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INTRODUCTION

Circle of Willis is a major source of blood sup-
ply of human brain. It is contributed by blood of both
the internal carotid arteries (ICA) and the vertebro-
basilar arterial system via anterior, middle and pos-
terior cerebral arteries. The cerebral part of ICA ter-
minates by dividing into anterior and middle cere-
bral arteries. The anterior cerebral arteries of the
two hemispheres are joined together by the ante-
rior communicating artery. Posteriorly, the basilar
artery divides into two posterior cerebral arteries at
the upper border of pons and each communicates
with the ipsilateral ICA by the posterior communi-
cating artery (PCA).1 The PCA actually is the collat-
eral channel between the two systems. When the

carotid and basilar arterial system are normal, the
pressure of both the streams will be equal in PCA
resulting in almost no mixture of blood. However, if
any of the system has a blockage of any degree,
blood will flow from the normal arterial system to
that with lower pressure via the communicating ar-
teries. So circle of Willis is an alternate route of blood
flow which acts as a safety mechanism, allowing
adequate blood supply to brain areas even when
blockage occurs in arterial system preventing a
cerebro-vascular accident. Though classical circle
described by Willis is complete and symmetrical,
later on it was found to be extremely variable in na-
ture.  Don F Schomer et al2 has found a definitive
correlation between narrow or absent PCA and ce-
rebral infarction in persons with internal carotid ar-
tery occlusion. V Papantchev et al3 has established
that if there is no blood flow through PCA, patient
may suffer from visual, endocrine or vegetative dis-
turbances, hemiballism, decrease level of con-
sciousness, impaired coordination, hemiplagia,
hemianasthesia etc in cases of disturbances of any
of those arterial system.  As per Defelice et al4 non-
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functioning PCA and idiopathic sudden hearing loss
has a strong correlation. So, study of the variability
of the PCA is essential both for academic and clini-
cal aspects since they have important influences on
the mode of presentation, plan of investigation and
plan of treatment of various neurological disorders.

MATERIAL AND METHODS

For present study a total number of 60 brains
were obtained from March 2009 to May 2011 via
routine dissection for 1st year MBBS class. The
brains were dissected from consecutive adult do-
nated cadavers from the Department of Anatomy of
two medical colleges, Mamata Medical College,
Khammam, A.P and Medical College, Kolkata, West
Bengal, India and were examined. After opening the
calvarias, dura was incised and brains were de-
tached at spinomedullary junction and preserved
in 10% formalin. The base of brain was cleaned by
removing the arachnoid and the component of Circle
of Willis was dissected out. The origin, course and
the termination of the PCA were noted and recorded.
The external diameter of the vessels was taken with
the help of divider and by the thread and scale. In-
dividual specimen was serially numbered and
photographs taken. Collected data was analyzed
in Microsoft excel software. Any specimen with evi-
dence of pathology or trauma of the brain and its
blood supplying vessels that may have affected the
topography of the arteries was excluded from the
study. The study was done by brain of male cadaver
alone, in order to control gender as one possible
confounding factor.

RESULTS

Out of 60 brain specimens, 23 (38.3%) of them
were having normal PCA in respect to its course
and diameter. In rest 37 specimens (61.6%) PCA
was either absent (bilateral, Fig.1 or unilateral, Fig.2)
or hypoplastic. The average diameter of the said
artery varied between 1.0 -1.5 mm. But in some
specimens the vessel was very narrow, diameter
being less than 0.5 mm, considered as hypoplastic
which might be bilateral (Fig.3) or unilateral (Fig.4).
The details of those are presented in table 1.

 In some unilateral aplastic and hypoplastic

Fig. 1: Red arrows indicate bilateral aplasia of PCA.

Fig.4: Red arrow indicates unilateral hypoplasia of
PCA, Green arrow indicates dilated PCA.

Fig. 2: Red arrow indicates unilateral aplasia of PCA,
Yellow arrow indicates normal PCA.

Fig. 3: Red arrows indicate bilateral hypoplasia of
PCA.

Table 1:  Incidences of variation of PCA in 60
cadavers brain specimens.

Nature of Aplasia Hypoplasia
variation (<0.5mm)

Num- Percent- Num- Percent-
ber age ber age

(n=60) (n=60)

Bilateral 10 16.6% 2 03.3%

Unilateral 13 21.6% 12 20.0%

Right Sided 8 13.3% 7 11.6%

Left Sided 5 08.3% 5 08.3%
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PCA cases the other side was found to be dilated
(diameter more than 1.5 mm). In one case where
PCA was bilaterally absent, middle cerebral artery
on the left side was having two roots while arising
from the ipsilateral ICA.

DISCUSSION

Circle of Willis is formed at the base of the
brain in order to preserve the cerebral perfusion well
enough to avoid the symptoms of ischemia in case
of blockage of any arterial system. Hence, aplasia
or narrowing of PCA does not lead to any symp-
toms if other component vessels of circle are nor-
mally functioning and that explains its presence in
otherwise normal persons. After occlusion (com-
plete or partial) of a cerebral artery or its branches,
it takes some hours to develop cerebral infarction.
As cerebral blood flow declines, different neuronal
dysfunctions appear at various thresholds. Symp-
toms of ischemia develop when blood flow decrease
to less than half of its normal 5. Normally infarction
is avoided by the opening of the anastomotic chan-
nels within that time. When blood flow is quickly
restored, brain tissue can recover fully and symp-
toms are only transient, called TIA (Transient Is-
chemic Attack).6 Sometimes an adjustment time is

required for collateral vessels to establish a proper
circulation that can support the normal function of
the supplying area. With increasing blood flow
through them, these communicating arteries will
gradually enlarge. Hence existence of previous vas-
cular occlusion and anomalies of vascular arrange-
ment must influence the outcome.7 The occipital
lobe, supplied mainly by the posterior cerebral ar-
tery naturally will suffer the most in aplasia or hypo-
plasia of PCA, as this will not take place when
vertebro-basilar or carotid arterial system develops
a blockage or a narrowing. Papantchev et al 3 had
studied Willis circle amongst 112 cadavers and clas-
sified it into 6 types. They further established that
the site of arterial obstruction varies in different
types. According to them type Ia or hypoplastic PCA
was 27.3% cases. In 2007, Kapoor et al 8 found apla-
sia of PCA in 1% and hypoplasia in 13.2% which is
widely varied from our study report. Comparison of
the findings of different workers with that of ours
has been placed in table 2.

Though percentage of aplasia of PCA varied
widely as evident from table 2, but in all the inci-
dence of unilateral aplasia is more than that of bilat-
eral ones. To define hypoplasia of the said artery
various authors used different measurement. Ves-

Table 2:  Comparison of findings of variation of PCA in 60 cadavers brain specimens.

Aplasia (%)  Hypoplasia (%)

No of total
Researchers cadavers Unilateral Bilateral Unilateral Bilateral

studied

Present study 60 21.6% 16.6% 20.0% 3.3%

Windle9(1887) 200 11% 1.5% 21.5% 3.5%

B. Efterkhar10  (2006) 102 7% 3% 27% 33%

Ardakani11 (2008) 30 19.9% - 43.3% -

Table 3: Comparison of incidences of hypoplasia of PCA in 60 cadavers brain specimens.

Year No Diameter of PCA

Method of study 0.5mm 0.8mm 1mm

Present study 2011 60 cadaveric 23.3%

Fatter & Moran16 1941 ……. cadaveric 23%

P. Merkkola et al17 2006 87 Cadaveric (angiography) 14%

Sylvia Kamath15 1981 100 cadaveric 10%

Krabbe-Hartkamp et al12 1998 150 3D-TOF MR  Angiography 28%

Hoksbergen et al13 2003 50  3D- TOF MR Angiography 29%

Windle9 1987 200 cadaveric 25%

V. Papantchev et al3 2007 112 cadaveric 30%
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sel with diameter <1mm has been classified as hy-
poplastic by various morphometric studies.9-11 Ra-
diological studies by 3DTFMR angiography has
considered hypoplasia if the diameter of the vessel
is less than 0.8mm.12-13 Hoksbergen et al14 have
described that the threshold diameter for supplying
collateral flow is even smaller, namely between
0.4mm - 0.6mm by their color –coded duplex ultra-
sonography. We have taken 0.5 mm as the cut off
limit following that of Kamath.15 Findings of different
workers utilizing different measurements to define
the hypoplastic vessel have been placed in table 3.

Table 3 shows that, if 1mm (vessel diameter)
is taken as a cut off limit for hypoplasia almost one
fourth of the brain specimens become hypoplastic.
Researchers who utilized 0.5mm as the upper limit
of hypoplasia have found almost similar incidences,
though it varied in between them a bit. The differ-
ence might be due to technical or racial reasons.
Aplasia and hypoplasia has been found on both the
sides, more common on the right side as per all the
previous studies which matches ours (Table 4).

Embryological explanation

CONCLUSION
Our study shows a wide variability in the pos-

terior arterial component of the circle of Willis. Ab-
sence and significant hypoplasia in a considerable
number of cases have various clinical importances.
Exact knowledge of the variation of posterior com-
municating artery is essential not only to explain vari-
ous neurological symptoms but also for successful
micro-vascular surgery in this region.
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