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Abstract

A series of 63 patients harboring anterior communicating artery aneurysm is presented. The 
purpose of this study was to analyze the results of endovascular treatment of anterior communi-
cating artery aneurysms.

We retrospectively analyzed 63 patients harboring anterior communicating artery aneurysms with 
pretreatment clinical and radiological features, including: age, Hunt&Hess grade, modified Fisher 
grade, aneurysm size, neck size, dome to neck ratio. Post-treatment clinical results were analyzed ac-
cording to modified Rankin Scale, whereas anatomic results according to modified Raymond scale. 
Presence of clinical vasospasm and additional treatment for it was also discussed.

63 patients with anterior communicating artery aneurysms were treated in our clinic from July 
2010 to March 2017 with endovascular coil embolization technique. Two aneurysms (3.2%) were 
unruptured, 4 (6.3%) were early (>21 days) ruptured and 57 (90.5%) presented with subarachnoid 
hemorrhage. From 63 treated aneurysms  7 were small, 49 were medium, 6 were large, and one 
aneurysm was giant. Fifty aneurysms had small neck, whereas 13 were wide-necked. A complete 
aneurysm occlusion was achieved in 49 cases (77.8%), a neck remnant was observed in 13 (20.6%)  
cases, and in one case (1.6%) residual filling of the aneurysm was detected. Concerning clinical 
outcome, 42 patients were independent at discharge, and 13 were dependent. In-hospital morbidity 
was 12.7% during first month. Intraoperative complications were observed in 9 (14.3%) cases. 
Eight patients developed clinical vasospasm, which required high dose (>50 mg) verapamil injec-
tion or balloon angioplasty. Six retreatments, 4 second endovascular interventions and two clip-
pings were performed because of aneurysm regrowth during follow-up. No late rebleeding occurred 
during follow-up period.  

Endovascular embolization is effective and less traumatic method for the treatment of ante-
rior communicating artery aneurysm. Long period of follow-up is required to detect aneurysm 
regrowth and perform additional treatment to prevent late rebleeding.
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those who survive have major neurological defi-
cits. The true incidence of cerebral aneurysms is 
unknown, but it is estimated at 1% to 6% of the 
population. The anterior communicating artery an-
eurysm is the most common location of intracra-
nial aneurysms in most series [Brisman J et al., 
2006; Hernesniemi J et al., 2008]. 

Antierior Communicating Artery (AComA) an-
eurysms are the most common site of intracranial 
aneurysms, accounting for about 30%–37% of in-
tracranial aneurysms overall [Andaluz N et al., 
2003]. In addition, the AcomA is the most com-
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Introduction

Intracranial aneurysms are a major source of 
devastating hemorrhagic stroke and delayed isch-
emic stroke. Up to 12% of patients with subarach-
noid hemorrhage die before receiving medical at-
tention, 40% of hospitalized patients die within 1 
month after the event, and more than one-third of 
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mon location of intracranial aneurysm rupture, 
accounting for 40% of aneurysm-related  sub-
arachnoid hemorrhages [Dehdashti A., et al, 
2016]. However, only 1-2% of detected aneu-
rysms (10 - 30 per 100.000 per year) progress to 
rupture and spontaneous subarachnoid hemor-
rhages. Treatment for these aneurysms include 
microsurgical clipping and coil embolization. 
Since the introduction of the Guglielmi detach-
able coils in 1991 for the treatment of intracranial 
aneurysms, a growing number of ruptured and un-
ruptured cases have been treated with endovascu-
lar techniques [Meetings A et al., 1998]. 

Introduction and advance of endovascular tech-
nique and development of new devices have made 
it possible to treat AcomA aneurysms using coil 
embolization more frequently. Endovascular treat-
ment is an increasingly used method for the treat-
ment of ruptured and unruptured aneurysms [Mu-
rayama Y et al., 2003], and demonstrates short-
term clinical and angiographic efficacy as a thera-
peutic alternative to the surgical treatment of intra-
cranial aneurysms. Furthermore, various adjunc-
tive techniques have been used to facilitate coil 
embolization of these lesions, including neck re 
modeling using balloons or stent-assisted emboli-
zation [Kwon O et al., 2006], and several papers 
have reported good outcomes of endovascular coil 
embolization of AComA aneurysms. Patients with 
AComA aneurysms, either ruptured or unruptured, 
are frequently eligible for both open surgery (“clip-
ping”) and endovascular repair (“coiling”). 

Although randomized trials comparing clipping 
and coiling for the treatment of ruptured aneu-
rysms have been published [Koivisto T et al., 2000; 
Van der Schaaf I et al., 2005], decision making be-
tween clipping and coiling for individual patients 
is complex. Few publications have addressed spe-
cifically the endovascular treatment of AcomA an-
eurysms [Proust F et al., 2003]. Because it has 
long been believed that geometric characteristics 
may be used to identify dangerous aneurysms at 
risk for rupture, continued  attention  has been 
placed on the contribution of AcomA morphology 
toward the risk of rupture. The association between 
morphologic factors and rates of rupture has be-
come a common focus of research. Despite numer-
ous investigations pertaining to the relationship 
between geometric characteristics of aneurysms 

and rupture, only a few consistent conclusions 
have been resulted [Weir B, 2002]. Furthermore, 
detailed anatomic characteristics and the effects of 
the multiple variations of these features have 
scarcely been reported. The growing evidence that 
hemodynamic factors play a fundamental role in 
the adequate treatment of aneurismal coiling [Im-
besi SG et al., 2003] and the close correlation be-
tween the vessels and aneurysms anatomic archi-
tecture and the patterns of flow reinforce the need 
for a more meticulous anatomic analysis. In addi-
tion, some studies had revealed that coil emboliza-
tion of AcomA aneurysm is feasible and effective 
and there is a tendency to increase coil emboliza-
tion for treatment of AcomA aneurysms [Elias T et 
al., 2003; Proust F et al., 2003; Birknes J et al., 
2006; Guglielmi G et al. 2009; Finitsis S et al., 
2010]. It has been widely reported that  aneu-
rysm size and width linearly correlate with the risk 
of rupture of AcomA [Jiang H et al., 2016]. 

Moreover, J Choi and co-authors (2016) re-
ported that AcomA size >7 mm was more likely to 
rupture. However, rupture of smaller anterior cir-
culation aneurysms account for more cases of 
subarachnoid hemorrhages, perhaps because of 
the overall greater prevalence of smaller aneu-
rysms. Bjlenga J. and co-authors (2006)  found 
that aneurysms of the AcomA or distal  anterior 
cerebral artery between 4 and 7 mm have similar 
odds of rupture to posterior circulation aneu-
rysms. Given these findings, size was not deemed 
an independent risk factor for rupture of AcomA, 
posing a dilemma for clinicians to make treat-
ment decisions for small unruptured AcomAs. Al-
though numerous studies have concluded that an-
eurysm neck diameter is a major risk factor for 
aneurysm rupture overall, investigators solely 
looking at AcomAs have reported no significant 
difference in neck diameter between those that 
are ruptured or unruptured. 

Pathologically, aneurysm neck diameter is in 
part related to abnormal hemodynamics. The size 
of the entrance to the aneurysm, which is indi-
rectly reflected by the neck diameter of the aneu-
rysm, in part results from changes in shear stress 
caused by blood flow. In addition, the impact 
from abnormal blood flow may further result in 
rupture of the aneurysm. Because some studies 
fail to show a correlation between aneurysm neck 
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diameter and rupture, these findings suggest that 
aneurysm rupture must be affected by many other 
factors in addition to shear stress from abnormal 
hemodynamics. Overall, the findings suggest that 
size and width may predict AcomA rupture, but 
neck diameter likely does not [Cai W et al., 2018]. 
The International Subarachnoid Aneurysm Trial 
and International Study of Unruptured Intracra-
nial Aneurysms clinical trials for group of pa-
tients for intracranial aneurysms have shown ad-
vantages of endovascular therapy over surgical 
clipping for a selected group of patients [Moly-
neux A et al., 2002; Wiebers D et al., 2003]. 

Anterior communicating artery and anterior ce-
rebral artery aneurysms represented 45.4% of rup-
tured aneurysms in International subarachnoid an-
eurysm trial and 12.3% in International Study of 
Unruptured Intracranial Aneurysms. However, ex-
trapolation of the results of these studies to the 
clinical practice is limited given the specific crite-
ria used in the selection of cases. Generalizations 
based in our current knowledge are inappropriate 
and underestimate the complexity of intracranial 
aneurysms and their treatment. We report our ex-
perience of the endovascular management of un-
ruptured and ruptured AcomA aneurysms during 
past 7 years, where we applied a modification of 
standard treatment. 

Material and Methods

Patient population: We performed a retrospec-
tive analysis of 63 medical records of patients who 
underwent endovascular coil embolization of 
AcomA aneurysms in our clinic from July 2010 to 
March 2017. Eighteen patients were female 
(28.6%) and forty-five patients were male (71.4%). 
Their ages ranged from 18 to 75 years (mean age 
49.9 years) (Table 1).

Clinical Presentation: Two aneurysms (3.2%) 
were incidental findings, 4 were early (>21days) 
ruptured and 57 (90.5%) presented with signs and 
symptoms of  subarachnoid hemorrhage. From 
those, 53 had  good-grade subarachnoid hemorrhage 
(H&H Grade 0 - 3) and 10 had poor-grade subarach-
noid hemorrhages  (H&H Grade 4.5). The amount 
of blood in the subarachnoid and intraventricular 
space was quantified according to the modified 
Fisher scale (Table 1).

Anatomical analysis:  All of the aneurysm 

morphology were analyzed using the digital sub-
traction angiography. Morphological analysis in-
volved aneurysm size, neck size, dome to neck 
ratio. Small aneurysms were defined as having a 
dome of <3 mm. Medium aneurysms had domes of 
3 -10 mm. Large aneurysms had domes of 10-25 mm. 
Giant aneurysms had domes more than 25 mm. 
Small necks were defined as <4 mm; large necks, 
as ≥4 mm. Dome to neck ratios were categorized 
into ≥2 and <2.

Indication for Aneurysm Treatment : Generally 
we follow a policy of aneurysm repair (clipping or 
coiling) as soon as possible after aneurysm rupture. 
The patients with subarachnoid hemorrhage are pri-
marily referred to the neurointerventional unit to 
appreciate suitability for endovascular treatment. If 
the endovascular technique is judged unsuitable or 
if there is an unsuccessful attempt to treat, the pa-
tient is referred for surgical clipping.

Embolization Technique: Endovascular treat-
ment is always preceded by diagnostic digital angi-
ography on a monoplanar system (Siemens Artis 
Zee, Germany) with additional multiple views. The 
final treatment result is always evaluated in the 
working projections with additional face and profile 
projections including the late venous phase to rule 
out thromboembolic complications. The procedures 
are performed with the patients under general anes-
thesia, and systemic heparinization is provided 

Table 1. 
Clinical characteristics of patients

Variables Overall 
(%)

Age
Mean 49.9
Range 18 - 75

Sex
Male 45 (71.4)
Female 18 (28.6)

H&H Grade
Good (0-3) 53 (84)
Poor (4-5) 10 (16)

Modified 
Fisher Scale

Grade 0 6 (9.6)
Grade 1 5 (7.9)
Grade 2 7 (11.1)
Grade 3 17 (27)
Grade 4 28 (4.4)

Modified 
Rankin Scale

Independent (0-2) 42 (66.7)
Dependent (3-5) 13 (20.6)
Death (6) 8 (12.7)
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throughout with a dose of 1000 IU/L of IV heparin. 
At the end of the procedure, 50 IU per kg of the 
heparin was administered. If during embolization 
vasospasm was observed, first we used high dose of 
Verapamil or IV Nimodipine. In case of ineffective-
ness, we proceeded with balloon-angioplasty. When 
a thromboembolic complication occurred, we used 
Inte-grillin 180 mcg/kg IV bolus, followed by 2mcg/
kg/min IV for 1 day. If this failed, we used clot aspi-
ration technique with Penumbra aspiration catheter. 
Endovascular treatment comprised selective cathe-
terization of an aneurysm, delivery and detachment 
of coils until dense aneurysm packing was obtained, 
trying not to compromise the lumen of the anterior 
cerebral artery complex and the surrounding 
branches. In cases, when there was a patent AcomA 
and A1 segment hypo-/aplasia was not detected, we 
used embolization of AcomA as well. In case of coil 
migration or large-necked aneurysms balloon- or 
stent-assistance was utilized. The final anatomical 
outcome was assessed according to Raymond’s 
classification [Raymond J et al., 2003]: a complete 
obliteration was recorded if there was no filling of 
contrast medium in the dome, body or neck. A re-
sidual neck involved residual filling of part of the 
neck and a partial occlusion involved filling of 
contrast medium in the aneurysmal dome. After 
the intervention, patients were closely monitored 
for vasospasm. The patients were discharged 
home on 21st day after hemorrhage if their condi-
tion became satisfactory.

Clinical and Angiographic Follow-up Studies 
were done three months, six months, one year, two 
years post embolization and thereafter as consid-
ered suitable. Angiographic follow-up was per-
formed with digital subtraction angiography.

Results

Aneurysm Morphology: Seven aneurysms 
(11.1%) were small, 49 aneurysms (77.8%) were 
medium, 6 (9.5%) were large, and 1 (1.6%) was 
giant. Fifty aneurysms (79.4%) had small necks 
and 13 aneurysms (20.6%) had wide necks. The 
dome-to-neck ratio was measured in all aneurysms. 
Forty-three (68%) had a dome-to-neck ratio <2, 
and 20 (32%) - ≥2. The most common variant of 
development associated with AcomA aneurysms 
was hypoplasia/aplasia of one of the A1 segments 
(30 cases; 47.6%) (Table 2). 

Angiographic Results: A complete aneurysm 
occlusion was achieved in 49 cases (77.8%). A 
neck remnant was detected in 13 cases (20.6%), 
and in 1 case (1.6%) a residual filling of a portion 
of the aneurysm was observed (Table 2). In 10 
cases, when there was a patent AcomA and A1 seg-
ment hypo-/aplasia was not detected, we used em-
bolization of AcomA as well without any compli-
cation related to this.

Clinical Results: All patients were clinically 
evaluated before hospital discharge using modified 
Rankin scale. Among them 13 (20.6%) were de-
pendent according to modified Rankin scale (MRS 
3-5), and 42 (66.7%) were independent (MRS 0-2) 
(Table 1). Only 8 cases of death were registered.

Clinical and Angiographic Follow-up: We per-
formed clinical follow-up for 32 patients. These pa-
tients were examined by 1 of the members of the 
interventional neurosurgery service. Angiographic 
follow-up was obtained in 25 cases. Angiograms 
were performed between 3 months and 28 months 
from the original embolization (mean, 8 months). In 
the angiographic follow-up, 14 cases were un-
changed (22.2%), 5 had minimal refilling around 
the aneurysm neck (7.9%) and 6 cases presented an-
eurismal recanalization (9.5%). In all 10 cases, 
when we embolized AcomA, there was no aneurysm 
recanalization registered in follow-up studies (Fig-
ure). All recanalization cases required further treat-

Table 2. 
Anatomic characteristics of patients

Variables Amount (%)

Aneurysm size

Small <3mm 7 (11.1%)
Medium 
≥3mm to <10mm

49 (77.8%)

Large 
≥10mm to <25mm

6 (9.5%)

Giant ≥25mm 1 (1.6%)

Neck size
<4mm 50 (79.4%)
≥4mm 13 (20.6%)

Dome-to-neck ratio
<2 43 (68%)
≥2 20 (32%)

A1 hypo-/aplasia 30 (47.6%)

Raymond scale

1-complete 
obliteration

49(77.8%)

2-neck remnant 13(20.6%)
3-residual filling 1(1.6%)
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ment: 4 were considered to require a second embo-
lization, and the other 2 cases have been managed 
by microsurgical clipping. All 5 aneurysms with 
minimal neck refilling were followed-up conserva-
tively and looked stable over follow-up period.

Peri-Treatment Complications: Peri-treatment 
complications occurred in 9 cases (14.3 %). Aneu-
rysmal rupture during treatment occurred in two 
cases. The bleeding was immediately stopped by 
instant insertion of coils. Thromboembolic episodes 
during treatment occurred in 5 patients. In   four 
cases the episode was embolic and in one it was 
thrombotic and occurred at the aneurysmal neck re-
gion. These episodes resulted in one death in the 
case of an middle cerebral artery occlusion and ac-
counted for additional neurological deficits in three 
patients. In one patient embolic complications were 
discovered on CT scan only. In one case there was 
an internal carotid artery dissection, which was 
managed by stenting. In one case intraarterial high 
dose Verapamil injection resulted in pulmonary 
edema and further death of patient two days after 
intervention. No post-treatment rupture and intraop-
erative death was registered in our series.

Additional Treatment: Symptomatic vaso-
spasm occurred in eight (12.6%) patients with 
subarachnoid hemorrhages. Angioplasty was per-
formed in two of these patients. Selective intra-
arterial high dose verapamil (>50 mg) infusion 
during 1 hour was performed in 5 patients. One 
patient developed new CT ischemic lesions while 
sedated in the intensive care unit after the endo-
vascular treatment.

Discussion

The AComA is the most common site of cere-
bral aneurysms, accounting for as many as 36% of 
aneurysms [Brisman J et al., 2006]. Treatment of 
these aneurysms includes microsurgical clipping 
and coil embolization. Since the introduction of 
the Guglielmi detachable coils in 1991 for the 
treatment of intracranial aneurysms, a growing 
number of ruptured and unruptured cases have 
been treated using endovascular techniques. In this 
study we present our first experience of endovas-
cular treatment of anterior communicating artery 
aneurysms since introduction of this technique in 
Armenia in 2010. In our series endovascular treat-
ment was attempted but failed in 2 cases, which 
occurred early in our practice.  With introduction 
of new technical advancements, such as new mi-
crocatheters, guidewires, coils, assisting measures 
(balloons, stents), and strict judgement for suit-
ability for endovascular treatment failure rate is 
diminished to zero. Complete occlusion of an an-
eurysm is a necessary treatment goal of both surgi-
cal and endovascular methods. Recanalization of 
incompletely treated aneurysms is well docu-
mented in the literature [Koivisto T et al., 2000]. In 
our series, the percentage of good angiographic 
occlusion (Raymond grade 1 and 2) achieved after 
initial treatment was 98.4% for ruptured aneu-
rysms, which is the highest occlusion rate com-
pared with other studies (Table 3). In the existing 
literature the rates of good angiographic occlusion 
range from 56.7% to 93% for anterior communi-
cating artery aneurysms. A1 segment hypoplasia is 

Figure. A) Diagnostic cerebral angiography, anterior-posterior view. Saccular aneurysm of AcomA (large 
arrow), patent AcomA (small arrow), right and left A1 segments of anterior cerebral artery. B) Right 
carotid artery angiography – total occlusion of AcomA and aneurysm (small arrow). C) Five month 
follow-up examination – absence of aneurysm refilling (small arrow)

BA C
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75,5% were independent (MRS 0-2) [Hunt W Hess 
R. 1968]. In the subgroup of patients with a poor 
pre-treatment Hunt & Hess Grade (IV or V) only 
30% had a good clinical outcome (MRS 0-2). This 
is a low rate, which corresponds to other reports on 
poor pre-treatment grade patients [Bracard S et al., 
2002; Weir R et al.,2003]. The peri-treatment com-
plication rate was 14.3%, resulting in mortality of 
3.2% and a permanent morbidity of 4.76%. Previ-
ous reports have documented complication rates 
ranging from 8% to 17%, with morbidity rates of 
3% to 6.5% and mortality rates of 0% to 6.5% [Gr-
uber et al., 1999, Solander Set al. 1999]. In current 
studies the range of peri-treatment complications 
is 0.9%-18.7% (Table 3). The majority of peri-
treatment complications were thromboembolic 
with a rate of 7.94%, a morbidity of 4.76% and a 
mortality of 1.6%. Additionally, one thrombotic 
episode occurred in the post-treatment period. In 
one patient thromboembolic complication was de-
tected on follow-up CT scan only. The second most 
common peri-treatment complication was aneurys-
mal rupture during treatment that occurred in two 
cases (3.2%). The bleeding was immediately 
stopped by instant insertion of coils. In one case 
there was an internal carotid artery dissection, 
which was managed by stenting with Neuroform 
stent. In one case intra-arterial high-dose (80mg) 
verapamil injection resulted in pulmonary edema 
and further death of patient two days after inter-
vention. No post-treatment rupture and intraopera-
tive death was registered in our series. During a 

a common anatomical variant that is encountered 
frequently in patients with an AComA aneurysm  
[Tarulli E et al., 2010; Krzyzewski R et al., 2014]. 
In their study, Rinaldo L. and co-authors compared 
demographic and aneurysm characteristics of pa-
tients with and without A1 segment hypoplasia 
presenting with either a ruptured or an unruptured 
AcomA aneurysm. They found that patients with 
A1 segment hypoplasia were less likely to have a 
history of smoking and had larger aneurysms with 
a broader neck (i.e., lower dome-to-neck ratio). 
These results suggest that the hemodynamic 
changes resulting from a unilaterally hypoplastic 
A1 can precipitate aneurysm formation along the 
AcomA complex even in the absence of traditional 
risk factors. In cases, when AcomA was patent and 
there was no A1 segment hypo-/aplasia, we uti-
lized technique of AcomA occlusion along with 
aneurysm embolization, which obviates hemody-
namic shearing stress on AcomA aneurysm and 
prevents aneurysm recanalization, which we ob-
served in all ten cases of our experience. In acute 
phase of a subarachnoid hemorrhage, our aim was 
first to secure the aneurysm from an eventual re-
bleeding. Attempts for a perfect treatment are 
made only if this does not involve excessive addi-
tional risk. This is even more important in the an-
terior communicating artery area were the involved 
arteries have a very small diameter.  For ruptured 
aneurysms the outcome is conditioned by the ini-
tial clinical status: in the subgroup of patients with 
a good pre-treatment Hunt & Hess Grade (0-III), 

Table 3. 
Literature review of outcomes of AComA aneurysms treated by coil embolization

Authors (year) Study design No of 
aneurysms

Unsuccessful 
attempt (%)

Good 
angiographic 

outcomes 
(Gr. I+II) (%)

Periprocedural 
complication 
rate (%)+++

Major 
recanalization 
or retreatment 

rate (%)

Moret J. et al. (1996) Prospective 36 4 (12%) 21 (72.5%) 4 (11.1%) 4
EliasT. et al. (2003) Prospective 30 0 17 (56.7%) 1 (3.3%) 3.3
Proust F et al. (2003) Prospective 37 0 29  (78.4%) 5 (13.5%) 8.1
Birknes J.  et al. (2006 Retrospective 123 12 (9.7%) 86 (69.9%) 6 (4.9%) 33.3
Gonzalez N. et al. (2008) Retrospective 181 6 (3.3%) 167 (92.2%) 12 (6.6%) 11.3
Guglielmi G. et al. (2009)Retrospective 306 12 (3.9%) 284 (93%) 17 (5.6%) 16.0
Finitsis S. et al. (2010) Prospective 282 12 (4.3%) 230 (85.8%) 53 (18.7%) 19.0
Lee J. et al.(2015) Retrospective 429 0 370 (86.2%) 4 (0.9) 7.9
Present study Retrospective 63 2(3%) 62 (98.4%) 9 (14.3 %) 9.5
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mean follow-up of 8 months there were 6 major 
(9.52%) and 5 minor (7.94%) recurrences. Ray-
mond J. and co-authors (2003) report a recurrence 
rate of 33.6% with 20.7% major recurrences in a 
series of 501 aneurysms with a mean follow-up 
time of 31.3 months. Most recurrences occurred 
during the first year post-treatment, but some oc-
curred even up to three years post treatment. Thus, 
extended follow-up seems to be mandatory. Four 
second endovascular retreatments and two surgical 
clippings were recorded. Most retreatments were 
performed during the first year after the initial 
treatment. There was no additional morbidity or 
mortality related to retreatments. In a series of 
2759 aneurysms on different locations, the authors 
performed second retreatments in 350 (12.3%) an-
eurysms and three or more retreatments in 94 
(3.4%) aneurysms with a low associated morbid-

ity-mortality rate of 2.2% [Henkes H et al., 2006]. 
However, as the authors point out, the risk of re-
treatment has to be carefully weighted against the 
low risk of bleeding of partially filled aneurysms. 
The main limitations of our study were its retro-
spective nature and the lack of long clinical and 
angiographic follow-up data for a considerable 
percentage of patients. 

Conclusion

Endovascular embolization is effective and less 
traumatic method for the treatment of anterior 
communicating artery aneurysm. Long period of 
follow-up is required to detect aneurysm regrowth 
and perform additional treatment to prevent late 
rebleeding. Occlusion of AcomA in case of its and 
A1 segments patency is safe and prevents aneu-
rysm regrowth in selective cases.

REFERENCE         S
1.	 Andaluz N, Van Loveren HR, Keller JT, Zuc-

carello M. Anatomic and clinical study of the 
orbitopterional approach to anterior communi-
cating artery aneurysms. Neurosurgery. 2003; 
52(5): 1140-1149.

2.	 Bijlenga P, Ebeling C, Jaegersberg M, Sum-
mers P, Rogers A., et al. Risk of rupture of 
small anterior communicating aneurysms is 
similar to posterior circulation aneurysms. 
Stroke. 2013; 44(11): 3018-3026.

3.	 Birknes JK, Hwang SK, Pandey AS, Cockroft 
K, Dyer AM., et al. Feasibility and limitations 
of endovascular coil embolization of anterior 
communicating artery aneurysms: morpho-
logical considerations. Neurosurgery. 2006; 
59(1): 43-52.

4.	 Bracard S, Lebedinsky A, Anxionnat R, Neto JM, 
Audibert G., et al. Endovascular treatment of 
Hunt and Hess grade IV and V aneuryms. AJNR 
Am J Neuroradiol. 2002; 23(6): 953-957.

5.	 Brisman JL, Song JK, Newell DW. Cerebral an-
eurysms. N Engl J Med. 2006; 355(9): 928-939.

6.	 Cai W, Hu C, Gong J, Lan Q. Anterior com-
municating artery aneurysm morphology and 
the risk of rupture. World Neurosurg. 2018; 
109: 119-126.

7.	 Choi JH, Jo KI, Kim KH, Jeon P, Yeon JY., et 
al. Morphological risk factors for the rupture 
of anterior communicating artery aneurysms: 
the significance of fenestration. Neuroradiol-
ogy. 2016; 58(2): 155-160.

8.	 Dehdashti AR, Chiluwal AK, Regli L. The im-
plication of anterior communicating complex 
rotation and 3-dimensional computerized to-
mography angiography findings in surgical 
approach to anterior communicating artery an-
eurysms. World Neurosurg. 2016; 91: 34-42.

9.	 Elias T, Ogungbo B, Connolly D, Gregson B, Men-
delow AD, Gholkar A. Endovascular treatment of 
anterior communicating artery aneurysms: results 
of clinical and radiological outcome in Newcastle. 
Br J Neurosurg. 2003; 17(3): 278-286.

10.	 Finitsis S, Anxionnat R, Lebedinsky A, Albu-
querque PC, Clayton MF., et al. Endovascular 
treatment of ACom intracranial aneurysms. 
Report on series of 280 patients. Interv Neuro-
radiol. 2010; 16(1): 7-16.

11.	 Gonzalez N, Sedrak M, Martin N, Vinuela F. 
Impact of anatomic features in the endovascu-
lar embolization of 181 anterior communicat-
ing artery aneurysms. Stroke. 2008; 39(10): 
2776-2782.



18

The New Armenian Medical Journal, Vol.12 (2018), No 1, p.Badalyan SH et al. 11-19

12.	 Gruber A, Killer M, Bavinzski G, Richling B. 
Clinical and angiographic results of endo-
saccular coiling treatment of giant and very 
large intracranial aneurysms: a 7-year, sin-
gle-center experience. Neurosurgery. 1999; 
45(4): 793-803.

13.	 Guglielmi G, Viñuela F, Duckwiler G, Jahan 
R, Cotroneo E, Gigli R. Endovascular treat-
ment of 306 anterior communicating artery 
aneurysms: overall, perioperative results. J 
Neurosurg. 2009; 110(5): 874-879.

14.	 Henkes H, Fischer S, Liebig T, Weber W, Rein-
artz J., et al. Repeated endovascular coil oc-
clusion in 350 of 2759 intracranial aneurysms: 
safety and effectiveness aspects. Neurosur-
gery. 2006; 58(2): 224-232. 

15.	 Hernesniemi J, Dashti R, Lehecka M, Niemelä 
M, Rinne J., et al. Microneurosurgical man-
agement of anterior communicating artery an-
eurysms. Surg Neurol. 2008; 70(1): 8-28. 

16.	 Hunt WE, Hess RM. Surgical risk as related to 
time of intervention in the repair of intracra-
niai aneurysms. J. Neurosurg 1968; 28: 14-20

17.	 Imbesi SG, Knox K, Kerber CW. Aneurysm 
flow dynamics: Alterations of slipstream flow 
for neuroendovascular treatment with liquid 
embolic agents. AJNR Am J Neuroradiol. 
2003; 24(10): 2044-2049.

18.	 Jiang H, Weng YX, Zhu Y, Shen J, Pan JW, 
Zhan RY. Patient and aneurysm characteris-
tics associated with rupture risk of multiple 
intracranial aneurysms in the anterior circu-
lation system. Acta Neurochir (Wien). 2016; 
158(7): 1367-1375.

19.	 Koivisto T, Vanninen R, Hurskainen H, 
Saari T, Hernesniemi J, Vapalahti M. Out-
comes of early endovascular versus surgi-
cal treatment of ruptured cerebral aneu-
rysms. A prospective randomized study. 
Stroke. 2000; 31(10): 2369-2377.

20.	 Krzyzewski RM, Tomaszewska IM, Lorenc N, 
Kochana M, Goncerz G., et al. Variations of 
the anterior communicating artery complex 
and occurrence of anterior communicating ar-
tery aneurysm: A2 segment consideration. 
Folia Med Cracov. 2014; 54(1): 13-20.

21.	 Kwon OK, Kim SH, Oh CW, Han MH, Kang HS., 
et al. Embolization of wide-necked aneurysms 
with using three or more microcatheters. Acta 
Neurochir (Wien). 2006; 148(11): 1139-1145.

22.	 Lee JY, Seo JH, Cho YD, Kang HS, Han MH. 
Endovascular treatment of 429 anterior com-
municating artery aneurysms using bare-plati-
num coils: clinical and radiologic outcomes at 
the long-term follow-up. J Korean Neurosurg 
Soc. 2015; 57(3): 159-166.

23.	 Meetings A, Partners C, Journals AS, Track-
ing CME, Calendar M., et al. Embolization of 
incidental cerebral aneurysms using the Gug-
lielmi detachable coil system. Neurosurg 
Focus. 1998; 5: 2.

24.	 Molyneux A, Kerr R, Stratton I, Sandercock 
P, Clarke M., et al. International subarach-
noid aneurysm trial (ISAT) of neurosurgical 
clipping versus endovascular coiling in 2143 
patients with ruptured intracranial aneu-
rysms: A randomised trial. Lancet. 2002; 
360(9342): 1267-1274.

25.	 Moret J, Pierot L, Boulin A, Castaings L, 
Rey A. Endovascular treatment of anterior 
communicating artery aneurysms using 
Guglielmi detachable coils. Neuroradiology. 
1996; 38(8): 800-805.

26.	 Murayama Y, Nien YL, Duckwiler G, Gobin 
YP, Jahan R. Guglielmi detachable coil embo-
lization of cerebral aneurysms: 11 years’ expe-
rience. J Neurosurg. 2003; 98(5): 959-966.

27.	 Proust F, Debono B, Hannequin D, Gerardin 
E, Clavier E., et al. Treatment of anterior com-
municating artery aneurysms: complementary 
aspects of microsurgical and endovascular 
procedures. J Neurosurg. 2003; 99(1): 3-14.

28.	 Raymond J, Guilbert F, Weill A, Georganos 
SA, Juravsky L., et al. Long-term angiographic 
recurrences after selective endovascular treat-
ment of aneurysms with detachable coils. 
Stroke. 2003; 34(6): 1398-1403.

29.	 Rinaldo L, McCutcheon BA, Murphy M, Bydon 
M, Rabinstein AA, Lanzino G. Relationship of 
A1 segment hypoplasia to anterior communicat-
ing artery aneurysm morphology and risk factors 
for rupture. Neurosurgery. 2016; 63(1): 207.



19

The New Armenian Medical Journal, Vol. 12 (2018), No 1, p.11-19 Badalyan SH et al.

30.	 Solander S, Ulhoa A, Viñuela F, Duckwiler 
GR, Gobin YP. Endovascular treatment of 
multiple intracranial aneurysms by using Gug-
lielmi detachable coils. J Neurosurg. 1999; 
90(5): 857-864.

31.	 Tarulli E, Fox AJ. Potent risk factor for aneu-
rysm formation: termination aneurysms of the 
anterior communicating artery and detection of 
A1 vessel asymmetry by flow dilution. AJNR 
Am J Neuroradiol. 2010; 31(7): 1186-1191. 

32.	 Van der Schaaf I, Algra A, Wermer M, Moly-
neux A, Clarke M., et al. Endovascular coiling 
versus neurosurgical clipping for patients with 
aneurysmal subarachnoid haemorrhage. Co-
chrane Database Syst Rev. 2005. CD003085.

33.	 Weir B. Unruptured intracranial aneurysms: a 
review. J Neurosurg. 2002; 96(1): 3-42.

34.	 Weir RU, Marcellus ML, Do HM, Steinberg 
GK, Marks MP. Aneurysmal subarachnoid 
hemorrhage in patients with Hunt and Hess 
grade 4 or 5: treatment using the Guglielmi 
detachable coil system. Am J Neuroradiol. 
2003; 24(4): 585-590.

35.	 Wiebers DO, Whisnant JP, Huston J III, Meiss-
ner I, Brown RD Jr., et al. International study 
of unruptured intracranial aneurysms investi-
gators. Unruptured intracranial aneurysms: 
natural history, clinical outcome, and risks of 
surgical and endovascular treatment. Lancet. 
2003; 362(9378): 103-110.


