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SUMMARY: One of the most common causes of stroke is rupture of aneurysms whose approach requires knowledge of anatomical
variants. The aim of this study was to determine the prevalence of anatomical variants of the anterior cerebral artery (ACA) and the
anterior communicating artery (AComA) by 3D computed tomography angiography (3D CTA) in Mexican individuals. A retrospective,
observational, cross-sectional descriptive study of 283 patients, independent of sex or age, in which morphometric measurements of
cerebral vessels were evaluated using contrasted 3D CTA from a period of two years was performed. We found at least one "atypical"
variant in a third of the study population (33.93 %). The most common "atypical" variant was the absence of the AComAA14.1 %).
significant association between the hypoplastic variant of the right A1 segment and hypoplasia of the left A1 and the right A2 was found,
while hypoplasia of the left A1 was associated with hypoplasia of the right A2. There is a difference in the prevalence of anatomical
variants of the ACA-AComA complex in Mexican population in relation to other populations. The typical variant is the most prevalent
form in the study population. However, the presence of atypical variants represents an important number that should be taken into
account in clinical and surgical procedures.

KEY WORDS: Anterior cerebral artery; Anatomical variant; Anterior communicating artery; Cerebral arterial circle;
Subarachnoid hemorrhage; Cerebral endovascular surgery.

INTRODUCTION

Stroke is the second leading cause of death worldwidlee cerebral arterial circle is the most variable site
and the leading cause of disability in developed countriesatomically (Makowiczt al, 2013).
according to the World Health Organization (WHO, 2017).
In Mexico, it represents the sixth leading cause of death  The anatomical variants of the cerebral arterial circle
(INEGI, 2015). The most common cause of stroke isave been described in cadaveric studies by digital
subarachnoid hemorrhage (SAH) due to rupture afubtraction angiography (DSA), magnetic resonance
intracranial aneurysms (21-76 %), (etial, 2013). Their angiography (MRA) and computed tomographic
most frequent location is the anterior cerebral artery (ACA)angiography (CTA). However, most have limitations due to
anterior communicating artery (AComA) complex (Monroy-small sample size, not making morphometric measurements
Sosaet al, 2013). Aneurysms located in the ACA andof vessels, not including all the variants described in the
AComA are difficult to manage and have a poor prognosiigerature; also, the postcommunicating segment (A2) of the
due to angioarchitecture, blood flow, their deep location iInCA, whose anatomy influences the flow dynamics of the
the brain, and little known anatomical variants. It is estimatesérebral arterial circle is rarely studied. Some studies do not
that the lack of knowledge of these variants are the causedekcribe specific variants of the anterior communicating
approximately 10 % of medical errors. The anterior area aftery and group them as "fenestrations of the AComA",
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which limits the anatomical knowledge of this vesseihjection rate of 4 ml per second. The data obtained were
(Kayembeet al, 1984; Dimmick & Faulder, 2009; Ferré ettransferred and analyzed in a workstation (AW Volume Share
al., 2013; Hashemi et al2013; Igbal, 2013; Kardilet al, 2 workstation) using multiplanar reformatting (MPR) with
2013; Kedia et aJ 2013). maximum intensity projection (MIP) and volume rendering
(VR). Measures were made using a window range of
In Mexico there are two previous studies that desciWW:350 standardized for all patients with General Electric
be anatomical variants of the cerebral arterial circle, one ADW 4.4 software at the midpoint of each evaluated vessel.
cadavers and another with MRA (Monroy-Sasaal).
However, it is not possible to extrapolate these results in The arteries studied were the anterior communicating
patients because of certain limitations in the methodologznd the Al (precommunicating) and A2
(Boleaga-Duraet al, 2004; Liet al, 2011). Moreover, CTA (postcommunicating) segments of the anterior cerebral
is the current method for initial assessment of cerebraitery. The segment which originates from the internal carotid
circulation in suspected acute stroke or subarachnaadtery to the origin of the anterior communicating artery was
hemorrhage and the technique of choice for the evaluatidefined as segment Al and the segment that originates from
of aneurysms (Zhang et al., 2012; Cirilbal, 2013). We the AComA to the site proximal to its bifurcation in the
have not found studies using CTA in Mexican populationpericallosal and callosomarginal arteries was defined as
segment A2 (Krzyz ewslat al, 2015).
The aim of this study was to determine the prevalence
and morphometric characteristics of anatomical variants of Vascular variants were classified according to the
the AComA and the precommunicating (Al) andlassification of Kayembet al, with some modifications
postcommunicating (A2) segments of the anterior cerebmsuiggested by our working group, which are shown in Figu-
artery by cerebral computerized angiotomography with 32 1.
reconstruction (3D CTA).
e Variants of the anterior communicating artery-V-shaped,
Y-shaped, H-shaped, N-shaped, X-shaped, double, triple,
MATERIAL AND METHOD plexiform and absent.
e Variants of the A1 and A2 segments of the anterior cere-
bral artery: absence, hypoplasia and fenestration.
A retrospective, observational, cross-sectionalOther variants: triple ACA, and azygos.
descriptive study performed at the Department of HumarfNormal or typical” variant of the ACA—AComA according
Anatomy and the Department of Radiology, of our institutiorio the description by Rhoton (2002).
CTAimages with three-dimensional reconstruction from 283
patients were evaluated. These were obtained during aperiod  The internal diameter measurement of the midpoint
of 24 months (January 2013—-December 2014) and includeflithe bilateral A1, A2 segments of the anterior cerebral
156 men and 127 women distributed by sex and age grouadery, the azygos artery and the accessory of the anterior
cerebral artery (ACAacs) in the case of the triple variant of
Angiotomography scans of patients 1 to 99 years tifie ACA was performed. Hypoplastic segments were
age were included. The indications for these studies weramnsidered when size was less than 1 mm (Monroy-&osa
head trauma, headache refractory to treatment, and suspeated
hemorrhagic vascular or neoplastic disease. Patients with
surgical clips causing metal artifacts, intracerebral hematBtatistical analysis A database was created in SPSS version
ma, a tumor, previous surgery or any space-occupying lesi®d.0 (IBM, Inc., Chicago, IL) for Windows XP. The relative
that involves or modify the anatomy of the cerebral arteriflequencies and percentages of each anatomical variant
circulation were excluded. studied according to sex and age group were obtained.
Similarly, nonparametric correlation tests (chi square) were
The images were obtained using a 64-slice CT scamsed to determine the association between sex and
ner (General Electric CT99 Light Speed VCT) with Softanatomical variants.
ware 2978195VCT, using the following parameters: 0.4s
rotation of helical acquisition, 20 mm detector coverage, 1ZEthical considerations.This protocol was approved by the
Kv, 400 mAs, slice thickness 0.625 mm, Pitch 0.53:1 mniZthics and Research Committees of the institution of origin,
rot and FOV of 22 to 23 cm. All patients were injected withegistration number AH14-001. There are no financial or
an intravenous iodinated contrast media (Ultravist 37@pmmercial gains for the realization of this study therefore
Bayer, Germany) at a dose of 1 to 2 ml per kg with ae authors declare that they have no conflict of interest.
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Fig. 1. Classification of anatomical variants of the A1 and A2 segments of the anterior cerebral artery (ACA) and the
anterior communicating artery (AComA). Modification of Kayembe, Sasahara, and Hazam Classification. Kratzewski
al., 2015

RESULTS

Atotal of 283 computerized angiotomography scanghe mean diameter found in right A1 and left A1 was#1.9
from 127 female and 156 male patients were analyzed; me&ad mm. The hypoplastic right A1 variant was associated with
age was 5@ 18 years. The most prevalent anatomical variaite hypoplastic left A1 (p < 0.0001) and a hypoplastic right
was the typical form of the ACA-AComA complex in 66.07A2 (p = 0.002), with statistical significance. In some cases,
% (Fig. 2a.) and one-third of the CTA scans showed at lealsé presence of a hypoplastic right A1 with a hypoplastic left
one different anatomical variant of these (33.93 %). NA2 (n = 4) or a triple ACA variant (n = 1) was observed but
variant showed a significant association with sex or age.with no significant association (p > 0.05). A hypoplastic left

Al variant was associated with a hypoplastic right A2 (p
Anterior communicating artery. The typical form of this <0.0001) and a hypoplastic left A2 (p = 0.15).
vessel was found in 81.99 % of the population. The rest (18
%) of the atypical variants corresponded to the absenceAs segment of the anterior cerebral arteryThe typical
AComA (14.13%) (Fig. 2b), type X (3.18 %), double (0.35ariant of the postcommunicating anterior cerebral artery
%), and triple AComA (0.35 %). No V-, Y-, H- or N-shapedA2 segment was found in 95.40 % of the angiotomographies
variants were found. There was no significant associatigfudied. Of all atypical variants, 53.85 % were located in
with any variant of the AComA and any other anatomicahe right A2 and 46.15 % in the left A2. Atypical variants
variant in the anterior circulation of the cerebral arterial circl@ere: hypoplasia (4.25 %) and absence (0.35 %), no
in the same patient. fenestrations were found. The mean diameter was the same
in the right and left A2 segments, 190.5 mm. The
Al segment of the anterior cerebral arteryThe typical AL  hypoplastic right A2 was associated with the hypoplastic
variant was found in 86.93 %. Of the atypical variants, 51.3&ft A2 (p <0.0001).
% were located in the right A1 and 48.64% in the left Al.
Atypical variants in order of frequency were: absence (5.65 Other variants found in the anterior cerebral artery
%) (Fig. 2c.), hypoplasia (5.30 %) and fenestration (2.12 %\as the azygos variant (Fig. 2e), which was found in 5

1123



JIMENEZ-SOSA, M. S.; CANTU-GONZALEZ, J. R.; MORALES-AVALOS, R.; GARZA-CASTRO, O.; QUIROGA-GARZA, A.; PINALES-RAZO, R.; ELIZONDO-RIOJAS, G.;
ELIZONDO-OMARNA, R. E. & GUZMAN-LOPEZ, S. Anatomical variants of anterior cerebral arterial circle. A study by multidetector computerized 3d tomographic angiography.
Int. J. Morphol., 35(3)1121-1128, 2017.

a -" {W’@T X
NS z;#

Fig. 2. Images obtained by computed tomography with 3D reconstruction in different patients that show anatomical variants found in the
circle of Willis (arrows). A) and D) “Typical" variant of the anterior cerebral artery—anterior communicating artery; B) Absence of the
AComA; C) Absence of the right precommunicating A1 segment of the anterior cerebral artery; E) Azygos artery, F) triple variant of the
ACA.

patients (1.76 %) and the triple ACA found in 11 (3.88 %dDISCUSSION

(Fig. 2f). The mean diameter of the azygos artery was 2.7

0.5 mm and the anterior cerebral artery accessory had a mean

diameter of 1.4+ 2.0 mm. There was no significant The most important result of this study was that one

association between the presence of the azygos or the trilied (33.93 %) of the study population presented atypical

ACA artery with other variants. variants. This is important because some variants are
associated with an increased risk of ischemic events and/or

Aneurysms. Ten aneurysms were found, all with seculaaneurysm formation (Makowicat al).

morphology. Ten percent were located in the right A2 segment,

30 % in the left A2, 20 % at the junction of the Al with the Our study is the first to use 3D CTA to report the

AComA (significantly associated with an absence of the riglirevalence of anatomic variants of the anterior cerebral artery

Al, p =0.008), 10 % were in the azygos artery and 30 % &nd the anterior communicating artery in Mexican

the AComA (one associated with the absence of right A1 , pgepulation. All anatomical variants that have been described

0.008, one with the absence of a left A1, p = 0.853, and tbe far in the literature have been included, and the

last with hypoplasia of the right A2, p = 0.156). The meaprecommunicating (A1) postcommunicating (A2) segments

diameter found in the neck of the aneurysm wast0061 of the anterior cerebral artery were analyzed. The variants

mm, and the largest diameter of the aneurysmal sac was 0iA the A2 segment have been little studied so far in the

0.9 mm. Eighty percent occurred in men with no significariterature compared to the rest of the vessels.

association (p = 0.501); also, no association was found with

age. Atendency of aneurysms to appear with smaller diameters ~ This study is important because it reports the

of the right A2 segment of the ACA (p = 0.039) was found. anatomical variants of Mexican population using a highly
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terior region of the cerebral arterial circle in comparison tidrzyz ewskiet al). Because of this, we believe that CTA is
that obtained in our study (Boleaga-Duedal). The typical an accurate technique for assessing the hypoplasia variant of
form was presentin 9.22 %, a low percentage in comparisthre anterior cerebral artery.

with the majority of previous studies. This could be because

they included those cases in which an atypical variant did The limitations of the study were that although the
not exist in the entire cerebral arterial circle (anterior andcluded patients did not present an apparent cerebral vascular
posterior circulation). Moreover, although 3D TOF MRApathology in the radiological images, we cannot assure that
allows in vivo visualization of the vasculature, its sensitivitghey were completely healthy. Moreover, since there are few
depends on the speed of blood flow in the vessels makisgidies using the same methodology, our results were
visualization of small vessels with low or turbulent bloodtompared with various techniques including 16-slice CTA,
flow difficult (Zhanget al). The literature suggests that CTAwhose sensitivity and specificity vary with respect to the 64-
represents the ideal radiologic method for the evaluation gifce used by us, on the other hand the analysis of images
the cerebral arterial circle and its collateralsetal). studies are operator-dependent so it can limit our results.

The presence of the azygos artery or a fenestration This study showed a high prevalence of atypical
variant of the anterior cerebral artery or anteriomanatomical variants in Mexican population, of which variants
communicating artery have been associated with the presekoewn to increase the risk of ischemic events were the most
of aneurysms due to the turbulent flow created by defectsfiound (absence of the anterior communicating artery, absence
the tunica media in the proximal and distal region of thand hypoplasia of the precommunicating A1 segment,
fenestrated segment (Boleaga-Duginal.; Dimmick & hypoplasia of the postcommunicating A2 segment of the
Faulder). In our study, an aneurysm associated with the azygogerior cerebral artery and the azygos artery) (Rhoton;
variant but not with a fenestration of the ACA or AComA wa®immick & Faulder). We believe that studies that perform
found. Previous morphological studies using imaginghorphometric measurements by computed tomography are
techniques reported prevalence between 0.24 and 1.50 %neg&ded to provide data to compare our measurements.
the azygos variant, while in cadaveric studies the range was
2-3.33 %, very similar data. Our study supports and extends
the results reported by previous studies. Knowledge of tEONCLUSIONS
prevalence of the azygos variant is relevant because in an
occlusive event of the ACA due to thromboembolic disease or
during surgical procedures, ischemia of the medial aspect of  This is the first study to investigate the prevalence of
both cerebral hemispheres occurs. anatomical variants in the anterior cerebral artery and the an-

terior communicating artery in Mexican population using 3D

The presence of an occlusive event in a dominant AAmputed tomography. We found a high prevalence of
segment of the anterior cerebral artery when a hypoplasgtypical” variants. Absence and hypoplasia variants of the
variant exists in the contralateral A2 segment increases tA& segment of the ACA were the most prevalent and should
risk of regional ischemia in both hemispheres (Kayemtbe be taken into account since they increase the risk of stroke by
al.; Dimmick & Faulder). Perlmutter & Rhoton (1978) founddecreased blood flow during occlusive thrombotic events or
a prevalence of 2-7 % of the hypoplasia variant of the A@dovascular peedures. The results of this study confirm the
segment in United States population, a figure that showl#ference in variants found between different ethnic groups.
similarity with the results obtained in our study of 4.24 %. In
the literature reviewed, there are few reports that have
evaluated this arterial segment. Other variants that incredS&ANCIAL DISCLOSURE . This research did not receive
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