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Abstract
Background: The extent of damage by ischaemic stroke and the course of illness depend largely on the
presence of collateral vessels around the affected area. The Circle of Willis (CoW), which serves as an
important potential collateral pathway in maintaining adequate blood flow around the brain, is known to have
variable patency. So the completeness of CoW is expected to influence the severity of ischaemic stroke.
Objective: The objective of the study was to determine the association of completeness of Circle of Willis with
severity of acute ischaemic stroke.
Methods: It was a cross-sectional study done in Bangabandhu Sheikh Mujib Medical University, Dhaka from
March, 2015 to August, 2017. A total of 42 patients of acute ischaemic stroke who were undergoing Digital
Subtraction Angiography (DSA) for different reasons were selected by purposive sampling method. Data
regarding completeness of Circle of Willis were obtained from DSA. National Institutes of Health Stroke Scale
(NIHSS) score were measured to assess the severity of stroke. Then the severities of stroke between the
complete and incomplete Circle of Willis groups were compared.
Results: A total of 27 male and 15 female patients were enrolled. Among them, 47.6% (20) had complete CoW
and it was incomplete in rest 52.4% (22). Median (range) of NIHSS scores of complete and incomplete CoW
group was 4.5 (0-17) and 9.5 (3-21) respectively. Mean NIHSS (±SD) for the complete and incomplete CoW was
6.60 (±4.97) and 9.95 (±5.10) respectively. The difference of mean between the two groups was found to be
statistically significant (p=0.037). Odd’s Ratio (OR) for development of more severe stroke in patients with
incomplete CoW was 4.5, 95% Confidence Interval (CI) 1.18-18.13 which was statistically significant (p=0.029).
Conclusion: It was concluded that incomplete Circle of Willis is associated with more severe stroke in acute
ischaemic stroke patients.
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Introduction
Stroke is one of the leading causes of death in adult
population throughout the world and is the most
common cause of severe adult physical disability.1 It
is now even a more increasing problem in all over the
world. Increasing the portion of aging population and
escalating risk factors such as hypertension, diabetes,
tobacco abuse, unhealthy diet, obesity and physical
inactivity may contribute to the recent pace of
development of atherosclerosis and ultimately stroke.2
Ischemic Stroke constitutes about 85% of total stroke1
which occurs as a result of impaired blood supply to
a certain area of brain. This impairment of blood flow
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can be compensated if adequate collateral blood
supply could come in to assist. So the possibility of
onset of stroke and the course of illness depends
largely on presence of collateral vessels around brain.3
The Circle of Willis may act as an important potential
collateral pathway in maintaining adequate cerebral
blood flow in patients with such impairment of blood
flow. It is formed by two internal carotid arteries and
basilar artery anastomosing at the base of the brain.
The size and patency of the arteries of the circle of
Willis are known to be variable.4 The collateral
potential of the Circle of Willis would be impaired if
any component of this cycle is absent or hypoplastic5.
It is expected that that the anatomical variations of
the Circle of Willis may affect the occurrence and
severity of symptoms of such cerebrovascular
accidents as infarctions.5
A lot of studies have already been done in different
parts of the world about the variation and
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incompleteness of the Circle of Willis. But the relation
between the incomplete Circle of Willis and the
outcome or severity of stroke has not been much
worked with. With the advances in micro-neurosurgery
and endovascular procedures, we are getting more
effective ability to deal with occlusive neurovascular
diseases. So, the accurate knowledge of the
intracranial vascular anatomy and its effect on
disability and prognosis in ischemic stroke has
become increasingly important. In this study, we
investigated the relationship between incomplete
Circle of Willis and severity of acute ischemic stroke.
Materials and Methods
This cross-sectional analytical study was conducted
in Bangabandhu Sheikh Mujib Medical University,
Dhaka from March, 2015 to August, 2017. Ethical
approval was taken from the Institutional Review Board
of the University. Many techniques are available to know
about the configuration of Circle of Willis (CoW) including
CT Angiogram (CTA), MR Angiogram (MRA) and Digital
Subtraction Angiography (DSA). Though CTA and MRA
are very sensitive, DSA is still considered to be the
gold standard.6 To get the most accurate data about
CoW, only DSA findings were considered in this study.
Patients of acute ischaemic stroke who were undergoing
DSA for various reasons were enrolled after written
informed consent by purposive sampling method. As
DSA is not very frequently needed in ischaemic stroke
patients, only 42 patients could be enrolled. To measure
the severity of stroke, National Institute of Health Stroke
Scale (NIHSS) was used which is proved to be superior
to other scales.7 NIHSS scores were measured within
7 to 15 days of stroke and all the data were recorded in
a semi-structured case record form. Then the severity
of stroke was correlated with completeness of Circle of
Willis.
The results were expressed as means for continuous
variables and as percentages for categorical variables.
Mann-Whitney U test was done to compare the NIHSS
of Complete and Incomplete CoW group. Significance
of difference between the means of NIHSS was also
tested by independent sample t-test. Samples were
categorised into two groups to dichotomise the data
by dividing the patients into groups of More Severe
Stroke (consists of No signs of stroke and Minor Stoke
groups) and Less Severe Stroke (consists of Moderate
to Severe Stroke groups) based on NIHSS scoring.
Association between Incomplete CoW and More
Severe Stroke was tested by Chi-square test.
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Results
Out of total 42 patients, 15 (35.7%) patients were
female and 27 (64.3%) were male.Among them, a
majority of 52.4% of the patients had Incomplete Circle
of Willis and the rest (47.6%) had it in Complete form
(figure 1).
Incomplete
22 (52%)

Complete
20 (48%)

Figure 1: Distribution of patients by completeness of
Circle of Willis
NIHSS scores were compared in Complete and
Incomplete Circle of Willis groups. It shows the median
(range) for Complete and Incomplete group is 4.50 (017) and 9.50 (3-21) respectively. The difference was
found to be significant by Mann-Whitney U test
(p=0.029).
The mean±SD of NIHSS was 9.95±5.103 for patients
with Incomplete Circle of Willis was higher than the
value 6.60±4.967 for patients with Complete Circle of
Willis. The difference was tested with independent
sample t test and it was found to be statistically
significant (p=0.037, table I).
Table I: Mean of NIHSS score in patient with Complete
and Incomplete Circle of Willis
Completeness of
Circle of Willis

Mean
NIHSS±SD

p-value

Complete Circle of Willis

6.60±4.967

0.037

Incomplete Circle of Willis

9.95±5.103

The data were dichotomised by dividing the patients
into groups of More Severe Stroke and Less Severe
Stroke. In patients with Complete Circle of Willis, 50%
had Less Severe Stroke the rest 50% had More Severe
Stroke. Patients with Incomplete Circle of Willis 18.2%
patients had Less Severe Stroke the rest 81.8% had
More Severe Stroke (figure 2). The difference of severity
between the groups was found to be significant
(p=0.029) by Chi-square test.
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18 (81.8%)

10 (50%)

10 (50%)

Less Severe Stroke
More Severe Stroke
4 (18.2%)

CompleteCoW

IncompleteCoW

Figure 2: Distribution of patients by severity of stroke in groups of Complete and Incomplete Circle of Willis
(CoW)
The risk of development of more severe stroke was calculated for patients with Incomplete Circle of Willis.
Here, Odd’s Ratio (OR) was 4.5. The lower and upper limit of 95% Confidence Interval of Odd’s Ratio were 1.18
and 18.13 respectively (p=0.029, table II).
Table II: Risk assessment of incomplete Circle of Willis for moderate to severe stroke
Completeness of Circle of Willis

Less Severe
Stroke

More Severe OR
Stroke

Incomplete

4

18

Complete

10

10

So, it is shown that risk of developing more severe
stroke is higher in patients with Incomplete Circle of
Willis. Positive correlation was found between
Incomplete Circle of Willis with More severe stroke
by Point Biserial correlation test (co-efficient, r= 0.322)
which is statistically significant (p=0.037).
Discussion
This study was carried out with an aim to find out the
association of incomplete Circle of Willis with severity
of stroke in acute ischaemic stroke patients. The study
findings were compared with result of some other
published literatures elsewhere in the world. A total of
42 patients were enrolled in this study. The mean (±
SD) age of the study population, was found to be 50
(±15.5) years ranging from 25-80 years. We found a
male/female ratio of 1.8:1.
Circle of Willis was found to be incomplete in 52%
patients and complete in the rest 48%. A similar study
done in similar population by Iqbal in Kerala, India
showed majority (52%) of the Circle of Willis were
anomalous.8 In another study in Pakistani population,
Siddiqi et al. found Circle of Willis was incomplete in
190

4.5

95% CI of OR
Lower
Upper
1.18

18.13

p-value
0.029

33.5% of individuals.9 Here we can see anomalies in
Circle of Willis is very common in almost all the
studies.
NIHSS score of the patients of acute ischemic stroke
were compared between groups with complete and
incomplete Circle of Willis. Mean (±SD) of NIHSS
scores were 6.60 (±4.967) and 9.95 (±5.103)
respectively for complete and incomplete Circle of
Willis groups. The difference between the two groups
was found to be statistically significant by unpaired
sample t-test (p=0.037). Risk of development of More
severe stroke in patients with Incomplete Circle of
Willis was proved as the Odd’s Ratio (OR) was 4.5
and lower and upper limit of 95% confidence interval
of Odd’s Ratio was 1.18 and 18.13 respectively. Our
findings consisted with Zhou et al. in whose study the
mean (±SD) of NIHSS score in complete and
incomplete Circle of Willis group were found to be
5.65 (±5.15) and 7.45 (±5.27) respectively.10. The
difference was strongly significant as p-value was
0.004. Chuang et al. also found similar results. Their
median (range) NIHSS score for complete and
incomplete CoW was 12 (8-18) and 17 (13-21)
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respectively. 11 The difference was statistically
significant, too (p=0.01). So, we can see that findings
of different studies are similar to this study. Clearly,
we can see that all of these above mentioned previous
studies directly support findings of this study.
Conclusion
In this study, patients with incomplete Circle of Willis
clearly showed a trend to develop more severe
ischemic stroke in comparison with the patients with
complete Circle of Willis. This trend is strongly
supported by available data from limited number of
previous studies. Further large scale studies should
be carried out to reinforce the relation between
incomplete Circle of Willis and severity of ischaemic
stroke.
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