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Abstract 

Background Increase pressure on arteries branching points and curves (hyperdynamic theory) is the most popular 
theory to explain the aneurysms formation that augmented by the observation of high incidence of anomalies (either 
A1 aplasia or hypoplasia) and the anterior communicating artery (ACoA) aneurysms. It still underestimated the cor‑
relation between these anatomical anomalies and aneurysm occurrence and its rupture. We aim to estimate the inci‑
dence and type of anatomical anomalies of the anterior cerebral circulation, including the A2 segment in patients 
with ACoA aneurysms and their predictive value for aneurysm occurrence and rupture parallel to the risk of hyperten‑
sion. Also, we study the impact of these anomalies on the configuration of the aneurysm, including the neck and size.

Results A1 hypoplasia and aplasia were significantly higher in AcoA aneurysms group than in the control group 
(P < 0.001 and 0.002, respectively). These anomalies have no significant statistical difference between rupture 
and unruptured ACoA aneurysms. A2 anomalies were insignificantly different between both groups.

Conclusion Congenital anomalies in the A1 segment (hypoplasia and aplasia) have a significant predictive value 
for AcoA aneurysms formation, with no predictive value for the aneurysm rupture. Concomitantly, A2 anomalies have 
no significant risk for AcoA aneurysms formation and rupture.

Introduction
Anterior communicating (ACoA) complex considers a 
common site of cerebral aneurysms with an incidence 
of 30% [1]. This anatomical complex includes five main 
arterial vessels (right and left A1, right and left A2, and 
ACo artery), besides related branches: frontopolar, 

orbitofrontal, recurrent artery of Heubner and perfora-
tors [2].

Anomalies include aplasia or hypoplasia of the A1 
segment or single and triple A2 segment of the anterior 
cerebral artery (ACA). Recent studies involving com-
putational fluid dynamics modeling presented signifi-
cant flow-dependent variations in formation of ACoA 
aneurysm [3, 4]. Castro et al. [5] showed an association 
between the variation of A1 artery blood flow, ACoA 
aneurysm development and rupture, they described 
the significance of asymmetric blood flow as a cause of 
aneurysm formation in animal models. Hashimoto et al. 
recorded an experimental model of ACoA aneurysm 
formation by inducing hemodynamic stress through a 
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unilateral or bilateral carotid occlusion in hypertensive 
rats [6].

Sheering stress at the arterial wall can lead to activa-
tion of many molecular mechanisms which include nitric 
oxide synthase and apoptosis of smooth muscle cells in 
the vessel wall leading to aneurysm formation [7] also, 
providing similar changes by anatomical alternations in 
humans. Multiple studies described A1 segment anoma-
lies as the one most commonly accompanying ACoA 
aneurysm, this frequency ranges from 41.33% up to 50% 
[8]. Bazowski et al. showed anomaly incidence of anterior 
communicating artery complexes harboring aneurysm at 
37.7% [9]. Charbal et al. by using angiography, represent a 
significant association between anomalies of A1 segment 
of the ACA and ACoA aneurysm formation [10].

The correlation between aneurysm occurrence and its 
rupture risk in association to the anatomical anomalies is 
still underestimated. We look to estimate the incidence 
and types of anomalies of the anterior cerebral circula-
tion, including the A2 segment in patients with ACoA 
aneurysms, and to explain their association with aneu-
rysm occurrence and its rupture parallel to the risk of 
hypertension. We also studied the effect of these anoma-
lies on the configuration of the aneurysm, including the 
aneurysm size and its neck.

Methods
This study included 210 patients with ACoA aneurysms 
diagnosed between January 2012 and December 2020 at 
two different departments (Regensburg University and 
Sohag University hospital).

ACoA aneurysms group: we included 210 patients with 
an established diagnosis of ACoA aneurysms (ACoA 
aneurysms group). These patients were further divided 
into ruptured (n = 148) and unruptured (n = 62) groups.

We excluded the cases with poor diagnostic cerebral 
angiography or 3D CT angiography (3D CTA) image 
quality, evidence of vasospasm, or incomplete catheter 
angiograms.

Control group: we included as a control group age and 
sex-matched, 486 patients with a negative study of ACoA 
aneurysm who underwent DSA and/or CTA for other 
medical indications during the same period.

We collected data on the following variables: age, sex, 
medical history (hypertension), and radiological findings. 
We got information regarding medical history from the 
patient’s medical reports.

Imaging and definitions: it gained imaging using a 
machine brand: Philips, model: incisive 128 slices, manu-
facturer name: Philips, country of origin: made in India, 
multi-row Computed Tomography using the following 

study parameters: 120  kV, 74  mA, 120  mA; rotation 
time: 0.75; slice thickness: 3 mm; pitch: 1.5. We injected 
intravenously patients with an iodine contrast medium 
to achieve angiographic images. We examined in three 
planes: coronal, sagittal, and transverse the maximum 
intensity (MIP) and volume rendering (VR) reconstruc-
tions. We carefully examined each part of the ACoA 
complex and measured the internal diameter of each 
artery.

Aneurysm size was determined based on the greatest 
diameter, while the sides were determined based on how 
the aneurysm was best represented on the angiogram 
and whether it was visible only from the ipsilateral side 
by the contrast agent.

We classified the ACoA complex anomalies into the 
following types: right A1 hypoplasia, left A1 hypoplasia, 
right A1 aplasia, left A1 aplasia, Azygous A2 and triple 
A2.

We classified as hypoplastic an arterial segment size less 
than 75% of the contralateral vessel or less than 1  mm in 
diameter. At least two senior physicians meticulously exam-
ined all images. If conflicting opinion on particular patients 
occurred, extraction from our sample was done (Fig. 1).

Statistical analysis: (SPSS v26, year: 2019, of IBM Inc, 
Chicago, IL, USA did statistical analysis). We presented 
quantitative variable number one as mean and standard 
deviation (SD) and compared between the two groups 
using unpaired Student’s t-test. Number two as frequency 
and percentage (%) analyzing by using the Chi-square 

Fig. 1 Selecting the best trajectory for measurement
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test or Fisher’s exact test when appropriate. We used 
odds ratios (OR) to determine the statistical association 
between ACoA complex anomalies and aneurysm occur-
rence and its rupture. We considered statistically signifi-
cant a two-tailed P value < 0.05.

Results
Demographic data: patients’ characteristics (age, sex 
and hypertension) were insignificantly different between 
ACoA aneurysms group and the control group (Table 1).

Anterior communicating artery (ACoA) complex anom-
alies and the risk of ACoA aneurysms formation: right A1 
hypoplasia, left A1 hypoplasia, right A1 aplasia and left 
A1 aplasia were significantly higher in ACoA aneurysms 
group than the control group (P < 0.001, < 0.001, 0.001 and 
0.002, respectively). A2 anomalies with different forms 
(azygous or triple A2) were insignificantly different in 
both ACoA aneurysms group and the control group (P 
0.431) (Table 2) (Figs. 2, 3, 4).

Anterior communicating artery (ACoA) complex 
anomalies and the risk of aneurysm rupture: patients’ 
characteristics (age, sex and hypertension) were insignifi-
cantly different between unruptured group and rupture 
group (Table 3).

Congenital anomalies (A1 hypoplasia, A1 aplasia and 
A2 anomalies) were insignificantly different between 
unruptured group and rupture group (Table 4).

Impact of ACoA complex anomalies on the aneurysms 
morphology: in our study, no significant effect of the 
AcoA complex anomalies on the aneurysm configuration 
was observed regarding the aneurysm size and its neck 
(Table 5) (Fig. 5).

Discussion
The percentage of reports of the anterior communicating 
artery (ACoA) aneurysms in several studies is about 25% 
of all cerebral aneurysms. The high prevalence of aneu-
rysms at this anatomical site, make it is crucial to assess 
the risk of aneurysm initiation at this site [11, 12].

Demographic distribution: we found that patients’ 
characteristics (age, sex and hypertension) were insig-
nificantly different between ACoA aneurysms group and 
control group. Our findings were not parallel to Zhang 
et al. [13] who enrolled 160 cases with Acom aneurysms 
and 66 control subjects with no aneurysms. They found 
that women of 50 to 70  years were more vulnerable to 
ACoA aneurysm formation than men, so it significantly 
associated ACoA aneurysm with patient age. This differ-
ence could be justified by recruiting healthy patients and 
ethnic consideration.

Correlation between ACoA complex anomalies and 
the aneurysm formation: in the present study, right A1 
hypoplasia left A1 hypoplasia, right A1 aplasia and left 
A1 aplasia were significantly higher in ACoA aneurysms 
group than control group (P < 0.001, < 0.001, 0.001 and 
0.002, respectively) and A2 with its different forms was 
insignificantly different between both groups. In line 
with our finding, Rinaldo et  al. [14] observed that of 
145 patients who presented with aneurysmal subarach-
noid hemorrhage after rupture of an ACoA aneurysm, 
31 (21.4%) had a hypoplastic or absent A1 segment. He 
observed a high associated between hypoplastic or absent 
A1 segment and increased rate of radiologic infarction 
(OR = 2.54, 95% CI 1.02–6.43; P = 0.0466).

In a parallel line, Krzyżewski et al. [15] also reported a 
significantly higher incidence of hypoplastic A1 segment 
of the anterior cerebral artery (24% versus 7%; P < 0.01) 
and aplastic A1 segment of the anterior cerebral artery 
(12% versus 3%; P = 0.03) in a 50 patients with ACoA 
aneurysm and 100 patients sex- and age-matched control 
group. Concomitantly, they also reported A2 segment 
anomalies to be a potential predictor of ACoA aneurysm 

Table 1 Patients’ characteristics in ACoA aneurysms group and 
the control group

ACoA: anterior communicating artery. We presented data as mean ± SD or 
number (%)

ACoA 
aneurysms 
group
(n = 210)

Control group
(n = 486)

P value

Age (years) 55.33 ± 12.81 53.94 ± 11.67 0.163

Sex Male 81 (38.57%) 159 (32.71%) 0.136

Female 129 (61.42%) 327 (67.28%)

Hypertension 88 (41.90%) 206 (42.38%) 0.886

Table 2 Congenital anomalies in ACoA aneurysms group and 
the control group

ACoA: anterior communicating artery. We presented data as number (%)

*Statistically significant when P value < 0.05

ACoA 
aneurysms 
group
(n = 210)

Control group
(n = 486)

P value

A1 hypoplasia 30 (14.28%) 6 (1.23%) < 0.001*

 Right A1 hypoplasia 20 (9.52%) 4 (0.82%) < 0.001*

 Left A1 hypoplasia 10 (4.76%) 2 (0.41%) < 0.001*

A1 aplasia 12 (5.71%) 1 (0.20%) 0.001*

 Right A1 aplasia 7 (3.33%) 1 (0.20%) 0.001*

 Left A1 aplasia 5 (2.38%) 0 (0%) 0.002*

A2 anomalies 3 (1.42%) 4 (0.82%) 0.431

 Azygous 1 (0.47%) 3 (0.61%) 0.514

 Triple 2 (0.95%) 1 (0.2%) 0.089
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(6% versus 1%; P = 0.07). In a parallel line, frequency of 
A1 segment anomalies in aneurysm patients was 37.7% in 
a study done on Polish population [16].

Krasny et al. [17] observed 141 patients with aneurysm 
of the ACoA; aneurysm group (63%) showed variations 
(hypoplasia or aplasia) of the A1 segment in compared 
with 48 patients in the control group (24%) (P < 0.001). 
They reported a statistically significant relation between 
hypoplastic A1 and poor outcome (postoperative mor-
bidity) [18].

Anomalies as a risk factor for aneurysm rupture: 
regarding patients’ characteristics, we found that age, sex 
and hypertension were insignificantly different between 
unruptured group and rupture group. However, we 
reported demographic factors, including sex and age, to 
associate them with rupture of intracranial aneurysms 
[19, 20]. Additionally, Jinjin et al. [21] found that patients 
with ruptured ACoA aneurysms were younger than those 
with unruptured ACoA aneurysms and Matsukawa et al. 
confirmed that [22]. They found that patients with rup-
tured ACoA aneurysms were significantly younger (a 
higher proportion were younger than 60  years of age); 
larger recruited sample size and different ethnic popula-
tion could justify their different results. Ye et al. disagreed 

with our results by observing that higher proportion 
of patients with unruptured ACoA had hypertension 
than patients with ruptured ACoA (56.5% versus 19.5%, 
P = 0.002). Further, they reported that hypertension was 
a risk factor for aneurysm formation, growth and rupture 
[23].

In the present study, congenital anomalies (A1 hypo-
plasia, A1 aplasia and A2) were insignificantly different 
between unruptured group and rupture group. Consist-
ent with our results, Stojanovi´c et al. [24] detected that 
36% ruptured aneurysms, associated with hypoplasia of 
the A1 segment localized on the ACoA with no statistical 
significance, found between the hypoplasia of the A1 seg-
ment and a ruptured aneurysm.

Impact of ACoA complex anomalies on the aneurysm 
configuration: in the current study, irrelevant effect of 
the ACoA anomalies on the aneurysm size and neck, 
the most constant observation is that aneurysms in the 
anomalies bearing vessels have a trend toward a wide 
aneurysm neck (4 mm or more) and the aneurysm fun-
dus directed towards the hypoplastic or aplastic vessels. 
These findings are in line with the hyperdynamic theory 
and Rhoton rules for the aneurysm formation.

Fig. 2 3D CT angiography, normal calibration of AcoA complex
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Previous studies have shown a significant difference 
in the middle cerebral artery (MCA) bifurcation angle 
between patients with and without MCA aneurysms, 
showing that the MCA bifurcation angle plays an impor-
tant role in MCA aneurysm formation. We have reported 
the ACoA aneurysms to be to associate with the smaller 
angle formed between the A1 and A2 segments of the 
anterior cerebral artery at the ACoA complex [25, 26]. 
Despite we observe this relation, we recommend a statis-
tical study of the angle between A1 and A2 segment par-
allel to the origin of the recurrent artery of Heubner.

Conclusion
Anomalies of the A1 segment (hypoplasia, aplasia) have 
a highly valuable tool for prediction of ACoA aneurysms 
formation, with no significant risk for the aneurysm rup-
ture. Anomalies of the A2 segment play no role in the 
development of ACoA aneurysms and subsequent rup-
ture. Further, these anomalies have no effect on the aneu-
rysm configuration apart from fundus direction toward 
the affected segment.

Fig. 3 Cerebral angiography; RT A1 aplasia with anterior communicating artery aneurysms (upper), anterior communicating artery, pericallosal 
aneurysms (lower)
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Fig. 4 3D CT angiography, LT A1 hypoplasia (upper). Cerebral angiography; RT A1 (lower)

Table 3 Patients’ characteristics in unruptured group and 
ruptured group

Data are presented as mean ± SD or number (%)

Unruptured 
group
(n = 62)

Ruptured 
group
(n = 148)

P value

Age Mean ± SD 57.84 ± 9.53 54.3 ± 13.83 0.069

Range 40–79 27–86

Sex Male 24 (38.70%) 56 (37.8%) 0.962

Female 38 (61.29%) 92 (62.2%)

Hypertension Yes 28 (45.1%) 60 (40.5%) 0.576

No 34 (54.8%) 88 (59.5%)

Table 4 Congenital anomalies in unruptured group and 
ruptured group

Data are presented as number (%)

Unruptured group
(n = 62)

Ruptured group
(n = 148)

P value

A1 hypoplasia 8 (12.9%) 22 (14.8%) 0.912

 Right A1 hypo‑
plasia

4 (50%) 16 (72.7%) 0.443

 Left A1 hypoplasia 4 (50%) 6 (27.3%) 0.482

A1 aplasia 3 (4.8%) 9 (6.08%) 0.989

 Right A1 aplasia 3 (100%) 4 (44.4%) 0.419

 Left A1 aplasia 0 (0%) 5 (55.6%) 0.462

A2 anomalies 1 (1.6%) 2 (1.35%) 1

 Azygous 0 (0%) 1 (50%) 1

 Triple 1 (100%) 1 (50%) 0.5
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Table 5 Site and size of Acom and neck size in unruptured group and ruptured group

ACoA: anterior communicating artery. We presented data as number (%)

Unruptured group
(n = 62)
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(n = 30)
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(n = 12)

P value
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Medium 15 (24.2%) 56 (37.8%) 14 (46.7%) 2 (16.7%)

Large 1 (1.6%) 4 (2.7%) 0 (0%) 1 (8.3%)

Giant 1 (1.6%) 0 (0%) 0 (0%) 0 (0%)

Neck size Small 19 (30.6%) 42 (28.4%) 7 (23.3%) 3 (25%) 0.816

Large 43 (69.4%) 106 (71.6%) 23 (76.7%) 9 (75%)

Fig. 5 Azygous A2, 3D CTA (right), cerebral angiography (left)
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