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Abstract

Objective: The purpose of the study was to determine variations in the circle of Willis in the Eastern Anatolia Region with TOF magnetic resonance imaging
angiography.

Methods: Two hundred fifty cases between the ages of 18 and 50, who applied to the department for cranial magnetic resonance angiography (MRA) exami-
nation and had no specific symptoms, were included in the study. Study data were obtained with 1.5 T and 3T MR (Magnetom Skyra; Siemens Healthcare,
Erlangen, Germany) devices.

Results: Typical polygonal structure was seen in 80 cases (32%) and arteria communicans anterior (AComA) aplasia was seen in 4 cases (1.62%). The incidence
of right and left anterior cerebral artery (ACA) A1 aplasia and hypoplasia were 11 (4.4%), 5 (2%), 14 (5.5%), and 6 (2.4%), respectively. ACA trifurcation was
detected in 19 (7.6%), azygos ACA in 2 (0.8%), and bi-hemispheric ACA in 4 (1.6%). Right and left arteria communicans posterior (AComP) aplasia and hypo-
plasia were detected in 42 (16.8%), 32 (12.8%), 25 (10%), and 26 (10.4%), respectively. Right arteria cerebri posterior (ACP) fetal configuration was determined
in 26 (10.4%), left in 15 (6%), and bilateral in 16 (6.4%). Basilar artery fenestration and persistent trigeminal artery were detected in 3 cases (1.2%). Right and
left vertebral artery hypoplasia was determined in 20 (8%) and 14 (5.6%) cases, respectively.

Conclusion: The anatomical determination of the normal structure and variations of the Willis polygon with TOF MRA, which is a non-invasive imaging method
that does not require radiation exposure and contrast material, revealed that the typical polygonal structure where all the arteries are located was detected at a rate
of 32%. The most frequently detected variations were aplasia/hypoplasia, and they were seen most frequently in AComP (between 10% and 16.8%). The most
frequently detected variation in anterior circulation was ACA trifurcation (7.6%), and it was similar to the literature.
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INTRODUCTION

The circle of Willis is a ring of vessels that form a connection between anterior and posterior circulation. Both internal carotid arteries (ICAs) give
off an ophthalmic artery and form anterior cerebral artery (ACA) and middle cerebral artery (MCA). The anterior communicating artery (ACom)
connects bilateral ACAs. The posterior communicating artery (PCom) connects the MCA with the posterior cerebral arteries (PCAs). The basilar
artery (BA) divides into 2 to form PCAs.!

The circle of Willis is the basic structure that ensures constant and regular blood flow to the brain in order to protect it from ischemia. The studies
of the British anatomist Sir Thomas Willis in the 17th century forms the basis of the anatomical knowledge one has about the brain and vascular
anatomy today.? Today, the studies of Yagargil and Rhoton form the basis of the vascular anatomy of the modern central nervous system.>* Although
there are detailed studies of each artery forming the circle in the literature, studies that include the whole circle are relatively few. In addition,
while there are few studies on the circle of Willis in the adult population in the Turkish society in the literature, no such study has been found for
the Eastern Anatolia region.

Collateral circulation in circle of Willis is important in maintaining adequate cerebral blood flow in case of obstructive arterial diseases. There are
2 types of collateral vessels: extracranial and intracranial collateral vessels. Intracranial collateral vessels are formed by primary collaterals which
connect the arterial segments of the circle of Willis and secondary collaterals such as leptomeningeal vessels that form after an insult when primary
collaterals are not sufficient.
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There are studies reporting higher frequency of incomplete circle of
Willis in migraine patients in particular in migraine patients with aura.’
Thus variations in the posterior circulation are found to be a contribut-
ing factor to stroke in migraine patients.®

The purpose of the study is to determine incidence of anatomical vari-
ants in Eastern Anatolia Region and compare it to the literature.

MATERIAL AND METHODS

Patient Group

The single-institution, prospective study was approved by the institu-
tional ethics committee of Atatiirk University (Ethics Committee num-
ber: B.30.2.ATA.0.01.00/277, date: May 30, 2019). Written informed
consent forms were signed by all study participants.

In this study, it is aimed to prospectively investigate the presence and
localization of circle of Willis variations in TOF magnetic resonance
angiography (MRA) images obtained for various indications between
2019 and 2020. Two hundred fifty cases were included between the
ages of 18 and 50 without specific symptoms in the study. Exclusion
criteria as follows: patients with brain surgery or aneurysmal coil
embolization, patients younger than 18, and images without adequate
quality to assess vascular structures due to artifacts. Patients over 50
years old were excluded from the study due to concerns regarding age-
related vascular changes and confounding comorbidities. Pathological
cases that would make it difficult to evaluate vascular structures and
variations were excluded. In each case, the normal anatomy of the
circle of Willis and its variations were evaluated and noted separately.

Magnetic Resonance Imaging Protocol

The study was performed with 1.5 T and 3T MR (Magnetom Skyra;
Siemens Healthcare, Erlangen, Germany) devices. There was not expo-
sure to radiation and no contrast material was used. The images on
workstations that provide multi-planar imaging and noted the varia-
tions for each case were evaluated.

Magnetic Resonance Imaging Evaluation

Images were evaluated by 1 radiologist with 10 year experience in
neuroradiology. Axial, coronal, sagittal images and multi-planar
reconstructions were all evaluated together. The variations that were
evaluated in the study are as follows: AComA aplasia, right and left
ACA Al aplasia-hypoplasia, ACA trifurcation (Figure 1), azygos
ACA (Figure 2), bi-hemispheric ACA, right and left AComP aplasia-
hypoplasia (Figure 3), right, left, and bilateral ACP fetal configuration,

MAIN POINTS

e Two hundred fifty patients without specific neurological symptoms
were evaluated to determine circle of Willis variations in the Eastern
Anatolia region.

e The typical polygonal structure where all the arteries are located was
detected at a rate of 32%.

»  Willis polygon variations were more frequent in the posterior part of
the polygon, consistent with the literature.

e The most frequently detected variations were aplasia/hypoplasia,
with the most frequently detected was arteria communicans posterior
(between 10% and 16.8%).

e The most frequently detected variation in anterior circulation was
arteria cerebri anterior trifurcation (7.6%), and it was similar to the
literature.

Figure 1. ACA trifurcation in A2 segment (thin arrows).

persistent trigeminal artery (PTA) (Figure 4), fenestration in BA, hypo-
plasia in right and left vertebral artery. Absence of an artery is diag-
nosed as aplasia and a diameter smaller than 1 mm as hypoplasia.

Statistical Analysis

Analyses were performed using the IBM SPSS 20 (IBM SPSS Corp.;
Armonk, NY, USA) statistical analysis program. Shapiro—Wilk W test
and Kolmogorov—Smirnov test were used to check the normal distri-
bution of continuous variables. In comparisons between 2 indepen-
dent groups consisting of male and female subjects, the Independent
Samples ¢ test was used when the normal distribution condition was
met, and the Mann—Whitney U test was used when it was not met. In 2
x 2 comparisons between categorical variables (>5), the Pearson chi-
square test was used, the chi-square Yates test was used for expected
values (3-5), and Fisher’s exact test was used for expected values (<3).
Statistical significance level was taken as P <.05.

Figure 2. Azygos variation in ACA A2 segment (thin arrows).



Figure 3. Bilateral hypoplasia of arteria communicans posterior.

RESULTS

Patient Demographics

Study group consisted of 250 patients, 95 were male (38%) and 155
were female (62%). The age range was 18-50 for both genders, and the
mean age was 36 for males and 35.8 for females.

The typical (complete-normal) polygonal structure in which all arter-
ies forming the circle of Willis were present was observed in a total of
80 cases (32%). The number and rates of variations in the study group
are summarized in Table 1; the distribution of variations by gender is
summarized in Table 2.

Figure 4. Persistent trigeminal artery between the right internal carotid artery
(ICA) and the basilar (ICA - thin arrows, basilar artery - long arrow, and
persistent trigeminal artery - short thick arrows).
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Table 1. Number and Percentages of Variations in Circle of Willis

Number Percentage (%)
A ComAAp 1 4 1.6
RACAAL Ap 1 11 4.4
LACAAI Ap 1 5 2.0
RACAAL1 Hp 1 14 5.6
LACAAIL Hp 1 6 2.4
ACA Trifurcation 1 19 7.6
Azygos ACA 1 2 0.8
Bi-hemispheric ACA 1 1.6
RAComPAp 1 42 16.9
LA ComPAp 1 32 12.9
R A Com P Hp 1 25 10.0
LA Com P Hp 1 26 10.4
Fetal RPCA 1 26 104
Fetal LPCA 1 15 6.0
Fetal BPCA 1 16 6.4
BA fenestration 1 3 1.2
R VA V4 Hp 1 20 8.0
L VA V4 Hp 1 14 5.6
PTA 1 3 1.2

A Com A Ap, Arteria Communicans Anterior Aplasia; ACA, Anterior Cerebral Artery; BA,
basilar artery; BPCA, bilateral Posterior Cerebral Artery; Hp, hypoplasia; L A Com P Ap,
left Arteria Communicans Posterior Aplasia; L A Com P Hp, left Arteria Communicans
Posterior Hypoplasia; L ACA Al Ap, left Anterior Cerebral Artery A1 Aplasia; L ACA Al
Hp, left Anterior Cerebral Artery Al hypoplasia; LPCA, left Posterior Cerebral Artery;
PTA, persistent trigeminal artery; R A Com P Ap, right Arteria Communicans Posterior
Aplasia; R A Com P Hp, right Arteria Communicans Posterior Hypoplasia; R ACA Al Ap,
right Anterior Cerebral Artery A1 Aplasia; R ACA Al Hp, right Anterior Cerebral Artery
A1 Hypoplasia; RPCA, right Posterior Cerebral Artery; VA, vertebral artery.

AComA aplasia was detected in a total of 4 cases (1.62%). Right ACA
A1l segment aplasia and left ACA Al segment aplasia were detected
in numbers and ratios of 11 (4.4%) and 5 (2%), respectively. Right
ACA Al segment hypoplasia and left ACA Al segment hypoplasia
were detected in 14 (5.5%) and 6 (2.4%) numbers and rates, respec-
tively. There are 3 A2 segments in the ACA trifurcation, also called the
persistent medial callosal artery. The number of cases in which ACA
trifurcation was detected is 19 (7.6%). While the most common varia-
tion in the anterior circulation was ACA trifurcation (7.6%), the least
common variation was azygos ACA variation. A single A2 is observed
in azygos ACA variation. In general, the majority of the variations that
were detected belonged to the posterior circulation. The most common
variations that was detected were aplasia and hypoplasia. The localiza-
tion in which aplasia and hypoplasia were detected most frequently is
AComP. The variations detected in the posterior circulation and their
numbers are as follows: Right AComP aplasia and left AComP aplasia
were detected in the numbers and ratios of 42 (16.8%) and 32 (12.8%)),
respectively.

Variations of the fetal ACP configuration constitute the second
most frequently detected variation group after aplasia and hypopla-
sia. These variations were determined according to the relationship
between the AComP and ACP P1 segment diameters; cases where the
AComP diameter is larger than the ACP P1 segment are called fetal
configuration. In this study, the fetal configuration of the ACP wes
grouped as right, left, and bilateral. In this group, the right fetal con-
figuration was determined as 26 (10.4%), the left fetal configuration
as 15 (6%), and the bilateral fetal configuration as 16 (6.4%). The term
fenestration refers to the appearance of the vascular structure ending
with the division of its lumen into 2 sections, each with its own endo-
thelial layer, running parallel to each other and then reuniting. In this
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Table 2. Distribution of Variations According to Genders

Gender
M F

Number Percentage (%) Number Percentage (%) Chi-Square P
A Com A Ap 1 2 2.1 2 1.3 .64
RACAAL Ap 1 6.3 5 32 0.69 41
LACAAL Ap 1 2 2.1 3 1.9 1
RACAAI1 Hp 1 7 7.4 7 4.5 0.88 35
LACAAI1 Hp 1 2 2.1 4 2.6 1
ACA Trifurcation 1 7 7.4 12 7.8 0.02 .90
Azygos ACA 1 2 2.1 0 0.0 15
Bi-hemispheric ACA 1 3 3.2 1 0.6 .16
R A ComP Ap 1 20 21.1 22 14.3 1.92 17
L Com P Ap 1 11 11.6 21 13.6 0.22 .64
R Com P Hp 1 8 8.4 17 11.0 0.45 .50
L Com P Hp 1 8 8.4 18 11.7 0.67 41
Fetal RPCA 1 10 10.5 16 10.4 0.001 97
Fetal LPCA 1 5 53 10 6.5 0.16 .69
Fetal BPCA 1 5 5.3 11 7.1 0.35 .56
BA fenestration 1 0 0.0 3 1.9 .29
PTA 1 1 1.05 2 1.3 29
R VA V4 Hp 1 7 7.4 13 8.4 0.092 .76
L VA V4 Hp 1 7 7.4 7 4.5 0.882 .35

A Com A Ap, Arteria Communicans Anterior Aplasia; ACA, Anterior Cerebral Artery; BA, basilar artery; BPCA, bilateral Posterior Cerebral Artery; Hp, hypoplasia; L A Com P Ap, left
Arteria Communicans Posterior Aplasia; L A Com P Hp, left Arteria Communicans Posterior Hypoplasia; L ACA Al Ap, left Anterior Cerebral Artery Al Aplasia; LACA Al Hp, left Ante-
rior Cerebral Artery A1 hypoplasia; LPCA, left Posterior Cerebral Artery; PTA, persistent trigeminal artery; R A Com P Ap, right Arteria Communicans Posterior Aplasia; R A Com P Hp,
right Arteria Communicans Posterior Hypoplasia; R ACA A1 Ap, right Anterior Cerebral Artery A1 Aplasia; R ACA Al Hp, right Anterior Cerebral Artery A1 Hypoplasia; RPCA, right

Posterior Cerebral Artery; VA, vertebral artery.

study group, fenestration was detected in the BA in 3 cases (1.2%).
The number and rates of cases in which the authors detected right
and left vertebral artery V4 segment hypoplasia are 20 (8%) and 14
(5.6%), respectively.

Although PTA variation is rare in the population, it is the most common
variation among persistent carotid-BA variations. Persistent trigeminal
artery variation was detected in a total of 3 cases (1.2%) in this study

group.

There is not any statistically significant difference between age and
gender in terms of the frequency and localization of variations.

DISCUSSION

Various variations of the Willis polygon have been defined in the litera-
ture, and the names, numbers, criteria, and diversity of the variations
included in the studies vary. This is the main reason for the significant
difference in the rate of variation among studies. In addition, it is seen
that there is no consensus on the definition of hypoplasia, and the cut-
off value for hypoplasia is taken as 0.5 mm, 0.8 mm, or 1 mm in dif-
ferent studies.*”$

Variations of the circle of Willis are more frequently seen in the poste-
rior part of the circle. The most common localization has been reported
as AComP in a cadaver study by Karatas et al.’ In another study by
Karatas et al’ examined variations of aplasia, hypoplasia, and fetal
ACP in their 100-case study with CTA, and accepted the hypoplasia
criterion as 1 mm, and found a variation rate of 72%, and the most
common variation was AComP hypoplasia with a rate of 22%.!° In this
study, variations were more frequent in the posterior part of the circle,
in line with the literature. The most frequently detected variations were
AComP aplasia and hypoplasia. Right AComP aplasia was 16.8% and

a

left AComP aplasia was 12.8%; right AComP hypoplasia was 10% and
left AComP hypoplasia was 10.4%.

In a study conducted on 1205 cases with CTA, a total of 21 variations
were examined, the hypoplasia limit was accepted as 1 mm, variation
was detected in 95.4% of the cases, and the most frequently detected
variation was reported as AComP hypoplasia, detected at a rate of
32%." In cerebral aneurysm treatments and carotid ligation, accurate
determination of the polygon structure and variations is very impor-
tant in terms of determining adequate cerebral circulation. Variations
of the Willis polygon are frequently seen, but they usually do not cause
serious clinical consequences. However, it should not be forgotten
that the presence of hypoplasia or aplasia of AComP in nternal carotid
artery occlusions is an independent risk factor for cerebral infarction.
Therefore, unilateral ligation of the ACI in such a case can cause very
important clinical problems.

Leptomeningeal collaterals cannot form in fetal variant of circle of
Willis since both MCA and PCA are connected to ICAs. Thus there
is an increased risk for stroke in patients with fetal PCA variant with
obstructive arterial disease.'> In AComP aneurysms, in the presence of
fetal ACP configuration; AComP should be protected. Variations may
develop outside the normal polygonal structure. However, it is not
known exactly why and when these variations develop. Padget defined
3 configurations according to AComP and ACP diameters."* The type
called adult configuration represents the situation where the diameter
of AComP is smaller than the P1 segment of ACP. Adult configura-
tion was found to be 87% in a study performed on 100 cadavers by
Karatas et al.” The adult configuration was detected at a rate of 72% in
the study. In the second type called fetal configuration; the diameter of
AComP is larger than the P1 segment of ACP. Therefore, the vascular-
ization of the occipital lobe is largely provided by the internal carotid



artery. The frequency of this configuration in adults was reported in 9%
by Karatas et al.’ In this study group, frequency of fetal configuration
was 0.4% for right fetal configuration, 6% for left fetal configuration,
and 6.4% for bilateral fetal configuration. Transitional configuration,
in which the diameter of AComP and P1 are equal, was found in 5.2%.

The term fenestration refers to the appearance of the vascular struc-
ture during its course, when its lumen divides into 2 sections, each
with its own endothelial layer, and runs parallel to each other, and then
reunites. Data on the incidence of BA fenestration vary in the literature.
It has been found to be 0.28%-5.26% in autopsy series, 0.3%-0.6% in
studies conducted with angiography, and 1.0%-2.7% in MRA series.'*
In this study group, BA fenestration was found to be present in 1.2% of
patients, similar to MRA series. Persistent carotid-basilar anastomoses
are rare variations. Among these, the most common is the PTA varia-
tion seen between the ICA cavernous segment and the BA, with a rate
of 83%. Its incidence is between 0.1% and 0.6% in cerebral angiogra-
phies. It is mostly seen unilaterally. The PTA regresses after the devel-
opment of AComP. It is important to know this variation, especially
in cases of trans-sphenoidal surgery. In this study, PTA variation was
detected in 3 cases (1.2%).

Variations in the anterior section of the polygon are less frequently
detected than in the posterior section, but are important in terms of
pathologies such as aneurysms that may accompany. ACA Al seg-
ment aplasia is a rare variation and has been observed at rates ranging
from 0.3% to 2% in anatomic studies and 0.7% to 2% in angiographic
series.”® In this study, right ACA Al aplasia was detected at a rate of
4.4% and left ACA A1 aplasia was detected at a rate of 2%. While ACA
Al segment hypoplasia is seen between 1% and 10% in the literature,'
right ACA A1 hypoplasia was detected at a rate of 5.5% and left ACA
A1 hypoplasia was detected at a rate of 2.4% in this study. In another
study conducted with CTA, A1 segment aplasia was reported at a rate
of 6% and A1 segment hypoplasia at a rate of 1%. In the same study, it
was emphasized that the rate of A1 aplasia was detected at a higher rate
than in the literature and AComA aneurysm was observed in 16% of
the cases.! In a study by Kapoor et al,'” Al segment aplasia was found
to be 0.4% and hypoplasia was detected in 1.7%. Both A1 aplasia and
hypoplasia was detected at a higher rate in this study. The difference
between results among different studies may be related to genetic, envi-
ronmental, or combination of these factors and these factors should be
further investigated. Another variation related to the anterior circula-
tion in the literature is ACA trifurcation, which was reported at a rate
of 8%.!% In this study, a similar rate of ACA trifurcation variation was
detected (7.6%).

Variations are common, but most of them do not pose a serious prob-
lem in the clinic. Again, the recovery levels of patients in occlusive
vascular diseases can be explained by variations in the Willis polygon.
The fact that various branches of the polygon are too thin to function or
are completely absent is very important in occlusive vascular diseases
and cerebrovascular surgery. In patients undergoing surgical interven-
tion, anatomical determination of the normal structure and variations of
the Willis polygon with TOF MRA, which is a non-invasive imaging
method that does not require radiation exposure or contrast material,
will help reduce the significant neurological complications that may
arise and the associated morbidity and mortality risk. However, MRA
has disadvantages such as being sensitive to motion artifacts and appli-
cation limitations in patients with devices such as pacemakers, neuro-
stimulators, and infusion pumps. Again, it should be kept in mind that
hypoplasia or aplasia diagnoses may not be sufficiently reliable due to
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technical difficulties in evaluating arteries with diameters smaller than
1 mm in TOF MRA examination.

In conclusion, TOF MRA can be used to evaluate cerebral vascu-
lar anatomy, especially for screening and pre-surgical evaluation of
asymptomatic or normal individuals. In cerebrovascular interven-
tions, knowing anatomical variations and demonstrating the anomaly
in advance is important for safe surgical intervention. Although TOF
MRA can be used to examine circle of Willis without radiation expo-
sure and the need for contrast material; technical difficulties in imaging
some vessels, MRA’s sensitivity to motion artifacts, and some applica-
tion limitations such as pacemakers should be considered as disadvan-
tages of the method.
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