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Analysis of Clinical and Radiological Outcomes
in Microsurgical and Endovascular Treatment 
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Objective : We aimed to analyze clinical and radiological outcomes retrospectively in patients with basilar apex aneurysms treated by coiling or
clipping.
Methods : Outcomes of basilar bifurcation aneurysms were assessed retrospectively in 77 consecutive patients (61 women, 16 men), ranging in
age from 25 to 79 years (mean, 53.7 years) from 1999 to 2007.
Results : Forty-nine patients out of 77 patients (63.6%) presented with subarachnoid hemorrhages of the 49 patients treated with coiling, 27
(55.1%) showed complete occlusion of the aneurysm sac. Of these, 13 patients (26.5%) developed coil compaction on angiographic or MRI
follow-up, with recoiling required in 9 patients (18.4%). Procedural complications of coiling were acute infarction in nine patients and the
bleeding of the aneurysms in six patients. The remaining 28 patients underwent microsurgery: twenty-six of these (92.9%) with microsurgery
followed up with conventional angiography. Complete occlusion of the aneurysm sac was achieved in 19 patients (73.1%). Operation-related
complications of microsurgery were thalamoperforating artery injuries in three patients, retraction venous injury in two, postoperative epidural
hemorrhage (EDH) in one, and transient partial or complete occulomotor palsy in 14 patients. Glasgow Outcome Scores (GOS) were 4 or 5 in 21 of
28 (75%) patients treated with microsurgery at discharge, and at 6 month follow-up, 20 of 28 (70.9%) maintained the same GOS. In comparison,
GOS of four or 5 was observed in 36 of 49 (73.5%) patients treated with coiling at discharge and at 6 month follow-up, 33 of 49 patients (67.3%)
maintained the GOS from discharge. 
Conclusion : Basilar top aneurysms were still challenging lesions based on our series. Endovascular or microsurgery endowed with its inborn
risks and procedural complications for the treatment of basilar apex aneurysms individually. Microsurgery provided better outcome in some
specific basilar apex aneurysms. For reaching the most favorable outcome, endovascular modality as well as microsurgery was inevitably
considered for each specific basilar apex aneurysm.
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INTRODUCTION

Microsurgical treatment of basilar apex aneurysms is
considered to be difficult and challenging due to their deep
location and intimate relationship with cardinal perforating
arteries7,32). Despite advances in microsurgical techniques,
neuroanesthesia, and neuroradiology, the microsurgical
treatment of basilar apex aneurysms has a higher morbidity
rate than that of microsurgical treatment of anterior circula-

tion aneurysms9). The inability to perform microsurgical
clipping of basilar apex aneurysms has led to the develop-
ment of other treatment modalities such as endovascular
therapy4,9-12,18,24,27-29,33,35). Due to its increased safety, endovas-
cular coil occlusion has become the treatment of choice for
basilar apex aneurysms4,9,11,18,24,25,27-29,33,35). However, endo-
vascular coil occlusion is less durable than microsurgery, as
shown by its higher rates of aneurysm recanalization and
regrowth13).

The efficacy of treatment modality is based on both its
safety and durability. Microsurgical clipping and endovas-
cular coil occlusion, the two treatment modalities for
basilar apex aneurysms, each has its own advantages and
disadvantages when compared with each other. A choice
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should be made based on the conditions of a patient. We
therefore retrospectively evaluated the radiological and
clinical outcomes of clipping and coiling performed in a
single institution in patients with basilar apex aneurysms.

MATERIALS AND METHODS

Between February 1999 and August 2007, 77 consecutive
patients with basilar apex aneurysms underwent microsur-
gery or endovascular procedure in our institute. Patients
with aneurysms exclusive to the P1 segment or those arising
from the basilar artery at the superior cerebellar artery
(SCA) were excluded, as were patients with unruptured
basilar top aneurysms concomitant with ruptured aneurysms
originating from sites other than the basilar bifurcation.

Of these 77 patients, 49 (63.6%) presented with subara-
chnoid hemorrhages (SAH) and 28 (36.4%) with unrup-
tured aneurysms. Of the 49 patients with SAH, 27 (55.2%)
presented with Hunt and Hess Grade I or II, and 22
(44.8%) with Grade III to V. Out of these SAH patients, 26
patients (53.1%) were treated within 3 days of the ictus, 12
patients (24.5%) between days 3 and 14, and 11 patients
(22.4%) were treated after 14 days. Early surgery is general
rule in our institution for patients with ruptured intracranial
aneurysms. However, thirty-eight patients (78%) were
referred from other institutions and this limited early surgery.

Preoperative maximum fundus diameters were categorized
arbitrarily as small (<10 mm), large (10 to 20 mm) or giant
(>20 mm). Thus, fifty-three patients (68.8%) had small
aneurysms while there were 20 patients (26%) with large
aneurysms and 4 patients (5.2%) with giant aneurysms.
Aneurysm neck size was scored as narrow (<4 mm) or wide
(≥4 mm), as determined on the angiographic projection
that best displayed the neck region in relation to the parent
arteries. Thirty-two patients (41.6%) had narrow neck and
45 (58.4%) had wide neck lesions. Projection orientation
of the aneurysms and bifurcation height of the basilar artery
were determined from lateral angiograms. Lesions were
described as projecting anteriorly, neutrally, or posteriorly,
relative to a line drawn from the vertebrobasilar junction to
the basilar apex. Fifteen lesions (19.5%) were anterior, 55
lesions (71.4%) were neutral, and 7 lesions (9.1%) were
posterior. Bifurcations were defined as high (>10 mm
superior to the mid-sellar depth), low (<5 mm inferior to
the posterior clinoid processor) or neutral (those in between).
Based on this categorization, 47 (61%) were high, 26
(33.8%) were neutral, and 4 (5.2%) were low.

Neurosurgeons (B.D., J.A.) and neurointerventionists
(D.K., C.C.) discussed about the treatment modality for
each patient with basilar apex aneurysms (Table 1). Indica-

tions for clipping included the followings : 1) large
aneurysms with wide necks; 2) failure of coiling; 3) small
aneurysms with wide necks; and 4) tiny (<3 mm) aneury-
sms defined as too small for coiling. Indications for coiling
included : 1) small aneurysms with narrow necks (dome to
neck ratio ≥2); 2) reasonable dome to neck ratios (1< dome
to neck ratio <2); 3) morphologic features more favorable
for coiling; 4) elderly patient (≥65 years old); 5) failure of
surgery; and 6) poor clinical grade (Hunt & Hess grade ≥4). 

Clinical outcomes were classified according to the Glasgow
Outcome Scale (GOS). Patients who returned to work
with no neurological deficits (GOS 4 or 5) were determined
to have had good outcomes. Patients with any neurological
deficit who were unable to work or required some level of
assistance in their daily living (GOS 2 or 3) were determined
to have had poor outcomes. Long-term follow-up examina-
tion consisted of outpatient chart review with the patient,
caregiver, or the nearest living relative.

Postoperative angiographic results were classified as 1)
complete obliteration; 2) residual neck; or 3) residual sac,
according to the degree of contrast filling of the aneurysm
dome. Patients with incomplete obliteration of the aneurysm
underwent CT or MR head angiography to evaluate
evidence of regret. Conventional angiography was performed
for confirmation of recurrence or coil compaction. Post-
embolization angiographic results were classified as complete
occlusion (class 1), residual neck (class 2), or residual
aneurysm (class 3) 30, 31).

RESULTS

Clinical outcomes
Seventeen of 28 patients treated with microsurgery

presented with SAH; Hunt and Hess Grade was I or II  in
11 (64.8%), III in 3 (17.6%) and IV in 3 (17.6%). Six
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Table 1. Indications of clipping or coiling for basilar apex aneurysm in
our trials

Indication No. of patients (%)

Clipping

Large aneurysm with broad neck 10 (35.7)

Small aneurysm with broad neck 8 (28.5)

Failure to coiling 5 (17.9)

Tiny aneurysms 5 (17.9)

Coiling

Small aneurysm with narrow neck 19 (38.8)

Reasonable dome to neck ratio 11 (22.4)

Morphologically more favorable for coiling 9 (18.3)

Elderly patients 5 (10.2)

Failure to surgery 3 (  6.1)

Poor clinical grade 2 (  4.1)



patients (35.3%) underwent surgery within 72 hours of
aneurysm rupture, 4 patients (23.5%) on days 4 to 14 after
ictus, and 7 patients (41.2%) after day 14. One patient
became severely disabled and resulted in death after clipping
due to multi-organ failure. At discharge, 13 out of 16
patients had good outcomes and three had poor outcomes.
Mean follow-up time was 28.6 months. At 6 months
follow-up, 12 patients among them had good and four
patients had poor outcomes. 

Of the 11 patients who presented with unruptured
aneurysms and were treated with microsurgical clipping, 8
patients had good outcomes and 3 patients had poor
outcomes, both at discharge and at 6 months follow-up
(Table 2). 

Of 49 patients who were treated with endovascular coiling
32 presented with SAH. Hunt and Hess Grade was  I or II
in 16 (50%), III in 8 (25%) and IV or V in 8 (25%). Twenty
patients (62.5%) underwent endovascular coiling within
72 hours of aneurysm rupture, 8 patients (25%) on days 4
to 14 after ictus, and 4 patients (12.5%) after day 14. Six
patients of this endovascular treatment group became
severely disabled and resulted in death after coiling
treatment. The causes of death were parent artery occlusion
(n=1), bleeding of the aneurysms (n=2), multi-organ failure
(n=1), acute cerebral infarction not related to the procedure
(n=1), or hypovolemic shock from massive ulcer bleeding
(n=1). Of the remaining 26 patients, 23 patients had a good
outcome and 3 patients had a poor outcome at discharge.
At 6 months follow-up, 20 patients had a good outcome, 3
patients had a poor outcome, and 3 patients were lost for
follow-up evaluation. 

Seventeen patients presented with unruptured aneurysms
and were treated with endovascular coiling. Thirteen of 17
patients had a good outcome (Table 2). At 6 months
follow-up, 14 out of 17 patients had a good outcome. 

Angiographic outcomes
Postoperative angiography was performed in 26 (92.9%)

of the 28 patients with clipped aneurysms. Two patients
with no postoperative evaluation were due to poor post-
operative clinical status. Postoperative angiography showed
that 19 aneurysms (73.1%) had been completely obliterated.
Residual neck was observed in two patients (7.7%) and
residual fundus in five patients (19.2%). Four of these
seven patients with residual sac or neck had follow-up CT
head angiography to evaluate the residual status of aneu-
rysms. Follow-up radiological features of residual portion in
these patients were equivalent to those of immediate
postoperative images (Table 3).  Reasons that three patients
with residual neck or sac who did not undergo follow-up
evaluation were due to poor clinical outcomes (n=2) and
follow-up loss (n=1).

Complete occlusion was observed in 27 patients (55.1%),
residual neck in 10 (20.4%), and residual sac in 12 (24.5%)
treated with embolization. Follow-up evaluation was perfor-
med in 30 patients; with nine patients (18.3%), treated
endovascularly during a second therapeutic session after
significant residual or recurrent aneurysm confirmed by
angiography. One patient required two additional interven-
tions and one required three additional endovascular
interventions. Of these 30 patients, 20 (66.7%) showed
complete occlusion, four resulted in residual neck (13.3%),
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Table 2. Clinical outcome of patients with basilar apex aneurysms treated by clipping or coiling at discharge

H & H Grade, no of patients (%)

GOS Clipping group (n=28) Coiling group (n=49)

0 I & II III IV & V 0 I & II III IV & V

5 7 (63.6) 8 (72.7) 22 (66. ) 0 12 (75.0) 12 (75.0) 3 (37.5) 2 (25.0)

4 1 (9.1) 2 (18.2) 0 1 (33.3) 1 (5.9) 1 (6.3) 2 (25) 3 (37.5)

3 2 (18.2) 0 0 2 (66.7) 3 (17.6) 0 1 (12.5) 0

2 1 (9.1) 0 1 (33.3) 0 1 (5.9) 1 (6.3) 1 (12.5) 0

1 0 1 (9.1) 0 0 0 2 (12.5) 1 (12.5) 3 (37.5)

GOS : Glasgow outcome scale, H & H : Hunt and Hess

Table 3. Radiological outcome of patients with basilar apex aneurysms treated by clipping or coiling

No. of patients (%)

Fadiological outcome Clipping group (n=28) Coliling goup (n=49)

Immediate Follow-up Immediate Follow-up

Complete occlusion 19 (67.9) 10 (35.7) 27 (55.1) 20 (48.8)

Residual neck 2 (7.1) 1 (3.6) 10 (20.4) 4 ( 8.2)

Residual sac 5 (17.9) 2 (7.1) 12 (24.5) 6 (12.2)

N/A 2 (7.1) 15 (53.6) 0 19 (38.8)

N/A : not available



and six resulted in residual sac (20.0%) (Table 3). 

Complications
There was no surgery-related mortality in the patients

with microsurgery. Six patients (21.4%) developed surgery-
related complications without third nerve palsy : perforater
injury in three patients, retraction venous injury in two
patients, and postoperative epidural hemorrhage in one
patient. Non-surgical complications were observed in four
patients (14.3%) : communicating hydrocephalus requiring
ventriculoperitoneal shunt in two patients, multi-organ
failure in one patient, and subdural hygroma requiring burr-
hole drainage in one patient (Table 4). 

Procedural related complications were observed in 15
(30.6%) patients with endovascular detachable coiling :
thromboembolic complications in seven patients, post proce-
dural bleeding in six patients, and parent artery occlusion
in two patients. Among the six patients with post procedural
bleeding, four patients showed early post procedural
bleeding within 7 days after the procedure whereas the
other two patients developed late post procedural bleeding
more than 5 months after embolization. Non-procedural
complications were developed in nine patients; acute
hydrocephalus requiring emergency external ventricular
drainage in three patients, intracerebral hemorrhage related
to anti-coagulation in two patients, multi-organ failure in

one patient, Cushing’s ulcer bleeding in one patient, com-
municating hydrocephalus requiring ventriculoperitoneal
shunt in one patient, and acute cerebral infarction not
related to embolization was in one patient (Table 4).

DISCUSSION

Features of endovascular coiling
Basilar bifurcation aneurysms account for 5% to 8% of

all intracranial aneurysms26). From an endovascular view-
point, the height or direction of the tip of the basilar artery
does not affect the endovascular procedure itself. In
addition, the endovascular procedure does not require brain
or cranial nerve retraction. Another advantage of using
embolization to treat aneurysms in the basilar bifurcation
artery is the relatively lower risk of compromising
perforators, because these vessels usually arise from the
aneurysm neck and almost never from the sac8). This
anatomical characteristic enable compact coil packing of
most basilar apex aneurysms. In contrast, basilar apex
aneurysms sometimes incorporate into the ostia of the
posterior cerebral or superior cerebellar artery, preventing
complete obliteration of these aneurysms5,33). The width of
the aneurysm neck and the overall size of the fundus are
important features for enhancing radiological outcomes of
embolization treated intracranial aneurysms. In our study,
aneurysm diameter and the width of the aneurysm neck
were significantly associated with radiological outcomes of
basilar apex aneurysms treated by endovascular coiling.

Endovascular materials and techniques including 3D
coils6), balloon remodeling techniques, double catheter
techniques, and self-expandable stents1,2,16,17,19,22,23,34), can be
helpful in treating wide-necked basilar apex aneurysms.
These technical improvements do not increase the stability
of aneurysm occlusions. However, embolizations have a
critical limitation, in that endovascular access to a basilar
apex aneurysm may be impossible due to significant tor-
tousity or stenosis of the vertebral artery or basilar artery.
The most significant limitations of the endovascular
procedure include its lack of long-term durability, the high
rate of coil compaction and the need for repeated emboliza-
tions3,10). In our series, the rates of coil compaction and
repeated embolization were 24.5% and 18.3%, respectively.
Rupture of previously treated aneurysms is another impor-
tant guideline for assessing the durability of each treatment
modality. The rate of bleeding from embolization treated
aneurysms was 12.2%, with 4 patients developing aneurysm
ruptures within 7 days after embolization and 2 patients
showing ruptures more than 5 months after treatment.
Early post procedural bleeding may be due to technical
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Table 4. Complications of basilar apex aneurysms treated by clipping
or coiling

Complications No. of patients (%)

Clipping goup (n=28)

Surgery-related complications

Perforator injuries 3 (10.7)

Retraction injuries 2 (7.1)

Postoperative EDH 1 (3.6)

Non-surgical complications

Multi-organ failure 1 (3.6)

Communicating hydrocephalus 2 (7.1)

Subdural hygroma 1 (3.6)

Coiling group (n=49)

Procedure related complications

Thromboembolism 7 (14.3)

Early postprocedural bleeding 4 (8.1)

Late postprocedural bleeding 2 (4.1)

Parent artery occlusion 2 (4.1)

Non-procedure complications

Acute hydrocephalus 3 (6.1)

Intracerebral hemorrhage 2 (4.1)

Multi-organ failure 1 (2.0)

Cushing's ulcer bleeding 1 (2.0)

Communicating hydrocephalus 1 (2.0)

Acute cerebral infarction 1 (2.0)



inexperience of the neurosurgeon, whereas late procedural
bleeding may reflect the durability of the embolization
itself. Thus, we estimate that the rate of bleeding risk
arising from embolization itself was 4.1%. Long-term
follow-up evaluation is required, even in patients with
complete occlusion of the aneurysmal sac in basilar apex
aneurysms. This relative poor outcome of basilar top
aneurysms with endovascular treatment in our series might
probably be due to the aneurysm morphology itself
challenge to treat any modalities, the inclusion of the
patients underwent with endovascular treatment during
initial inexperience period, and clinically grave and elderly
patients unavoidable for endovascular treatment.

Features of microsurgical clipping
Basilar apex aneurysms are among the most challenging

vascular lesions, even for very experienced neurosurgeons,
with endovascular techniques being the initial treatment in
many centers4,9-12,18,24,27-29,33,35). A multi-center prospective
trial showed that embolization was effective for treating
ruptured intracranial aneurysms20,21). However, indications
for surgical treatment differed somewhat from those for
embolization. For example, clipping was preferred over
coiling for patients with very tiny ruptured basilar apex
aneurysms, those with aborted embolizations, and those
with small aneurysms having broad necks. Due to differences
in patient populations, even those with basilar apex aneu-
rysms, the results of embolization cannot be directly
compared with those of clipping. 

We found, however, that the rates of rebleeding and
repeated treatment were much lower in patients treated by
clipping than in those treated with endovascular surgery.
This may be due to the greater durability of microsurgery
compared with embolization. A previous study reported
that clipping was successful in 95% of patients with complex
basilar top aneurysms, with no evidence of residual aneury-
sms on follow-up angiography provided14,15). Radiological
complete occlusion of basilar apex aneurysms in our series
was relatively worse than previous report. The main reason
might be small number of patients with direct surgery and
radiological result of each case might affect overall radiolo-
gical outcome significantly. Although microsurgery is not
always superior to embolization for basilar apex aneurysms,
microsurgery may be more appropriate than endovascular
treatment for some patients with ruptured tiny aneurysms
or small aneurysms with broad neck. 

Comparison between clipping and coiling
Indications for endovascular treatment of aneurysm have

gradually extended, from an unavoidable treatment modality

for patients with aneurysms contraindicated for surgery to
today’s primary treatment modality. Prospective multi-
center trials showed that detachable coil embolization was
superior to microsurgical clipping for ruptured intracranial
aneurysms21,22). Since surgical treatment of basilar apex
aneurysms is challenging even for highly skilled neurosur-
geons, these aneurysms are usually first treated by endovas-
cular embolization.   

Detachable coil embolization, however, has limitations,
including high rates of coil compaction and the need for
repeated embolization3,10). The risk of bleeding after deta-
chable coil embolization ranges from zero to 5%, which
indicates its relative safe outcome. In contrast, the durability
of embolization has not yet been established.

Despite the development of direct surgical methods for
basilar apex aneurysms, the rate of surgical morbidity and
mortality remains high. This is partly attributed to the pro-
perties of these aneurysms and anatomic factors surround-
ing these aneurysms. These include a narrow surgical field
leading to difficult maneuverability around the aneurysm,
limited tolerance of the brainstem and thalamus to proximal
control, limited knowledge of the collateral blood flow
system, and limited ability to dissect the perforators from
the wall of the aneurysm. The chief advantage of direct
surgical clipping is its durability. In our study, no patient
experienced bleeding from basilar apex aneurysms after
being treated with surgical clipping. Moreover, follow-up
imaging of four patients with incomplete postoperative
occlusion showed no recurrence of these treated aneurysms.  

Due to differences in patient factors, direct surgical clipping
cannot be compared with endovascular coiling for basilar
apex aneurysms. Yet, each of these methods has its own
advantages and limitations different from one another. Thus,
the endovascular and direct surgical approaches should be
regarded as equal to each other, with the most appropriate
method used for each patient with a basilar apex aneurysm.   

Limitations of our study
Limitations of our study were retrospective design, non-

randomization of patients, and relative large number of
patients with follow-up loss. Although direct comparison of
the two methods was not possible, the radiological and
clinical outcomes of the two methods suggested that patients
who underwent microsurgical treatment were appropriately
selected and produced acceptable results, whereas the
durability of endovascular treatment was somewhat insuffi-
cient. In addition, we could not assess the durability of
microsurgical treatment because of the considerable loss for
radiological follow-up in this group. However, we did not
observe any bleeding during the follow-up for aneurysms
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treated with clipping, and the radiological follow-up results
for patients incompletely treated with clipping were not
inferior to those of the previous radiological images. These
results suggest that microsurgery is a durable treatment
modality for basilar apex aneurysms. Reasons why relative
large number of patients lost to follow-up were that radio-
logical follow-up in patients with surgical or endovascular
treatment had been not performed routinely during early
period of our study and that many of patients were trans-
ferred from other remote institutes.

CONCLUSION

In spite of marked development of endovascular and
microsurgical treatment basilar apex aneurysms are still
considered as formidable and challenging lesions in our
study. Microsurgery and endovascular treatment has its
own pitfalls and benefits in the treatment of basilar apex
aneurysms. Some specific basilar apex aneurysms were more
appropriate for microsurgery resulting in favorable clinical
and radiological outcomes. Therefore, direct microsurgery
as well as endovascular treatment should be equally con-
sidered in decision making for the treatment of basilar apex
aneurysm the treatment of basilar apex aneurysm. Careful
decision for choosing between endovascular treatment and
microsurgical clipping may improve overall outcomes in
each patient with basilar apex aneurysm.   
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