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modeling using balloons or stent-assisted embolization14,15,17,18), 
and several papers have reported good outcomes of endovascu-
lar coil embolization of ACoA aneurysms20,23). 

Patients with ACoA aneurysms, either ruptured or unrup-
tured, are frequently eligible for both open surgery (“clipping”) 
and endovascular repair (“coiling”). Although randomized tri-
als comparing clipping and coiling for the treatment of rup-
tured aneurysms have been published13,27), decision making be-
tween clipping and coiling for individual patients is complex. 

Factors such as aneurysm size, location, geometry, patient 
age, clinical status, comorbidity, and institutional factors such as 
the availability of skilled open and endovascular surgeons can 
all be important in individual treatment decisions1,22,25,29,30). De-
ciding whether to clip or coil a cerebral aneurysm is important 
in modern cerebrovascular surgery, but appropriate patient se-
lection remains a key issue. 

The purpose of our study was to analyze the factors that deter-
mine treatment choice (coiling or clipping) for ACoA aneurysms.

INTRODUCTION
 
The anterior communicating artery (ACoA) is the most com-

mon site of intracranial aneurysms, as reported in some large 
surgical or endovascular series11,19). The standard method for 
treating ACoA aneurysms was craniotomy and microsurgical 
clip ligation. However, since the introduction of Guglielmi de-
tachable coil embolization, endovascular treatment for ACoA 
aneurysms has become a safe alternative to microsurgical clip 
occlusion2,4,5).

Furthermore, various adjunctive techniques have been used to 
facilitate coil embolization of these lesions, including neck re-
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Anatomical analysis 
All of the aneurysm morphology were analyzed by using the 

digital subtraction angiography with three dimensional recon-
struction. Morphological analysis involved aneurysm size, neck 
size, dome-to-neck ratio, vessel incorporation, multiple lobula-
tion, and patency of the AcoA. Small aneurysms were defined 
as having a dome of <3 mm. Medium aneurysms had domes of 
3-10 mm. Large aneurysms had domes >10 mm. Small necks 
were defined as <4 mm; large necks, as ≥4 mm. Dome-to-neck 
ratios were categorized into ≥2 and <2. Patency of the AcoA 
was checked by contralateral compression view (Table 2).

Several anatomic characteristics were collected to make a 
morphological scoring system. This scoring system was made 
to analyze the effect of multiple anatomical factors for deter-
mining treatment modality. The scoring system has 5 anatomi-
cal factors that affect decision making include aneurysm size, 
dome-to-neck ratio, neck size, vessel incorporation, and multi-
ple lobulation. When favorable to coiling, the score is 0; when 
unfavorable to coiling, the score is 1. The score is calculated by 
the summation of the morphologic variables (Table 3) (Fig. 1).

We separated patients into 2 anatomical groups according to 
score : 0 or 1 unfavorable factor (score <2) and more than 2 un-
favorable factors (score ≥2).

Treatment outcome 
Hunt and Hess grades were used to determine baseline neu-

rological condition, and neurological outcomes were determined 
by the GOS at discharge10). 

The angiographic results were evaluated in immediate post-op-
erative 3-dimensional computed tomography angiography in 
clipped patients and immediate post-embolization angiography 
in coiled patients. Post-embolization angiographic results were 
classified using modified Raymond scale25). An embolization was 
considered complete (grade I) if there was no contrast filling of 

the dome, body, or neck. Residual fill-
ings (grade II) were defined as being 
neck remnants when residual filling of 
part of the aneurysm neck was present 
and incomplete (grade III) if there was 
some contrast filling of the dome or sac.

We separated patients into 2 groups 
who were treated by coil embolization 
according to post-embolization angio-
graphic result. Modified Raymond scale 
grade I was defined as “Good  anatomi-
cal outcome” and grade II and III was 
defined as “Poor anatomical outcome”. 

Statistical method
Clinical characteristics of patients were 

summarized as whole and described 
specifically for subgroups by descriptive 
statistics. After descriptive analyses were 

MATERIALS AND METHODS

Patient population 
We performed a retrospective review of 112 medical records 

of patients who underwent surgical clipping or coil emboliza-
tion for AcoA aneurysms in our hospital from March 2007 to 
March 2010. Fifty-eight patients were female (52%) and 54 pa-
tients were male (48%). Their ages ranged from 27 to 76 years 
(mean age, 55.6 years). Sixty-seven patients (60%) were treated 
with surgical clipping and 45 (40%) were treated with endovas-
cular coil embolization (Table 1).

Clinical analysis
We analyzed the initial Hunt and Hess (H-H) grade, presence 

of medical or neurological comorbidity, presence of intracere-
bral hemorrhage, and Glasgow Outcome Scale (GOS). We sepa-
rated patients into 2 clinical groups according to pre- and post-
treatment clinical condition. “Good” was defined as H-H grade 
of 0, 1, or 2 and GOS of 4 or 5. “Poor” was defined as H-H grade 
3 or 4 and GOS of 1, 2, or 3. “Medical comorbidity” was defined 
as patients who had medical illness that can affect general anes-
thesia or a life expectancy as cardiovascular disease, malignan-
cy, liver cirrhosis, or thyroid disease. “Neurological comorbidity” 
was defined as patients who had suffered from previous stroke 
(Table 1). 

In the clinical analysis, we defined neurological deterioration 
dichotomously from initial good grade to poor grade at dis-
charge. Decisions regarding microsurgical or endovascular 
treatment were made on an individual basis in conjunction with 
our multidisciplinary team, which included faculty members of 
the vascular neurosurgery, neurointerventional radiology and 
neurovascular neurology department. Aneurysm morphology, 
presenting neurological condition, medical comorbidities, and 
predicted treatment risks were considered in each decision.

Table 1. Patients’ baseline clinical characteristics

Variable Overall (%)
Method (%)

p-value
Clip Coil

All cases 112 (100) 67 (60) 45 (40)
Age Mean±SD 55.6±10.0 53.9±10.0 58.1±9.5   0.031

Range 27-76 27-76 36-76
Sex Female 58 (52) 37 (55) 21 (47) 0.44

Male 54 (48) 30 (45) 24 (53)
H-H grade Good (0-2) 72 (64) 46 (69) 26 (58) 0.68

Poor (3-5) 40 (36) 21 (31) 19 (42)
Neurological comorbidity Yes 34 (30) 17 (25) 17 (38) 0.21

No 78 (70) 50 (75) 28 (62)
Medical comorbidity Yes 8 (7) 6 (9) 2 (4) 0.47

No 104 (93) 61 (91) 43 (96)
GOS Good 95 (85) 58 (87) 37 (82) 1.00

Poor 17 (15)   9 (13)   8 (18)
GOS : Glasgow Outcome Scale, H-H grade : Hunt and Hess grade 
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21 (56%) were treated with surgical clipping and 17 (44%) were 
treated with coil embolization. Of the 32 patients with 2 unfa-
vorable characteristics (score 2), 20 (63%) were treated with sur-
gical clipping and 12 (37%) were treated with coil embolization. 
Of the 18 patients with 3 unfavorable characteristics (score 3), 
12 (67%) were treated with surgical clipping and 6 (33%) were 
treated with coil embolization. Of the 12 patients with 4 unfa-
vorable characteristics (score 4), 11 (92%) were treated with sur-
gical clipping and 1 (8%) was treated with coil embolization. The 
1 patient (100%) who had 5 unfavorable characteristics (score 
5) was treated with surgical clipping (Table 2).

We experienced 14 (17%) patients with intracerebral hemato-
ma (ICH) out of 81 patients with ruptured AcoA aneurysms. 

performed, a Fisher’s exact test was used 
to compare categorical variables between 
groups, while a Student’s t-test was used 
to compare continuous variables be-
tween groups. 

The odds ratios (ORs) for comparison 
between groups was summarized with 
its 95% confidence interval and p-value 
using logistic regression. The multivari-
ate model was created using a backward 
elimination method and the probability 
was set at 0.10 for removal. ORs were 
also adjusted for factors affecting the re-
sponse variable. 
p-values <0.05 were considered statisti-

cally significant. This study was retro-
spective in nature; therefore, no adjust-
ment for significance level was applied. 
All statistical analyses were carried out 
using SAS version 9.1 statistical software.

RESULTS

Aneurysm morphology 
Seventeen patients had small aneu-

rysms, 88 patients had medium aneu-
rysms, and 7 patients had large aneu-
rysms. In the surgical clipping group, 19 
patients (28%) had small or large aneu-
rysms; in the coil embolization group, 5 
patients (11%) had small or large aneu-
rysms. Eighty-one patients had aneu-
rysms with small necks, and 24 patients 
had aneurysms with wide necks. In the 
surgical group, 18 patients (27%) had an-
eurysms with wide necks; in the coil em-
bolization group, 13 patients (29%) had 
aneurysms with wide necks. A total of 88 
aneurysms had a dome-to-neck ratio ≥2, 
while 24 had a dome-to-neck ratio <2. In 
the surgical clipping group, 59 aneurysms (88%) had a dome-to-
neck ratio <2; in the coil embolization group, 29 aneurysms (64%) 
had a dome-to-neck ratio <2. Twenty-five patients had vessel-in-
corporated aneurysms : 22 of these patients (88%) were treated by 
surgical clipping and 3 patients (22%) were treated by coil emboli-
zation. 

Morphologic scores were measured in all patients. Each of the 5 
anatomic factors can independently affect treatment modality de-
cisions (Fig. 1). Eleven patients had no unfavorable anatomic fac-
tors to coil embolization (score 0); among them, 2 patients (18%) 
were treated with surgical clipping and 9 patients (82%) were 
treated with coil embolization. 

Of the 38 patients with one unfavorable characteristic (score 1), 

Table 2. Patients’ baseline anatomic characteristics

Variable Overall (%)
Method (%)

p-value
Clip Coil

ACoA patency + 69 (62) 38 (57) 31 (69) 0.24
- 43 (38) 29 (43) 14 (31)

ICH + 14 (12) 5 (7)   9 (20)   0.078
- 98 (88) 62 (93) 36 (80)

AN size Small : <3 mm 17 (15) 15 (22) 2 (4)   0.024
Medium : 
  ≥3 to <10 mm 88 (79) 48 (72) 40 (89)

Large : ≥10 mm 7 (6) 4 (6) 3 (7)
D to N ratio <2 88 (79) 59 (88) 29 (64)     0.0044

≥2 24 (21)   8 (12) 16 (36)
Vessel incorporation Yes 25 (22) 22 (33) 3 (7)     0.0020

No 87 (78) 45 (67) 42 (93)
Multiple lobulation Yes 41 (37) 28 (42) 13 (29) 0.17

No 71 (63) 39 (58) 32 (71)
AN neck size <4 mm 81 (72) 49 (73) 32 (71) 0.83

≥4 mm 31 (28) 18 (27) 13 (29)
Morphologic score 0 11 (10) 2 (3)   9 (20) 0.27

1 38 (34) 21 (31) 17 (38)
2 32 (28) 20 (30) 12 (27)
3 18 (16) 12 (18)   6 (13)
4 12 (11) 11 (16) 1 (2)
5 1 (1) 1 (1) 0 (0)

Morphologic score <2 49 (44) 23 (34) 26 (58)   0.031
≥2 63 (56) 44 (66) 19 (42)

Morphologic score <3 81 (72) 43 (64) 38 (84)   0.031
≥3 31 (28) 24 (36)   7 (16)

ACoA : anterior communicating artery, ICH : intracerebral hemorrhage, D : dome, N : neck, AN size : aneurysm size 

Table 3. Morphological scoring system

Variable 0 1
AN size Medium Small or large
D to N ratio ≥2 <2
Vessel incorporation No Yes
Multiple lobulation No Yes
Neck <4 ≥4

The score is calculated by the summation of the all variables. AN size : aneurysm size, D : dome, N : neck  
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(Fig. 2). Remaining 10 patients were treated conservatively.   

Clinical results
A total of 112 with AcoA aneurysms were treated with surgi-

cal clipping or coil embolization, 72 of whom (64%) were in good 
pretreatment neurological condition and 40 of whom (36%) were 

They had frontal ICHs with 3 mL to 20 mL volumes. Among 
them, 5 patients were treated with surgical clipping and 9 pa-
tients were treated with coil embolization (Table 2). Three pa-
tients were treated by surgical clipping with simultaneous ICH 
evacuation, and one patients underwent endovascular coiling 
with subsequent ICH evacuation with contralateral craniotomy 

Fig. 1. The morphologic score is calculated by the summation of the five anantomical charateristics. A : Three dimensional and digital subtraction an-
giography (working angle) shows elongated shape anterior communicating artery aneurysm. The morphologic score is 0 [aneurysm size (0)+dome to 
neck ratio (0)+neck size (0)+vessel incorporation (0)+multiple lobulation (0)]. This patients was treated by coil embolization. B : Three dimensional an-
giography shows multilobulated anterior communicating artery aneurysm. The morphologic score is 4 [aneurysm size (0)+dome to neck ratio 
(1)+neck size (1)+vessel incorporation (1)+multiple lobulation (1)]. This patient was treated by surgical clipping. 

A

B

Fig. 2. A ruptured anterior communicating artery aneurysm of a 60-year-old woman. A : Initial CT scan shows subarachnoid hemorrhage (SAH) with 
intracerebral hemorrhage (ICH). She was initially assessed with Hunt and Hess (H-H) grade 4 and right frontal intracerebral hemorhage (ICH) is mea-
sured 20 mL volume. B : Cerebral angiography shows right middle cerebral artery aneurysm and ACoA aneurysm with the dominant A1 on the left 
side. C : Endovascular coiling of ACoA aneurysm was performed with 2 catheter method. D : Subsequently, right craniotomy with clipping of middle 
cerebral artery aneurysm and evacuation of right frontal intracerebral hematoma was performed. She was discharged with Glascow Outcome Scale 
(GOS) 3. ACoA : anterior communicating artery. 

C

A

D

B
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a multiple regression model are highly correlated. 
For analysis of the clinical results between the surgical clipping 

group and the coil embolization group, the Breslow-Day test was 
used to investigate homogeneity of the OR between the 2 meth-
ods. The result indicates that the association between H-H grade 
and clinical outcome was similar between the 2 methods (p-val-
ue=0.31) (Table 5).

In coil embolization group, we analyzed anatomical outcomes 
according to morphologic score. twenty-five patients (96%) 
showed good anatomic results among 26 patients who had ini-
tially favorable anatomic condition (morphological score <2) 
and 12 patients (63%) showed good anantomic results among 
19 patients who had initially unfavorable anantomic condition 
(morphological score ≥2) (p-value=0.0064). Only 2 patients 
(28%) showed good anantomical results among 7 patients who 
had more than 3 unfavorable factors (p-value <0.0001) (Table 7).  

DISCUSSION 
 
The ACoA is the most common site of cerebral aneurysms, 

accounting for as many as 36% of aneurysms3). Treatment of 
these aneurysms includes microsurgical clipping and coil em-
bolization. Since the introduction of the Guglielmi detachable 

in poor condition. In the good neurological condition group, 70 
patients (97%) were neurologically intact or unchanged after 
treatment; in the poor neurological condition group, 12 patients 
(88%) showed poor neurological outcome (Table 4).

In the group of patients treated by surgical clipping, 46 pa-
tients had good initial neurological condition; 44 of these pa-
tients (96%) showed a good clinical outcome, whereas 2 patients 
(4%) showed neurological deterioration. Both of the latter pa-
tients’ initial H-H grades were 2 and GOS at discharge were 3. 

In the group of patients treated with coil embolization, 26 pa-
tients had a good initial neurological condition, and no patients 
presented with new neurological deficit or deterioration (Table 
5). Only 1 patient had a procedural complication (procedural 
rupture of aneurysm without complete occlusion); fortunately, 
there were no associated neurological complications (Fig. 3). 

Analysis of data
Uni- and multivariate analyses summarized the clinical and 

morphological factors affecting treatment decisions. The OR 
compared coiled patients and clipped patients. By univariate 
analysis, prognostic factors affecting treatment decisions in-
cluded age (OR, 2.57; CI, 1.02-6.47), aneurysm size (OR, 0.32; CI, 
0.11-0.92), dome-to-neck ratio (OR, 0.25; CI, 0.094-0.64), vessel-
incorporated aneurysm (OR, 0.15; CI, 
0.018-1.17), and morphologic score 
(OR, 0.35; CI, 0.14-0.90). 

In multivariate analysis, age was the 
only clinical factor identified as affect-
ing treatment decisions. Older patients 
had significantly higher odds of being 
treated with coil vs. clipping (adjusted 
OR, 3.78; 95% CI, 1.39-10.3; p=0.0093). 
Morphological score was the only ana-
tomical factor identified as affecting 
treatment decisions (Table 6).

The 5 variables used to calculate the 
scores were excluded from multivariate 
analysis to reduce bias due to multicol-
linearity, a statistical phenomenon in 
which 2 or more predictor variables in 

Table 4. Clinical outcomes according to initial neurological state 

GOS (%)
Total p-value

Good Poor
H-H grade Good 70 (73)   2 (12)   72 <0.0001

Poor 25 (27) 12 (88)   40
Total 95 17 112

GOS : Glasgow Outcome Scale, H-H grade : Hunt and Hess grade

Table 5. Comparison of clinical outcomes between clipped and coiled patients 

Clip Coil
GOS (%)

p-value
GOS (%)

p-value
Good Poor Good Poor

H-H grade Good 44 (76) 2 (22) 0.0039 26 (70) 0 (0) 0.0060
Poor 14 (24) 7 (78) 11 (30)   8 (100)

Breslow-Day test for homogeneity of the odds ratio, p-value=0.31. GOS : Glasgow Outcome Scale, H-H grade : 
Hunt and Hess grade 

Fig. 3. A ruptured anterior communicating artery aneurysm of a 63-year-old woman. A : Right carotid angiogram showing a small (2×1.6 mm) aneu-
rysm in the anterior communicating artery. B : During coil embolization, the aneurysm is perforated upon insertion of the first frame coil. C : The 
HyperForm balloon is positioned across the neck and inflated for rescue. D : Tamponation of the perforating site using the HyperForm balloon. After a 
few minutes, there is no bleeding. 

A B C D
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characteristics of the aneurysm itself, 
and the patient’s and family’s opinion.

Several papers have reported endovas-
cular treatment of AcoA aneurysms21,23) 
and emphasized the close correlation be-
tween the vessel and the aneurysm’s ana-
tomic architecture and the need for a 
more meticulous anatomic analysis. 
Treatment of ACoA aneurysms has 
some definite characteristics compared 
to that of other aneurysms. 

The surgical approach may be difficult 
because of the complex arterial relation-
ship, perforator preservation, frequent 
association between aneurysms and 
AcoA anomaly, and the potential for 
cognitive dysfunction. Especially, the 
high positioned ACoA aneurysms or 
posterior superior directed AcoA aneu-
rysms have an additional complicating 
features. They need more brain retrac-
tion or their neck is usually associated 
intimately with the hypothalamic or in-
fundibular perforators and frequently, 
one or both A2 segments densely adher-
ent to the body of the aneurysm5,7,20,23).

With regard to the endovascular tech-
nique, firstly, many AcoA aneurysms 
have very small sacs, which makes it dif-
ficult to distinguish between the aneu-
rysm neck and the microcatheter selec-
tion, leading to a few disadvantages. In 
our cases, 17 of 112 aneurysms (15%) 
had very small sacs, and 15 of these pa-
tients (88%) were treated with surgical 
clipping. The second disadvantage of en-
dovascular treatment for AcoA aneu-
rysms is poor controllability and track-
ability due to arterial morphology and 
the acute angle during the endovascular 

procedure. Moret et al.20) reported that the main causes of failure 
to embolize were loops in the cervical and intracranial vessels de-
spite using the cervical approach when necessary and acute angle 
changes of the posterior projection of the aneurysm23).

Furthermore, the lumen of the AcoA is relatively small, and 
remodeling neck techniques using balloons or stents is particu-
larly difficult when treating wide neck or complex aneurysms. 
In our cases, we used the neck remodeling technique in 10 of 
45 (22%) patients of the coil embolization group. 

The authors supposed that the treatment modality of AcoA 
aneurysms is affected more by anatomic factors than other an-
eurysms. However, optimal treatment for AcoA aneurysms 
cannot be determined by any one anatomic characteristic; rath-

coils in 1991 for the treatment of intracranial aneurysms, a 
growing number of ruptured and unruptured cases have been 
treated using endovascular techniques8,9,21,28).

Several clinical trials comparing the use of endovascular coil 
embolization vs. microsurgical clipping have produced results 
that have been the object of numerous discussions and inter-
pretations19,30), but generalizations based on our current knowl-
edge are inappropriate and underestimate the complexity of in-
tracranial aneurysms and their treatment.

Choosing between endovascular and microsurgical approach 
should be done cautiously because they have wide heterogeneous 
factors like patient age, clinical and neurological condition, ana-
tomic abnormalities surrounding aneurysms, morphological 

Table 6. Uni- and multivariate analyses of clinical and anatomical factors determining treatment 
decision

Variable
Univariate Multivariate

OR* 95% CI p-value OR 95% CI p-value
Score (≥2 vs. <2) 0.35 (0.14, 0.90)   0.030 0.23 (0.16, 0.93) 0.0039
Age (≥65 vs. <65) 2.57 (1.02, 6.47)   0.044 4.26 (1.42, 12.8) 0.0099
H-H grade (poor vs. good) 1.28 (0.57, 2.88) 0.55
Neurological comorbidity 
  (yes vs. no)

1.79 (0.79, 4.04) 0.16

Medical comorbidity 
  (yes vs. no)

0.47   (0.091, 2.46) 0.37

GOS (poor vs. good) 0.95 (0.29, 3.06) 0.93
ACoA patency (+ vs. -) 1.69 (0.76, 3.74) 0.20
AN size 
  (small or large vs. medium)

0.32 (0.11, 0.92)   0.035

D to N ratio (<2 vs. ≥2) 0.25   (0.094, 0.64)     0.0041
Vessel incorporation 
  (yes vs. no)

0.15   (0.018, 1.17)     0.0041

Multiple lobulation 
  (yes vs. no)

0.57 (0.25, 1.27) 0.17

Neck (<4 vs. ≥4) 1.11 (0.48, 2.56) 0.81
*OR refers to odds ratio of coiled patients vs. clipped patients. ACoA : anterior communicating artery, AN size : 
aneurysm size, GOS : Glasgow outcome scale, H-H grade : Hunt and Hess grade, D : dome, N : neck, OR : odds 
ratio, CI : confidence interval

Table 8. Comparison of odds ratios between different score criteria

Variable
Multivariate

OR* 95% CI p-value
Score (≥2 vs. <2) 0.23 (0.16-0.93) 0.0039
Score (≥3 vs. <3) 0.19   (0.057-0.64) 0.0072

*OR refers to odds ratio of coiled patients vs. clipped patients. CI : confidence interval

Table 7. Anatomical outcomes according to morphological score 

Score
Outcome (%)*

Total p-value
Good (1) Poor (2, 3)

<2 25 (96) 1 (4) 26   0.0064
≥2 12 (63)   7 (37) 19 
<3 35 (92) 3 (8) 38 <0.0001
≥3   2 (28)   5 (72)   7 

*Outcome were classified using modified Raymond scale
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3 factors were independent variables that affected decision mak-
ing. In multivariate analysis, morphologic score was the only ana-
tomic factor that affected treatment decisions. These findings 
suggest that the optimal decision for the treatment of AcoA an-
eurysms cannot be determined by any one anatomic characteris-
tic but all morphological features need to be considered, and that 
microsurgical clipping remains a valid treatment modality for pa-
tients with multiple unfavorable factors for coil embolization. 

A detailed morphological analysis should be performed to se-
lect the best treatment modality; therefore, a collaborative neu-
rovascular team approach is essential for treating AcoA aneu-
rysms.
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