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Introduction: The Circle of Willis, an anastomotic vascular network at the base of the brain, forms an important collateral 
pathway to protect cerebral blood perfusion. This study aims to investigate the different anatomic variations of the Willis 
circle and their prevalence.
Methods: The patient population for this single-centre, retrospective study consisted of patients who had brain magnetic 
resonance angiography. A total of 580 subjects were included in this study. The three-dimensional time-of-flight technique 
was used for MRA imaging to evaluate the anatomy of the circle of Willis.
Results: The findings showed that the anterior part of the circle of Willis had a complete structure in 82% of the cases. The 
vascular structure of the posterior part was complete in 22.2% of the cases.
Discussion and Conclusion: Posterior segment variations are more frequent in the Circle of Willis evaluation with magnetic 
resonance angiography, and the most common type of variation in our study was bilateral posterior communicating artery 
absence.
Keywords: Circle of Willis; magnetic resonance angiography; variation.

The Willis polygon (WP) at the base of the brain is a vital 
collateral system to maintain cerebral blood flow in the 

event of a decrease in blood flow that may occur in one or 
more of the proximal vessels [1]. 

In the occlusion of major cerebral arteries, WP plays a role 
in the correction of decreased brain perfusion by providing 
vascularization of the stenotic area from the contralateral 
carotid artery and basilar artery [2].

The Willis polygon, first defined by Thomas Willis in 1664, 
is formed by the merging of the branches of the internal 
carotid arteries (ICA) and the basilar artery [3]. The anterior 
cerebral artery (ASA) originating from the ICA and the ante-
rior communicating artery (AkomA) connecting both ASAs 
constitute the anterior segment of the polygon; the poste-
rior segment comprises the posterior communicating arter-

ies (Pcoma) and the posterior cerebral arteries (PCA) (Fig. 1).

WP shows several variations, and studies have concluded 
that variations play an important role in patients with 
carotid artery disease [4–7]. 

Due to the rapid advances in imaging techniques, WP, 
which was previously evaluated with angiography, can 
now be easily evaluated with magnetic resonance angiog-
raphy (MRA), which is a cheaper and non-invasive method. 
Another advantage of this method is that it can be carried 
out without the need for a contrast agent. The three-di-
mensional images required to evaluate WP are prepared by 
the “time of flight” ’(3D TOF) method.

In this study, we aimed to investigate the frequency and 
distribution of WP variations by gender.
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Materials and Methods 

Selection and Description of Cases

Ethics Committee approval was given to our study by Trakya 
University School of Medicine Ethics Committee. Between 
January 2014 and February 2018, the images of 580 pa-
tients who had undergone cranial magnetic resonance an-

giography (MRA) with the 3D time of flight technique (3D 
TOF) were examined retrospectively. Thirty-three patients 
who could not obtain sufficient diagnostic quality images 
due to intensive motion artefacts were excluded from this 
study. Variations of the Willis polygons were classified ac-
cording to the criteria defined in Figure 2 and Figure 3.

Technical Data

Examinations of all patients were performed using the 
eight-channel cranial coil in 1.5T MRI and employing 3D 
TOF MRA technique. TR and TE parameters were set to 24 
and 7 milliseconds (ms) and flip angle to 25 degrees. The 
imaging area -Field of View- was selected as 230x150 mm 
and the section thickness as 0.6 mm.

The TOF MRA technique uses sequences called gradient 
sequences that allow rapid data collection. This technique 
is mainly used to evaluate the flow changes emerging in 
the direction of the longitudinal magnetization vector in 
vascular structures. In this study, the vessels were exam-
ined axially and the flow was perpendicular to the cross-
sectional plane. The obtained data were constructed in 3D, 
and images were created with high spatial analysis. Raw 
images were processed using a maximum intensity projec-
tion (MIP) algorithm to obtain angiographic images. 

Results
The mean age of the 580 patients consisting of 252 (43.4%) 
female and 328 (56.6%) male patients was 53.28±16.87 years.

Anatomic variations of WP were examined into anterior 
and posterior sections [8]. Figures 4 and 5 show anterior 
and posterior variations of WP. 

Figure 1. 3-D TOF MRA image of the vessels forming the Willis poly-
gon. ACA: Anterior cerebral artery. ACOMA: Anterior communicating 
artery. PCA: Posterior cerebral artery. PComa: The posterior commu-
nicating artery.

Figure 2. Anatomical variations of the anterior part of the Willis polygon.
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Figure 3. Anatomical variations of the posterior part of the Willis polygon.
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Figure 4. (a-e) 3D colour reconstructions of TOF MRA images of the anatomical variations of the anterior part of the Willis polygon, (a) Type 
a anatomical variation. (b) Type d anatomical variation. (c) Type e anatomical variation. (d) Type g anatomical variation. (e) Type h anatomical 
variation.
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Figure 5. (a-h) 3D colour reconstructions of TOF MRA images of the anatomical variations of the posterior portion of the Willis polygon, (a) 
Type a anatomical variation. (b) Type c anatomical variation. (c) Type d anatomical variation. (d) Type e anatomical variation. (e) Type g ana-
tomical variation. (f) Type h anatomical variation. (g) Type i anatomical variation. (h) Type j anatomical variation.
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Our findings showed that the anterior part of the Wil-
lis polygon was in normal configuration (type a) in 421 
(72.6%) cases. In 110 (18.8%) cases, posterior circulation 
was in normal configuration (type a). The most common 
variant configuration (14.2%) of the anterior part of WP 
was type g variation where hypoplastic and aplastic an-
terior communicating artery (AcomA) was observed. The 
complete anterior part of WP was seen 82% (476 patients) 
of the patients. The most common variant configuration in 
the posterior section was type e configuration seen in 254 
patients (43.6%). Complete posterior WP was seen in 22.2% 
(129 patients) of the patients.

Discussion
WP is a vascular network that connects both sides of the 
brain's anterior circulation to each other and the verte-
brobasilar system. In the embryological period, primitive 
ICAs are divided into cranial and caudal sections. The 
cranial portion terminates as a primitive olfactory artery 
and then forms the ASA. AcomA occurs when the plex-
iform vascular network between the two ASAs joins at 
the midline. 

Caudal ICA sections are regressed by making anastomosis 
with the dorsal longitudinal neural arteries and form the 
recommunicating segments of Pcoma and PCA [9]. How-
ever, the presence of complete anterior and posterior WP is 
an uncommon condition and was found to be only 21% in 
macroscopic autopsy studies [7]. 

WP provides maintenance of perfusion pressure, which is 
critical to brain function, especially in the event of occlu-
sion of proximal cerebrovascular structures. 

WP anomaly and its variations and hemodynamic stress 
factors associated with these variations are important be-
cause they predispose to aneurysm formation. Studies 
have shown that the frequency of WP asymmetry or anom-
aly is higher in patients with an aneurysm [10]. 

In a study, the findings indicated that stroke risk is increased 
in patients with ICA occlusion with hypoplasia or absence 
of PcomA [11].

TOF MRA is preferred because it does not require contrast 
material and does not contain ionizing radiation, and it can 
show aneurysms up to 5 mm in the diagnosis of intracranial 
aneurysms at a high rate [12, 13].

In their study, Ghazali et al. [14] compared three-dimensional 
TOF MRA and digital subtraction angiography to evaluate 
the morphology of WP arteries. Our findings showed that 
MRA is a more sensitive method for the evaluation of other 
WP arteries, except PComA.

In our series, the most common type of anterior configu-
ration was WP anterior part was found to be complete in 
82% of the cases. These results are consistent with sim-
ilar studies in the literature [15–18]. In our study, the most 
common anterior configuration type was complete arte-
rial circulation anterior circulation (type a) associated with 
single AcomA in 72.6% of the patients which is in parallel 
with similar studies in the literature [15–17]. In addition, the 
second most common anterior variation was found to be 
aplasia-hypoplasia of AcomA (type g) in 14.2% of the pa-
tients which was in accordance with the studies in the lit-
erature [16].

In 22.2% of the cases, the WP posterior section was ob-
served to be complete, and our results were similar when 
compared with similar studies in the literature [15–17]. The 
most common posterior variation (type e) was character-
ized by the absence of both PComAs and was observed in 
43.6% of the patients. Our results were comparable to find-
ings observed by Chen et al. and Kondori et al. in 42.8% 
and 44.7% of their patients, respectively. However, Naveen 
et al. observed this variation in a higher proportion (32.6%) 
of patients compared to our study [15–17]. The second most 
common posterior variation of WP is the native type (type 
a) characterized by the presence of both PcomAs that was 
found in 18.8% of the cases. This result of ours was also 
evaluated to be in accordance with the findings obtained 
by Chen et al. [15] and Kondori et al.’s [16] studies. The fe-
tal type PCA of WP was found in 21.6% of the cases in our 
study. In 18.7% of the cases, unilateral fetal type PCA (type 
b, f, g, h); in 2.9% of the cases, bilateral fetal type PCA (type 
c, i, j) were found. In our study, the rate of both-sided fetal 
type PCA was found to be low compared to the literature, 
and the rate of unilateral fetal type PCA was consistent with 
the literature [15, 17]. 

The most important limitation of our study is that the 3D 
TOF MRA technique decreases its visibility in vessels that 
are under a certain calibration or whose flow velocity is 
outside the prescribed velocity limits in this sequence, 
leading to incorrect evaluations.

Conclusion
In conclusion, posterior segment variations were more 
common in WP evaluation using MRA and, and the most 
common type of variation in our study was the bilateral 
absence of PcomA. PcomA absence or hypoplasia may in-
crease the risk of stroke in patients with critical ICA stenosis 
or obstruction. Therefore, it is important to be aware of the 
variation in the absence of bilateral Pcoma in this patient 
group. 
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