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Morphological Variation of Circle of Willis in
Nepalese Population: A 3D Time-of-Flight Magnetic
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ABSTRACT:

Introduction: The Circle of Willis (COW) is an anatomic ring of vessels located at the base of brain
connecting the anterior and posterior circulation by uniting the internal carotid and vertebrobasilar systems to
maintain an adequate cerebral perfusion. The importance of a detailed information of the COW morphology
and integrity in any patient cannot be overemphasized, especially for neuro-physicians, neurosurgeons and
interventional neuroradiologists who are considering intervention to the intracranial arteries. This study
was conducted to study the variation of COW among Nepalese population and compare the results with
those of other nationalities. Methods: It was a prospective cross-sectional study performed using a 1.5
Tesla MRI machine. Complete anatomical assessment of the COW was done. The anterior and posterior
components of COW were defined as per the standard literature and evaluated in detail. Results: A total
of 118 patients were studied during the period out of which 75 (63.6%) were males and 43 (36.4%) were
females. A morphologically normal COW configuration was found only in 55 (46.6%) cases whereas a
variant configuration was present in 63 (53.4%) cases. The most common variation was noted in the PCOM
which was present in 42 (67%) cases. The most common single variation in abnormal COW configuration
was absent right PCOM. Conclusion: The morphologic variation of the COW is more common than the
normal textbook configuration in Nepalese population, PCOM being the most commonly involved vessel.
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INTRODUCTION:

of arterial incompetency such as cerebrovascular
disease. Moreover, its ability to redistribute
blood flow depends upon its morphology. Various
studies have found considerable variation in the
morphology of COW in healthy individuals and
individuals of different ethnicity. The importance of
a detailed information of the COW morphology and
integrity in any patient cannot be overemphasized,
especially for neurophysicians, neurosurgeons
and interventional neuroradiologists who are
considering intervention to the intracranial arteries.
Most of the previous studies were based on cadaver
studies. In fact it was Sir Thomas Willis, an English
physician who provided a complete description
and illustration of cerebral vascular anatomy and
its physiological significance as early as 1664.[3]

The Circle of Willis (COW) is an anatomic
ring of vessels located at the base of brain
connecting the anterior and posterior circulation
by uniting the internal carotid and vertebrobasilar
systems to maintain an adequate cerebral perfusion.
[1,2] It has two distinct components namely the
anterior and posterior components. It provides
collateral flow to the brain especially in situations
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With the advent of modern imaging technologies
like computed tomographic angiography (CTA)
and magnetic resonance angiography (MRA),
significant progress has been made in the imaging
of COW with unparalleled details. Though Digital
Subtraction Angiography (DSA) is the gold standard
of angiographic evaluation, studies have found that
Time of Flight (TOF) MRA gives comparable results
to DSA for evaluation of COW.[4] Although CTA
is an excellent imaging modality, MRA has certain
advantages over CTA in that besides being a non-
invasive method, there is no radiological hazard and
no intravenous contrast agent is required when using
the TOF sequence. Unfortunately very few studies,
if at all any, have been done on the morphologic
variation of COW based on Nepalese population. So
this study was conducted to study the variation of
COW among Nepalese population and compare the
results with those of other nationalities.

METHODS:

Study population:

It was a prospective cross-sectional study
based on convenience sampling, comprising of the
patients coming to the Magnetic Resonance Imaging
(MRI) unit of department of Radiodiagnosis and
Imaging, Lumbini Medical College and Teaching
Hospital (LMC-TH) for MRI brain and MRA. The
study after being approved by review committee
of LMC (IRC-LMC 012-C/019), was done over a
period of 12 months from May 2019 to April 2020.
Patients with history of brain surgery or trauma,
previously known or newly diagnosed brain tumors,
cerebrovascular disease, vascular malformation
or any other significant cerebral pathology were
excluded from the study.

Imaging and evaluation:

The MRI examinations were performed
using a 1.5 Tesla MRI MAGNETOM Sempra with
Tim+Dot System (Siemens company, Germany)
by a qualified technician. Data acquisition using
TOF was done with the following parameters: TR
27 milliseconds (ms), TE 7 ms, Slice thickness 0.6
mm, Flip angle 25 degrees, Matrix size 256x228.
The post processing of the images was done by
maximum intensity projection (MIP). Complete
anatomical assessment of the COW was done on
Osirix® workstation. The anterior and posterior
components of COW were defined as per the
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standard literature and evaluated in detail. Vessel
with a minimum transverse diameter of 0.8 mm
and seen as a continuous segment was classified as
normal whereas any vessel less than 0.8 mm was
considered to be hypoplastic.[5,6] Non-visualization
or discontinuous vessel was considered absent. The
anteriorcomponentof COW includesbilateral internal
carotid artery (ICA), A1 segment of bilateral anterior
cerebral artery (ACA) and anterior communicating
artery (ACOM). Similarly the posterior component
includes posterior communicating artery (PCOM),
P1 segment of bilateral posterior cerebral artery
(PCA) and the single basilar artery tip. When both
the anterior and posterior components formed a
complete ring, it was considered a complete circle.
However, when either the anterior or the posterior
component formed a complete circle, it was referred
to as a partially incomplete circle. It includes both
the hypoplastic and absent vessels. When none of the
components formed a complete circle it was termed
as an incomplete COW. The data were entered
and analyzed using Statistical Package for Social
Sciences (SPSS™) version 20. The descriptive
results were presented in terms of mean, standard
deviation, frequency and percentage.

RESULTS:

A total of 118 patients were studied during
the period out of which 75 (63.6%) were males and
43 (36.4%) were females. The age of the patients
ranged from 7 to 75 years with a mean age of 41.9
(+/- 17.5) years. A morphologically normal COW
configuration (Figure 1) was found only in 55
(46.6%) cases whereas a variant configuration was
present in 63 (53.4%) cases (Figures 2-5).

A total of 43 (57%) males and 12 (27%)
females had normal configuration. Complete COW
was noted in 60 (50.8%) patients, partially incomplete
COW in 55 (46.6%) and incomplete COW in three
(2.5%) patients. The most common variation was
noted in the PCOM including unilateral or bilateral
hypoplastic and absent vessel, which was present in
staggering 42 (67%) cases out of total 63 cases with
abnormal COW configuration. The most common
single variation in abnormal COW configuration
was absent right PCOM which was present in 16
(13.6%) cases as shown in the table below. The study
also showed that females were more likely to have a
variant configuration of COW as compared to males
{X?(df=1, N=118)=9.510, p=0.002}.
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Rt and Lt ACAs

Figure 4. Absent Left A1 (Arrow) and Hypoplastic
Left P1 (Arrow head).

Figure 5. Absent B/L PCOM (Arrows).

Table 1. Frequency of COW configuration.

Figure 2. Absent ACOM (Arrow) and B/L PCOM

(Arrowheads). COW variation g::i]ilgglgl)cy
Normal COW configuration 55 (46.6%)

Absent ACOM 7 (5.9%)

Hypoplastic right Al 9 (7.6%)

Hypoplastic left Al 2 (1.7%)

Duplicated right Al 1 (0.8%)

Duplicated left Al 2 (1.7%)

Hypoplastic right PCOM 6 (5.1%)

Hypoplastic left PCOM 5 (4.2%)

Hypoplastic B/L PCOM 3 (2.5%)
Absent right PCOM 16 (13.6%)

Absent left PCOM 3(2.5%)

Absent B/L PCOM 9 (7.6%)

Hypoplastic right P1 1 (0.8%)

. Hypoplastic left P1 1 (0.8%)

Figure 3: Duplicated Left AI (Arrow). g/r[ieggir?e?[i%rge;r}é r(;lf Kocrl())lisdcallosum 3(2.5%)

*In 14 (11.9%) cases, more than one variation was noted.
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DISCUSSION:

The Circle of Willis (COW) is an important
arterial anastomotic structure for adequate cerebral
perfusion, especially intimes of arterial incompetency
as evidenced by the fact that adequate collaterals
have been found to be associated with a lower risk
of hemispheric stroke and transient ischemic attack
(TTA) in severe carotid artery stenosis.[7] Moreover
a wide range of variations have been found in the
morphology and integrity of this collateral system
in different studies done in different parts of the
world. These variations are known to be associated
with occurrence, course, prognosis and outcome of
certain cerebrovascular diseases such as stroke and
aneurysms.

This study was conducted to see the anatomic
variations in COW in Nepalese population based
on TOF MRA. We noticed that a morphologically
normal textbook COW configuration was present in
less than half of the total cases, 46.6%. Of all the
components of COW, PCOM was noted to be the
most commonly involved vessel with absent right
PCOM being the single most common variation.
Quite similar to our findings, Naveen et al. in a
TOF MRA study in India found that 50% cases had
normal COW configuration with hypoplastic or
absent PCOM being the most common variation.
[8] Karatas et al. in a CTA based study in Turkey
found that only 28% had normal COW morphology
with PCOM hypoplasia and aplasia being the most
common variations.[9] Though the rate of abnormal
COW was significantly more than that in our study,
the finding that PCOM variation was the most
common was same as in our study. Gunnal et al.
found normal COW anatomy in 60 % cases with
PCOM variation being the most common.[10] This
observation was comparable to what we found in
our study. Zaninovich et al. found that a complete
COW configuration was present in only 37.1% cases
and PCOM was the most common artery to show
variations.[11] They also observed that there was a
statistically significant decrease in the completeness
of COW with increasing age in both the sexes. In
our study females were significantly more likely to
have a variant configuration of COW as compared to
males while no significant association of the variant
morphology with age was noted. A study based on
Egyptian population showed that a complete COW
was present in only 28% cases and again PCOM
variation was noted to be the most common.[12]
They also found that posterior circulation variation
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was more common (62%) as compared to anterior
circulation which was similar to our findings of
65% posterior circulation variation. Many other
studies have found that PCOM is the most common
component of COW to show variations albeit to a
varying degree.[13,14,15,16,17] Incomplete COW
configuration has been found to be associated with
future anterior circulation stroke in patients with
no prior cerebrovascular disease.[6] Our study
found three (2.5%) patients with incomplete COW
configuration. Timely advice regarding precautionary
measures can be helpful in such cases. There are few
innate limitations associated with MRA. When the
flow within the vessel is turbulent as in stenosis or
when it is slow, there can be signal loss because of
spin dephasing. Some high signal structures such as
subacute thrombus may be incorporated into MIP
images which may alter the COW morphology.

CONCLUSION:

The morphologic variation of the COW
is more common than the normal textbook
configuration in Nepalese population, PCOM being
the most commonly involved vessel. This finding
is roughly similar to many studies done in other
parts of the world. A larger population based and a
multicentric study is necessary to better establish the
normal pattern of COW morphology.
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