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Abstract

Objective: To establish reference range for the diameters of arteries forming the Circle of Willis
(CoW) and to correlate it with age.
Methods: This cross-sectional study was conducted at the Radiology Department from January to
July 2018. It comprises of patients referred for MR imaging of brain without any manifestation of cere-
brovascular diseases. Patients who were claustrophobic or had a history of atherosclerosis, vasculi-
tis, thrombus, aneurysm, arteriovenous malformation (AVM), intracranial tumour, diabetes and
hypertension were excluded. 300 individuals comprising both males and females with mean age of
45 ± 11.6 (years) were recruited via non-probability sampling technique. Three-dimensional Time of
Flight (TOF) Magnetic Resonance Angiography (MRA) was performed. Diameters of all component
vessels forming the Circle of Willis were measured.
Results: The diameter of the anterior cerebral, anterior communicating, internal carotid, posterior
communicating, posterior cerebral and basilar arteries were found to be 1.51 ± 0.28 mm, 1.05 ± 0.37
mm, 3.69 ± 0.23 mm, 1.10 ± 0.11 mm, 1.85 ± 0.23 mm, 3.00 ± 0.11 mm respectively. Spearman cor-
relation demonstrated that the diameters of the arteries were significantly correlated with age in differ-
ent ways. Significant moderate positive correlations of internal carotid and basilar artery diameters
were seen with age. Significant weak negative correlations were seen in anterior and posterior cere-
bral arteries. Significant very weak negative correlations were seen in anterior and posterior commu-
nicating artery diameters and age.
Conclusion: The normal reference values for vessels diameter of CoW were determined in general
population living in Karachi. Diameter of the arteries showed statistically significant correlation with
age in different ways. Knowledge of calibre of the arteries is helpful in cerebrovascular surgeries and
radiological neuro interventions.
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Introduction

With the advent of minimal invasive surgeries

and radiological neuro-interventions, the knowledge
of morphology and morphometry of cerebral vascu-
lature at the base of brain, commonly known as

the Circle of Willis (CoW) is essential for radiolo-

gists and neurosurgeons while performing various di-
agnostic and interventional procedures. A surgeon's
assessment of the feasibility of shunt installation re-

quires a thorough prior knowledge of the normal
size and calibre of these vessels1. Previous studies
have shown that cerebral vasculature shows consid-

erable variations in its morphology as well as in the
luminal diameters of the arteries. Vessels generally
vary in calibre and are may be hypoplastic (diam-

eter less than 0.7 mm) or aplastic2-4. In diagnosis
and management of cerebrovascular accidents, TIA
and haemorrhagic stroke awareness about these
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variations plays a critical role and may help in sur-

gical planning5,6.

The brain is supplied by anterior and posterior

circulations, formed by vessels of the 'circle of
Willis' named after Dr. Thomas Willis who first de-
scribed its anatomical and physiological signifi-

cance7. The CoW lies in the interpeduncular fossa
and is formed by right and left internal carotid arter-
ies (ICA), each of which branches to give anterior

cerebral arteries (ACA). The two right and left ACAs
communicate via anterior communicating artery
(AComA) thereby forming anterior circulation, sup-

plying blood to anterior part of the brain8. The pos-
terior circulation is formed by the basilar artery,
which branches to form right and left posterior cere-

bral arteries (PCA), supplying blood to the posterior
part of the brain. The anterior and posterior circula-
tions are connected to each other via a thin thread-

like posterior communicating artery (PComA) which
is a branch of ICA9.

Anterior cerebral artery is divided into an "A1

segment" - from its origin at the internal carotid till
the junction with the anterior communicating artery
and an "A2 segment" -the course distal to the junc-

tion with the anterior communicating artery. Like-
wise, the posterior cerebral artery is divided into a
"P1 segment" - from the bifurcation of the basilar

artery to the junction with the posterior communi-
cating artery and a "P2 segment" - from the  junc-
tion with the posterior communicating artery to the

portion in the perimesencephalic cistern10.

 The calibre of the posterior communicating ar-

tery is smaller than that of the posterior cerebral ar-
tery. An inverse relation exists between the calibre
of PCA and PCoMA which ensures better supply to

hindbrain. Previous studies have shown variations in
the calibre of two arteries. It is essential to have
knowledge of such variations as any thrombotic

material arising from the internal carotid artery can
go to the P2 segment of PCA via the larger calibre
of the PCoMA11.

The circle of Willis provides an essential path-
way to maintain collateral flow which becomes ex-

tremely significant in cases of vessel occlusion due

to atherosclerosis and thrombosis. The PComA and
AComA play a crucial role in establishment of col-
lateral circulation. Imaging techniques like magnetic

resonance angiography (MRA), cranial tomography
angiography (CTA) and Transcranial coded duplex
ultrasound (TCCD) has enabled the radiologists to

accurately assess the hemodynamic and morpho-
logical information of individual vessels12. Amongst
these, MRA is a non-invasive technique which with-

out using ionizing radiations is not only used to as-
sess abnormalities in the cerebral arterial blood
vessels, but is also capable of visualizing and cali-

brating smaller blood vessels with high quality im-
ages13. This is widely used to study brainvessels,
as it does not require contrast injection. MRA con-

firms the anatomical variations of COW, which may
provide basis for future prognosis and treatment of
cerebrovascular diseases14. 3D TOF MRA improves

the contrast between flowing blood and stationary
effect of blood flow allowing smaller blood vessels
to be visualized easily. The imaging principle of

MRA is to detect blood flow influenced by the diam-
eters of blood vessels. TOF MRA can detect
smaller blood vessels with diameter as small as

0.7mm15. The use of high tesla MRA machines
yields high quality images with better details allow-
ing for the study of smaller vessels16. Due to these

qualities, MRA is considered as a superior modality
amongst rest of the imaging techniques.

The present study was conducted to determine
the diameter of the vessels of CoW using 3D TOF
MRA and to correlate it with age.

Subjects and Methods

This was a cross-sectional study carried out at

the Radiology from January to July 2018. Sample
size was calculated by using WHO sample size
calculator keeping confidence interval at 95% and

bound of error at 6%. A total of 300 participants
were recruited by using non-probability convenience
sampling technique. It included 177 males and 123

females of ages between 20 to 60 years, without
any known cerebrovascular disease. Primarily in-
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cluded were those referred with complaints of head-
ache, epilepsy or metastasis. Patients who were

claustrophobic or had a history of atherosclerosis,
vasculitis, thrombus, aneurysm, AVM, intracranial
tumour, diabetes and hypertension were excluded.

The study was initiated after approval from the
Ethics Review Committee. Informed written consent

was obtained from every participant. 3D TOF MRA
brain were taken using spoiled gradient recalled ac-
quisition (SPGR) sequence on 1.5 high Tesla MR

scanner (Avento, Siemens Germany). MRA exami-
nation was performed with standard head coil. MRA
protocol consisted of non-contrast 3D TOF

transaxial acquisition used for examination of all pa-
tients. All component vessels of the CoW were ac-
cessed on maximum intensity projection MIP, as

well as TOF source images on workstation (Fig. 1).
Diameters of the arteries were measured after
proper magnification and were measured as follows:

Internal carotid arteries (ICA) in the cavernous seg-
ment; A1 (anterior cerebral artery first segment); P1
(posterior cerebral artery first segment) in the first

cm segment; basilar arteries just inferior to where it
gives a branch to the superior cerebellar artery.
Posterior communicating artery (PCoA) where it

arises from ICA.

Data was analysed on SPSS version 20.
Quantitative data is given in mean and standard de-

viation. As the collected data was unequally distrib-
uted, Spearman correlation was used to correlate
age with arterial diameter. In all analysis, a p-value

of <0.05 was considered to be significant.

Results

Out of 300 individuals, 59% (177) were males
and 41% (123) were females with mean age 45.07

± 11.06 ranging from 20 to 60 years. Mean diam-
eter of paired arteries was taken.The mean diam-
eter of different components of CoW was found to

be as follows: ACA 1.51 ± 0.28 mm, ACoMA 1.05 ±
0.37 mm, ICA 3.69 ± 0.23 mm, PCoMA 1.10 ± 0.11
mm, PCA 1.85 ± 0.23 mm, BA 3.00 ± 0.11 mm

(Table 1). By using Spearman correlation, a signifi-

cant weak negative correlation was seen between

the mean diameter of anterior cerebral artery and
age  (r= -0.415, p= 0.001). A significant very weak
negative correlation was observed between the

mean diameter of AComA and age (r= -0.156, p=
0.032). A significant moderate positive correlation
was seen between mean diameter of ICA and age

(r= 0.680, p= 0.001). A significant very weak nega-
tive correlation was seen between mean diameter of
PComA and age (r= -0.258, p= 0.038). A significant

weak negative correlation was seen between mean
diameter of PCA and age (r= 0.528, p= 0.001). A
significant moderate positive correlation was seen

between mean diameter of BA and age (r= 0.679,
p= 0.001). These have been shown in Figure 2.

Discussion

Many studies have been published on ana-

tomical variations of component vessels of CoW re-
garding their formation, patency and calibre of the
vessels in different populations. These variations in

diameter of the vessels could be due to hemody-
namic and ageing factors such as blood pressure
and loss of elasticity of vessel wall17. Knowledge of

such variations are important in specific populations
as these are required for many radiological neuro-
interventions and surgical procedures like AVM em-

bolization, microsurgical clipping and in cases of
tumour excision18. Present study was conducted to
establish a reference range of the diameters of dif-

ferent vessels of CoW for our set of population.

In our study diameter of ACA was found to be
1.51 ± 0.28 mm. This is comparable to the results

reported by Yeniçeri et al19 MRA based study from
Turkey showing ACA diameter as 1.58 to 1.6 mm.
However, cadaveric studies from Turkey20 and India5

have reported a diameter of 1.8 ± 0.48 mm and 2.8
± 0.09 mm respectively which differs from our re-
sults. MRA based studies from Australia21 and Bra-

zil22 also showed a higher value of ACA diameter
than ours.

AComA is an important communicating chan-
nel between right and left ACAs. In our study,
AComA diameter was found to be 1.05 ± 0.37 mm.
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When we compared our results with data from previ-
ous studies a larger diameter was observed in other
populations. In cadaveric studies by Gunnal et alin

Indian population and by Karatas et al in Turkish
population, it was found to be 1.7 ± 0.08 mm and
1.43 ± 0.60 mm respectively. One of the reasons

for the differences in diameters observed above
could be due to the fact that MRA is more accurate
as compared to cadaveric study.

ICA diameter in our population was found to be
3.69 ± 0.23 mm which is comparable to that of

acadaveric study from Turkey (3.59 ± 0.65mm).We
could not find any MRA based study showing com-
parable ICA diameter. However, larger diameters of

ICA have been reported by different MRA based
studies El-Barhoun et al from Australia (4.5 mm),
and Yeniceri et al from Turkey (4.24 mm). Larger

diameter of ICA has also been reported by cadav-

eric study by Gunnal et al from India (4.9 ± 0.07

mm). This suggests that diameter of arteries varies
from population to population.

In initial stages of development, all segments
of CoW have equal diameters but with growth and
increasing functional demands of the occipital lobe

the, PCA or PCoMA may increase or decrease its
size according to hemodynamic conditions23.

PComA provides important anastomosing

channel between anterior and posterior circulations.
Its diameter in our study was found to be 1.10 ±
0.11 mm which is in agreement with the results of

Yeniceri et al who have reported the diameter of
PComA as 1.12 mm Whereas Gunnal et al and
Sandhya et al24 have reported significantly higher

values of PComA diameter.

PCA diameter in our study was found to be

1.85 ± 0.23 mm which is comparable to the results
of two Turkish studies by Yeniceri et al (MRA
study) and karatas et al (cadaveric study).However

El-barhoun et al from Australia (MRA study), Stefani
et al from Brazil (MRA study) and Gunnal et al from
India (cadaveric study) have reported a larger PCA

diameter than ours.

We report BA diameter as 3.0 ± 0.11mm
which is more or less similar to that reported by El-

barhoun et al (3.1 mm) and Stefani et al (2.9 ± 0.09
mm). Our observations differ from those of Karatas
et al, Gunnal et al and Yeniceri et al who found the

diameter of BA as 3.6 ± 0.65 mm, 4.9 ± 0.06 mm,
and 2.8 mm respectively.
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Table 1. Mean arterial diameter of different arteries of CoW and their correlation with age

Variables N Mean Std. Deviation Correlation co- efficient (with age) p-value

Age (Years) 300 45.07 11.63 1.00

ACA Diameter (mm) 300 1.51 0.28 -0.41 0.00*

AComA Diameter (mm) 300 1.05 0.37 -0.15 0.01*

ICA Diameter (mm) 300 3.60 0.23 0.68 0.00*

PComA Diameter (mm) 300 1.10 0.11 -0.25 0.00*

PCA Diameter (mm) 300 1.85 0.23 -0.52 0.00*

Basilar Diameter (mm) 300 3.00 0.11 0.67 0.00*

N; number of participants, ACA; Anterior cerebral arteries, AComA; Anterior communicating artery, ICA; Internal carotid artery, PComA; Posterior

communicating artery, PCA; Posterior cerebral artery, *p-value;   0.05 is considered significant

Fig 1. MRA showing the vessels of the circle of willis

<

<
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Wide range of variations in different populations
could be due to genetic, regional, embryological or

combination of these factors and needs further re-
search. One of the reasons for the differences in lu-
minal diameters observed above could be because

of the difference in cadaveric and imaging studies.
In the presence of adequate blood pressure and
blood flow, the arterial wall distends in imaging

techniques whereas in autopsy based studies nor-
mal anatomy is distorted as a result of post-
mortem changes. In cadaveric studies diameters

are measured externally with vernier caliper

whereas in imaging studies luminal diameters are
measured which is more accurate25.

From these studies, it has been demonstrated
that the calibres of different arteries forming the

CoW differs in different populations. These varia-
tions could also be due to the methods and tech-
niques such as anatomic dissections versus MR

angiography. Moreover, this could also be due to
selection of study population (studies performed in
normal brains versus those of diseased ones). Fi-

nally, this could also be due to variations in the
ages of the selected candidates.

Variation in Calibre of Arteries of Circle of Willis with Age: An MRA Based Study

Fig 2. Scatter plot representing correlation of diameter of vessels of circle of willis with age.

Scatter plots showing correlation between mean diameters of arteries of CoW with age. A) Showing a significant weak negative correlation
between the mean diameter of  Anterior cerebral artery and age (r = -0.415, p=0.001) B) Showing significant very weak negative corre-
lation between the mean diameter of AComA and age (r -0.156, p= 0.032), C) Showing significant moderate positive correlation between
mean diameter of ICA and age (r=0.680, p= 0.001), D) Showing significant very weak negative correlation between mean diameter of
PComA and age (r= -0.258, p= 0.038), E) Showing significant weak negative correlation between mean diameter of  PCA and age (r=
0.528, p= 0.001), F) Showing significant moderate positive correlation between mean diameter of BA and age (r=0.679, p= 0.001)
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It was also observed that the average diameter

of the centripetal arteries (the right and left ICA and
BA) were larger and tends to increase with age
whereas the centrifugal arteries (ACA, PComA and

PCA) were smaller. This could be due to compen-
satory enlargement in aged people because of re-
duced cardiac output and decreased elasticity with

age. Knowledge of diameter of these arteries is re-
quired for the feasibility of shunt operations.

Conclusion

It is concluded that the mean diameter of dif-

ferent vessels of CoW varies significantly with age.
A significant moderate positive correlation was seen
between mean diameters of the centripetal arteries

(ICA and BA) with age. A significant weak negative
correlation was observed between mean diameters
of the centrifugal vessels of CoW with age. Knowl-

edge of such variations is critical for
neurosurgeons, as well as for neuro-interventional
radiologists.
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