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Abstract

Objectives: The aim of this study was to investigate anatomic variants and anomalies of the circle of Willis using comput-
ed tomography angiography (CTA).

Methods: CTA images of 770 patients obtained from Tepecik Training and Research Hospital between January 2012 to January
2017 were retrospectively reviewed to identify the anatomical vascular variations of the circle of Willis.

Results: After exclusion, 751 patients (348 females, 403 males, mean age 54.6 years, range 18-90 years) were enrolled into the
study. The anatomical variations related to the posterior communicating artery (PcoA) were the most common, whereas anatom-
ical variations related to the middle cerebral artery (MCA) were the least common variations among arteries. Hypoplasia of the
AT segment was the most common (14.6%) variation of the anterior cerebral artery (ACA) and fenestration of this artery was
the least common variation (1,06%) observed only in A1 segment. Bilateral absence of the PcoA was seen in 27.56% of the
patients. Fenestration was more commonly detected in anterior communicating artery (AcoA) (10.12%), followed by MCA
(1.06%), ACA (1,06%) and PCA (0.67%). Duplication was the least common variation which was detected in MCA, AcoA and

PcoA.

Conclusion: Arterial variations of the circle of Willis are not rare and can be non-invasively evaluated using CTA.
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Introduction

Multidetector computed tomography angiography (CTA)
has proven to be a valuable tool for initial evaluation of the
cerebral circulation for acute stroke and subarachnoid
hemorrhage. A comprehensive CTA facilitates better visu-
alization of cerebral vessels due to high spatial resolution
and with recent advances in computed tomography (CT)
technology, it has partially replaced the digital subtraction
angiography."” It does not only show the pathologies of
the cerebral vasculature, but may also display clinically rel-
evant vascular variations.

Recognizing variations of the intracranial arteries has
clinical relevance. Fenestrations and duplications may pre-
dispose patients to aneurysm development. Moreover, the
occlusion of an azygos or bihemispheric anterior cerebral
artery (ACA) may result in ischemia of both hemispheres.
Patients with fetal origin of posterior cerebral artery (PCA)

deomed.

and concomitant atherosclerotic disease of the carotid
artery are prone to ischemic events in the PCA territory.
Although the majority of normal variations have no major
clinical impact, their appreciation may aid planning of the
surgical and interventional procedures and may explain
uncommon and unexpected findings after treatment."”

"To be able to interpret the cerebral CTA correctly, we
should be familiar with normal anatomy and anatomical
variations of the cerebral arteries, and their cross-section-
al appearances. In this study, we aimed to systematically
evaluate the anatomical variations of the circle of Willis
and to determine their frequency.

Materials and Methods

CTA images of 770 patients who underwent multid-
edector cerebral CTA in our institution from January
2012 to January 2017 were retrospectively reviewed to
identify the cerebral anatomy and to determine anatom-



ical vascular variations. Patients were referred for cere-
bral CTA because of known or suspected cerebral
aneurysm, intracerebral hemorrhage and suspected arte-
riovenous malformation. We excluded all patients with a
history of surgical or interventional treatment of the cir-
cle of Willis, with a cerebral occlusive disease and with
poor image quality mainly due to patient movement and
technical problems. The study was approved by the
Tepecik Training and Research Hospital review board.

All CT examinations were performed by 2 different
scanners: a 64-slice CT scanner (Aquillon 64, Toshiba
Medical Systems, Tochigi, Japan) and a 128-slice CT
scanner (SOMATOM Definition Edge, Siemens
Healthcare, Erlangen, Germany). For venous access, an
upper extremity vein (antecubital vein of the right arm)
and a 20-gauge IV cannula was used. After precontrast
images a total of 80-85 mL of contrast media with high
iodine concentration (370-400 mg/mL) was injected
with a flow rate of 5 mL/s, followed by a 20 mL saline
chaser. The scanning parameters included 120 kV, 225
mA, section thickness of 0.5 mm and reconstruction
interval of 0.3 mm. The scan revolution time was 0.4 sec-
onds. Data for CTA were obtained in a caudocranial
direction.

In preparation of the study readings, all multidetector
CTA data were transferred from the archive to a work-
station (Aquarius workstation, TeraRecon, San Mateo,
California, USA), via internal network connections, pro-
viding 3D postprocessing options, multiplanar image
reformatting (MPR) and maximum intensity projections
(MIP). We reviewed the MIP and three-dimensional
volume-rendering 3D VR) images. All examinations
were evaluated by two radiologists independently with
respect to the anatomy of the circle of Willis. In cases of
discrepancy, the CTA images were evaluated again, to
reach a consensus on all variations.

We assessed the anatomy and variations of the circle of
Willis and classified our findings to describe the results of
our analyses. The terms of arterial variations found in our
assessments are listed and explained below.""

* Fenestration is used for an arterial lumen that
divides into distinctly separate lumens with distal
convergence (they may or may not share an adventi-
tial layer).

* Duplication is used for two distinct arteries with sep-
arate origins and no distal arterial convergence.

e Absence and hypoplasia are used for absence and
small size of the vessel, respectively.

* Accessory middle cerebral artery (MCA) is used for
a vessel that originates from anterior cerebral artery
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(ACA), courses parallel to the main MCA and supplies
the anterior-inferior of the frontal lobe.

® Trifurcation of the ACA is used for presence of three
ACA A2 segments. Third artery represents persistence
of the median callosal artery.

* Bihemispheric ACA is used for hypoplasia of one of
the ACA A2 segment. Bilateral major arterial supply
is from the other, dominant A2 segment.

* Azygos ACA is used for single midline ACA A2 seg-
ment that represents persistence of the median callosal
artery.

* Hyperplastic anterior choroidal artery (AChA) is
used for prominent AChA, larger than usual.

* Infundibulum is used for cone-shaped dilatation at
the origin of the posterior communicating artery
(PcoA) and AChA that are smaller than 2 mm. Those
arteries arise from the apex of a cone-shaped dilata-
tion.

* Fetal origin of the posterior cerebral artery (PCA)
is used when PcoA is prominent with ipsilateral the
same size or hypoplastic PCA P1 segment (partial type
fetal PCA) or absent PCA P1 segment (full type fetal
PCA)

Results

From 770 patients evaluated, after exclusion of the 19
patients, finally a total of 751 consecutive patients (348
temales, 403 males, mean age 54.6 years, range 18-90
years) enrolled into the study. The frequency of the
detected anatomical variations was outlined in Tables
1-4. The anatomical variations related to the PcoA were
the most common and anatomical variations related to
the MCA were the least common variations (Figures 1
and 2). Among ACA varijations, hypoplasia of the Al seg-

ment was the most common (14.6%) and fenestration,

Table 1
Middle cerebral artery (MCA) anatomical variations.

Anatomical variation Number and incidence (%)

(n=751)

Fenestration (M1 segment) 8(1.06)
Right 4(0.53)
Left 4(0.53)
Accessory MCA 7 (0.93)
Right 2(0.27)
Left 5(0.67)
Duplication 8(1.06)
Right 1(0.13)
Left 7 (0.93)
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Table 2
Anterior cerebral artery (ACA) anatomical variations.

Anatomical variation Number and incidence (%)

(n=751)
Hypoplasia 110 (14.6)
Right 47 (6.26)
Left 63 (8.39)
Aplasia 19 (2.53)
Right 12 (1.6)
Left 7 (0.93)
Fenestration* 8(1.06)
Right 7(0.93)
Left 1(0.13)
Trifurcation 34 (4.53)
Azygos ACA 11 (1.46)
Bihemispheric ACA 9(1.2)

*All fenestrations were in ACA A1 segment.

Table 3
Anterior communicating artery (AcoA) anatomical variations.

Anatomical variation Number and incidence (%)

(n=751)
Fenestration-duplication* 76 (10.12)
Absence 29 (3.86)

*Only one patient identified as duplication.

Table 4
Posterior communicating artery (PcoA) and posterior cerebral artery
(PCA) anatomical variations.

Anatomical variation Number and incidence (%)

(n=751)
Absent PcoA 355 (47.3)
Right 64 (8.52)
Left 84 (11.19)
Bilateral 207 (27.56)
Partial type fetal origin of the PCA* 190 (25.3)
Right 87 (11.58)
Left 57 (7.59)
Bilateral 46 (6.13)
Total type fetal origin of the PCAT 6(0.79)
Right 3(0.39)
Left 2(0.27)
Bilateral 1(0.13)
PCA Fenestration* 5(0.67)
Right 3(0.39)
Left 2(0.27)
PCoA Duplication 1(0.13)
Right 1(0.13)
Left 0(0)

*Partial type: prominent PcoA with ipsilateral the same size or hypoplastic P1 segment
of the PCA; "Total type: Prominent PcoA with ipsilateral absent P1 segment of the PCA;
*PCA fenestrations were P1 segment in all patients.
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Figure 1. 3D VR image shows a duplicated MCA (long arrow). A small-
er branch arises from ICA just before its terminal bifurcation and cours-
es parallel to the main branch. Left A1 segment of the ACA is hypoplas-
tic (short arrow). [Color figure can be viewed in the online issue, which
is available at www.anatomy.org.tr]

which was observed in only Al segment, was the least
common (1.06%) variation (Figures 3-7). Bilateral
absence of the PcoA was seen in 207 of 751 patients
(27.56%) (Figure 8). Fenestration was more commonly
detected in anterior communicating artery (AcoA)
(10.12%), followed by MCA (1.06%), ACA (1,06%) and
PCA (0.67%). Duplication was the least common varia-
tion which was detected in MCA, AcoA and PcoA.

Discussion

The reported prevalence of most of the vascular variants
and anomalies is derived from cadaveric or angiographic
studies. The knowledge of the segmental anatomy and
the prevalence of the arterial variants is important while
evaluating multidedector CTA images. We evaluated
anatomical variations of the cerebral arteries in 751
patients and found that those anatomical variations are
frequent and could be evaluated correctly by CTA.

Figure 2. 3D VR image depicts an accessory MCA (arrow), a smaller
branch arises from A1 segment of the ACA. There is also anterior com-
municating artery fenestration (arrowhead) and trifurcation of the right
MCA (double arrows). [Color figure can be viewed in the online issue,
which is available at www.anatomy.org.tr]



Figure 3. 3D VR image demonstrates absence of the A1 segment of the
ACA. [Color figure can be viewed in the online issue, which is available
at www.anatomy.org.tr]

DSA, used for visualization of the cerebral arterial
system for several decades, has disadvantages in detect-
ing cerebral artery anomalies because of the 2D projec-
tion of the images. Most anomalies are only visible from
one specific angle, that is likely not present in the limit-
ed available projections of conventional angiography.
Any desired viewing angle is possible with 3D imaging.
Although 3D rotational angiography has higher spatial
resolution than CTA, it is invasive and lack of soft tissue
information.”” CTA is not affected by flow-related
inhomogeneities, which is very commonly seen at MR
angiography. CTA is performed in seconds, as opposed
to minutes, effectively eliminating MR angiography
which is limited by the patients’ motion and it offers
more complete intracranial coverage in less time than
does MR angiography.” Furthermore, CTA enables bet-
ter visualization of small vessels and vascular variations."

Anatomical variations of the middle cerebral artery
were not found seen frequently in our study. An accesso-
ry MCA was observed in 0.93% of the patients and the
frequency of accessory MCA is reported as 0.3% to
4%." Duplication of the MCA is reported as 0.2% to
2.9%."" In our study it was found in 1.06% of the
patients. Both variations may change arterial blood sup-
ply regions.”” These variations should be considered in
evaluating ischemic lesions and clinical symptoms in
stroke patients.™" The clinical significance of MCA fen-
estration might be due to its relationship with aneurysm
formation."""” But none of our patients with MCA fen-
estration (8 patients, 1.06%) had an aneurysm.
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Figure 4. 3D VR image shows trifurcation of the ACA, two normal A2
segments and one A2 segment that arises from the anterior communi-
cating artery (arrow). Bilateral trifurcation of MCA (arrowhead)
accompanies to this anomaly. [Color figure can be viewed in the online
issue, which is available at www.anatomy.org.tr]

Figure 5. 3D VR image demonstrates bihemispheric ACA. Dominant A2
segment that supplies both ACA territories has operated aneurysm at
the level of furcation (short arrow). The smaller caliber, non-dominant
A2 segment (arrowhead) courses parallel to the dominant segment.
There is small aneurysm at MCA bifurcation (double arrows). Basilar
artery fenestration (long arrow). [Color figure can be viewed in the
online issue, which is available at www.anatomy.org.tr]
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Anterior cerebral artery Al segment hypoplasia and
absence was found 14.6% and 2.53%, respectively. The
reported incidence in cadaveric studies, 10% for
hypoplasia and 1-2% for absence, is similar with our
findings."” These anatomical variations cause decreased
collateral supply in the event of thromboembolic disease.
T'wo normal A2 segment with persistence of the embry-
onic median artery of the corpus callosum defined as
ACA trifurcation. Its incidence varies from 2 to 13%."
In the present study, it was found in 4.53% of the
patients. Bihemispheric ACA represents one hypoplastic
A2 segment with the other A2 segment provide the
major blood supply to both hemispheres. The prevalence
of this variation is 2-7% in cadaveric studies and we
observed 1.2% of the patients in our study.” The fre-
quency was less than both cadaveric and angiographic
studies."” This anatomical variation may be related to

aneurysm formation."” We had only one patient with

Figure 6. 3D VR image depicts azygos ACA, a single midline A2 trunk
(arrow). [Color figure can be viewed in the online issue, which is avail-
able at www.anatomy.org.tr]

Figure 7. 3D VR image shows the absence of the anterior communi-
cating artery. [Color figure can be viewed in the online issue, which is
available at www.anatomy.org.tr]
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aneurysm at bifurcation of the normal A2 segment, that
ruptured and was treated with surgical clips. Azygos
ACA is defined as a single unpaired A2 segment that rep-
resents persistence of the median artery of the corpus
callosum. The prevalence of azygos ACA is between
0.2% and 4% and it was found in 1.46% of patients in
our study. Azygos ACA have been reported to be associ-
ated with many congenital anomalies like holoprosen-
cephaly and an increased risk of aneurysm formation."”
Both bihemispheric and azygos ACA are clinically
important anomalies and should be reported because
occlusion of the ACA from whatever cause affects both
hemispheres."”

Fenestration was the most frequently observed in
AcoA (10.12% of patients) in our study. The reported
incidence of AcoA fenestration from anatomic, 3D
angiographic and CT angiographic studies is 12-20%,
5.3% and 5.32%, respectively.""'” Anterior communicat-
ing artery is so small that recognition of its anomalies
may be difficult on CTA in comparison to the cadaveric
studies. On the other hand, our higher incidence when
compared previous studies with angiography and CTA is
probably due to the recent improvements in CT tech-
nology that allows obtaining thinner images with higher
resolution.”” The clinical significance of fenestration
comes from its association with the aneurysm formation.
It is postulated that in addition to arterial wall weakness,
the hemodynamic factors result in formation of an
aneurysm at the proximal end of arterial fenestrations.

Figure 8. 3D VR image shows the absence of both posterior commu-
nicating arteries. Note that the anterior choroidal artery is prominent,
so called as hyperplastic in 3D VR image (arrow). [Color figure can
be viewed in the online issue, which is available at www.anatomy.
org.tr]



An absence of AcoA occurs in 5% of surgical dissec-
tions."” In our study, the percent of absence of AcoA was
3.86%, which was lower than anatomical studies in the
literature.

The posterior communicating arteries are usually
small and may not be depicted at CTA, but this does not
necessarily mean that the arteries are absent. Hypoplasia
of PCoA is seen in one fourth of MR angiograms and
one third of all anatomic dissections.” In our study, it
was the most frequent anatomical variation and observed
in 47.3% of the patients. Bilateral absence was higher
than unilateral absence and unilateral absence was more
common on the left side. Posterior communicating
arteries are main collaterals of the circle of Willis and
knowing their patency is important before any surgical
and interventional procedure.

Fetal origin of the posterior cerebral artery occurs
when the embryonic posterior cerebral artery fails to
regress.”” When the prominent PcoA is observed with
the same size or hypoplastic ipsilateral P1 segment of the
PCA, it is named as partial type fetal origin of the
PCA." But if the ipsilateral P1 segment of the PCA is
absent, it is called full or total type fetal origin of the
PCA."" Prevalence of partial type from cadaveric, DSA
and MR angiographic studies have wide range, 11-29%
for unilateral and 1-9% for bilateral."*"” Tt may occur
10% on the right side and 10% on the left side and 8%
bilaterally."” In the present study, we observed partial
type fetal origin of PCA in 25.3% of the patients,
11.58% on the right and 7.59% on the left side and
6.13% bilaterally. Total type fetal origin of the PCA is
very uncommon."” In our study, 0.79% of the patients
had this anatomical variation. Most of them were unilat-
eral with exception of one bilateral patient. Reporting of
either type of this variant is clinically important because
dominant blood supply to the occipital lobes comes from
internal carotid artery and PCA territory stroke may be
caused by atheromatous disease of the anterior circula-
tion."”" Posterior cerebral artery fenestration is
extremely rare.”""” We observed it only in five patients
(0.67%). Posterior communicating artery duplication
was the least common variation in the present study with
0.13% prevalence rate which is also extremely rare.

"This study also has some limitations. First of all, very
small arteries may not be detected via CTA. The absence
or hypoplasia of an artery was decided by the consensus
of two observers in the study. Secondly, in patients with
a silent occlusive arterial disease, the occluded artery
could be misdiagnosed as absent. To overcome this lim-
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itation, contrast enhanced images were compared with
the non-enhanced images.

Conclusion

According to our large study group, we believe that the
arterial variations of the circle of Willis are not rare, clin-
ically important and can be noninvasively evaluated by

CTA.
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