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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 surgical clipping or endovascular coiling [4–6]. However, this

may not be available for all patients especially in developing 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 secure 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 subarachnoid hemorrhage.

* Correspondence: Dr_ahmedalawamry85@yahoo.com
Department of neurosurgery, Zagazig University Hospitals, Zagazig 44519,
Egypt
© The Author(s). 2019 Open Access This article is distributed under the terms of the Creative Commons Attribution 4.0
International License (http://creativecommons.org/licenses/by/4.0/), which permits unrestricted use, distribution, and
reproduction in any medium, provided you give appropriate credit to the original author(s) and the source, provide a link to
the Creative Commons license, and indicate if changes were made.

Taha et al. Egyptian Journal of Neurosurgery

(2019) 34:5

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 saccular aneurysms treated with microsurgical clipping during
the period of vasospasm between days 4 and 21 were collected 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 Grading Scale [10]. A diagnostic three-dimensional CT angiography 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 operative day. The timing of surgery was classified as intermediate (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 intensive care unit bed in rare cases. Surgical technique included 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 nimodipine 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 administered 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, hydrocephalus, 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 consciousness 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 vasospasm. The outcome of the patients was assessed at discharge from the hospital after 3 months using the Glasgow
Outcome Scale [11] and was analyzed with variable prognostic 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
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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%)

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 ventricular drainage was not performed in all patients; however, two (5.6%) patients developed increased
hydrocephalus and required a permanent ventriculoperitoneal shunt. Hypertension, cigarette smoking and diabetes mellitus were the most commonly reported risk
factor in 66.7%, 33.3%, and 25% respectively. Ruptured
anterior communicating (Acom) artery aneurysm was
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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

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–
24 mm), 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 ischemic 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 angioplasty 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 postoperative 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 outcome was the preoperative clinical grading; however, it
does not reach statistical significance (p, 0.421). Patients

A

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 introduction of microsurgical techniques in the 1960s and till
1970s, the majority of neurovascular surgeons practiced
late surgery 2 or 3 weeks after hemorrhage. They believed that surgery on swollen and vulnerable brain was
dangerous and associated with high rate of complications [7, 14] (Table 2). Whitfield and Kirkpatrick in their
Cochrane review in 2001 identified only one randomized

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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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

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 outcome [15]. A systemic review that included the aforementioned study and another ten observational studies
by de Gans and his colleagues [5] demonstrated that
early and intermediate surgical treatment resulted in better outcome than late surgery. Historically, this leads to
a popular belief that microsurgical clipping during vasospasm period especially between days 5 and 10 is considered 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 intermediate with the late clipping [4–6]. Dorhout Mees and
others evaluated the timing of aneurysm surgery after
rupture of cerebral aneurysms in 2016 patients randomized for coiling or clipping within the International Subarachnoid 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

A

prognostic factors in patients who underwent microsurgical clipping for ruptured cerebral aneurysms and demonstrated 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 disease [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-Williams 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 forgotten 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, memory, 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].

B

C

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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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%)

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 patients who survive the initial bleeding after rupture of
the cerebral aneurysm, about 40 to 70% developed arterial narrowing with 20–30% manifested neurological deficit [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 irrigation of the basal cisterns which theoretically may reduce
the incidence of vasospasm [1, 16]. It is generally accepted that aneurysm closure with either endovascular
coiling or microsurgical clipping facilitates the safe treatment 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 although it did not reach statistical significance due to the
small number of patients. Patients with clinical vasospasm 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 microsurgical clipping of cerebral aneurysms [15, 17]. A study
by Dilvesi et al. showed that the Fisher Grade is not significant in predicting the intensity of cerebral vasospasm
in patients hospitalized with intracranial aneurysm rupture [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
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preoperative neurological state and the occurrence of arterial vasospasm were the main prognostic factors.
Our study is limited by being retrospective, including
small number of patients, evaluating the surgical outcome only and not the overall management for the patients with ruptured anterior circulation aneurysms, and
evaluating the patients with delayed cerebral ischemic
deficit with brain CT and not diffusion magnetic resonance image (MRI). However; it presents safe clipping
during the period of vasospasm which is a common
practice in developing countries due to some logistic difficulties and economic burden. This study demonstrated
that patients should not be delayed till the end of vasospasm period and the ruptured aneurysm should be secured whenever applicable to prevent rebleeding and
allow treatment of vasospasm with 3H therapy safely.

Conclusions
We demonstrated that 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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