
hydrocephalus, and postoperative vasospasm were found to significantly affect the outcome in our patients.
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unruptured IAs treatment was unchanged [9]. Besides
the treatment, the following influences outcomes:
patient factors, such as previous aneurysmal SAH,
age, and coexisting medical conditions; aneurysm
size, location, and morphology; and factors in
management, such as the experience of the surgical
team and the treating hospital [10].
In Saudi Arabia, few isolated studies [11-15],
mainly case reports, describe the success of
endovascular [11] and surgical treatment [12-15]. The
author conducted this study on patients who had
undergone surgery for ruptured IAs at King Abdulaziz
University Hospital to describe treatment outcome.

1.

Introduction
Intracranial aneurysms (IAs) are relatively
common, occurring in approximately 2% of the
general population; however, the risk of subarachnoid
hemorrhage (SAH) caused by a ruptured aneurysm is
relatively low [1]. As a result, the risks associated
with either surgical or endovascular treatment must be
even lower for treatment to be justified.
As more cases of incidental unruptured IAs are
being diagnosed owing to better diagnostic methods, it
is critical to understand the evolving treatment
paradigms for intracranial aneurysms. Recent data
show that for ruptured IAs that can be managed by
surgery or minimally invasive techniques, major
treatment strategies mainly favor endovascular coiling
over surgical clipping [2-5]. Although the findings of
these studies cannot be readily extrapolated to patients
with unruptured IAs, and no prospective, randomized
trial has been performed for cases of unruptured IAs,
several studies show that an increasing proportion of
interventional radiologist or neurosurgeons perform
endovascular coiling for patients with unruptured IAs
[6-9]. In most of these studies, the authors
demonstrated that the outcome was better in patients
who had undergone endovascular versus surgical
treatment. However, the overall outcome for

2.

Materials and Methods
The medical records of all patients with ruptured
IAs who were treated at King Abdulaziz University
Hospital (KAUH) between January 2001 and
December 2012 were reviewed.
Patients were
included provided they had undergone microsurgical
treatment for IAs. Patients were excluded in this study
that had, unruptured IAs, endovascular treatment,
infectious or traumatic IAs, or those who are
transferred to another hospital or untreated.
The Biomedical Ethics Research Committee of
King Abdulaziz University approved the study.
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Ninety-six cases of cerebral aneurysm were
identified. Of these, sixty-three patients were
excluded: 53 patients, with mostly unruptured IAs,
had endovascular treatment at KAUH or at another
center, four declined to have any form of treatment,
and six patients who presented with SAH were not
candidates for intervention due to their poor health
and neurological status.
The following data were collected for all
patients included in the study: age, gender, clinical
presentation and grade of SAH, as well as computed
tomography (CT)
findings of SAH and
hydrocephalus. Each patient’s neurological condition
was graded according to the World Federation of
Neurological Surgeons (WFNS) grading system
[Table 1]. Aneurysm location, size, and a presence of
vasospasm were identified based on cerebral
angiogram findings. We retrieved intraoperative data
for surgeries that were precluded by brain edema,
ruptured aneurysm, and temporal clip application.
Postoperative vasospasm was identified clinically and
confirmed with imaging studies like CT and computed
tomography angiography (CTA) scans and/or digital
subtraction angiography (DSA). We also recorded
postoperative outcome according to the Glasgow
Outcome Score (GOS) [Table 2].
All cases of SAH were admitted to the Intensive
Care Unit (ICU) for hemodynamic and electrolyte
support and general clinical and neurological
evaluation.
Physicians
performed
initial
investigations, including a complete blood count,
electrolytes, renal and coagulation profiles, chest
radiography, and an electrocardiogram. All patients
had plain CT and CT angiography scans to
demonstrate the presence of SAH and other types of
hematoma, hydrocephalus, or ischemia, in addition,
four-vessel DSA.
Preoperative external ventricular drains (EVD)
were inserted at the ICU for patients with
hydrocephalus, particularly those with WFNS grades
3 and 4. These patients were managed by mechanical
ventilation until their neurological conditions
improved. Oral nimodipine (60 mg was administered
every six hours) for patients admitted with SAH
within 72 hours onset.
Surgical intervention was considered for patients
with WFNS grades 1 to 3 who were admitted within
48 hours [figure 1]. Patients with WFNS grades 4 and
5 underwent surgery if SAH was associated with other
conditions that required surgical intervention,
including intracerebral hemorrhage, or their symptoms
improved after the placement of EVD. Surgery was
delayed if the patient had WFNS grade 4 or 5 on
admission, vasospasm, and/or was referred to our
hospital more than three days after SAH.

Postoperative ICU care, including mechanical
ventilation, was provided for all patients. Patients with
preoperative WFNS grades 0-3 were weaned off
ventilator after 24 hours, while unconscious patients
were maintained on mechanical ventilation until their
neurological conditions improved. Postoperative triple
H therapy (hydration, hemodilution, and induced
hypertension) was continued for three to seven days.
Nimodipine was given for at least 10 days
postoperatively.
Statistical Analysis
The data were analyzed using the Statistical
Package for the Social Sciences (SPSS, Inc., Chicago,
IL), version 17. Descriptive statistics were calculated
for all study variables. Fisher’s exact and chi-square
tests were performed to determine the association
between GOS and the study variables. Statistical
significance was set at P < 0.05. All results are
expressed as frequency (percent) and mean (standard
deviation [SD]).
3.

Results
Thirty-three patients were included in this study
with a mean (SD) age of the patients was 43.5 (12.0)
years (range, 17-65 years). Females constituted over
half of the sample [Table 3]. Of these, two (9.5%)
were pregnant. All cases of SAH that were referred to
our institution were received within eight hours to six
days (mean, 2.4 days) from the onset of symptoms.
The average aneurysm size was 11.5 (5.2) mm,
and they were, in most cases (39.4%), located in the
anterior communicating artery. The proportion was
highest for patients with a clinical grade of 1; the least
cases were those with a clinical grade of 4.
Approximately 60% of the patients showed evidence
of SAH on CT scan; in about one third of the cases,
the findings were normal. Regarding the GOS, a high
proportion of the patients had a good score.
Temporary clipping was performed in about
21.2% of the patients (n=7). Intraoperative rupture
was documented in only seven cases (21.2%). Similar
proportions of patients had edema (n=9; 27.3%) or
hydrocephalus (n=10; 30.3), and approximately 36.4%
of the patients had postoperative vasospasm (n=12).
Patients without postoperative vasospasm or
edema were more likely to have a good GOS (P =
0.04 and 0.013, respectively) [Table 4]. Similarly,
patients with aneurysms <10 mm in diameter and
those without hydrocephalus were more likely to have
a good GOS. Glasgow outcome scores were good in
patients < 50 years, females, patients without
intraoperative rupture, those who had temporary
proximal clipping, non-pregnant women, and patients
who had evidence of SAH on CT scan; however, the
results did not reach statistical significance [Table 4].
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Table 1. World Federation of Neurological Surgeons
Grading Scale
Grade
1
2
3
4
5

Computed Tomography Findings
Normal
10 (30.3)
SAH
20 (60.6)
SAH-ICH
3 (9.1)
Glasgow Outcome Score
Good
28 (84.8)
Poor
5 (15.2)

Clinical Characteristics
Glasgow coma score 15, no motor deficit
Glasgow coma score 13 to 14, no motor deficit
Glasgow coma score 13 to 14, with motor deficit
Glasgow coma score 7-12, with or without motor
deficit
Glasgow coma score 3-6, with or without motor
deficit

Abbreviations: ACA, anterior communicating artery;
ICA, internal carotid artery; ICH, intracerebral
hematoma; MCA, middle cerebral artery; PCA,
posterior communicating artery; PICA, posterior
inferior cerebellar artery; SAH, subarachnoid
hemorrhage.

Table 2. The Glasgow Outcome Scale
Level
1
2

Term
Dead
Vegetative state

3

Severe disability

4

Moderate disability

5

Mild disability

Definition
No life
Unaware of self and
environ
Unable to live
independently
Able to live
independently
Able to return to
work/school

Table 4. Relationship between Glasgow Outcome
Score and the variables
Variable

Age Group
<50 years
21
>50 years
7
Sex
Male
11
Female
17
Vasospasm
Yes
8
No
20
Intraoperative rupture
Yes
4
No
24
Temporary clipping
Yes
4
No
24
Edema
Yes
5
No
23
Hydrocephalus
Yes
6
No
22
Pregnancy
Yes
2
No
15
Aneurysm size
<10mm
16
>10mm
12
Computed Tomography Findings
Normal
10
SAH
16
SAH-ICH
2

Table 3. Demographic and Clinical characteristics of
the patients
Variables
Sex
Male
Female
Age Group
10-20
20-30
30-40
40-50
>50
Aneurysm Location
ACA
Left ICAB
Left MCA
Right ICAB
Right MCA
Right PCA
Right PICA
Aneurysm Size
<5mm
5-10mm
10-15mm
15-20mm
>20mm
Clinical Grade
0
1
2
3
4

Glasgow outcome score
Good
Poor

Frequency (percent)
12 (36.4)
21 (63.6)
2 (6.1)
3 (9.1)
8 (24.2)
11 (33.3)
9 (27.3)
13 (39.4)
3 (9.1)
2 (6.1)
2 (6.1)
6 (18.2)
6 (18.2)
1 (3.0)
2 (6.1)
14 (42.4)
12 (36.4)
3 (9.1)
2 (6.1)
6 (18.2)
13 (39.4)
4 (12.1)
9 (27.3)
1 (3.0)

P-value

3
2

0.6

1
4

0.6

4
1

0.04

3
2

0.052

3
2

0.052

4
1

0.013

4
1

0.021

0
4

0.471

0
5

0.044

0
4
1

0.232

Abbreviations: ICH, intracerebral hematoma; SAH,
subarachnoid hemorrhage.
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Figure 1: Case illustration: a 64-year-old female with clinical WFNS grade of 3 presented with headache and
decreased level of consciousness. Axial plain CT scan of the brain (1A) demonstrated SAH and intraventricular
extension with hydrocephalus. DSA (1B) of the left carotid artery demonstrated an anterior communicating artery
aneurysm (arrow). The patient underwent craniotomy and microsurgical clipping of the aneurysm with complete
resolution of the aneurysm (arrow) in postoperative DSA study (1C)
and nimodipine postoperatively, which are measures
that have been reported to protect the brain from
ischemic injuries (calcium channel blockers such as
nimodipine) [21, 22] or reverse ischemia
(hypervolemia, hemodilution, and hypertension) [18,
22]. Although patients presented to our institution
eight hours to six days after the onset of SAH
symptoms, surgery was offered to cases with WFNS
grades 1 to 3 within 48 hours of admission and
delayed in those that had WFNS grade 4 or 5 on
admission, vasospasm, and/or was referred to our
hospital more than three days after SAH. According to
a previous report [23] aneurysmal surgery (within 312 days following SAH) in the presence of
asymptomatic pre-operative angiographic vasospasm
has been associated with a good outcome.
Cerebral edema and hydrocephalus were
documented in approximately 27.3% and 30.3% of
our patients, respectively. In a previous report [24],
only 8.0% and 8.6% of 374 patients with SAH had
evidence of global edema and hydrocephalus on
admission CT scans, respectively. Similar to our
report, patients with edema had poor outcomes, and
the authors further stated that CT finding of edema
was not merely a secondary effect of extensive SAH
or severe hydrocephalus. While their cohort
comprised solely of patients who had SAH, we

4.

Discussion
Most studies of outcome after surgery for
unruptured IAs involve case series [16-18], and there
is practically no uniformity regarding the definition of
good versus poor outcomes, making it difficult to
compare outcome measures across studies. In the
current study, treatment outcome was assessed using
the GOS, which has been used in other reports
[6,17,18] that assessed outcomes in patients who had
undergone surgery for cerebral aneurysm. Our
analysis shows that surgical outcome was good in
patients if they had no evidence of preoperative brain
edema, hydrocephalus, and postoperative vasospasm,
and if the aneurysm size was < 10 mm.
Although difficult to assess with certainty
without a previous arteriography, the occurrence of
angiographic vasospasm within 48 hours of aneurysm
rupture has been correlated with a higher risk for later
symptomatic vasospasm and a poor outcome [19].
Treatment options for cerebral arterial vasospasm that
have been proved by many studies to reverse
vasospasm
include
intra-arterial
papaverine
administration and percutaneous transluminal balloon
angioplasty [20], which were unfortunately not
offered in our cases. For all cases admitted to our
institution, we administered triple H therapy
(hydration, hemodilution, and induced hypertension)
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included only patients who had undergone surgery for
IAs, whether there was evidence of SAH or not.
Aneurysm factors that have been reported to
contribute to surgical outcome include size,
morphology, and specific location [10]. One report
[25] that described outcome for surgically treated
unruptured IAs found that small aneurysms in the
anterior circulation of young patients were associated
with a treatment risk of approximately 1%, while
treatment in patients ≥ 70 years old who had
aneurysms > 10 mm was significantly associated with
poor outcomes (approximately 5% in the posterior
circulation and 15% in the posterior circulation). In
our study, although age was one of the variables that
were analyzed, we did not specifically assess the
relationship between aneurysm size and outcome
based on age groups.
This study is the first cohort study in Saudi
Arabia to describe the surgical outcome of ruptured
ICs. However, this study has some limitations because
of the small sample and its retrospective nature. In
addition, it is a single-center study. Hence, further
multicenter studies should be performed to study the
epidemiology of aneurysmal SAH in Saudi Arabia
and treatment outcome.
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5.

Conclusion
Patients who undergo surgery for IAs at king
Abdulaziz university hospital have a good GOS.
While factors such as those related to the patient and
the experience of the neurosurgeon or treating hospital
may be important in determining the outcome, the
aneurysm size, and the presence of preoperative brain
edema, hydrocephalus, and postoperative vasospasm
was found to significantly affect outcome in our
patients. Thus, appropriate measures should be taken
in identifying patients with IAs who might be at risk
of rupture in order to improve their outcomes.
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