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Abstract

Objectives: Recent guidelines recommend early closure of the ruptured aneurysms. However, this may not be
available in all cases especially in developing countries. This may lead to late surgery during the period of
vasospasm which may carry a potential surgical risk. The aim of this study is to report our experience of
microsurgical clipping during the period of vasospasm for ruptured anterior circulation aneurysms.

Methods: This study included 36 patients with ruptured anterior circulation aneurysms treated with microsurgical
clipping “between January 2014 and December 2016”. All patients were operated during the period of vasospasm. We
retrospectively reviewed our medical files for any operative complications, any evidence for clinical vasospasm and
postoperative ischemia, and for the patients outcome.

Results: Majority of patients were in good World Federation of Neurosurgeons (WFNS) Grades. Thirty (83.3%) were
grades I–III. All the procedures completed successfully except in three patients who had an intraoperative rupture.
Clinical vasospasm was reported in 8 (22.2%) of the patients. Favorable outcome was reported in 31 (86.1%) patients.
We had only one (2.8%) perioperative mortality from aggravated vasospasm.

Conclusions: Microsurgical clipping of the ruptured anterior circulation aneurysms can be done safely during
the period of vasospasm without devastating complications. Securing the aneurysm in patients with late referral in
developing countries should be done to prevent rebleeding and to allow for the 3H therapy application safely.
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Introduction
Overall rebleeding rate of ruptured aneurysms has been
reported to be about 36%, dramatically decreasing the
chances of favorable outcome [1]. Together with
post-subarachnoid hydrocephalus (20%), vasospasm and
delayed ischemic neurological deficit (symptomatic in
30%) represent the main post-ictal complications [2, 3].
Rebleeding differs by being a preventable complication
that requires early and complete closure of the ruptured
aneurysm [4]. Recent guidelines recommend early and
ultra-early securing of the aneurysm by means of surgi-
cal clipping or endovascular coiling [4–6]. However, this

may not be available for all patients especially in devel-
oping countries due to late transportation to specialized
neurovascular units. Late admission for patients with
aneurysmal subarachnoid hemorrhage during the period
of vasospasm forced the neurovascular surgeons to se-
cure the aneurysms during that period which historically
carries a bad outcome or postpone the patient till the
end of vasospasm period which may carry a high risk of
rebleeding. This study aims to report the outcome of
microsurgical clipping of anterior circulation aneurysms
that were transported late to our center after subarach-
noid hemorrhage.
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Methods
We retrospectively reviewed the medical files of all patients
with aneurysmal subarachnoid hemorrhage admitted to our
department between January 2014 and December 2016. All
patients with non-saccular aneurysms, posterior circulation
aneurysms, patients treated with endovascular coiling,
rebleeding before surgical clipping, and the patients treated
early [5, 7, 8] with microsurgical clipping were excluded.
The remaining 36 patients with anterior circulation saccu-
lar aneurysms treated with microsurgical clipping during
the period of vasospasm between days 4 and 21 were col-
lected and analyzed. The clinical grading of the patients at
the time of presentation to our hospital was according to
the World Federation of Neurological Surgeons grading
system [9]. The majority of cases were good grade (I–III) as
shown in (Table 1). The amount of blood at the initial brain
computed tomography (CT) was according to Fisher Grad-
ing Scale [10]. A diagnostic three-dimensional CT angiog-
raphy or conventional subtraction angiography was
performed after admission. The site and size of the
aneurysm were reported. All patients underwent surgical
clipping after initial stabilization on the first scheduled op-
erative day. The timing of surgery was classified as inter-
mediate (days 4–14) or late (days after 14) from the day of
hemorrhage which was considered as day 0. The cause of
late surgery was due to late transportation to our unit from
peripheral centers, unavailable expertise, or unavailable in-
tensive care unit bed in rare cases. Surgical technique in-
cluded the standard pterional approach for all cases with
infrequent temporary clipping according to the surgeon
preference. Postoperative patients were transferred to the
surgical intensive care unit where 3H therapy and nimodi-
pine orally or via nasogastric tube in unconscious patients
were applied for the rest of the 3 weeks after hemorrhage.
Prophylactic phenytoin and steroids were routinely admin-
istered in the pre- and postoperative periods. A follow-up
brain CT was performed on the first postoperative day and
on day 3 to evaluate hematoma on the surgical site, hydro-
cephalus, or any new ischemic insults (Figs. 1, 2, 3, and 4).
Clinical vasospasm was reported in case of development of
focal neurological signs or deterioration in the level of con-
sciousness with exclusion of other causes of deterioration
such as hydrocephalus, seizures, rebleeding, or electrolyte
disturbance. Angioplasty and intra-arterial vasodilator
drugs were not applied for the patients with clinical vaso-
spasm. The outcome of the patients was assessed at dis-
charge from the hospital after 3 months using the Glasgow
Outcome Scale [11] and was analyzed with variable prog-
nostic factors including vasospasm.

Results
The age of the patients in this study ranged from 29 to
69 years with a median age of 49.7 years. There was a
slight female predominance (56%) in the study

population as shown in Table 1. The majority of cases
were of good WFNS grading (I–III) in 30 (83.3%) of the
patients, and the remaining six (16.7%) of the patients
were grade IV. Eighteen (50%) of the patients had Fisher
grade II, 16 (44.4%) were Fisher grade III, and the
remaining two patients were grade IV. Preoperative ven-
tricular drainage was not performed in all patients; how-
ever, two (5.6%) patients developed increased
hydrocephalus and required a permanent ventriculoperi-
toneal shunt. Hypertension, cigarette smoking and dia-
betes mellitus were the most commonly reported risk
factor in 66.7%, 33.3%, and 25% respectively. Ruptured
anterior communicating (Acom) artery aneurysm was

Table 1 Demographic characteristics of the patients

Age

Range 29–69 years

Median 49.2 years

Gender

Female 20 (56%)

Male 16 (44%)

WFNS Grading Scale

Grade I 6 (16.7%)

Grade II 17 (47.2%)

Grade III 7 (19.4%)

Grade IV 6 (16.6%)

Grade V 0 (0%)

Fisher Grading Scale

Grade I 0 (0%)

Grade II 18 (50%)

Grade III 16 (44.4%)

Grade IV 2 (5.6%)

Risk factors

Hypertension 24 (66.6%)

Cigarette smoking 12 (33.3%)

Diabetes mellitus 9 (25%)

Site of aneurysm

Acom 17 (47.2%)

MCA 10 (27.8%)

ICA PCOM 4 (11.1%)

ACA 5 (13.9%)

Size of the aneurysm

Small (< 6 m) 4 (11.1)

Medium (6–15 m) 26 (72.2%)

Large (16–24 mm) 6 (16.7%)

Timing of surgery

Intermediate 24 (66.7%)

Late 12 (33.3%)
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the commonest site in 17 (47.2%) of the patients
followed by ruptured middle cerebral artery (MCA)
aneurysm in 10 (27.8%) of the patients. The majority of
aneurysms treated were small (11%) to medium in size
(72%). Six patients (17%) had large size aneurysms (16–
24mm), and we do not have giant aneurysms in this
study. Intermediate surgery was performed in 24 (66.7%)
while the remaining 12 (33.3%) patients were operated
late after day 14. Clinical vasospasm and delayed ische-
mic lesions as evident in the follow-up brain CT were
reported in eight (22.2%) cases. All patients were treated
with continued 3H therapy only as the services of angio-
plasty or intra-arterial vasodilator injection were not
available at our center. Seven patients recovered without
devastating neurological deficit, while the remaining case
died from aggravated vasospasm. Rebleeding after
microsurgical clipping was not reported while postopera-
tive seizures were experienced in two patients.
Three-month favorable outcome was reported in 31
(86.1%) patients; bad outcome in 5 patients included one
(2.8%) patient died from aggravated vasospasm. The most
important prognostic factor associated with favorable out-
come was the preoperative clinical grading; however, it
does not reach statistical significance (p, 0.421). Patients

with Fisher grade II had a significant good outcome than
other grades (p, 0.02). There was no correlation between
preoperative patients’ WFNS Grade, Fisher Grade, and the
development of vasospasm.

Discussion
The recent revolution in endovascular intervention with
the introduction of detachable coils and flow diversion
techniques in the last years leads to the treatment of
cerebral aneurysms with endovascular intervention first
whenever possible [12, 13]. However; this may not be
applicable in many centers in developing countries due
to expensive supplies that make surgical clipping the
standard treatment modality for ruptured aneurysms.
The optimum timing of microsurgical clipping after

aneurysmal subarachnoid hemorrhage was a matter of
controversy in the last 5 decades [4]. With the introduc-
tion of microsurgical techniques in the 1960s and till
1970s, the majority of neurovascular surgeons practiced
late surgery 2 or 3 weeks after hemorrhage. They be-
lieved that surgery on swollen and vulnerable brain was
dangerous and associated with high rate of complica-
tions [7, 14] (Table 2). Whitfield and Kirkpatrick in their
Cochrane review in 2001 identified only one randomized

Fig. 1 A 52-year-old male patient with ruptured left PCOM aneurysm. a 3D CTA shows the left PCOM aneurysm. b Follow-up brain CT shows no
delayed ischemic insult. c Follow-up 3D CTA shows complete clipping

A B C

Fig. 2 A 54-year-old female patient with ruptured MCA aneurysm. a 3D CTA shows right MCA aneurysm. b Follow-up brain CT shows no delayed
ischemic insult. c Follow-up DSA shows complete clipping
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clinical trial on the timing of surgery after rupture of
cerebral aneurysms [6]. In this trial, patients with early
surgery (days 0–3) had the best outcome, and patients
with intermediate surgery (days 4–7) had the worst out-
come [15]. A systemic review that included the afore-
mentioned study and another ten observational studies
by de Gans and his colleagues [5] demonstrated that
early and intermediate surgical treatment resulted in bet-
ter outcome than late surgery. Historically, this leads to
a popular belief that microsurgical clipping during vaso-
spasm period especially between days 5 and 10 is consid-
ered unsafe and associated with high risk of delayed
cerebral ischemia [4, 16].
However, several recently published studies showed

that the outcome was not worse when compared inter-
mediate with the late clipping [4–6]. Dorhout Mees and
others evaluated the timing of aneurysm surgery after
rupture of cerebral aneurysms in 2016 patients random-
ized for coiling or clipping within the International Sub-
arachnoid Aneurysmal Trial and supported the current
guidelines for early aneurysm treatment in subarachnoid
hemorrhage patients. The authors do not recommend
postponing treatment in patients between days 5 and 10
after subarachnoid hemorrhage [4]. Orakdogen and
others evaluated the timing of surgery with several

prognostic factors in patients who underwent microsur-
gical clipping for ruptured cerebral aneurysms and dem-
onstrated that the rate of mortality was significantly
higher in the day 0 period and the rate of mortality did
not differ significantly from the other stages of the dis-
ease [17]. The aforementioned studies supported the
practice of aneurysm treatment once diagnosed even in
the period of vasospasm as in our protocol.
On their study about aneurysm surgery, Maurice-Wil-

liams and Lafuente found that on existing evidence, the
timing of surgery has little if any effect on the overall
management results, and soon, this will become a for-
gotten and irrelevant controversy that was based on the
number of patients lost due to ultra-early rebleeding that
could not be saved even in early surgery. Adding to that
the technical difficulties faced by the surgeon in early
surgery [18].
On average of 3 years after subarachnoid hemorrhage,

Satzger et al. compared cognitive functions after early and
delayed surgery; patients were examined individually with
a comprehensive neuropsychological test battery including
tests of premorbid intelligence, concept formation, mem-
ory, visuomotor speed, aphasia screening, and mood. Early
and late patients were well comparable in terms of years
of education and level of premorbid intelligence [19].

Fig. 3 A 65-year-old male patient with ruptured Acom aneurysm. a 3D CTA shows the ruptured Acom aneurysm. b Follow-up brain CT shows no
delayed ischemic insult. c Follow-up 3D CTA shows complete clipping

CBA

Fig. 4 A 55-year-old female patient with ruptured left MCA aneurysm. a 3D CTA shows the ruptured left MCA aneurysm. b, c Follow-up MRI and
brain CT shows aggravated vasospasm
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Symptomatic vasospasm remains a leading cause of
delayed morbidity and mortality in patients with
aneurysmal subarachnoid hemorrhage [12]. The severity
of vasospasm is related to the amount and duration of
contact with subarachnoid hemorrhage [10, 20]. In pa-
tients who survive the initial bleeding after rupture of
the cerebral aneurysm, about 40 to 70% developed arter-
ial narrowing with 20–30% manifested neurological def-
icit [1, 20]. Prevention of vasospasm and the delayed
cerebral ischemia after ruptured cerebral aneurysms is
limited to specific drug treatment and manipulation of
blood pressure, intravascular volume, and blood viscosity
[3]. Surgical treatment allowed clot removal with irriga-
tion of the basal cisterns which theoretically may reduce
the incidence of vasospasm [1, 16]. It is generally ac-
cepted that aneurysm closure with either endovascular
coiling or microsurgical clipping facilitates the safe treat-
ment of vasospasm with popular practice of 3H therapy
especially in centers that lack angioplasty [3]. In our
study, we observed that preoperative clinical grading
was the most important prognostic factor, and patients
with good WFNS grade usually had good outcome al-
though it did not reach statistical significance due to the
small number of patients. Patients with clinical vaso-
spasm after clipping was associated with poor outcome
with one patient died from aggravated vasospasm. The
only significant prognostic factor was in patients with
Fisher grade II, and all patients had favorable outcome.
This is in agreement with other previously published
studies investigating the prognostic factors after micro-
surgical clipping of cerebral aneurysms [15, 17]. A study
by Dilvesi et al. showed that the Fisher Grade is not sig-
nificant in predicting the intensity of cerebral vasospasm
in patients hospitalized with intracranial aneurysm rup-
ture [21]. Orakdogen and others reported that WFNS
grade, age, size of the aneurysm, and clinical vasospasm
were the most important prognostic factors in patients
undergoing surgery after rupture of cerebral aneurysms
[17]. Bohnstedt et al. [8] reported that Hunt and Hess
grade on admission was the primary prognostic factor of
outcome. Samaha et al. [22] demonstrated that

preoperative neurological state and the occurrence of ar-
terial vasospasm were the main prognostic factors.
Our study is limited by being retrospective, including

small number of patients, evaluating the surgical out-
come only and not the overall management for the pa-
tients with ruptured anterior circulation aneurysms, and
evaluating the patients with delayed cerebral ischemic
deficit with brain CT and not diffusion magnetic reson-
ance image (MRI). However; it presents safe clipping
during the period of vasospasm which is a common
practice in developing countries due to some logistic dif-
ficulties and economic burden. This study demonstrated
that patients should not be delayed till the end of vaso-
spasm period and the ruptured aneurysm should be se-
cured whenever applicable to prevent rebleeding and
allow treatment of vasospasm with 3H therapy safely.

Conclusions
We demonstrated that microsurgical clipping of the rup-
tured anterior circulation aneurysms can be done safely
during the period of vasospasm without devastating
complications. Securing the aneurysm in patients with
late referral in developing countries should be done to
prevent rebleeding and to allow for the 3H therapy ap-
plication safely.

Abbreviations
Acom: Anterior communicating artery; CT: Computed tomography;
MCA: Middle cerebral artery; MRI: Magnetic resonance image; WFNS: World
Federation of Neurosurgeons

Acknowledgements
Not applicable.

Funding
We do not have personal or institutional financial support for the materials
or supplies used in the study.

Availability of data and materials
Data are available at medical records of department of neurosurgery,
Zagazig University, Egypt. The data that support the findings of this study are
available on request from the corresponding author [A. Alawamry].

Authors’ contributions
All authors participated in the decision-making regarding the time and type
of treatment modality. All authors participated in the microsurgical clipping
of aneurysms included in the study. MT and AA participated in the sequence
alignment and drafted the manuscript. All authors read and approved the
final manuscript.

Ethics approval and consent to participate
Study design was approved by the ethical committee at faculty of medicine,
Zagazig University, Egypt. Date of approval is December 2013. All patients
were informed and agreed to participate in this study with written consents.

Consent for publication
Written consent to publication were obtained from patients whom radiological
images were submitted.

Competing interests
The authors declare that they have no competing interests.

Table 2 Perioperative complications and outcome

Perioperative complications

Clinical vasospasm/delayed ischemia 8 (22.2%)

Hydrocephalus 2 (5.6%)

Seizure 2 (5.6%)

Infection 0

Glasgow Outcome Scale

Favorable outcome (GR + MD) 31 (86.1%)

Bad outcome (SD + PVS) 4 (11.1%)

Death 1 (2.8%)
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