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Introduction

Detailed anatomy of the circle of Willis (CW) or circulus 

arteriosus is important in the field of neurology, neurosur-
gery and anatomy. The CW is the main arterial structure 
located at base of the brain that establishes collateral circula-
tion to the brain and surrounding structures. The arterial 
circle is formed by internal carotid and vertebro-basilar 
systems comprising anterior cerebral artery (ACA), proximal 
segments of internal carotid and proximal segments of pos-
terior cerebral arteries from basilar artery. The CW normally 
equalizes the blood flow to various parts of the brain. But a 
complete CW is seen in minority of the population and as 
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Abstract: The posterior communicating arteries (PCoA) are important component of collateral circulation between the 
anterior and posterior part of circle of Willis (CW). The hypoplasia or aplasia of PCoA will reflect on prognosis of the 
neurological diseases. Precise studies of the incidence of hypoplastic PCoA in Andhra Pradesh population of India are 
hitherto unreported, since the present study was undertaken. Two hundred and thirty one magnetic resonance angiography 
(MRA) images were analyzed to identify the hypoplasia of PCoA and presence of fetal type of posterior cerebral artery 
(f-PCA) in patients with different neurological symptoms. All the patients underwent 3.0T MRI exposure. The results were 
statistically analysed. A total of 63 (27.3%) PCoA hypoplasia and 13 cases with f-PCA (5.6%) cases were identified. The 
hypoplastic PCoA was noted more in males than females (P<0.05) and right side hypoplasia was common than the left (P<0.04); 
bilateral hypoplasia of PCoA was seen in 37 cases out of 63 and is significant. The hypoplastic cases of the present study also 
were associated with variations of anterior cerebral arteries and one case was having vertebral artery hypoplasia. Incidence 
of PCoA as unilateral or bilateral with other associated anomalies of CW is more prone to develop stroke, migraine and 
cognitive dysfunction. Knowledge of these variations in the PCoA plays a pivotal role in diagnoses of neurological disorders 
and in neurovascular surgeries and angiographic point of view.
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age advances it shows different types of anatomical varia-
tions in its branches since birth [1]. 

Posterior communicating artery (PCoA), branch of inter-
nal carotid artery acts as a significant anastomotic channel 
between anterior and posterior cerebral circulations [2]. Each 
PCoA runs postero-medially and anastomose at the junction 
between pre (P1) and post-communicating (P2) segments 
of ipsilateral posterior cerebral artery (PCA) [3]. The PCoA 
occasionally continues as PCA, called as fetal PCA (f-PCA) 
with a complete absence of P1 segment [4]. Its occurrence 
may be unilateral or bilateral, and in these conditions, the 
PCoA is bigger than the normal [5]. 

The PCoA establishes the collateral circulation through 
its penetrating branches which supply the ventrolateral and 
dorsomedial thalamic nuclei, tuber cinereum, mamillary 
bodies, and cerebral peduncles [6]. The PCoA hypoplasia 
and aplasia can be congenital variations characterized by a 
narrow or poorly developed artery with limited blood flow 
[1]. As PCoA render a vital communication between internal 
carotid and vertebro-basilar system, occlusion, aplasia or 
hypoplasia of this artery can significantly affect the vascu-
larity of brain. In bilateral aplasia or hypoplasia, there will 
be a bilateral interruption of blood supply to the cerebellum. 
These anatomical variations reduce the accessibility of collat-
eral vessels and its circulation. Hence identification of such 
variations is important in the evaluation of cerebral vascular 
morbidity and its allied treatments. The objective of the pres-
ent study is to observe the variations in the arrangement of 
PCoA of CW.

Materials and Methods

The present study was a retrospective analysis of mag-
netic resonance angiography (MRA) of CW on 231 patients, 
which included 154 males and 77 females. The age of the 
patients with hypoplastic PCoA was minimum of 25 years 

and maximum of 79 years. The study was approved by the 
institutional ethical committee and clinical variables were 
abstracted from Institutional Neurology review board. The 
cases were obtained between the years 2016–2019 from the 
patients who had evidence of cerebral ischemic stroke (CIS), 
history of severe migraine, less hearing sense, dim vision and 
mild focal neurological deficit. 

A time of flight (TOF)-MRA technique was used and the 
study was conducted and analyzed in the departments of 
radiology, anatomy, and neurology. All the patients under-
went 3D TOF-MRA using 3.0T MRI machine (3.0T system, 
GE Discovery MR750w 3.0Tesla; GE Healthcare, Milwaukee, 
WI, USA) and imaging parameters used were (1) repetition 
time was 30 milliseconds and echo time was 2.7–3.1 mil-
liseconds, (2) flip angle was 20°, (3) 200 mm field of view, 
(4) section thickness was 1.4 mm, and (5) the imaging time 
was approximately 4.49 minutes. The images obtained were 
processed using a maximum intensity projection algorithm 
to create an angiogram like image [7]. The reconstructed im-
ages were then analyzed to detect the hypoplastic (<1 mm in 
diameter) or aplastic PCoA and with or without the f-PCA. 
The PCoA with aneurysms were excluded from the study. 
Other than hypoplasia of PCoA, anomalies such as hypopla-
sia or aplasia of other cerebral arteries and its branches were 
also noted. The data obtained were analyzed with Statistical 
Package for Social Sciences software (IBM SPSS Statistics for 
Windows, Version 25.0. IBM Corp., Armonk, NY, USA). The 
statistical dependencies between age, side and sex were mea-
sured using the Student t-test. The differences between the 
male and female PCoA hypoplasia were assessed in relation 
to side using the Chi-square test. Probability values of P>0.05 
were considered as statistically significant. 

Results

In the present study, out of 231 patients, 63 patients (27.3%) 

Table 1. Independent sample-T and ANOVA tests to find the differences between the sex and side in patients with hypoplastic posterior communicating artery
Variable Male (in years) Female (in years) Total

t-value P-value
Side N Mean±SD Min Max N Mean±SD Min Max N Mean±SD

Left side 6 62.50±14.38 45 79 4 48.50±15.35 29 65 10 56.90±15.67 1.470 0.180a)

Right side 9 69.00±6.63 60 74 7 55.29±17.30 25 74 16 63.00±13.88 2.197 0.045b)

Bilateral 24 65.04±6.04 52 79 13 60.23±6.39 52 75 37 63.35±6.81 2.153 0.038b)

Grand total 39 65.56±8.18 45 79 24 56.83±12.22 25 75 63 62.24±10.71 3.399 0.001c)

F-value 0.956 2.281 1.507
P-value 0.393a) 0.122a) 0.230a)

N, number of cases observed; SD, standard deviation; Min, minimum; Max, maximum; t, results of independent sample t-test; P, difference between the sex, age 
and side & P<0.05 is considered significant; F and P are the results of ANOVA. a)Not significant; b)Significant; c)Highly significant.
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showed the incidence of hypoplastic PCoA in MRA pictures, 
which included 39 males (16.9%) and 24 females (10.4%). 
The mean age of males and females were 65.56±8.18 and 

56.83±12.22 respectively (Table 1). The hypoplasia of PCoA 
was noted more in males than females (P<0.05). Out of 63 
PCOA hypoplastic, unilateral cases included 26 of which 

A B

Fig. 1. MRA images showing (A) hypo-
plasia of right side PCoA (arrowhead) 
with left fetal type of posterior cere-
bral artery (arrow); (B) left side PCoA 
hypoplasia (arrowhead) with hypoplastic 
left A1 segment of anterior cerebral 
artery (asterisk). MRA, ma gnetic re-
sonance angiography; PCoA, posterior 
communicating artery.

A B

Fig. 2. MRA images showing (A) left 
side PCoA hypoplasia (arrowhead); (B) 
bilateral PCoA hypoplasia (arrowheads). 
MRA, magnetic resonance angiography; 
PCoA, posterior communicating artery.

A B

Fig. 3. MRA images showing (A) bilateral 
PCoA hypoplasia (arrowheads); (B) 
bilateral PCoA hypoplasia (arrowheads) 
with hypoplastic A1 segment of anterior 
cerebral artery (asterisk). MRA, magnetic 
resonance angiography; PCoA, posterior 
communicating artery.
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right side PCoA hypoplasia (Fig. 1A) in males was 9 and in 
females 7 while the left side (Figs. 1B, 2A, 4B) was found to 
be 6 in males and 4 in females. The right sided hypoplasia 
was significant (P<0.04) than the left in the present study. 
The bilateral hypoplasia (Figs. 2B, 3A, 3B, 4A) was seen in 
37 patients (58.7%), which included 24 males and 13 females 
and is found significant. Overall the statistical association 
between the hypoplasia of PCoA in relation to sex and side 
was found to be highly significant (P<0.001) (Table 2). 

The f-PCA was observed in 13 (5.6%) cases which is more 
on right (73.0%) (Fig. 4B) than left side (62.6%) (Fig. 1B) and 
the incidence is more or less equal in both males and females 
with no statistical significance (P<0.05) (Table 3).

Apart from hypoplasia of PCoA and f-PCA, some of the 
cases also presented with other arterial anomalies. Out of 
10 left PCoA hypoplastic cases, 2 cases were associated with 
hypoplastic right vertebral artery (Fig. 4A, B), right A1 seg-
ment of ACA and right f-PCA (Fig. 4B) and left A1 segment 

of ACA (Fig. 1B). Similarly on right PCoA hypoplasia, 6 out 
of 16 cases were identified with hypoplastic A1 segment of 
ACA. In total of 37 bilateral hypoplastic PCoA, 4 were as-
sociated with hypoplastic A1 segment of ACA (Fig. 1B) and 
one cases was found to be associated with vertebral artery 
hypoplasia (Fig. 4A). 

Discussion

The CW is the main source of blood supply to major parts 
of the brain, in which various patterns of its formation and 
number of anatomical variations have been reported till date 
in the literature. In most variations of the CW, brain func-
tion may not be affected due to the collateral circulation and 
compensation of the blood supply from the contralateral 
side. In a study of 1,000 brain specimens, 45.2% of typical 
and 54.8% variations of the CW were reported [8].

The PCoA is an important artery establishing collateral 

A B

Fig. 4 .  MR A images showing (A) 
bilateral PCoA hypoplasia (arrowheads) 
with hypoplastic right vertebral artery 
(arrow); (B) left side PCoA hypoplasia 
(arrowhead) with right fetal type of 
posterior cerebral artery (arrow); this 
case also presented hypoplastic right 
A1 segment of anterior cerebral artery 
(asterisk) and hypoplastic right vertebral 
artery (double arrows). MRA, magnetic 
resonance angiography; PCoA, posterior 
communicating artery.

Table 2. Cross-tabulation of side and sex-specific incidence of hypoplastic posterior communicating artery patients 
Side N Male Female Total Chi-square value P-value

Left side Count 6 4 10
% within left side 60.00 40.00 100.00
% within sex 15.38 16.67 15.87

Right side Count 9 7 16
% within left side 56.25 43.75 100.00
% within sex 23.08 29.17 25.40

0.369 0.831a)

Bilateral Count 24 13 37
% within left side 64.86 35.14 100.00
% within sex 61.54 54.17 58.73

Grand total Count 39 24 63
% within left side 61.90 38.10 100.00
% within sex 100.00 100.00 100.00

N, number of cases observed. a)P-value by Chi-square test, not significant.



Anat Cell Biol 2020;53:272-278 Sharmila P Bhanu, et al276

www.acbjournal.orghttps://doi.org/10.5115/acb.20.066

circulation between the anterior and posterior part of CW. 
This artery also acts as an exit port for thalamoperforating 
artery, in which the important branch is pre-mamillary or 
thalamotuberal artery [9] which supplies the f loor of 3rd 
ventricle, thalamus, hypothalamus, mammillary bodies, tu-
ber cinereum, optic tract, pituitary stalk, cerebral peduncle 
and posterior perforated substance [10]. According to a 
previous report, aplasia of the right PCoA (16.6%) is more 
common than the left (3.3%) which is in accordance with 
the present study [11]. PCoA hypoplasia was found to have 
a pathophysiological role in stroke with or without carotid 
artery occlusion [6]. Out of all the branches of CW, a single 
branch occlusion might not lead to ischemia, because the 
collateral supply of that particular region will take over the 
function [12]. However, PCoA hypoplasia would be prone for 
the ischemia since its perforating branches might be scarcely 
perfused in cases of PCoA hypoplasia, predisposing thalamic 
infarctions leading to lacunar stroke [13]. PCoA hypoplasia 
as an independent or in association with anterior communi-
cating artery and vertebral artery as observed in the present 
study can be suggested as a risk factor for ischemic stroke [14, 
15]. 

In a study of classical CW, 10% of aplasia, hypoplasia or 
double PCoA have been reported, stressing the importance 
of PCoA in vertebral artery hypoplasia which results in 
stroke [16]. However, in the present study double PCoA has 
not been observed. But one case of vertebral artery hypopla-
sia along with bilateral PCoA hypoplasia has been noticed. 
Vertebral artery hypoplasia or occlusion is rarely symptom-
atic because there will be a sufficient collateral circulation 
from the contralateral side through CW. But in conditions 
of bilateral PCoA and one of the vertebral artery hypoplasia, 
size and patency of these collateral pathways may be a risk 
factor for developing cerebral infarction [17].

In the present study, 13 cases of f-PCA were observed with 
the incidence of 5.6% which is in accordance with the previ-

ous literature [18-20].
On the embryological background of CW, the cerebral 

arteries begin approximately at 5 weeks of gestation. At this 
stage, many intracranial arteries develop, branch and anas-
tomoses and certain arteries regress among themselves to 
maintain and to alter towards the adult type of arrangement 
[21, 22]. The anterior part of CW originates from ICA which 
divides into cranial and caudal arteries while the posterior 
part from bilateral longitudinal neural arteries. The caudal 
part forms the PCoA, the carotid-vertebrobasilar communi-
cating artery. Initially PCA represents a branch of primitive 
ICA which then arises from basilar artery when vertebro-
basilar system develops as the occipital lobes enlarge and 
its functional demand increases [23-25]. Around 22 weeks 
PCoA or P1 segment of PCA may enlarges to meet the sup-
ply of posterior cerebral circulation and there found to be 
a continuous alteration of blood flow between carotid and 
vertebrobasilar system until the growth of brain is fulfilled. 
According to Padget [26], embryogenesis of CW takes place 
in two stages, first development of numerous arterial plex-
uses and regression of certain arterial segments in-utero or 
postnatal, transforming itself into adult type [27]. The pos-
terior part of CW being more anomalous and variant, the 
posterior part of brain benefit from more blood supply when 
compared to the anterior part [28, 29].

In a study of functional PCoA in posterior circulation 
ischemia, revealed that the blood flow volume in PCoA can 
compensate for the decreased f low of BA circulation to a 
certain degree and play a protective role in posterior cerebral 
ischemia [30]. According to literature, a complete absence of 
PCA was never been reported, but its origin from BA or ICA 
only varies [31].

In the present study bilateral hypoplasia of PCoA was 
found more than unilateral cases which can be taken into 
consideration as one of the risk factors for the development 
of stroke. The percentage of stroke was found to be 60% in 
case of bilateral absence of PCoA, 40% in unilateral absence 
of PCoA and 20% in patients having both PCoA [16]. In 
union with A1 segment of ACA and VA hypoplasia either 
unilateral or bilateral PCoA can result in headaches, hyper-
tension, vertigo, pulsatile tinnitus and posterior circulation 
stroke [32, 33].

The limitation of the study is that, the difficulty to sort 
out extremely smaller branches which take part in the col-
lateral circulation to rule out the exact diagnosis such as the 
CIS. The study also included a limited number of patients 

Table 3. Incidence of fetal PCA in relation to sex and side

Variable
Presence of fetal PCA (N=13)

Right Left P-value
Male (n=154) 3 (1.9%) 3 (1.9%) 1.0a)

Female (n=77) 4 (5.2%) 3 (3.9%) 0.7a)

Chi-square value 0.066 0.7b)

PCA, posterior cerebral artery; N, number of fetal PCA cases observed; P, 
difference between the sex and side & P<0.05 is considered significant; n, total 
number of males or females. a)Not significant; b)P-value by Chi-square test, not 
significant; percentages are mentioned within brackets. 
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which in a larger population can provide even much higher 
rate of variations and a diverse way of diagnostic approach 
towards PCoA and its associated anomalies. 

Under any major arterial occlusion, the collateral cir-
culation plays a key role and takes over the supply of that 
deficient vessel thereby reducing the risk of stroke or any 
occlusive diseases of brain. In such conditions, collateral cir-
culation will be more effective when there is a complete CW 
with the presence of anterior and PCoA. If any one of these 
vessels is absent or dysfunction, then collateral circulation 
will be impaired. In ICA occlusion circulation from the con-
tralateral ICA may be achieved by the presence of patent an-
terior communicating artery [34]. Collateral flow is enabled 
via the PCoA from the vertebra basilar system thereby aiding 
perfusion.

Hypoplastic PCoA should be the highly prioritized and 
monitored arteries in high risk group’s patients with brain 
tumours, trauma injuries and cardiovascular complications.

The PCoA, being the main conduit between internal ca-
rotid and vertebrobasilar arterial systems, any type of varia-
tion of its own and its related structures such as anterior 
communicating artery PCA or VA as observed in the present 
study can be a significant record for clinicians and neurosur-
geons intended to neurological procedures. 
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