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Abstract Introduction: Aneurysmal Subarachnoid Hemorrhage (SAH) remains a devastating and

often fatal form of stroke. The aneurysm is targeted for obliteration to prevent re-bleeding and to

manage the possible complications from the event. Endovascular coiling has emerged as a less inva-

sive alternative to conventional surgical clipping to treat aneurysms.

Patients and methods: This study was done prospectively in the Cairo University (Kasr El-Eini)

hospitals to evaluate the outcome of both modalities used in the treatment of ruptured anterior

communicating artery (Acom) aneurysm. 30 patients with Hunt and Hess grade I, II or III. were

classified into two groups of microsurgical clipping (Endoscopic assistance used in five cases) and

endovascular coiling.

Results: Mortality rate was higher in the clipping group (26.7%) compared to the coiling group

while recurrence rate was high in the coiling group (26.7%). Complications including hydrocepha-

lus, hemiparesis and failed procedures occurred in (6.7%).

Conclusion: We concluded that coiling is better for treating cases of ruptured Acom aneurysms

being less invasive and achieving a favorable outcome compared to surgery. While Endoscope-

Assisted Microsurgical Clipping (EAM) gives better control during clipping provided that a well-

trained, competent and experienced neurosurgeon is available.
� 2013 Production and hosting by Elsevier B.V. on behalf of Egyptian Society of Radiology and Nuclear

Medicine. Open access under CC BY-NC-ND license.
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1. Introduction

Aneurysmal subarachnoid hemorrhage (SAH) remains a dev-
astating and often fatal condition. In patients who survive the
initial ictus, the aneurysm is targeted for obliteration to prevent

the occurrence and sequelae of re-hemorrhage events. In recent
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Table 1 WFNS grade utilizes the combination of GCS score

and motor deficit; the Hunt and Hess (H&H) grade utilizes only

the clinical description Morbidity and mortality rates increase

with a higher grade in each scale.

Grade GCS score Motor deficit Clinical description

I 15 Absent Asymptomatic, mild

headache or slight nuchal

rigidity

II 13–14 Absent Moderate to severe

headache, nuchal rigidity,

and no other neurological

deficit except cranial nerve

palsy

III 13–14 Present Drowsiness, confusion, or

mild focal deficit

IV 7–12 Present or Absent Stupor, moderate to severe

hemiparesis, and possibly

early decerebrate rigidity and

vegetative disturbances

V 3–6 Present or Absent Deep coma, decerebrate

rigidity, and moribund

appearance

Table 2 Glasgow Outcome Scale (GOS) for patient follow up

assessment.

Grade Clinical description

1 Death

2 Vegetative state

3 Severely disabled (conscious but the patient requires

others for daily support due to disability)

4 Moderately disabled (the patient is independent but

disabled)

5 Good recovery (the patient has resumed most normal

activities but may have minor residual problems)
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years, endovascular coiling has emerged as a less invasive alter-
native to conventional surgical clipping of the aneurysm (1).

The Anterior communicating (Acom) artery aneurysm is

the most common location of cerebral aneurysms and accounts
for as many as 36% of aneurysms (2). Among patients admit-
ted to hospital in good clinical status for the treatment of rup-

tured Acom aneurysm, 80% have attained favorable results
(3). Nevertheless, as many as 46% of survivors after SAH
may experience cognitive dysfunction (2,4).

The International Subarachnoid Aneurysm Trial (ISAT)
compared surgical clipping and endovascular coiling of rup-
tured intracranial aneurysms in a large randomized control
trial. After 1 year, the results favored coiling and demonstrated

a 7.4% absolute risk reduction in the proportion of patients
who died or experienced ongoing dependence due to neurolog-
ical disability (5,6). This trial had a dramatic impact on the

management of aneurysmal SAH, resulting in an increase in
the proportion of patients treated by endovascular coiling.

With the most sophisticated microsurgical techniques, the

visualization of important structures is still not adequate in a
certain number of cases. In those cases, retraction of brain
parenchyma, vascular and neural structures, or the aneurysm

itself may be necessary. Even the clip may have to be retracted
to confirm its relative position to nearby structures (7).

There has been increasing use of neuro-endoscope as a
complement to microsurgery. Endoscopic guidance during

aneurysm surgery has the advantage of inspecting the blind
corner of the surgical microscope also the magnification and
illumination capabilities help in identifying deep tiny structures

(8).
This paper will evaluate the outcome of microsurgical clip-

ping with or without endoscopic assistance versus endovascu-

lar coiling in the treatment of 30 patients with ruptured Acom
artery aneurysm done in the Cairo University (Kasr El Eini)
Hospitals to provide the best protocol of management for this

condition.

2. Patients and methods

This study was done prospectively in the neurosurgery depart-
ment and the Neuro-intervention unit in the radiology depart-
ment, Kasr Al Eini School of Medicine, Cairo University,
from 6/2010 till 6/2011. 30 patients were admitted to the Emer-

gency Unit of neurosurgery suffering from spontaneous sub-
arachnoid hemorrhage (SAH) due to a ruptured anterior
communicating artery (Acom) aneurysm. The age of the 30 pa-

tients ranged between 24 and 73 years with a mean age of
46.3 years. Incidence of SAH was slightly more prevalent in fe-
males 52.3% compared to males 46.7%.

Patients were divided equally into two groups according to
the line of management:

1. Microsurgical clipping where the endoscope was introduced

in some cases to visualize pre-clipping view. (15 patients)
2. Endovascular treatment by coiling (15 patients)

All patients included in the study fulfilled the following
inclusion criteria:

1. Diagnosed ruptured Acom aneurysm by CTA demonstrat-
ing the SAH and the aneurysm.
2. World Federation of Neurosurgical Societies (WFNS) and
Hunt-Hess classification grades I, II or III Table 1.

3. Aneurysmal sac size <2.5 cm.

Patients were distributed alternatively among clipping and
coiling to minimize selection bias. Patients with Hunt Hess
grade IV or V were excluded from the study due to the ex-

pected poor outcome irrelevant to the line of management.
All patients had full neurological assessment and CT scan
pre- and post-treatment.

All patients went for follow up for a period of at least
6 months to evaluate the clinical outcome by the conscious le-
vel, neurological deficits if any and performed neuro-imaging

studies to follow the ventricular size, related infarctions or
resolving intra-cerebral hematoma, Glasgow Outcome Scale
(GOS) Table 2 was used for general assessment of the out-
come. Four vessels angiography was the standard protocol

of follow up in the coiled cases. It was planned at 6 months,
2 years and 4 year intervals from the treatment to insure the
stability of the treatment and absence of recurrence. Finally,

we compared the results of each modality and tried to figure
out the better line of management for ruptured Acom
aneurysms.
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3. Results

15 Patients were managed by endovascular coiling Fig. 1. And
15 patients underwent microsurgical clipping with endoscopic

assistance used in 5 patients.
The incidence of multiple aneurysms was 10% (three cases).

Complications were in the form of hemiparesis 10% (three

cases; two of them were transient while one of them was per-
manent), hemiparesis is suggested to be due to vasospasm as
a complication of SAH, no significant difference was detected
while comparing the outcome of clipping versus coiling regard-

ing the vasospasm which proves the fact that the vasospasm is
a sequelae of SAH and not the method of treatment used.
Fig. 1 (A1 and A2) two cases of ruptured anterior communicating

Coiling of both Acom aneurysms. (C1 and C2) Follow up angiogram
Hydrocephalus occurred in three cases (10%) as a sequelae
of SAH for which a ventriculo-peritoneal (VP) shunt was ap-
plied, no significant difference in incidence of hydrocephalus

following clipping or coiling was seen which proves the fact
that the cause is the SAH.

Recurrence of aneurysm occurred in four cases of coiling

out of 15 cases (26.7%) which were silent but detected during
the follow up angiography done after 6 months of treatment. It
required a second session for repacking and all were recoiled

safely without recurrence detected in the next control angiog-
raphy Fig. 2.

Failed procedure occurred in two cases (6.7%) where in one
of them microsurgical clipping could not be achieved and the
(Acom) aneurysms with subarachnoid hemorrhage. (B1 and B2)

6 months after treatment.



Fig. 2 (A1–A3) three cases of recanalization due to coil impaction discovered on the 6 month follow-up angiogram. (B1–B3) Final

angiogram after recoiling showing total closure of the sac and neck.

Table 3 Complications in both groups in relation to total

number of cases.

Complications Clipping Coiling Total

Hydrocephalus 2/15 (13.3%) 1/15 (6.7%) 3/30 (10%)

Hemiparesis 1/15 (6.7%) 2/15 (13.3%) 3/30 (10%)

Failed procedure 1/15 (6.7%) 1/15 (6.7%) 2/30 (6.7%)

Recurrence 0% 4/15 (26.7%) 4/30 (13.3%)

Mortality 4/15 (26.7%) 1/15 (6.7%) 5/30 (16.7%)

Table 4 The Glasgow Outcome Scale (GOS) at 6 months

follow up for both groups.

Glasgow

Outcome Scale (GCS)

Clipping

(no. of cases)

Coiling

(no. of cases)

1 4 1

2 0 0

3 2 2

4 1 3

5 8 9
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Acom was wrapped with the muscle. In one case of coiling
after partial occlusion of the aneurysm sac progressive throm-
bosis of the Rt. A1 and both A2 segments (hypoplastic Lt. A1)

were detected for which 40 mg Aggrastat (antiplatelets) and
4 mg Nimotop (Vasodilator) were injected intra-arterially.
Complete patency was achieved in the Rt. A1 and both A2 seg-

ments and the procedure was aborted at that stage, the patient
recovered with no sensory or motor deficits. Coiling was con-
tinued in another session with no recurrence noted on the

6 month follow up angiogram. The overall mortality was
16.7% (5 cases out of 30) which was significantly higher in
the microsurgical clipping group 26.7% (4 out of 15 cases)
Fig. 3 (A1 and A2) CT of two cases of subarachnoid hemorrhage se

both cases showing the Acom aneurysms. (C1 and C2) CT follow up
compared to 6.7% (1 out of 15 cases) in the coiling group. Ta-
ble 3 summarizes the incidence of complications related to
each modality of treatment used. Glasgow Outcome Scale

for both groups at the 6 month follow up is summarized in
Table 4.

Endoscope-assistance was used in 5 out of 15 cases of the

microsurgical clipping group. Visual confirmation was
achieved pre and post-clipping in all of them and in one case
the clip needed to be repositioned due to the inclusion of a

small perforator branch. In the four mortality cases the sur-
geon did not use the endoscope and the suggested cause of
mortality was hypothalamic insult, while in the mortality case
condary to the rupture of Acom aneurysms. (B1 and B2) CTA of

was done after clipping of both aneurysms.
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of the coiling group the patient developed multiple strokes due
to severe vasospasm which could not be managed by medical
treatment Fig. 3.
4. Discussion

It is thought that approximately 6% of the international pop-

ulation harbor intracranial aneurysms with a higher prevalence
in the Asian and Finnish populations (4–9%) (9). Risk factors
associated with the presence and rupture of intracranial aneu-

rysms have included high blood pressure, tobacco usage, ge-
netic and ethnic related factors; however, the prevalence of
lesions is still thought to be approximately 2% in those with-

out any known risk factors (9).
The annual risk of rupture has been reported to be between

0.1% and 8%, depending on variable lesion characteristics (9).

The International Study of Unruptured Intracranial Aneu-
rysms (ISUIA) reported in two recent publications that the
risk of aneurysm rupture was substantially lower than previ-
ously thought, that is, approximately 2% in anterior circula-

tion aneurysms in those less than 7 mm (10,11).
The patients who experience (SAH) after aneurysmal rup-

ture, approximately one third return to a functional life, one

third have a morbidity, and one third do not survive.(9,11,12).
The greatest risk after the initial aneurysmal rupture is re-rup-
ture. Once the aneurysm is secured operatively or by endovas-

cular treatment, the risks are of cerebral vasospasm leading to
ischemic complications and of developing hydrocephalus from
such an event, thereby underlying the importance of early
intervention and close monitoring in the post-rupture period

(13).
In 1996, Moret et al. published the results of endovascular

treatment in 36 Acom aneurysms. In seven of these cases

(20%) the treatment failed. This high rate of failure can be ex-
plained because the technical armamentarium in the mid-1990s
was not as advanced and sophisticated as it is today. Of the 29

treated aneurysms, it was possible to achieve a complete occlu-
sion in 23 cases (79%) and partial occlusion with neck remnant
in the remaining 6 cases (21%). These investigators observed a

post-procedural temporary neurological deficit in two cases,
and the procedure-related permanent morbidity was 3.5% (1
case). No procedure-related death was reported (14).

In 2002 Kazekawa et al. presented the overall clinical and

angiographic evaluation in 19 consecutive patients with Acom
aneurysms who were treated with coils. Complete obliteration
was obtained in 68% of cases, whereas a neck remnant was

seen in 32% of cases. Regarding the overall clinical outcome,
3 patients (15%) who were originally categorized in Grades
IV and V died, 1 (5%) was moderately disabled, and 15

(80%) had a good recovery (15).
With recent technical advancements, such as rotational

angiography, new microcatheters and micro-guidewires, small
and super-soft coils, and compliant balloons for the balloon

assisted technique, the failure rate of coiling of Acom aneu-
rysms is diminishing.

In 2009 Guglielmi et al. in their large endovascular series on

306 ruptured Acom aneurysms treated by coiling reported a
complete occlusion achieved in 139 cases (45.5%). A neck rem-
nant was detected in 145 aneurysms (47.5%), and in 22 cases

(7%) a residual filling of the aneurysm was observed. Regard-
ing the clinical neurological outcome, 280 patients (91.5%)
remained neurologically intact, improved, or unchanged from
their initial clinical status. Two large, wide-necked, subtotally
occluded aneurysms ruptured 3–7 months after the procedure,

with subsequent death of the patients. The procedure-related
morbidity and mortality rates were 3.5% (11 cases) and 1%
(3 cases), respectively (16).

In our study, 15 cases underwent endovascular coiling with
Hunt and Hess grade I–III, 40% grade III, 33.3% grade II and
26.7% grade I, total occlusion was achieved in 13 cases

(86.6%) with neck remnant left in 1 case (6.7%) and one case
of failure (6.7%) due to a thrombotic event which was over-
come by antiplatelets. The patient was coiled in a second ses-
sion. The outcome measured on GOS was 5 in 9 cases

(60%), 4 in 3 cases (20%), 3 in 2 cases (13.3%) and 1 in 1
case(6.7%). In our small series, we used the rotational digital
angiography in all cases of endovascular coiling with the use

of tridimensional 3D coils. We did not use balloons or stents
as there was no indication to use them.

Guglielmi et al. observed a 16% rate of recanalization of

the aneurysms on the follow-up angiograms. The most impor-
tant factors related to aneurysm recanalization were the use of
soft and smaller coils, large size of the aneurysm, large size of

the neck of the aneurysm and packing density. Another factor
that predisposes to recanalization is the spatial direction of the
Acom aneurysm: lesions that point upward and posteriorly are
more difficult to treat. In this type of aneurysm the difficulty of

safe catheterization increases. It is important to steam-shape
the microcatheter properly to improve its positioning and
anchoring. A second session of embolization was performed

in the majority of recanalized aneurysms, with a very low rate
of iatrogenic complications (16).

In our study, 4 out of 15 cases (26.7%) had recanalization

in the follow up angiogram done after 6 months. Recanaliza-
tion occurred in one case due to a small neck remnant left post
coiling and the other three cases likely had loose packing with

low packing density. A second session was done for all recur-
rent cases with complete stable occlusion proved on the follow
up angiogram done 6 months later.

The initial results of the International Subarachnoid Aneu-

rysm Trial (ISAT): of neurosurgical clipping versus endovascu-
lar coiling in 2143 patients with ruptured intracranial
aneurysms were originally published in 2002, and were con-

ducted to establish comparative outcomes in a prospective ran-
domized fashion in patients equally suitable for either
endovascular or surgical treatment (17). For such patients,

the absolute reduction in death and morbidity was 6.9% and
the relative risk reduction was 23% (18). A complete analysis
at 1 year revealed that the absolute and relative risk reductions
had increased to 7.4 and 24%, respectively (17).

The presence of symptomatic moderate or severe vaso-
spasm is not a contraindication of the coiling of Acom aneu-
rysms. It is possible to perform pharmacological

manipulation of the spasm before coiling. The immediate
occlusion of the aneurysm allows intense medical or endovas-
cular therapy for the arterial vasospasm. A significant advan-

tage over surgery is that there is no need for any kind of
manipulation or resection of an ‘‘angry swollen’’ brain to reach
the aneurysm (16).

In our study, all the patients received Triple H therapy
(hypertension, hypervolaemia and hemodiluton) after securing
the ruptured aneurysm either surgically or by coiling to coun-
ter vasospasm, despite this protocol, 80% of the total number



Endovascular coiling versus surgical clipping in the treatment of ruptured anterior communicating 529
of cases included in the study suffered from vasospasm either
clinically or radiologically, in two cases the vasospasm was se-
vere enough to cause complete hemiplegia in one case of sur-

gery and diffuse brain edema and mortality in another case
of coiling. However, we could not relate the vasospasm to
the line of management used either in surgery or endovascular-

ly, but as a sequelae of SAH as reported in the literature.
Rupture alone or surgical repair of Acom aneurysm may

result in cognitive deficits such as memory impairment and

personality changes, which are referred to as ‘‘Acom syn-
drome’’ (19–22). Even patients with a postoperative Glasgow
Outcome Scale score of 4 or 5 may still exhibit significant cog-
nitive deficits (20).

One study (23) evaluated the quality of life and the degree
of cognitive dysfunction in 93 patients 4.5 years after surgery
of a ruptured brain aneurysm and reported that patients with

an Acom aneurysm were more likely to suffer cognitive dys-
functions than patients who had a ruptured aneurysm else-
where in the intracranial vasculature. The only study that

compares the cognitive outcome between surgically and endo-
vascular treated patients was published by Chan et al. (24) on
18 patients with ruptured Acom aneurysm. Half of them had

undergone surgical clipping and the other half had endovascu-
lar embolization. Endovascular treatment showed significantly
fewer severe cognitive deficits than those with surgical clipping
(16). In our study we could not assess the cognitive function of

the treated patients due to lack of applicable tests.
In our hospital, endovascular coiling was introduced start-

ing from the early 2000 with a very limited experience at the

start, but then few radiologists got involved in this technique
with a tedious learning curve using the up to date instruments
and angio suites. Nowadays, we have an advanced specialized

neuro-interventional unit with favorable outcomes in the man-
agement of various intracranial vascular pathologies.

Suzuki et al. reported on the post-surgical overall clinical

outcome in 603 patients with Acom aneurysm. Of these pa-
tients, 367 (61%) had an excellent outcome, 107 (18%) had a
good outcome, 99 (16%) had a fair/poor outcome, and 30
(5%) died. Of the 264 patients who presented in Hunt and

Hess Grades I–III, 86% had an excellent or good outcome
(25).

Fukushima et al. reported on the overall clinical outcome

post-surgery in 138 patients with Acom aneurysm. In 119 cases
(86%) the outcome was excellent or good, and 8 (6%) died. Of
the 83 patients presenting in Hunt and Hess Grades I–III, 92%

had an excellent or good outcome (26).
A review of surgical series of patients with Acom aneu-

rysms revealed that the main cause of unfavorable outcome
appears to be the initial SAH with its deleterious conse-

quences, specifically, direct brain damage, hydrocephalus, or
vasospasm-related ischemia (27). Other literature reported that
the main surgical complication responsible for unfavorable

outcome due to cerebral infarction or disabling stroke was ves-
sel occlusion, which ranged between 1% and 13% of patients
(28,3).

After microsurgical clip application, the incidence of aneu-
rysm rest has been assessed as between 4% and 9%, reaching
up to 19% for giant aneurysms (29). Repeated surgery for an

aneurysm rest may result in a 7% rate of procedural complica-
tion with an 89% rate of complete occlusion (29).

In our study, 15 cases underwent microsurgical clipping
with Hunt and Hess grades I–III, 40% grade III, 40% grade
II and 20% grade I, the outcome measured on GOS was 5 in
8 cases (53.3%), 4 in 1 case (6.7%), 3 in 2 cases (13.3%) and
1 in 4 cases (26.7%). In our surgical limb we did not have

any method for intra-operative assessment of residual aneu-
rysm or a follow up angiogram schedule. However, a further
study of a larger number of cases and introduction of intraop-

erative indocyanine green (ICG) angiography are mandatory
to exclude residual aneurysm after microsurgical clipping.

5. Conclusion

Endovascular treatment by coiling is better than micro-surgi-
cal clipping in the management of ruptured anterior communi-

cating artery (Acom) aneurysm being less invasive and of
lower mortality. Recurrence is higher with coiling, however,
it can be discovered in the early follow up angiograms and

managed safely by re-coiling. Endoscopy assisted microsurgery
gives better control during clipping provided that a well-
trained, competent and experienced neurosurgeon is available.
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