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ABSTRACT

Introduction: Variation in Circle of Willis is a commonly encountered entity in patients undergoing
Computed Tomography angiography, identification of which is crucial in management of patients
with vascular pathologies. The aim of the study was to find out the anatomical variations in Circle
of Willis in patients undergoing Computed Tomography cerebral angiography in a tertiary hospital
in Nepal.

Methods: This is a descriptive cross-sectional study involving 95 patients using convenient sampling
techniques who were sent to the Department of Radiology and Imaging, Tribhuvan University
Teaching hospital, for further evaluation of suspected vascular pathologies in the brain from April
2017 to September 2017. Ethical approval was taken from the Institutional Review Committee of
the Institute of Medicine with reference number 326 (6-11-E). CT angiographic images of these
patients were evaluated for presence of variations in Circle of Willis, aneurysms and other vascular
pathologies. Data were analysed using SPSS.

Results: Among 95 subjects included in the study, the anatomical variations in the arteries of Circle
of Willis was seen in 52 (54.7%) patients, hypoplastic posterior communicating artery being the most
common variation 33 (34.7%). Aneurysm was seen in 22 (23.2%) of cases.

Conclusions: CT Angiography is commonly performed imaging modality for suspected cases of
cerebral aneurysms and various other vascular pathologies. Multidetector computed tomography
can effectively detect variations in arteries of Circle of Willis, recognition of which is crucial in
operative management of vascular pathologies.
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INTRODUCTION

A classic arterial Circle of Willis (CoW) is bilaterally
symmetrical and a complete ring of vessels but
variations in this typical configuration is often seen.’
Status of the circle is crucial in determining the
adequacy of the brain circulation during management
of cerebral aneurysms and other vascular diseases.’

Digital subtraction angiography (DSA) remains the
gold standard for detection of intracranial vascular
variations and anomalies, however, Computed
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Tomography (CT) cerebral angiography high sensitivity
and specificity of 81% - 90% and 93%, respectively.?
Also computed tomography angiography (CTA) is
less invasive and is less time consuming compared
to DSA.® Furthermore radiation exposure in imaging
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the cerebral vessels is significantly lower for CTA (0.67
mSyv for CTA compared to 2.71 mSv for DSA).*

In this study, we aimed to determine the anatomic
variations of CoW seen among the patients undergoing
CT cerebral angiography in a tertiary hospital.

METHODS

This was a descriptive cross-sectional study done in
Tribhuvan University Teaching Hospital (TUTH) from
April 2017 to September 2017. Ethical approval was
taken from the Institutional Review Committee of the
Institute of Medicine with reference number 326 (6-11-
E).

The sample size was calculated using the following
formula:
n=22xpx(1-p)/e?
=(1.96)?> x 0.65 x 0.35/(0.15)?
=92
Where,
n= required sample size,
Z=1.96 for Confidence Interval at 95%,
p= Prevalence, 65% (educated guess)
e= margin of error as 15%

Hence, we took a total of 95 patients using a convenient
method of non-probability sampling.

The patients who were referred to the Department
of Radiology and Imaging of TUTH for obtaining CT
cerebral angiography were the study population.
The CTA was performed using Siemens Somatom
Definition AS+ 128 slice Multidetector Computed
Tomography (MDCT) scanner of the Department of
Radiology and Imaging. Study participants included
all patients undergoing CT cerebral angiography in
study period in TUTH for various indications. Patients
who were not willing to participate in study, pregnant
ladies and employees of TUTH were excluded in the
study.

Data was collected in pre designed proforma in
Microsoft Excel spreadsheet.

Informed written consent was taken from patients
meeting the inclusion criteria.

All patients were scanned in a 128 slice MDCT scanner
using standard imaging parameters of the department.

The CTA performed was evaluated. Multiplanar
reconstruction images as well as 3D reformatted
images in maximum intensity projections and volume
rendering techniques were used for evaluation.

Completeness of arterial CoW, any variations in its
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arteries and any vascular pathologies seen in the
images were recorded and evaluated.

Data were analysed using SPSS.

RESULTS

Among 95 subjects included in the study, the
anatomical variations in the Circle of Willis in patients
undergoing CT cerebral angiography in a tertiary
hospital was seen to be 52 (54.7%) while 43 (45.3%)
did not show any variations. Out of the 52 cases which
showed variations in CoW, variation was seen in
single artery in 24 cases while the remaining 28 cases
showed variations in multiple arteries.

Most common variation was hypoplastic posterior
communicating artery (PCom) accounting for
approximately one third of the population group 33
(34.7%) followed by fetal origin of posterior cerebral
artery (PCA) 8 (8.4%). Least common variations seen
were bihemispheric A2 segment of anterior cerebral
artery (ACA), azygous ACA and hypoplastic anterior
communicating artery (ACom) seen in one case each
1(1.05%) (Table 1).

Table 1. Variations in Circle of Willis

Type of Variation n (%)
Hypoplasia of PCom 33 (34.7)
Aplasia of PCom 7 (7.4)
Fetal origin of PCA 8 (8.4)
Hypoplastic A1 segment of ACA 4(4.2)
Bihemispheric A2 segment of ACA 1 (1.05)
Azygous ACA 1(1.05)
Hypoplastic ACom 1 (1.05)

Mean age of the sample population was 50 years
(range: 7 to 85 years). Age groups of 50 to 60 years
accounted for maximum number of cases i.e 24
(25.2%). Age groups less than 10 years accounted for
the least number of cases. There was a slightly higher
number of males in study 50 (52.6%) compared to
females 45 (47.4%).

Most common indication for CTA in the study
was for the evaluation of SAH 23 (24.2%) followed
by persistent severe headache 21 (22.1%). Other
indications included cases of intraparenchymal bleed
14 (14.7%), ischemic stroke 17 (17.9%), internal carotid
artery (ICA) thrombosis 3 (3%), dizziness 7 (7%), post-
operative cases 7 (7%) and extracranial arteriovenous
malformation (AVM) 3 (3%).

Aneurysm was seen in 22 cases (Table 2). Apart from
one case, all the aneurysms were seen in a single
artery. One case showed two aneurysms, one in ACom
and one in left ACA bifurcation.

Besides aneurysm, 6 cases of AVM (3 intracranial and
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3 extracranial) as well as 6 cases of occlusion of ICA
were seen.

Table 2. Sites of aneurysm

SiSite of aneurysm n (%)
ACom 5 (22.73)
PCom 2 (9.09)
MCA bifurcation 5(22.73)
Supraclinoid ICA 7 (31.82)
ACA bifurcation 1 (4.55)
P3 segment of PCA 1 (4.55)
PICA 1 (4.55)
Total 22 (100)

DISCUSSION

Variation in arteries of CoW is common. Recognition
of variation is important for neurosurgeons in surgical
planning of patients with cerebral vascular pathologies
including aneurysms. Though DSA is the goal standard
in evaluation of patients with vascular pathologies and
for demonstration of cerebral vascular variations, CTA
is commonly performed due to its less invasiveness
and its ability to provide 3D representation of cerebral
vasculature as well as vascular pathologies with high
accuracy.

In our study, 54.7% of cases showed the presence of
variation in arterial circle of Willis which is comparable
to cadaveric study done by S Igbal in which 52% of
cases showed variations.” However, in a DSA based
study done in 124 cases by Joshi et al, 40% of the cases
showed the presence of variations which is slightly
lower compared to results of our study.®

In a study done by Hamidi et al in which 500 patients
who underwent MDCT, hypoplastic PCom was the
most common variation seen in 34.8% of cases which
was similar to our study in which hypoplasia of PCom
was also the most common variation seen in 34.7% of
cases. However, there were more bilateral PCom (20%
vs 14.2%) and fewer unilateral PCom cases (14.7%
vs 20.6%) in our study than in study by Hamidi et al.®
In a study done by Eftekhar et al on 102 cadavers,
hypoplasia of PCom was seen in 60% of cases, 33%
bilaterally and 27% unilaterally, which was higher than
in our study.”

Second most common variation seen in our study
was fetal origin of PCA which was similar to study by
Hamidi et al. However, in our study, fetal origin of PCA
was observed in 8.4% of cases (1 case bilateral) which
was lower than in a study by Hamidi et al, in which it
was seen in 19.4% of cases.® Fetal origin of PCA was
even more frequently seen (23.3%) in a study by Kovac
et al in 455 patients undergoing MDCT. &

Aplasia of PCom was seen in 7.4% cases in our study,
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4.2% being bilateral and 3.2% unilateral. It was similar
to findings in study by Eftekhar et al and S Igbal.
Aplastic Pcom was seen in 10% of cases in a study by
Eftekhar et al (7% unilateral and 3% bilateral). It was
seen in 6% of cases in a cadaveric study done by S
Igbal”

Hypoplastic AT segment of ACA was seen in 4.2% of
cases in our study which was less than the results in
study by Hamidi et al (16.4%) and Kovac et al (17.6%).
However, it was higher than the results seen in study
by Eftekhar et al (1% cases).5®

Least common variations seen in our study were
bihemispheric A2 segment of ACA, Azygous ACA
and Hypoplastic ACom which were seen in 1 case
each in our study (1.05% each) which also showed
lower incidence in studies by Hamidi et al. and Kovac
et al. Bihemispheric and azygous ACA were seen in
equal frequency (1.8% each) in study by Hamidi et al.
Bihemispheric and azygous ACA were seen in 0.9%
and 1.5% of total cases respectively in study by Kovac
et al. Presence of hypoplastic ACom was however not
reported in these studies.

Aplasia of A1 seen in 5.2% of cases in study by Hamidi
et al. and 0.4% of cases in study by Kovac et al, was
however, not seen in our study which was also not
reported in study by Eftekhar et al.®®

The findings of our study cannot be generalized to the
whole population of Nepal as this study was conducted
in a single hospital.

CONCLUSIONS

MDCT cerebral angiography is commonly performed
imaging modality for evaluation of patients with
suspected vascular pathology in the brain. Anatomical
variation of CoW is commonly encountered finding
in patients being evaluated for cerebral vascular
pathology. Multidetector computed tomography
(MDCT) can often detect variations in arteries of
CoW, recognition of which is crucial in operative
management of vascular pathologies. Further studies
with multicenter involvement is recommended to
come to a more robust conclusion.

ACKNOWLEDGEMENTS

We would like to thank the technologists of the CT
department who helped us by performing the scans
according to the protocol of the department. We also
like to thank our Head of Department, Professor Dr.
Benu Lohani for allowing us to do this study in the
department as well as the Institutional review board
of Institute of Medicine for accepting our research
proposal.

Conflict of Interest: None.

1067

DECEMBER 2020

Free Full Text Articles are Available at www.jnma.com.np




Dhakal et al. Anatomical Variations in Circle of Willis in Patients Undergoing CT Cerebral Angiography...

REFERENCES

1.

1068

Igbal S. A comprehensive study of the anatomical variations
of the circle of Willis in adult human brains. ] Clin Diagn Res.
2013 Nov;7(11):2423-7. [PubMed | Full Text | DOI]

Dimmick SJ, Faulder KC. Normal variants of the cerebral
circulation at multidetector CT angiography. Radiographics.
Jul-Aug 2009;29(4):1027-43. [PubMed | Full Text | DOI]

Dammert S, Krings T, Moller-Hartmann W, Ueffing E, Hans
FJ, Willmes K et al. Detection of intracranial aneurysms with
multislice CT: comparison with conventional angiography.
Neuroradiology. 2004 Jun;46(6):427-34. [PubMed | Full Text
| DO

Manninen A-L, Isokangas J-M, Karttunen A, Siniluoto
T, Nieminen MT. A comparison of radiation exposure
between diagnostic CTA and DSA examinations of cerebral
and cervicocerebral vessels. Am ] Neuroradiol. 2012
Dec;33(11):2038-42. [PubMed | Full Text | DOI]

Joshi RM, Ghimire RK, Devkota UP, Gongle DN. Association
of Normal Variation of Circle of Willis with site of Cerebral
Aneurysm. Nepal Journal of Neuroscience. 2014;11(1). [Full
Text]

JNMA | VOL 58

6.

10.

ISSUE 232

Hamidi C, Bukte Y, Hattapoglu S, Ekici F, Tekbas G, Onder
H et al. Display with 64-detector MDCT angiography
of cerebral vascular variations. Surg Radiol Anat. 2013
Oct;35(8):729-36. [PubMed | Full Text | DOI]

Eftekhar B, Dadmehr M, Ansari S, Ghodsi M, Nazparvar
B, Ketabchi E. Are the distributions of variations of circle
of Willis different in different populations? - Results of an
anatomical study and review of literature. BMC Neurol. 2006
Jun 24;6:22. [PubMed | Full Text | DOI]

Kovac JD, Stankovic A, Stankovic D, Kovac B, Saranovic D.
Intracranial arterial variations: a comprehensive evaluation
using CT angiography. Med Sci Monit.2014;20:420-7. [Full
Text | DOI]

Ogawa T , Okudera T, Noguchi K, Sasaki N, Inugami A,
Uemura K, Yasui N. Cerebral aneurysms: evaluation with
three-dimensional CT angiography. Am ] Neuroradiol. 1996
Mar;17(3):447-54. [PubMed | Full Text]

Korogi Y, Takahashi M, Katada K, Ogura Y, Hasuo K,
Ochi M et al. Intracranial aneurysms: Detection with
three-dimensional CT Angiography with volume rendering
- comparison with conventional angiographic and surgical
findings. Radiology. 1999;211(2):497-506. [Full Text | DOI]

DECEMBER 2020

Free Full Text Articles are Available at www.jnma.com.np



https://pubmed.ncbi.nlm.nih.gov/24392362/
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2013&volume=7&issue=11&page=2423&issn=0973-709x&id=3563
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2013&volume=7&issue=11&page=2423&issn=0973-709x&id=3563
https://doi.org/10.7860/jcdr/2013/6580.3563
https://doi.org/10.7860/jcdr/2013/6580.3563
https://pubmed.ncbi.nlm.nih.gov/24392362/
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2013&volume=7&issue=11&page=2423&issn=0973-709x&id=3563
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2013&volume=7&issue=11&page=2423&issn=0973-709x&id=3563
https://doi.org/10.7860/jcdr/2013/6580.3563
https://doi.org/10.7860/jcdr/2013/6580.3563
https://pubmed.ncbi.nlm.nih.gov/24392362/
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2013&volume=7&issue=11&page=2423&issn=0973-709x&id=3563
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2013&volume=7&issue=11&page=2423&issn=0973-709x&id=3563
https://doi.org/10.7860/jcdr/2013/6580.3563
https://doi.org/10.7860/jcdr/2013/6580.3563
https://pubmed.ncbi.nlm.nih.gov/24392362/
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2013&volume=7&issue=11&page=2423&issn=0973-709x&id=3563
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2013&volume=7&issue=11&page=2423&issn=0973-709x&id=3563
https://doi.org/10.7860/jcdr/2013/6580.3563
https://doi.org/10.7860/jcdr/2013/6580.3563
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=18131948&AN=99757106&h=WTW4%2fn%2f4hVi7JYa2%2fRjTSA9M%2bx90MWU0RENNXeiJMXbFRBgqhdMrUFogkQ5c924bQPpSz%2fnEu6mqpisrNmSzRw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d18131948%26AN%3d99757106
https://web.a.ebscohost.com/abstract?direct=true&profile=ehost&scope=site&authtype=crawler&jrnl=18131948&AN=99757106&h=WTW4%2fn%2f4hVi7JYa2%2fRjTSA9M%2bx90MWU0RENNXeiJMXbFRBgqhdMrUFogkQ5c924bQPpSz%2fnEu6mqpisrNmSzRw%3d%3d&crl=c&resultNs=AdminWebAuth&resultLocal=ErrCrlNotAuth&crlhashurl=login.aspx%3fdirect%3dtrue%26profile%3dehost%26scope%3dsite%26authtype%3dcrawler%26jrnl%3d18131948%26AN%3d99757106
https://pubmed.ncbi.nlm.nih.gov/24392362/
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2013&volume=7&issue=11&page=2423&issn=0973-709x&id=3563
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2013&volume=7&issue=11&page=2423&issn=0973-709x&id=3563
https://doi.org/10.7860/jcdr/2013/6580.3563
https://doi.org/10.7860/jcdr/2013/6580.3563
https://pubmed.ncbi.nlm.nih.gov/24392362/
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2013&volume=7&issue=11&page=2423&issn=0973-709x&id=3563
https://jcdr.net/article_fulltext.asp?issn=0973-709x&year=2013&volume=7&issue=11&page=2423&issn=0973-709x&id=3563
https://doi.org/10.7860/jcdr/2013/6580.3563
https://doi.org/10.7860/jcdr/2013/6580.3563
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3962325/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3962325/
https://dx.doi.org/10.12659%2FMSM.890265
https://dx.doi.org/10.12659%2FMSM.890265
https://pubmed.ncbi.nlm.nih.gov/?term=Ogawa+T&cauthor_id=8881237
https://pubmed.ncbi.nlm.nih.gov/?term=Ogawa+T&cauthor_id=8881237
https://pubmed.ncbi.nlm.nih.gov/?term=Okudera+T&cauthor_id=8881237
https://pubmed.ncbi.nlm.nih.gov/?term=Noguchi+K&cauthor_id=8881237
https://pubmed.ncbi.nlm.nih.gov/?term=Sasaki+N&cauthor_id=8881237
https://pubmed.ncbi.nlm.nih.gov/?term=Inugami+A&cauthor_id=8881237
https://pubmed.ncbi.nlm.nih.gov/?term=Uemura+K&cauthor_id=8881237
https://pubmed.ncbi.nlm.nih.gov/?term=Yasui+N&cauthor_id=8881237
https://pubmed.ncbi.nlm.nih.gov/8881237/
http://www.ajnr.org/content/17/3/447.long
http://www.ajnr.org/content/17/3/447.long
https://pubs.rsna.org/doi/abs/10.1148/radiology.211.2.r99ma02497
https://doi.org/10.1148/radiology.211.2.r99ma02497
https://doi.org/10.1148/radiology.211.2.r99ma02497

	_GoBack
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_GoBack
	_Hlk27226491
	_GoBack
	_Hlk45479341
	_ENREF_1
	_ENREF_2
	_ENREF_3
	_ENREF_4
	_ENREF_5
	_ENREF_6
	_ENREF_7
	_ENREF_8
	_ENREF_9
	_ENREF_10
	_ENREF_11
	_ENREF_12
	_ENREF_13
	_ENREF_14
	_ENREF_15
	_ENREF_16
	_ENREF_17
	_ENREF_18
	_ENREF_19
	_ENREF_20
	_Hlk43207182
	_GoBack
	_GoBack
	_GoBack
	_GoBack
	_Hlk59144798
	_Hlk58160603
	_j3n6arr3t2xf

