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ABSTRACT

AIM: To estimate the rupture risk of anterior communicating artery (AComA) and AComA-related aneurysms according to their
localization, angiographic architecture, and morphological features.

MATERIAL and METHODS: In this study, 124 patients with AComA and AComA-related anterior system aneurysms were
retrospectively evaluated. The aneurysms were classified according to their morphological appearance and angiographic architecture.
The size, size ratio, angiographic architecture, and aneurysmal dome orientation of ruptured and non-ruptured aneurysms were
compared using digital subtraction angiography (DSA) 3D images.

RESULTS: There was a significant relationship between rupture risk and the size ratio (p=0.043), morphological properties of the
aneurysm (p<0.001), aneurysm dome orientation (OR 1.29, 95% CI 1.32-6.818), and aneurysm type according to the angiographical
architecture (p<0.005).

CONCLUSION: In determining the rupture risk of AComA and AComA-related aneurysms, size alone is not a sufficient parameter

with aneurysm morphology proving to be more efficacious. Grouping of aneurysms according to angioarchitecture, and its significant
correlation with aneurysm rupture, may help to understand the underlying mechanisms in the formation and rupture of aneurysms.

From this, more specific treatment protocols can be created, helping to improve the clinical evaluation of AComA aneurysms.
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B INTRODUCTION

ntracranial aneurysms occurin about2%-5% of the Western
Ipopulation, of which approximately 30% of patients have

multiple aneurysms (18). Anterior communicating artery
(AComA) aneurysms constitute 30-37% of all intracranial
aneurysms and are considered to be the most complex
aneurysms. The incidence of subarachnoid hemorrhage in
patients with an aneurysm is approximately 1-2% per year (9).

A greater number of unruptured aneurysms are now being
diagnosed due to technological advances in imaging
techniques (25). Although aneurysms are common, the rupture
rate is low. However, morbidity and mortality rates are high
in cases where the aneurysm does rupture. Therefore, it is
critical that the risk factors of aneurysm rupture are identified.

The treatment of non-ruptured intracranial aneurysms remains
controversial. The localization, size, and morphological fea-
tures of aneurysms are thought to be risk factors of a rupture.
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The international non-ruptured intracranial aneurysms working
group (ISUIA) has provided guidelines based on the size and
localization of unruptured aneurysms. Specific localizations
have been found to be associated with aneurysm rupture (23).
There have been contradictory findings in studies that have
investigated the relationship between morphological and geo-
metric characteristics and aneurysm rupture.

In this study, we aimed to identify the relationship between the
aneurysm type and morphological features according to the
angiographical architecture with AComA aneurysm rupture.

B MATERIAL and METHODS
Study Design and Patients

The study was approved by the Inonu University Ethical
Committee (2017/26-1). A retrospective analysis was
performed using clinical and 3D digital subtraction angiography
(DSA) data. The study included 124 patients (66 females and
58 males) who were diagnosed with AComA and AComA-
related aneurysms between June 2014 and December 2018.
A total of 86 patients with ruptured and 38 patients with
unruptured AComA and AComA-related aneurysms were
included in this study. Twenty percent of these patients had
multiple aneurysms. Patients suspected of having mycotic,
dissecting, and giant aneurysms were excluded, along with
those patients under 18-years-old.

Imaging

DSA was performed using an AlluraXper FD20 monoplane
unit (Philips Medical Systems, Best, The Netherlands).
Rotational angiograms were obtained using a constant
injection of contrast agent and a 240° (+120° -120°) rotation
with imaging at 116 frames for 5.1 seconds. Data from these
images were transferred to the Integris Workstation (Philips
Medical Systems, Best, The Netherlands) and reconstructed
into 3D voxel data using the standard proprietary software
provided. 3D digital reconstructions that did not contain the
entire aneurysm or associated parent arteries were excluded.
Patients DSA and 3D images were evaluated independently
by two radiologists.

Geometrical and Morphological Parameters
a) Aneurysm size: Defined as the largest aneurysm diameter.

b) Height of aneurysm (H): The vertical distance between the
aneurysm neck and the aneurysm dome was defined as the
height of the aneurysm.

c) Aneurysm neck diameter: Defined as the neck width.

d) Maximal height (Hmax): Defined as the longest distance
between the center of the aneurysm neck and the dome of the
aneurysm.

e) Mean parent artery diameter: (Both A, diameter + Both
A, diameter) /4

f) Aspect ratio: H/aneurysm neck diameter
g) Size ratio: Hmax/average parent artery diameter

i) Direction of the aneurysm dome: anterior, posterior,
superior, and inferior

j) Inflow angle
k) Morphological characteristics (Figure 1)

I) Angioarchitecture of aneurysm: We describe 10 different
types of AComA and AComA-related aneurysms in all possible
locations (Figure 2).

m) Presence of ACA A1 segment aplasia-hypoplasia

The statistical analysis was performed using Statistical
Package for Social Sciences (SPSS) version 22.0 (SPSS,
Chicago, IL, USA). Quantitative data was evaluated using the
Kolmogorov Smirnov test. Normally distributed quantitative
data were analyzed using a t-test and one-way analysis of
variance (ANOVA). Data that were not normally distributed
were analyzed using the Mann-Whitney U and Kruskal Wallis
tests. Qualitative data were assessed using the Chi-square
test. A p-value of <0.05 was considered statistically significant.

B RESULTS

The 3-D images of all patients were evaluated, and patients
were divided into three groups according to the morphological
features of the aneurysms. The rupture rate in patients with

Type 1 Type 2 Type 3

/N

o N

ZAEE\

Figure 1: Classification based on the morphological features of Type 1. Well-circumscribed single saccular aneurysm, Type 2. Irregular
bordered single saccular aneurysm, Type 3. Aneurysm with bleb formation (3A) and bilobed (3B) or multilobed (3C) aneurysm stemming
from either the neck or body, which involves 25% of the total aneurysm.
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Type 2

ACDM

ACOM

ACOM

Type 1: True AComA aneurysm

Type 2: Orifice of aneurysm is related to AComAor ACAAZ |essthan 50%

Type 3: Orifice of aneurizm is related to AComA or ACA AL less than 50 %

Type 4: Proximal ACAAZ aneurysm

Type 5: Distal ACA AL aneurysm

Type &: There is an aneurysm but not AComA in the AComA location

Type 7: Aneurysm at ACA A2 and bifurcation of AComaA locations

Type 8: Aneurysm orrifice originates from AComaA

Type 3: Short AComA and aneurysm orrifice extend to proximal side of A2
Type 10: Short AComaA and aneurysm orrifice extend to distal side of Al

Figure 2: Classification of anterior communicating artery (AComA) and AComA-related anterior system aneurysms according to their

angiographic architecture.

type 2 and type 3 aneurysms was significantly higher than
those with type 1 aneurysms (p<0.001) (Figure 3). Type 1
aneurysms were mostly less than 4 mm, while 66.7% of type
2 aneurysms and 80% of type 3 aneurysms were larger than
4 mm (p<0.001). In addition, type 2 and 3 aneurysms had a
wider neck diameter (p<0.001) (Figure 4). However, there was
no significant correlation between the diameter of the mean
parent artery and the morphological features (p=0.646).

The vast majority of AComA aneurysms occurred in the
anterior projection, with the lowest occurring in the inferior
projection. AComA aneurysms with superior projections were
found to have a higher rupture risk than those with anterior
projections (OR 1.29, 95% CI 1.32-6.81) (Table ).

The patients were categorized into three groups (<4 mm,
4-7 mm, >7 mm) according to the aneurysm size. There
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Figure 3: 3D images of patients aneurysms. A) Type 1. Well-
circumscribed single saccular aneurysm. B) Type 2. Irregular
bordered single saccular aneurysm. C-D) Type 3-4. Aneurysm
with bleb formation and bilobed or multilobed aneurysm.

8,00 °
5,004
4,004

Type 1 Type 2 Type 3
Morphologycal Classification

Aneurysm Neck Width

Figure 4: Correlation between the aneurysm neck width and types
that were classified according to the morphological features of
the aneurysm.
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was no significant relationship between the aneurysm size
and ruptures (p=0.962) (Table I). In addition, there was no
significant correlation between aneurysmal rupture and
the aspect ratio, inflow angle, neck diameter, mean parent
artery, and presence of ACA A1 hypoplasia-aplasia (Table I).
However, the size ratio was higher in patients with ruptured
aneurysms (p=0.043). Furthermore, 29.8% and 31.6% of
patients with AComA aneurysms had A1 segment aplasia and
hypoplasia, respectively (Table I). In addition, 16 concomitant
venous anomalies and 5 arterial structural abnormalities were
observed. There was no significant correlation between the
ruptured and unruptured groups (p=0.123, p=0.113) (Table I).

We analyzed the DSA and 3D images of the patients and
classified the AComA and AComA-related anterior system
aneurysms according to their angioarchitecture. The most
frequently detected types weretype 1,2, and 7. Type 10 was not
detected in any of the included patients (Table Il). The majority
of AComA and AComA-related anterior system aneurysms
were bifurcation and bifurcation-related aneurysms.

In terms of rupture, there was a statistically significant
difference between the types according to the aneurysm
angioarchitecture (p=0.005). The rupture rates were relatively
higher than the unruptured rate in types 1, 4, 5, 6, and 7 (Table
I). The unruptured rate was relatively higher than the ruptured
rate in type 3 (Table Il). These data show that the probability of
a rupture is higher in types 1, 4, 5, 6, and 7.

B DISCUSSION

In this study, 10 aneurysm-related factors (size, neck width,
aspect ratio, mean parent artery diameter, size ratio, inflow
angle, angiographical architecture, morphologic properties,
aneurysm dome orientation, and concomitant ACA A1
segment aplasia or hypoplasia) were investigated in ruptured
and non-ruptured aneurysms. The relationship between these
factors and rupture was retrospectively analyzed.

The relationship between ruptured intracranial aneurysms
and aneurysm irregularities has been investigated in many
recent studies. Bleb formation is the most frequently used
parameter for aneurysm irregularity. In many clinical studies,
intracranial aneurysms with one or more bleb formation have
been reported to have a high rupture risk (4,13,14). In this
study, AComA and AComA-related aneurysms were examined
in three separate groups according to their morphological
features. There was a significant relationship between type 2
and 3 groups in terms of aneurysm irregularity and rupture. In
the present study, a positive correlation was found between
the aneurysm dimensions and aneurysm irregularity. At the
same time, a statistically significant relationship between
morphological typing and the aneurysm neck width was
observed, and aneurysm irregularity increased as the neck
width increased. This suggests that the aneurysm size and
neck width may affect aneurysm irregularity, resulting in a
rupture of the aneurysm.

Even though aneurysm size is shown to be one of the
most important factors related to aneurysm rupture, the
critical threshold size for aneurysm rupture is contentious



(9,11,16,19,22,26,29). Aneurysm localization is an indepen-
dent factor of rupture risk and may be an important factor to
consider in discussions on size. It is accepted that the aneu-
rysms localized at AComA and posterior communicating artery
(PComA) are more likely to rupture than aneurysms localized
in other parts of the anterior circulation system (2,9,12). Some

Table I: Geometrical and Morphological Parameters of the Patients
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studies have reported that the relationship between aneurysm
size and bleeding risk is closely related to localization (10).
In this study, AComA and AComA-related aneurysms were
examined in three size groups: <4 mm, 4-7 mm, and >7 mm.
No correlation was found between the groups in terms of
rupture.

Ruptured Unruptured P
Aneurysm size 0.962
<4 mm (35.4 %) n=29 (23.3%) n=15 (12%)
4-7 mm (41.9 %) n=37 (29.8%) n=15 (12%)
>7 mm (22.5 %) n=20 (16.1%) n=8 (6.4%)
Aneurysm neck diameter 3.4+ 0.1 mm 3.5+0.2mm 0.674
Mean parent artery diameter 2.65 £ 0.62 mm 1.7 £ 0.07 mm 0.935
Aspect ratio 1.5+ 0.07 mm 1.4 £0.09 mm 0.598
Size ratio 3.2+0.2mm 3.1+0.2mm 0.043*

The direction of the aneurysm dome

OddRatio 1.29, 95% CI 1.32-6.818

Anterior (52.4 %)

n=45 (36.2%)

n=20 (16.1%)

Posterior (28.2 %) n=25 (20.1%) n=10 (8%)

Superior (11.2 %) n=10 (8%) n=4 (3.2%)

Inferior (8 %) n=6 (4.8%) n=4 (3.2%)

Morphological characteristics 0.001*

Type 1 (21.7 %) n=10 (8%) n=17 (13.7%)

Type 2 (33.8 %) n=33 (26.6%) n=9 (7.2%)

Type 3 (44.3 %) n=43 (34.6%) n=12 (9.6%)

(p<0.05, statistically significant).

Table lI: The Distribution of Aneurysm Rates in Different Types According to the Aneurysm Architecture

Rupture (-) Rupture (+) Total

Type 1 3 (2.4%) 19 (15.3%) 22 (17.7%)
Type 2 8 (6.4%) 24 (19.3%) 32 (25.8%)
Type 3 9 (7.2%) 2 (1.6%) 11 (8.8%)
Type 4 1(0.8%) 6 (4.8%) 7 (5.6%)

Architecture of the Type 5 2 (1.6%) 5(4%) 7 (5.6%)

aneurysm Type 6 1(0.8%) 3 (2.4%) 4 (3.2%)
Type 7 13 (10.4%) 26 (20.9%) 39 (31.4%)
Type 8 0 1(0.8%) 1(0.8%)
Type 9 1(0.8%) 0 1(0.8%)
Type 10 0 0 0

Total

38 (30.6%)

86 (69.3%)

124 (100%)
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Some studies have reported that the hemodynamics of
intracranial aneurysms strongly depends on the geometry of
the aneurysm sac and feeding vessels (6,7). Several geometric
parameters such as aspect ratio, size ratio, inflow angle, and
aneurysm dome orientation have been shown to be more
related to aneurysm rupture than aneurysm size. However,
there are no effective methods for predicting aneurysm rupture
in asymptomatic patients (5,9,17,28). Besides, some studies
reported an increased risk of rupture due to increased flow
stress on the dominant side in cases where there is a 50% or
greater difference in diameter between the two A1 segments,
A1 segment aplasia or hypoplasia (6,8,24,27).

AComA and AComA-related aneurysms have a more complex
structure than other anterior system aneurysms due to
vascular anatomy, hemodynamics of the AComA, the relative
dominance of the A1 segments, and different configurations of
the A2 segments. Due to this, AComA aneurysms may originate
from different localizations of this complex artery (3,15). To our
knowledge, no study has described the angioarchitecture of
AComA aneurysms and examined the relationship to rupture
risk. Some studies on PComA aneurysms have reported
differences in angioarchitecture between ruptured and non-
ruptured aneurysms (1,20,21). To examine the frequency of
different AComA aneurysm configurations and whether they
affect aneurysm bleeding, we analyzed 3D and DSA images.
Then, we divided AComA and AComA-related aneurysms
into 10 different types according to the angioarchitecture.
We found a statistically significant difference between the
groups in relation to the occurrence of a rupture (p=0.005). In
particular, types 1, 4, 5, 6, and 7, had a higher risk of rupture.
Contrastingly, type 3 had a low risk of rupture. Our results
can significantly contribute to determining the rupture risk
of AComA aneurysms and should be supported by further
studies with a larger sample size.

There are a few limitations to this study. This single-center
retrospective study was conducted on a relatively small
group of patients. In the cluster we examined, the number of
ruptured aneurysms was slightly more than twice the number
of non-ruptured aneurysms which may cause a selection bias.
In addition, ruptured aneurysms may be affected by changes
in shape that can occur during vasospasm or bleeding.

B CONCLUSION

In determining the rupture risk of AComA and AComA-related
aneurysms, size alone is not a sufficient parameter, with
aneurysm irregularity being more efficacious.

Grouping of aneurysms according to angioarchitecture, and
its significant correlation with aneurysm rupture, may help
to understand the underlying mechanisms in the formation
and rupture of aneurysms. This should help to create more
specific treatment protocols, helping to improve their clinical
evaluation.
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