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Abstract
Objective: The purpose of this study is to evaluate and describe the prevalence and patterns 
of arterial variants in the circle of Willis (CW) seen in noncontrast three-dimensional 
time-of-flight magnetic resonance angiography in a series of patients with cerebral vascular 
accidents (CVAs). Materials and Methods: A descriptive study was undertaken in 
200 patients who presented for screening for CVA in the Department of Radiodiagnosis 
and Imaging, St. John’s Medical College Hospital, Bengaluru, from September 2014 
to September 2016. Results: The most common types of CW in a single subject were 
anterior variant Type A and posterior variant Type E. Type A in the anterior circulation 
is the normal adult pattern. There is a single anterior communicating artery. The internal 
carotid artery bifurcates into the precommunicating segment of the anterior cerebral artery 
and middle cerebral artery. Type E in the posterior circulation is hypoplasia or absence of 
both posterior communicating arteries and isolation of the anterior and posterior parts of 
the circle at this level. Overall, CW variants were slightly more common in women than in 
men. Conclusion: Our findings show that the configuration of the CW may vary greatly in 
the general population. The wide range in the morphology of CW warrants further research 
on various races and larger populations to confirm the influence of genetic, regional, 
environmental, and hemodynamic factors or their combination.

Keywords: Anatomical variants, Cerebrovascular disease, Circle of Willis, Magnetic 
resonance angiography

has been reported in anatomic studies at rates ranging from 
0.7% to 80.6% [4]. The prevalence of the “typical circle,” the 
“normal” textbook polygon, ranges from 4.6% to 72.2% [5]. 
Although the relationship between variations in the CW and 
some vascular diseases has been implicated clinically, these 
variations have not been compared in various populations. 
In this regard, magnetic resonance angiography (MRA) is a 
quite sensitive diagnostic modality in the detection of cerebral 
arterial pathological lesions or normal variants [6]. MRA is 
precise, aids in a quick diagnosis of cerebral infarction, and 
can reveal the presence of tissue at risk, the “ischemic penum-
bra,” which has further elevated its importance as a diagnostic 
technique in the intracranial vasculature. The average age 
of patients with stroke in developing countries is 15 years 
younger than in developed countries, and so, anatomy of 
the cerebral arteries in the pathogenesis of cerebrovascular 

Introduction

T he circle of Willis (CW) demonstrates considerable mor-
phological variation in the general population. Some 

anatomical variants might pose different hemodynamic chal-
lenges to cerebral blood flow, which may be of some clinical 
importance in cerebral vascular diseases [1]. The CW is a 
large arterial anastomotic ring present in the basal cistern of 
the brain, uniting the internal carotid and the vertebrobasi-
lar system. Branches from this arterial ring are distributed to 
supply the brain. In 1664, Sir Thomas Willis was the first to 
describe the importance of the circle in maintaining collat-
eral flow [2]. It was observed that there is very little mixing 
of blood between the collateral branches of the circle. These 
collaterals may, however, open up during occlusive episodes 
in the proximal feeding vessels. The anatomy of the circle 
is known to vary considerably, and functionally, a complete 
circle is a rare finding [3]. These types of incomplete or 
variant forms of the circle may diminish its role as a collateral 
route. Variations in the CW are not rare and some have clinical 
implications. Hypoplasia of the component arteries of the CW 
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diseases in different ethnic groups is important [7]. This study 
characterized anatomical variants associated with the CW in 
a South Indian population presenting to a tertiary care center.

Radiological evaluation and characterization of the vari-
ants in the CW detected using three-dimensional time-of-flight 
MRA (3D-TOF-MRA).

Materials and methods
Patients

A total of 200 patients were selected for the study between 
September 2014 and September 2016. They were referred for 
screening with MRA for cerebrovascular accidents (CVAs) 
in the Department of Radiodiagnosis of St. John’s Medical 
College Hospital, Bengaluru, India. Only those patients with 
subsequently detected variations in the CW were included 
in the study. Patients who did not consent to imaging, were 
claustrophobic, or had metallic implants or pacemakers were 
excluded from the study.

Data collection
For evaluation of variants of the CW, MRA was per-

formed using a 1.5 T magnetic resonance imaging (MRI) 
scanner (Signa, General Electric Medical Systems, Milwaukee, 
WI, USA) with a commercially available head coil. 
3D-TOF-MRA images of all 200 patients were evaluated by a 
neuroradiologist with 18 years’ experience in neuroradiology.

Magnetic resonance protocol
The patients were supine with the neck and head in the 

neutral position. MRA examination consisted of 3D-TOF-MRA 
and fast spin-echo T2-weighted axial imaging (repeti-
tion time [TR]/effective echo time, 4000/101 ms; matrix, 
256 × 256; field of view [FOV], 200 mm; section thick-
ness, 5 mm). Variations in the CW were also classified using 
3D-TOF-MRA (TR/echo time, 35/4.7 ms; flip angle, 20°; 
matrix, 256 × 256; FOV, 200 mm; slab thickness, 52.8 mm; 
section thickness, 0.8 mm). 3D-TOF-MRA of the CW was 
obtained with the sequence of spoiled gradient-recalled acquisi-
tion. T2-weighted imaging was done to rule out abnormalities 
or lesions in the brain.

Statistical analysis
Descriptive statistics were reported using numbers and per-

centages for categorical variables in cases of MRA-proven 
cases variations in the CW. Findings were tabulated using 
Microsoft Excel 2010 Microsoft Corp., Redmond, WA, USA, 
and statistical analyses were conducted using SPSS Statistical 
Package (version 20.0), IBM SPSS Statistics for Windows, 
V.20.0 , IBM Corp., Armonk, New York, USA.

Results
The age of the patients studied ranged from 11 to 

86 years (mean age 48.5 years).

The 200 participants included 132 males and 68 females. 
Anterior circulation variations [Figure 1] and posterior circula-
tion variations [Figure 2] were modified from Chen et al. [8]. 
Variant Type A was the most common type in the anterior part 
of the CW in all age groups and sexes. The anterior CW was 

complete in 154 of 200 participants (77.0%) with a Type A 
configuration in 132 subjects [Table 1].

In one patient, two anterior communicating arteries 
(AcomAs) were observed. The anterior circle was incomplete 
in 45 participants who had compromised anterior collateral 
flow. AcomA was absent in 26 participants, and 19 subjects 
had A1 hypoplasia or aplasia. The prevalence of unilateral 
fetal-type posterior communicating artery (FTPcomA, posterior 
variants B, F, G, and H) was 16% and bilateral FTPcomA (pos-
terior variants C, I, and J) was 7%. A higher percentage of 
incomplete collaterals were observed in the posterior part of the 
circle compared with the anterior collaterals. An adult configu-
ration complete posterior circle was observed in 34 participants 
and transitional variants 6b and c were observed in 19 subjects. 
An FTP CW was found in 46 (23%) of the 200 participants. 
Of these 46 participants, 37 (18.5%) were classified as having 

Figure 1: : Schematic diagrams of anatomic variations in the anterior part of the 
CW. (A) Normal adult pattern. There is a single AcomA (red). The ICA bifurcates 
into the precommunicating segment of the ACA and MCA. (B) Two or more 
AcomAs. (C) The median artery of the corpus callosum arises from the AcomA. 
(D) Fusion of the ACAs over a short distance. (E) The ACA forms a common 
trunk and splits distally into two post communicating segments. (F) The MCA 
originates from the ICA as two separate trunks. (G) Hypoplasia or absence of an 
AcomA. (H) One precommunicating segment of an ACA is hypoplastic or absent, 
and the other precommunicating segment gives rise to both postcommunicating 
segments of the ACAs. (I) Hypoplasia or absence of an ICA. The ACA gives 
rise to both postcommunicating segments and supplies retrograde flow to the 
ipsilateral precommunicating segment. (J) Hypoplasia or absence of an anterior 
communication. The MCA arises as two separate trunks. CW: Circle of Willis, 
ICA: Internal carotid artery, MCA: Middle cerebral artery, AcomA: Anterior 
communicating artery, ACA: Anterior cerebral artery
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Table 1: Morphological types of the circle of Willis pertaining 
to anterior and posterior circulations by gender (%)
Types* Anterior circulation (%) Posterior circulation (%)

Total Male Female Total Male Female
A 66 42.5 23.5 17 7.5 9.5
B 1 0.5 0.5 4.5 3.5 1
C 2 1 1 4.5 2.5 2
D 7.5 4 3.5 7 5.5 1.5
E 2.5 1.5 1 53 36 17
F 0 0 0 1 0.5 0.5
G 11.5 7.5 4 7 6.5 0.5
H 9.5 7.5 2 3 1.5 1.5
I 0 0 0 0 0 0
J 0 0 0 3 2.5 0.5
*Types A-J represent anatomic variations in the anterior and posterior parts 
of the CW (modified from Chen et al.)
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partial FTP in which a hypoplastic P1 segment was present and 
9 (4.5%) were found to have a full FTP in which a P1 segment 
was absent. The most common type of posterior variation was 
Type E in which the bilateral PcomAs were absent. Of the 37 
participants with a partial FTP, a unilateral FTP was found in 
23 participants and bilateral FTPs were seen in 14 participants. 
There were statistically significant differences among different 
age groups and genders. A higher prevalence of complete CW 
was found in the younger group (<50 years, 33.9% of younger 
subjects versus 6.8% of older subjects) and in females (28.4% 
of females versus 10.6% of males). In the combined analysis, 
a complete CW was seen in 33 (16.5%) of the 200 partici-
pants [Figure 3]. An incomplete anterior and posterior CW 
was found in 44 (22%) of the 200 participants. The remaining 
123 (61.5%) participants had a partially complete CW configu-
ration. The anterior part of the CW is considered as complete 
in types A–C, incomplete in types G–J, and partially complete 
in types D and E. The posterior part of the CW is considered 
as complete in type A, incomplete in types D–J, and partially 
complete in types B–C. The most common types of CW in a 
single participant were anterior variant Type A and posterior 
variant Type E. Further, three patients had aneurysms, one 
patient had an arteriovenous malformation (AVM), and two 
patients had persistent trigeminal and persistent hypoglossal 
arteries on MRA.

Discussion
The brain, though representing only 2% of the total body 

weight, receives one-fifth of the resting cardiac output [9]. 
This blood supply is carried by the two internal carotid arter-
ies (ICAs) and the two vertebral arteries that anastomose at 
the base of the brain to form the CW. The carotid arteries and 
their branches (referred to as the anterior circulation) supply 
the anterior portion of the brain, while the vertebrobasilar 

system (referred to as the posterior circulation) supplies the 
posterior portion of the brain.

The CW consists of a symmetrical arterial circle, with a 
single AcomA and bilateral PcomA, which usually have smaller 
diameters than the precommunicating segments of the posterior 
cerebral artery (PCA). Furthermore, the CW constitutes a key 
collateral network for preserving satisfactory cerebral perfu-
sion. Therefore, changes in the normal morphology of the CW 
may lead to different types and degrees of cerebrovascular dis-
orders, including aneurysms, infarctions, and other vascular 
abnormalities. The CW is the main route for collateral blood 
flow in severe occlusive diseases of the ICA. Those patients 
with variants of the circle with efficient collateral circulation 
have a lower risk of transient ischemic attack and stroke than 
patients without such collaterals [10]. In addition to different 
vascular accidents, it is important to identify the status of the 
CW to determine the capability of the brain circulation before 
surgery, especially for cerebral aneurysms.

In our study, as in earlier studies, we considered the fol-
lowing vessels as forming part of the CW: the AcomA, the 
precommunicating segment (A1) of the anterior cerebral 
artery (ACA), the precommunicating segment (P1) of the 
PCA (P1-PCA), the PcomA, and the ICA. The CW configu-
ration can be categorized into three different types based on 
the structure of the P1-PCA and P2-PCA and the PcomA. 
Configurations are the adult type, transitional type, and fetal 
type. In previous studies, the prevalence of a complete ante-
rior circle varied from 74% to 90% in different ethnic groups, 
similar to our observations [11]. Autopsy studies, however, 
have shown lower incidences of complete circles [12]. One 
recent cadaveric study reported variation of the CW in 40% 
with maximum variation in the PcomA (50%) followed by the 
AcomA (40%) [13]. In the present study, the prevalence of an 
entirely complete CW was 16.6%, higher in females than in 
males (28.4 and 10.6%, respectively), and younger than older 
subjects (33.9 and 6.8%, respectively). Previous studies have 
shown higher incidences of complete circles in female patients 
and younger patients [14]. Our observations were similar 
to earlier studies. In addition, the average age of males was 
63 years and that of females was 47 years, which might partly 
explain the higher visualization in females. The most common 

Figure 3: Morphological spectrum involving the anterior and posterior circle of 
Willis

Figure 2: Schematic diagrams of anatomical variations of the posterior part 
of the CW (A) Bilateral PcomAs are present (blue). (B) The PCA originates 
predominantly from the ICA. This variant is known as a unilateral fetal type PCA; 
the PcomA on the other side is patent. (C) Bilateral fetal type PCAs with both 
precommunicating segments of the PCAs patent. (D) Unilateral PcomA present. (E) 
Hypoplasia or absence of both PcomAs and isolation of the anterior and posterior 
parts of the circle at this level. (F) Unilateral fetal type PCA and hypoplasia or 
absence of the precommunicating segment of the PCA. (G) Unilateral fetal type 
PCA and hypoplasia or absence of the contralateral PcomA. (H) Unilateral fetal 
type PCA and hypoplasia or absence of both precommunicating segments of the 
PCA and the PcomA. (I) Bilateral fetal type PCAs with hypoplasia or absence 
of both precommunicating segments of the PCAs. (J) Bilateral fetal type PCAs 
with hypoplasia or absence of the precommunicating segment of either PCA. 
PCA: Posterior cerebral artery, PcomA: Posterior communicating artery, ICA: 
Internal carotid artery
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variant in the anterior circulation was type A, which a normal 
pattern in both the sexes. It is common among females (n = 71, 
69.6%) at a slightly higher rate than males (n = 127, 64.1%). 
The type E variant in the posterior circulation is most 
common in both genders. It is also slightly more common in 
males (n = 69, 34.8%) than in females (n = 29, 28.4%).

Qiu et al. [15] analyzed cerebral images of 2246 healthy 
individuals using typical MRI and MRA. The overall incidence 
of CW integrity was 12.24%, with 7.57% nonvariation integral 
CW. The incidences of partial integrity and nonintegrity were 
70.17% and 17.59%, respectively [16]. The integrity rate of the 
anterior circulation was 78.58%, with a close correlation with 
the developmental condition of the A1 segment of the ACA. 
The nonintegrity rate of posterior circulation was 83.93% 
with an incidence rate of 15.85% for hypoplasia of PCA-P1 
variation.

Various studies have been done to explain the reason of 
development of fetal-type PCA. Van Overbeeke et al. [17] 
categorized the various configuration of COW in fetus. There 
is a transitional type in early fetal life, in which diameters of 
P1-PCA and PcomA are equal; with the growth of the fetus, 
this would either transform into adult type in which P1 diam-
eter is larger than the PcomA diameter or into fetal type in 
which diameter of the P1 is smaller than diameter of PcomA. 
Van Overbeeke et al. [17] and Milenković et al. [18] con-
cluded that rapid development of occipital lobes occurs during 
fetal life that increases the demand for vasculature which 
significantly affects the final form of CW, particularly in the 
posterior circle, and can lead to the development of either 
adult or fetal configuration from transitional configuration.

Eftekhar et al. [19] dissected 102 brains of recently deceased 
Iranian males and compared variations of the CW as a whole 
and segmental variations with previous studies. On the whole, 
the frequencies of the different variants of the entire cerebral 
arterial circle and segmental variations were comparable with 
previous studies. More specifically, variants with uni- and 
bi-lateral hypoplasia of PcomAs were the most common and 
were similar to the previous works. In 3% of patients, both 
right and left PcomAs were absent. They concluded that the 
anatomical variations found in the cerebral arterial circle of the 
Iranian males were not significantly different to those of more 
diverse populations reported in the literature.

Saikia et al. [20] retrospectively evaluated gross dissection 
findings in 70 human cadavers and equal numbers of MRAs in 
healthy individuals. Only 31 (22.14%) of the total 140 cases 
presented with a complete CW, of which 14 (20%) were in 
cadaveric specimens and 17 (24.18%) were in the MRA group. 
A unilateral hypoplastic PcomA was the most common varia-
tion observed in the study (19.28%).

Chen et al. [8] retrospectively reviewed results of 507 
consecutive healthy subjects (241 males, 266 females, aged 
18–89 years) undergoing 3D-TOF-MRA of the CW. Of these, 
397 (78.30%) cases had complete anterior parts, 129 (25.44%) 
cases had complete posterior parts, and 89 (21.30%) cases 
demonstrated the entire configuration of the CW. Variant A 
was the most common anterior type all ages and both genders. 

Type E was the most common posterior circle variant. The 
observations in our study were compatible with the findings of 
this study.

Maaly and Ismail [21] retrospectively evaluated 
3D-TOF-MRA in 250 patients. Complete anterior and posterior 
parts of the CW were seen in 68.3%, and 38.3%, respectively. 
An entirely complete CW was seen in 46.7%, with a slightly 
higher prevalence in females and younger subjects than males 
and older subjects. The anterior part of the CW was com-
plete in 75% of the younger and 65% in older subjects. The 
most common variations in younger patients were the a and b 
variants and in older patients were the a and g variants. The 
posterior part of the CW was complete in 40% of younger and 
37.5% of older patients. A unilateral fetal-type PCA was found 
in 37.8% of cases and bilateral fetal-type PCAs were found in 
31.7%. The findings of our study were compatible with those 
of this study.

Tekale and Ambiye [22] evaluated the CW in 100 healthy 
persons with 3D-TOF-MRA of the brain (74 individuals aged 
18–60 years and 26 aged over 60 years, of both genders). 
All component vessels of the circle were assessed by mea-
suring the diameter. Variations were most commonly found 
in the communicating arteries, less commonly in the cere-
bral arteries, and very rarely noted in the ICA. The most 
common variation was hypoplasia and absence of the bilat-
eral PCOMs.

Harizi-Shemsi et al. [23] conducted a case–control study in 
Albania including 60 patients (30 patients with hemorrhagic 
stroke and 30 with ischemic stroke) and 60 controls (indi-
viduals without cerebrovascular pathologies) to compare the 
prevalence of anomalies of the CW. There were 14 patients 
with anatomical variations, 6 (42.9%) cases with ACA (A1 
segment) anomalies, 4 (28.6%) with AcomA variations, 
1 (7.1%) with a  PcomA anomaly, and 3 (21.4%) with P1-PCA 
variations.

Hashemi et al. [24] evaluated 169 (84.5%) males and 
31 (15.5%) females aged between 16 and 71 years. A total of 
69 (34.5%) of the 200 had the typical anatomy of the CW. The 
remaining 65.5% had variations, most common of which was 
hypoplasia of the PcomAs.

In a large study of Indian subcontinent patients, Kapoor 
et al. [25] observed that 45.2% conformed to the typical 
pattern, with variations in the rest of the study group. In 
other studies, a complete CW was observed in 4.6%–72.2%. 
In autopsy studies, the incidence of a complete CW ranged 
from 14.2% to 52.3%, relatively lower than clinical observa-
tions [26]. Several reasons could account for this variation. 
First, differences in subject selection could be a factor. Healthy 
volunteers were included in some studies with additional sub-
jects without vascular disorders or neurological disease. The 
second possible reason is differences in observation methods. 
Phase-contrasted MRA was utilized in addition to TOF in some 
studies [27].

In a study by Hafez et al. [28], an entirely complete CW 
was seen in 45%. Other studies showed results of 68%–78%, 
in agreement with our results. The prevalence of the complete 

[Downloaded free from http://www.tcmjmed.com on Sunday, January 27, 2019, IP: 118.163.42.220]



Ravikanth and Philip / Tzu Chi Medical Journal 2019; 31(1): 52-59

56 

circle in our study was higher in females than males, similar 
to the results of published studies by Hafez et al. [28], 
Chen et al. [8], and Krabbe-Hartkamp et al. [29]. All of 
these studies used 3D-TOF-MRA in examination of the CW. 
Although 3D-TOF-MRA has a high sensitivity and speci-
ficity for depicting the anatomy of the CW, it has some 
limitations in displaying small collateral channels because 
of the turbulent flow, saturation effect of slow flow or long 
in-plane flow, or slower velocity of blood adjacent to the 
wall due to laminar flow. The sensitivity of 3D-TOF-MRA 
in detection of small communicating vessels improves when 
flow through these channels increases, since an increase in 
flow velocity improves signal intensity. Nonvisualization of 
vessels on TOF-MRA can be due to very slow or negligible 
flow within a patent vessel or true absence of the vessel. 
The lower limit of normal vessel diameters is arbitrary and 
affects the number of vessel segments classified as hypoplas-
tic, which also affects the prevalence of circles defined as 
complete [30].

Horikoshi et al. [31] used a simplified classification with 
six types to categorize all variations. It was believed that 
many subtypes might be obscured and gender differences were 
not addressed. This classification may be too rough to demon-
strate the complexity of the CW. In addition, the definition of 
hypoplasia was not well documented. Therefore, we decided 
to classify the anterior and posterior components separately as 
they are easily assessed with respect to anatomic differences. 
The results of our MRA findings demonstrated good correla-
tion with similar studies performed in the general population 
without cerebrovascular diseases by other groups worldwide.

The foundation of the CW lies in vessels which are formed 
in the early stages of fetal life, some of which succumb to 
involution, while others are evolving to supply developing 
structures. The fetal patterns of morphological variants are 
a result of agenesis or involution during embryonic develop-
ment. A positive association between anatomical variations in 
the CW and the presence of aneurysms has been demonstrated 
in individuals who experienced subarachnoid hemorrhage [32]. 
Previous international studies have linked anomalies of the CW 
with the development and severity of symptoms of different 
CVAs, including infarctions, aneurysms, and several other vas-
cular disorders.

Variations in the anterior and posterior CW in the present 
study, in other studies, conducted in India, and in those of 
more diverse populations reported in the literature appear to 
be similar and are possibly due to embryonic development. 
There have been no statistically significant differences 
between the prevalence of the variations in the CW in each 
segment in our study or observations from other groups. 
Those reported from Iran are similar regarding the more 
common occurrence of aplasia of the PcomA arteries versus 
those reported from Morrocco and France [33]. It is sug-
gested that congenital anatomical variation in the CW is not 
under the influence of race or ethnicity in different popu-
lations. It has been reported that in Asians, the incidence 
of intracranial atherosclerosis in anterior circulation stroke 
is much higher than in Caucasians [34]. The prevalence of 

posterior circulation stroke among Asians has been reported 
to be much higher than in the West [35]. The average age 
of patients with stroke in developing countries is 15 years 
younger than in developed countries [36]. The reasons for 
these differences are not well understood, and the roles of 
anatomy and pathology of the cerebral arteries in the patho-
genesis of cerebrovascular diseases in different ethnic or 
racial groups are not very clear.

Few variants of CW have been briefly outlined here. 
Trifurcation of the ACA is defined as the occurrence of 
three A2 segments. The callosomarginal artery (also known 
as median artery of corpus callosum) is the largest branch of 
the pericallosal artery [Figure 4]. It runs in or posteriorly to 
the cingulate sulcus and runs a course parallel to the perical-
losal artery where it divides to give two or more cortical 
branches. Duplicated A1 segment is an infrequent variation. 
It has been reported to occur in 4% of subjects in cadav-
eric studies and in aneurysmal surgery [37]. Most clinically 
reported cases of A1 duplication are angiographically occult 
variations later identified during AcomA aneurysm surgery 
usually without consequences [Figure 5]. Fetal posterior 
cerebral artery with hypoplastic P1 segment is a common 
variant in the posterior cerebral circulation. The PcomA is 
larger than the P1-PCA and supplies the bulk of the blood 
to the PCA [Figure 6]. Among the variation in the anatomy 
of the CW, a small degree of asymmetry of anterior arter-
ies is commonly found. The variations related with the A1 
segment of ACA are agenesis, hypoplasia, and duplica-
tion [Figure 7]. Persistent trigeminal artery is the largest 
of the fetal carotid-basilar anastomotic arteries, and it per-
sists for the longest embryonic period. The artery usually 
involutes after the development of the PcomA. A thor-
ough understanding of the anatomical and angiographic 
features of this persistent embryonic arterial channel is of 
utmost importance when making therapeutic decisions and 
embarking on surgical or endovascular intervention for any 
pertinent pathological condition [Figure 8]. Azygos ACA 

Figure 4: Time-of-flight magnetic resonance angiogram maximum intensity 
projection image showing three A2 segments of the anterior cerebral arteries. 
Trifurcation of the anterior cerebral artery is defined as the occurrence of three A2 
segments. The central (anomalous) artery arises from the anterior communicating 
artery and is known as a median artery of the corpus callosum
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is an uncommon to rare variant seen in which the two A1 
segments of the ACA join to form a single trunk [Figure 9]. 
Persistent hypoglossal artery arises from the ICA between 
the C1 and C2 vertebral levels and traverses through the 
hypoglossal canal to join the vertebrobasilar system. The 
persistent hypoglossal artery is the second most frequent 
carotid vertebrobasilar arterial anastomoses, after the persis-
tent trigeminal artery, and usually arises from the ICA and 
rarely from the external carotid artery. Identification of this 
rare anomaly is important before carotid endarterectomy or 
skull base surgery as injury to this vessel can lead to isch-
emia in the posterior circulation territory where it forms the 
sole arterial supply [Figure 10]. Accessory middle cerebral 
artery may be important in supplying collateral blood flow 
to the frontal lobe and basal ganglia through the perforating 
arteries [Figure 11]. ACA triplication is an anatomic variant 
of minor clinical significance with prevalence slightly more 
than the azygous variant [Figure 12].

Conclusion
The present study is based on MRA analysis of patients 

with clinical suspicion of CVA. Morphological variations are 
quite frequent in the CW in humans. Because of the vari-
ability, clinical manifestation may vary considerably from 
one individual to another, and the effectiveness of collateral 
circulation may be greatly influenced. Whether this is a risk 
factor for stroke should be subject to further investigation. 
Our study of MRA in subjects from Southern India gives an 
indirect correlation between the variations in the CW in this 
region and published data worldwide. TOF-MRA limitations 
include dependence on amount and direction of flow as well 
as the exact technique employed. Therefore, smaller arteries 
with very little flow might not be detected, leading to inter-
pretation as an aplastic instead of a hypoplastic artery. Our 
findings show that the configuration of the CW may vary 
greatly in the general population. The prevalence of a com-
plete configuration of the circle was 16.5% and was slightly 

Figure 5: T2-weighted magnetic resonance imaging showing a right duplicated 
A1 segment (arrow). Rarely, the optic nerve can go through the fenestration, which 
implies a very different embryologic pattern from the more common supraoptic 
fenestration

Figure 6: Three-dimensional time-of-flight magnetic resonance angiogram 
source image showing a left fetal posterior cerebral artery with hypoplastic P1 
segment (arrow). Fetal origin of the posterior cerebral artery occurs when the 
embryonic posterior cerebral artery fails to regress

Figure 7: Time-of-flight magnetic resonance angiogram showing a left asymmetric 
A1 segment (arrow). The asymmetry is due to a dominant A1 segment on one side 
and a hypoplastic segment on the other side

Figure 8: Magnetic resonance angiogram maximum intensity projection image 
demonstrating a lateral persistent trigeminal artery Saltzman type 1 with a 
hypoplastic vertebral artery. A persistent trigeminal artery is the most common 
primitive carotid-basilar anastomosis that persists into adulthood
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higher in females than males and younger (below 50 years) 
than older subjects. In the present study, a complete anterior 
CW was common in 77% of all patients and complete pos-
terior circle was common in 33% of all patients. The most 
common anterior circle variant was type A (normal anterior 
configuration) with a prevalence of 66%. The most common 
posterior circle variant was type E in 53%. Overall, CW 
variants were slightly more common among females than 
males. Incidences of associated anomalies, such as aneurysm 
or AVM, were comparable to that described in the literature.
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