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al.15) expressed this trend as the “endovascular era” in his report.
However, in some cases, microsurgical clipping is more ben-

eficial than endovascular techniques. MCA aneurysms are tra-
ditionally considered more feasible for microsurgical access be-
cause of their anatomical location and are less treatable by 
endovascular techniques because of their specific geometrical 
characteristics such as a wide neck and branches that are incor-
porated into the aneurysm neck portion18). But with recent im-
provements in endovascular instrumentations and techniques 
such as balloon or stent-assisted coiling, even MCA aneurysms 
are treated with endovascular techniques as the primary treat-
ment option in several institutes7,11,16,20). 

The purpose of this study was to compare our treatment results 
of MCA aneurysms by surgery or coiling and evaluate the bene-

INTRODUCTION

In 2002, the International Subarachnoid Aneurysm Trial 
(ISAT) results showed that the outcomes (absolute risk reduc-
tion in dependency or death) of endovascular coiling were sig-
nificantly better than those of microsurgical treatment after 1 
year of follow-up in cases of ruptured aneurysm13). Thereafter, the 
preferred treatment for almost all aneurysms changed from mi-
crosurgical clipping to endovascular coiling. Although the ISAT 
results were restricted to ruptured intracranial aneurysms and 
middle cerebral artery (MCA) aneurysms were underrepresent-
ed, some institutions currently use coil embolization as the pri-
mary treatment option regardless of aneurysm location and the 
presence or absence of intracranial hemorrhage. Nussbaum et 
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fits of surgical treatment as the primary treatment option for 
MCA aneurysms. 

MATERIALS AND METHODS

Between September 2008 and April 2012, we treated 178 
MCA aneurysms in 170 patients by surgical clipping and endo-
vascular coiling. We reviewed patient information and imaging 
findings from our prospectively collected aneurysm database 
that includes demographic, anatomical, outcome, and clinical 
data. Every surgery was performed by a single neurosurgeon, 
while all endovascular treatments (EVT) were performed by one 
neurosurgeon or one interventional neuroradiologist. 

 
Decision of treatment strategy 

The treatment strategy (observation, clip, or coil) was decided 
by a multidisciplinary neurovascular team composed of expert 
neurovascular neurosurgeons and a neuroradiologist after dis-
cussion. If we expected there to be no definite benefits between 
the two treatment options (clip or coil) in terms of patient outcome 
and perioperative complications, we primarily chose microsur-
gical clipping in cases of MCA aneurysms. EVT were consid-
ered in some selected cases that lacked complexity such as a rel-
atively small neck (≤4 mm), large dome-to-neck ratio (>1.5), no 
incorporated branches in angiographic findings18,22), and/or clin-
ically ruptured aneurysms with a high Hunt-Hess grade and/or 
use of medications such as warfarin. 

All unruptured aneurysms preoperatively underwent cere-
bral digital subtracted angiography (DSA) including 3-dimen-
sional reconstruction. After analyzing the results of cerebral an-
giography including aneurysm location, shape, size, presence of 
vessel incorporation, and geometric configuration, we chose the 
treatment strategies. In principle, smooth aneurysms (no tubu-
lar shape, bleb, or daughter sac) <5 mm were treated by observa-
tion and follow-up. However, if there was any change in aneu-
rysm size and morphology on follow-up computed tomography 
angiography (CTA) or magnetic resonance angiography (MRA), 
we recommended that patients undergo treatment. We treated 
even small aneurysms when there was a family history, high as-
pect ratio, and previous aneurysm rupture. 

 
Treatment procedures and postoperative management 

The surgical treatments of all MCA aneurysms were per-
formed by a standard pterional approach under general endo-
tracheal anesthesia. Surgical neck clipping was done in routine 
microsurgical procedures. We have intraoperatively used a stan-
dard somatosensory and motor evoked potential monitoring 
system since 2010. After aneurysm neck clipping, intraoperative 
Doppler sonography was used routinely to confirm the parent 
and branching vessel patency and rule out blood filling of the an-
eurysmal sac; if needed, we also used indocyanine videoangiog-
raphy. In EVT cases, we used a single or multiple microcatheter 
technique without adjunctive techniques such as stent or bal-

loon-assisted coil embolization to all MCA aneurysms. We con-
firmed aneurysmal sac obliteration on immediate postproce-
dural cerebral angiography. 

After the surgical clipping, all patients were routinely cared for 
in the intensive care unit (ICU) and checked postoperatively with 
non-enhanced computed tomography within 24 hours to deter-
mine the presence of procedure-related complications. The pa-
tients treated by coil embolization were also transferred to the 
ICU postoperatively and checked for complications such as em-
bolic infarction by magnetic resonance diffusion within 24 hours. 
If there was no complication in unruptured aneurysm cases, the 
patients were transferred to general ward on postoperative day 
1 and discharged within 5–14 hospital days. A follow-up imag-
ing study was performed in an outpatient clinic 4–12 months 
later. We identified residual sac or aneurysm regrowth using 
CTA in cases of clipping and MRA in cases of coiling. Follow-up 
cerebral angiography was only performed with the evidence of 
aneurysm regrowth or any change in the size or morphology on 
CTA or MRA.

Clinical outcome was assessed based on Glasgow Outcome 
Scale (GOS) at discharge and 6 months later in an outpatient clin-
ic. We divided the outcome into favorable outcome (GOS 4–5) 
and unfavorable outcome (GOS 1–3)9). We registered all the 
procedure-related and perioperative events and compared several 
parameters such as patient demographics and aneurysm geom-
etry between cases of clipping and coiling. 

 
Statistical analysis

SPSS version 18 was used for the statistical analysis (SPSS, Inc., 
an IBM Company, Chicago, IL, USA). We used Student’s t-test or 
Mann-Whitney U test for continuous variables and χ2 or Fish-
er’s exact test for categorical variables for univariate analysis. 
Multivariate logistic regression analysis was performed to pre-
dict the potential risk factors. Null hypotheses of no difference 
were rejected if p values were <0.05.

 
RESULTS

Baseline patient and aneurysm characteristics
Of the total 178 MCA aneurysms, 140 were unruptured and 

38 were ruptured. We treated 123 unruptured aneurysms with 
surgical clipping and 17 cases with endovascular coil emboliza-
tion. Of the ruptured MCA aneurysms, 30 were treated surgi-
cally and eight were treated endovascularly. Baseline patient 
and aneurysm characteristics are summarized in Table 1. The 
mean ages of the surgery and EVT group were 54.96±9.82 and 
61.56±9.32, respectively, showing that the latter was statistically 
higher. The most common location of MCA aneurysm was the 
MCA bifurcation in both groups. Three (2%) aneurysms in the 
surgery group and one (4%) aneurysm in the EVT group were 
located distal to the MCA bifurcation (M2–3). The mean size was 
larger and the mean neck size was smaller in the EVT group, but 
the differences were not significant. However, the dome-to-neck 
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ratio, aspect ratio, and presence of vessel incorporation differed 
significantly between the surgery and EVT groups. 

 
Aneurysm neck remnants and radiological outcome 

The univariate and multivariate logistic regression analysis 
results of the association with aneurysm neck remnants are shown 
in Table 2. Treatment modality (surgery or EVT), rupture status, 
age, aneurysm size, aneurysm location, dome-to-neck ratio, and 
aspect ratio were significantly different between the complete 
obliteration group and the neck remnant group on univariate 
analysis. Multivariate logistic regression analysis was performed 
for variables that were significantly associated with neck rem-
nants (p<0.05) and had marginal p values (p<0.01) on univari-
ate analysis. The multivariate analysis results showed that the 
following factors were significantly associated with aneurysm 
neck remnants (p<0.05) : treatment modality [odds ratio (OR), 
92.699; 95% confidence interval (CI), 5.805–1480.177], age (OR, 
1.171; 95% CI, 1.008–1.360), and mean size (OR, 1.753; 95% CI, 
1.219–2.521).

The comparisons of radiological outcomes between the sur-
gery and EVT groups are summarized in Table 3. Of the total 
153 aneurysms in the surgery group, three had neck remnants. 
Of the three neck remnant cases, two developed in the unrup-
tured aneurysm group. The causes of neck remnants were fusi-

form aneurysm shape in one case and compromise of inferior 
division arising from the aneurysm neck portion in the other 
cases. After more than 12 months of follow-up, neither was seen 
as growing on CTA or developed other complications including 
re-bleeding. One remnant neck case of ruptured aneurysms 
was a large aneurysm with a 22-mm maximal diameter. The ini-
tial neurological status of this patient was coma, and she died of 
severe brain swelling during the postoperative course. Conse-
quently, the complete aneurysm sac obliteration rate in the sur-
gery group was 98% (150 of 153 aneurysms), whereas the EVT 
group showed a 56% (14 of 25 aneurysms) complete aneurysm 
sac obliteration rate, a statistically significant difference between 
groups (p<0.001) (Table 3). There were six neck remnants in the 
unruptured aneurysm group and five in the ruptured group. We 
analyzed the potential risk factors including rupture status, age, 
aneurysm location, aneurysm size, neck diameter, aspect ratio, 
dome-to-neck ratio, presence of vessel incorporation, and pack-
ing density for incomplete obliteration in EVT group. Univariate 
analysis showed that age (p=0.018), aspect ratio (p=0.009), and 
presence of vessel incorporation (p=0.042) differed significantly 
between the complete obliteration group and neck remnant 
group. However, multivariate logistic regression analysis revealed 
no statistically significant factors related to incomplete obliteration.

We obtained follow-up CTA and/or DSA in 49 of 153 aneu-

Table 1. Comparison of patient and aneurysm characteristics between the surgery and EVT groups 

Variable
Surgery EVT p value

Unruptured  
(n=123)

Ruptured  
(n=30)

Total 
(n=153)

Unruptured  
(n=17)

Ruptured 
(n=8)

Total
(n=25) Unruptured Ruptured Total 

Mean age 055.40±9.23 53.17±11.96 54.96±9.82 60.06±8.07 64.75±11.47 61.56±9.32 0.050 0.038 0.002
Female 079 (64.2%) 18 (60%) 097 (63.4%) 13 (76.5%) 5 (62.5%) 18 (72%) 0.419 1.000 0.404
Hypertension 062 (51.2%) 11 (36.7%) 073 (48.3%) 09 (52.9%) 6 (75%) 15 (60%) 0.895 0.107 0.280
Diabetes mellitus 019 (15.7%) 01 (3.3%) 020 (13.2%) 03 (17.6%) 2 (25%) 05 (20%) 0.735 0.106 0.370
Smoking 016 (13.2%) 02 (6.7%) 018 (11.9%) 03 (17.6%) 2 (25%) 05 (20%) 0.705 0.189 0.267
Mean f/u period, months 010.38±10.47 17.17±11.81 11.73±11.05 11.71±12.80 14.20±13.66 12.27±11.71 0.635 0.598 0.833
Mean hospital days 009.39±4.63 18.87±13.62 11.25±8.18 07.59±9.91 18.00±7.34 10.92±10.28 0.210 0.538 0.858
Mean size 005.11±2.34 06.61±3.91 05.39±2.75 05.23±1.60 08.24±2.77 06.19±2.45 0.829 0.070 0.174
Location 0.010 0.833 0.179

M1  011 (8.9%) 01 (3.3%) 012 (7.8%) 05 (29.4%) 0 (0%) 05 (20%)
MCA bifurcation 111 (90.2%) 27 (90%) 138 (90.2%) 11 (64.7%) 8 (100%) 19 (76%)
M2–3 001 (0.8%) 02 (6.6%) 003 (2%) 01 (5.9%) 0 (0%) 01 (4%)

Neck size 003.97±1.66 04.28±2.91 04.03±1.95 03.22±0.73 04.79±1.93 03.72±1.42 0.069 0.168 0.450
Dome-to-neck ratio 001.23±0.29 01.45±0.63 01.27±0.39 01.50±0.25 01.63±0.37 01.54±0.29 <0.001 0.125 0.001
Aspect ratio 000.96±0.37 01.35±0.57 01.04±0.44 01.52±0.28 01.69±0.54 01.57±0.38 <0.001 0.070 <0.001
Broad neck (≥4 mm) 047 (38.2%) 11 (36.7%) 058 (37.9%) 03 (17.6%) 5 (62.5%) 08 (32%) 0.113 0.243 0.571
Vessel incorporation

No incorporation 013 (11.7%) 05 (17.2%) 018 (12.9%) 06 (35.3%) 2 (25%) 08 (32%) 0.011 0.631 0.016
Early branch 013 (11.7%) 01 (3.4%) 014 (10%) 05 (29.4%) 0 (0%) 05 (20%)
Both divisions 020 (18%) 07 (24.1%) 027 (19.3%) 00 (0%) 3 (37.5%) 03 (12%)
Superior division 032 (28.8%) 12 (41.4%) 044 (31.4%) 02 (11.8%) 2 (25%) 04 (16%)
Inferior division 033 (29.7%) 04 (13.8%) 037 (26.4%) 04 (23.5%) 1 (12.5%) 05 (20%)

EVT : endovascular treatment, f/u : follow-up, MCA : middle cerebral artery 
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rysms treated with surgery and MRA and/or DSA in 16 of 25 an-
eurysms treated with EVT within 12 months after treatment. Of 
the 49 aneurysms treated with surgery, one (2%) aneurysm lo-
cated in the distal MCA (M3–4) showed regrowth and was re-
treated by surgical resection and superficial temporal artery–
MCA bypass surgery. We obtained 23 additional follow-up images 
more than 12 months later and noted no aneurysm regrowth. 
In the EVT group, the aneurysm regrowth rate was 25% (four of 
16 aneurysms), showing a significant difference between the 
surgery and EVT groups (p=0.003). Two cases occurred in the 
unruptured EVT group, while the others occurred in the rup-
tured group. There were two cases of aneurysm regrowth with 
incomplete obliteration and two cases of aneurysm regrowth 
with complete obliteration. Regarding size and shape, no addi-

tional treatment was performed in any case and no complica-
tions including aneurysm rupture developed. We obtained eight 
additional follow-up images >12 months later and detected no 
aneurysm regrowth. 

Procedure-related and perioperative complications
Perioperative and periprocedural complications are described 

in Table 4. In the surgery group, 17 (11.1%) complications were 
recorded. There were 10 (8.1%) cases in the unruptured group 
and seven (23.3%) in the ruptured group. Two cases in the un-
ruptured surgery group required additional surgery for symp-
tomatic hemorrhage. There was one case of postoperative epi-
dural hematoma that presented as hemiparesis; after a second 
operation, the patient fully recovered without sequelae. Another 

Table 2. Uni- and multivariate analysis of association between MCA aneurysm and neck remnants

Variables Complete obliteration  
(n=164)

Neck remnants  
(n=14) Univariate Multivariate Odds ratio 95% CI

Treatment modality <0.001 0.001 92.699 5.805–1480.177
Surgery 150 (91.5%) 03 (21.4%)
EVT 014 (8.5%) 11 (78.6%)

Rupture status 131 (79.8%) 08 (57.1%) 0.048 0.894
Age 55.20±9.79 64.00±8.99 0.003 0.038 01.171 1.008–1.360
Female 103 (62.8%) 12 (85.7%) 0.143
Hypertension 079 (48.8%) 09 (64.3%) 0.404
Diabetes mellitus 021 (13%) 04 (28.6%) 0.177
Smoking 021 (13%) 02 (14.3%) 1.000
Mean size 05.29±2.37 08.10±4.86 0.005 0.002 01.753 1.219–2.521
Neck size 03.92±1.62 04.87±3.91 0.861
Location 0.086 0.236

M1 013 (7.9%) 04 (28.6%)
MCA bifurcation 147 (89.6%) 10 (71.4%)
M2–3 004 (2.4%) 00 (0%)

Dome-to-neck ratio 01.29±0.38 01.53±0.39 0.023 0.174
Aspect ratio 01.07±0.44 01.71±0.46 <0.001 0.052
Broad neck 061 (37.2%) 06 (42.9%) 0.675
Vessel incorporation 126 (83.4%) 13 (92.9%) 0.700
MCA : middle cerebral artery, CI : confidence interval, EVT : endovascular treatment 

Table 3. Comparison of radiological outcomes between surgery and EVT groups 

Initial <12 months ≥12 months p value
Surgery (n=153) Complete obliteration 150 (98%)* <0.001*

Neck remnant 003
Regrowth 1 (2%; one of 49 aneurysms 

on f/u imaging)†

0 (0%; 0 of 23 aneurysms 
on f/u imaging)

<0.003†

Retreatment 1 0
EVT (n=25) Complete obliteration 014 (56%)*

Neck remnant 011
Regrowth 4 (25%; four of 16 aneurysms 

on f/u imaging)†

0 (0%; 0 of eight aneurysms 
on f/u imaging)

Retreatment 0 0
Comparison between surgery and EVT for *initial degree of aneurysm obliteration and †aneurysm regrowth within 12 months after treatment. f/u : follow-up, EVT : en-
dovascular treatment 
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patient died of postoperative intracranial hemorrhage and pro-
gressive brain swelling, representing the only procedure-related 
mortality case in the surgery group. Other complications in the 
unruptured surgery group consisted of asymptomatic brain con-
tusions and/or remote hemorrhages. In the ruptured surgery 
group, two patients underwent additional surgery for postoper-
ative hemorrhage and suffered permanent morbidity as a result. 
There was an overall 2% (three patients) permanent morbidity 
and mortality rate related to surgical treatment. 

In the EVT group, eight (32%) complications developed (25% 
in the ruptured group and 35% in the unruptured group), includ-
ing one asymptomatic intraprocedural aneurysm rupture and 
five asymptomatic embolic infarction, as observed on magnetic 
resonance diffusion imaging. There were no cases of procedure-
related morbidity and mortality in the EVT group. Symptomatic 
vasospasm was observed in four of 38 patients who presented 
with subarachnoid hemorrhage regardless of treatment method. 

 
Clinical outcome

Clinical outcomes are shown in Table 5. At the last follow-up, 
a favorable outcome after treatment for ruptured aneurysms 
was achieved in 25 of 29 patients treated surgically (86%) and in 
five of six patients treated endovascularly (83%). In the unrup-
tured group, all patients except one in the surgery group had fa-
vorable outcomes regardless of treatment modality. There was 
no statistically significant difference between the two groups. 

DISCUSSION

Johnston et al.10) analyzed the association between incomplete 
aneurysm occlusion and aneurysm re-rupture after SAH and 
found that cumulative re-rupture risk is 1.1% for complete oc-
clusion, 2.9% for 91–99% occlusion, 5.9% for 70–90% occlu-
sion, and 17.6% for <70% occlusion. They noted that the overall 
re-rupture risk tended to be greater after coil embolization than 
after surgical clipping (3.4% vs. 1.3%, p=0.092). Consequently, 
the final goal of rupture and unruptured aneurysm treatment 
should be complete aneurysm sac obliteration. We treated 178 
MCA aneurysms and achieved a 98% complete aneurysm oblit-
eration rate in the surgery group. On the other hand, the complete 
aneurysm obliteration rate was 56% in the EVT group. Similar 
to our results, Güresir et al.8) reported complete obliteration rates 
of 97.4% for surgery and 52.5% for EVT after analyzing 330 an-
eurysms. In addition, van Dijk et al.21) reported a complete oc-
clusion rate of 89% in 107 surgically treated aneurysms. The 
complete obliteration rate of MCA aneurysms treated endovas-
cularly reportedly varied from 26.3% to 67% and outcomes 
were not better than surgical outcomes2,7,11,16,20). EVT has a higher 
rate of remnant necks than surgery due to the specific configu-
rations of MCA aneurysms, which are characterized by a small 
dome-to-neck ratio, a relatively wide neck, and the possibility that 
one of the branches might be incorporated in the aneurysm’s neck. 

Advanced techniques such as stent- and balloon-assisted coil 

Table 5. Clinical outcome 

Variables 
Surgery (n=153) EVT (n=25) p value

Unruptured
(n=123)

Ruptured
(n=30)

Unruptured
(n=17)

Ruptured
(n=8) Unruptured Ruptured

Hunt-Hess grade (mean±SD) 2.53±1.13 2.88±1.12 0.454
Hunt-Hess 1–3 (%) 23 (77%) 6 (75%) 1.000
GOS (mean±SD) 4.97±0.36 4.67±0.87 5 4.17±0.75 0.711 0.206
GOS 4–5 (%) 104/105 (99%) 25/29 (86%) 15/15 (100%) 5/6 (83%) 1.000 1.000
EVT : endovascular treatment, GOS : Glasgow Outcome Scale, SD : standard deviation 

Table 4. Perioperative and periprocedural complications 

Surgery (n=153) EVT (n=25) p value 
Unruptured

(n=123)
Ruptured

(n=30) Total Unruptured
(n=17)

Ruptured
(n=8) Total Unruptured Ruptured Total 

Asymptomatic hemorrhage on CT scan 8 1 9 - -
Symptomatic postoperative bleeding 2 2 4 - -
Clinical vasospasm - 2 2 - 2 2
Hydrocephalus - 2 2 - -
Asymptomatic embolic infarction 

on MR diffusion 
- - 5 - 5

Asymptomatic intraprocedural 
rupture

- - 1 - 1

Total complications 10 (8.1%) 7 (23.3%) 17 (11.1%) 6 (35%) 2 (25%) 8 (32%) <0.001 1.000 0.005
Procedure-related morbidity and 

mortality 
01 (0.08%) 2 (6.7%) 03 (2%) 0 0 0 1.000 1.000 1.000

EVT : endovascular treatment, CT : computed tomography, MR : magnetic resonance
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embolization are commonly used to compensate for the disad-
vantages of general coil embolization. Some authors reported ef-
ficacy and good outcomes for wide-neck MCA aneurysms sub-
jected to stent-assisted coil embolization1,5,25). However, this 
technique has several limitations and procedure-related compli-
cations. In MCA aneurysms, there are many small perforators 
that sometimes preclude stent application. The main drawback 
of this technique is an increased possibility of thromboembolic 
events during the periprocedural period18,23,24). In addition, be-
cause delayed severe in-stent stenosis, a rare but potentially dev-
astating complication, can occur, patients must be closely observed 
and followed6,24). Consequently, if stent-assisted coil embolization 
is performed, antiplatelet agents should be taken for several 
months to prevent thromboembolic events. 

Aneurysm recanalization develops more frequently with en-
dovascular coil embolization than with microsurgical treatment 
because of the high frequency of remnant neck and coil compac-
tion and/or loosening3,13). After complete aneurysm coiling, the 
recanalization rate was reportedly between 8% and 27.2%4,7,16,20,22). 
Choi et al.4) announced that the overall recanalization rate of 
aneurysms regardless of location was 26.4% (24 of 91 aneurysms), 
whereas that of the MCA bifurcation, the most common site, was 
75% (three of four aneurysms). The reported retreatment rates 
after coil embolization range from 4% to 10.5%4,7,16,20,22). The Ce-
rebral Aneurysm Rerupture After Treatment study noted that the 
annual retreatment rate was 13.3% for coiling and 2.6% for clip-
ping in the first year (p<0.0001) and that no surgically treated 
aneurysm required retreatment after the first year, while the re-
treatment rate for coil embolization was 4.5% in the second year 
and 1.1% annually after the third year (p<0.0001)3). In addition, 
recent reports of long-term ISAT results showed that the coil em-
bolization outcomes are not superior to surgical treatment after 
5-year follow-up because of higher re-bleeding and retreatment 
rates after coil embolization10,12,19). Procedure-related morbidity 
and mortality rates of surgical neck clipping for unruptured MCA 
aneurysms in our series were low as already reported elsewhere 
(0.6–5%)14,17).

The limitations of this study include that it was performed ret-
rospectively at a single institution and that the number of patients 
in the EVT group may not be large enough to draw definite con-
clusions about the comparison of radiological and clinical out-
comes between the surgery and EVT groups. Additionally, selec-
tion bias and a wide CI could exist because we decided treatment 
modalities based on our treatment strategy without randomiza-
tion. Further prospective large-volume randomized data should 
be investigated to exclude any limitations. 

CONCLUSION

Decisions of treatment strategies for intracranial aneurysms 
remain controversial but recent trends favor EVT over microsur-
gical clipping. However, in cases of MCA aneurysms, we can eas-
ily access the aneurysm surgically and obtain high complete 

obliteration rates and low recurrence and retreatment rates with 
reasonable morbidity and mortality rates. Although further in-
vestigations are needed, it is worth considering surgical neck 
clipping as the primary treatment option for MCA aneurysms. 
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