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ABSTRACT

Background: A stroke or cerebrovascular accident is associated with defects in the 
circle of Willis. The present research assessed whether differences in the anatomy 
of the circle of Willis were implicated in subjects affected by stroke. 

Materials and methods: A retrospective descriptive (cohort) study of images of 340 
male and female subjects aged 15 to 75 years, referred for either brain Computed 
Tomography Angiography (CTA) or Magnetic Resonance Imaging (MRI) scan  
indicative of suspected stroke, was employed. A convenient sampling technique 
was used to obtain images from selected hospitals and radio-diagnostic centers 
with Computed Tomography (CT) and MRI scanners. Approval was obtained from 
the Federal Health Research Ethics Committee in accordance with institutional 
guidelines and principles, following permission and clearance (Approval Number: 
FHREC/2019/01/51/13-05-19). Patterns of morphology observed in the circle of 
Willis were data collected and stored in a non-identifiable format. Data obtained 
were analyzed with the Statistical Package for Social Science (SPSS) Inc, Chicago, IL, 
USA version 25.0.

Results: Of the total 340 images evaluated, 256 (75.29%) subjects had ischemic 
stroke while 84 (24.71%) subjects had no stroke and were thus, considered to 
be apparently normal. Structural patterns in the circle of Willis mostly observed 
were the absence of the anterior communicating artery (10.94%) and the bilateral  
absence of the posterior communicating artery (10.16%). 

Conclusion: Morphological patterns of the cerebral arterial circle of Willis observed, 
were implicated in subjects affected with stroke in the present study population.
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Introduction
	 Stroke or cerebrovascular accident (CVA) is 
associated with defects in the circle of Willis.1,2 The circulus 
arteriosus cerebri Willisi (cerebral arterial circle of Willis) is 
an important polygonal complex structure first described 
and officially named after a seventeenth-century English 
Physician; Sir Doctor Thomas Willis in his Cerebri anatome 
in the year 1664, where he first indicated the collateral 
potential of the circle.3 The circle of Willis is the principal 
arterial anastomotic trunk, located at the root substance 
between the two vertebral arteries of the vertebrobasilar 
system and the right and left internal carotid arteries that 
supply the brain.1-9 Studies have demonstrated a classical 
and complete pattern of a circle of Willis where all the 
vessels are intact and crucial for a continuous supply of 
blood.6,8,10-15  
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or the duration and extent of obstruction needs to be 
answered. To address these deficiencies, it is important 
to investigate how morphological patterns of the circle of 
Willis influence stroke development using CTA and MRI as 
diagnostic tools. However, the role of CTA and MRI in the 
prognosis of stroke is poorly understood. An understanding 
of image appreciation or pattern recognition of the circle 
of Willis associated with impending CVA, affected regions 
of the brain, and patient outcome is crucial in designing 
interventions to improve the outcome of people with 
stroke. 
	 The CTA and MRI produce images that allow 
clear visualization of the location and extent of arterial 
occlusion, collateral circulation, extracranial stenosis, and 
ischemic changes within the brain tissue.33-37 In addition, 
CTA and MRI are important diagnostic tools for stroke 
and the identification of causal factors. These imaging 
modalities provide information about the severity and 
prognosis of the disease. The present research, therefore, 
focused on whether differences in anatomy (structural 
patterns) of the circle of Willis were implicated in subjects 
affected with stroke using CTA and MRI.

Materials and Method
Research design
	 A retrospective descriptive (cohort) research design 
of images of 340 male and female subjects aged 15 to 75 
years referred for either brain CTA or MRI scan. The images 
were sourced from selected hospitals and radio-diagnostic 
centers with CT and MRI scanners with their specifications 
(Table 1 and 2) coded A, B, C, D, E, and U, V, W, X, Y, Z 
respectively. The subjects scanned, had a non-contrast 
CT before the CTA protocol while those for the MRI were 
scanned using the three-dimensional MRI time of flight 
sequence.

Sampling technique and criteria for selection 
	 A convenient non-probability sampling technique 
was used to select the images with inclusion criteria;  
the subjects must be referred for either brain CTA or  
MRI whose indication was suspected stroke, an acute  
neurological deficit of not less than nine hours’ duration, 
and subjects with unknown time of symptoms onset. 
However, subjects with fresh bleeding such as intracerebral 
hemorrhage, subarachnoid hemorrhage, and or tumor, 
subjects with known contrast allergy or previous renal failure 

	 The circle of Willis is essential for the maintenance of 
a stable and constant blood flow to the brain. Any changes 
or defects in its structure may cause the appearance 
and severity of syndromes of vascular inefficiency, which 
may predispose the individual to CVA with attendant 
consequences. The special activity of the circle Willis relies 
on a continuous circular method of its formation. However, 
there are distinct morphological patterns of arteries that 
form the circle of Willis, and knowledge of these variants is 
essential for timely diagnosis and subsequent management 
of CVA. Also, these morphological patterns may provide 
important information on the calibre (size and shape) of 
the circle of Willis for better interpretation of angiographic 
images and for a deeper understanding of cerebral 
pathology such as CVA.1-3,5-6,9-13,16-19 The significance of the 
patterns of the circle of Willis using methods such as the 
cadaveric gross dissection (GD), injection technique (IT), 
magnetic resonance imaging (MRI), and recently, contrast-
enhanced computed tomography (CECT) imaging have 
been highlighted.12,13,20,21

	 Currently, medical sciences have recorded a shift 
from invasive to non-invasive techniques, especially in 
blood vessel examinations. For example, CVA therapy 
is aimed at re-opening clogged arteries to increase cell 
survival at the site of injury followed by physiotherapy.22 
It, therefore, becomes important for the healthcare givers 
to have sufficient knowledge of morphological patterns of 
the circle of Willis including other vessels involved in stroke 
development.2,23 A better understanding of patterns of the 
circle of Willis is imperative for tailoring prevention and 
early detection in the management of ischemic stroke.2,23  
	 In the past decades, there have been studies on 
stroke.23-32 However, knowledge of how the morphological 
patterns of the circle of Willis are associated with 
stroke is lacking. It is unclear whether the computed 
tomography angiography (CTA), magnetic resonance 
angiography (MRA), and or magnetic resonance imaging 
(MRI) circle of Willis in subjects with stroke could provide 
features associated with future risk of major secondary 
complications, underlain by the variations in the circle of 
Willis in subjects affected by stroke.
	 It is well known that blockage or defect of the 
major arteries of the circle of Willis leads to stroke with 
the severity of stroke directly related to the severity of 
obstruction. An open question as to whether the arteries 
affected influence the severity of obstruction from stroke 

Table 1 Specifications of CT scanners used in the present study.

S/n
Hospital/

radio-diagnostic 
centre

Name Make Country Machine s/n Date of 
manufacture

Output
Max.
kVp mAs

1 A Bright-Speed 4-Slice GE USA 16507017m4 2007 140 300
2 B Optima 64-Slice GE USA 369366HMO 2014 140 800
3 C Brivo 385 Series 16 slice GE India 96369B14 2014 140 200
4 D Brivo 385 16-Slice GE China 353806HM3 2013 140 180
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at the time of admission, and subjects with a history of 
brain surgery and or radiotherapy of the head and neck 
were excluded from the study. All the subjects’ data were 
treated with a high level of confidentiality and privacy  
following standards for conducting research. Data were 
collected and stored in a non-identifiable format.
Landmarks    
	 The images were evaluated using the following 
structures as landmarks; from the skull base to the vertex 
at the level of the corpus callosum or the caudate nuclei. 
This was to ensure appropriate visualization of the cerebral 
arterial circle of Willis. The subjects’ images were assessed 
at the radiology workstations using the RadiAnt digital 
imaging and communication in medicine (DICOM) and the 
MicroDicom workstations. 

Method of data collection
	 A direct measurement using archived primary images 
of CTA and MRI was employed as the method of data 
collection. The vessels evaluated were terminal branches 
of the internal carotid artery (the anterior cerebral artery 
and the middle cerebral artery), the basilar artery, and its 
terminal branches, these include:
	 1.	 the A1 segment/pre-communicating part of the  

anterior cerebral artery (from the termination of the  
internal carotid artery (ICA) to the junction with the 
anterior communicating artery (ACoA) bilaterally. 

	 2.	 the M1/sphenoidal segment (from the termination 
of the ICA to its bi or trifurcation) bilaterally.  

	 3.	 the P1 segment (from the basilar bifurcation to 
the junction) with the posterior communicating 
artery (PCoA) bilaterally.

	 Patterns of morphology observed in the circle of Willis 
were noted. During the evaluation, abbreviations were used 
to show the different structures assessed. Three observers 
(two consultant Radiologists and one Radiographer with 
work experience of >15 years) together, assessed the images 
obtained in the present study. The inter-observer reliability 
of the three observers was taken into consideration during 
the course of the study.

Data analysis
	 Data obtained were expressed using basic elements 
of descriptive statistics and analyzed with the Statistical 
Package for Social Science (SPSS) version 25. 

Results
	 This anatomic-imaging study assessed morphological 
patterns of the circle of Willis in 340 male and female 
subjects with suspected stroke, aged 15 to 75 years (40.18 
±1.1 and 43.68±1.18). From the images evaluated, results 
showed that 256 (75.29%) subjects had an ischemic 
stroke while 84 (24.71%) subjects were without stroke 
with normal morphology (size, shape, and structure) of 
the circle of Willis and were therefore, considered to be 
apparently normal (Figure 1). Patterns of morphology 
noted in subjects with ischemic stroke of the present 
study were the absence of anterior communicating artery 
(ACoA) (10.94%) and bilateral absence of the posterior 
communicating artery (PCoA) (10.16%) demonstrated in 
Figure 2 and 3 respectively. 

Discussion
	 A stroke occurs when blood flow to the brain is 
disrupted due to blood clots or ruptures in cerebral vessels, 
cutting off the supply of oxygen and nutrients contained in 
the blood and resulting in damage to the brain tissues.1,19,38 
Stroke is associated with defects in a circle of Willis whose 
hemodynamics is predisposed by variants in the calibre 
of segments, this affects its major role as an anastomotic 
channel.2 In the present study, morphological patterns 
observed in subjects (male and female) with stroke were 
mostly the absence of the anterior communicating artery 
and the bilateral absence of the posterior communicating 
artery. A study has demonstrated that the anterior 
communicating artery does not allow any mingling of 
blood between the two anterior cerebral arteries where it 
does act as a by-pass channel, where one internal carotid 
artery is occluded.39 Result of the present study confirms 
a similar work that observed a 5% definitive absence of 
the anterior communicating artery in the microsurgical 
anatomy of common aneurysm sites.17 In addition, the 
absence of an anterior communicating artery noted in the 
present study is in tandem with the reports that recorded 
similar morphological patterns with the use of contrast-
enhanced computed tomography scan in a sampled 
Nigerian population.13,14   
	 Similarly, the posterior communicating artery is very 
important as it joins the right and left posterior cerebral 
arteries to form the posterior segment of the circle 
of Willis. The present study recorded 10.16% bilateral 

Table 2 Specifications of MRI scanners used in the present study.

S/n
Hospital/

radio-diagnostic 
centre

Name Make Country Date of 
manufacture

Output
(Tesla)

1 U Somatom Siemens Germany 2007 0.2
2 V Multiva Philips Holland 2016 1.5
3 W Signa Ovation GE USA 2014 0.35
4 X Magnetom Concerto Siemens Germany 2014 0.2
5 Y Brivo 235 GE USA 2014 0.5
6 Z Brivo 235 GE India 2014 0.5
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Figure 1. Magnetic Resonance Angiogram of the circle of Willis in the present study.

Figure 2. Volume Rendering CTA showing absence of ACoA of the circle of Willis in subjects with stroke.
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absence of a posterior communicating artery, which 
supports similar studies where the absence of a bilateral 
posterior communicating artery was the most common 
pattern noted in the circle of Willis.14,40-41 Also, the result 
of the present study supports work that stipulates that the 
incomplete circle of Willis was mostly due to the absence 
of a posterior communicating artery.8 
	 The absence of an anterior communicating artery 
and posterior communicating artery observed may 
be implicated in subjects affected with stroke in the 
present study. This is necessary as it provides important 
information on the calibre of the circle of Willis that may 
be useful for better interpretation of angiographic images. 
Knowledge of the patterns of presentation of the circle 
of Willis noted might be helpful in improving quality 
patient care and outcome during surgical planning and 
in interventional procedures thereby reducing fatalities 
resulting from CVA. Although the rates of global CVA death 
have decreased especially in developed countries, the 
number of people with stroke is still on the increase 42,43 as 
the incidence of stroke is in the ascendancy worldwide.29-32 
In Nigeria for example, stroke has assumed a frightening 

dimension where about 190,000 people suffer the bug 
annually.32 The effects of CVA are not only limited to the 
aged but also among younger people.29-32,44 This affects 
the workforce population and more concerning, is the fact 
that even young people are becoming more vulnerable 
to the disease.29,44,45 The present study has thus, provided 
important information on the morphological variation 
of the arterial circle of Willis, which can be factored 
into risk stratification and intervention programs in the 
management of stroke and its secondary complications. 
This will significantly improve the health status of the 
study population. 

Conclusion
	 The absence of anterior communicating artery and 
bilateral absence of posterior communicating arteries 
identified as morphological patterns in the cerebral 
arterial circle of Willis were implicated in subjects affected 
with ischemic stroke in the study population.

Study limitations and clinical implications
	 Though, standard scanning techniques with standard 

Figure 3. Volume Rendered (VR) CTA image of the circle of Willis showing bilateral absence of PCoA.
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protocol and sequence were observed throughout 
the study. The following limitations were, however, 
encountered; different CT and MRI scanners from different 
manufacturers used for the study may have introduced 
differences in image quality. Also, inter-operator errors 
may have introduced some differences in the patterns 
noted in the present study. The clinical implications of the 
present research are that knowledge of the patterns of the 
morphology of the circle of Willis noted will help medical 
professionals in improving quality patient care and 
outcome during surgical planning and in interventional 
procedures to repair/remove the affected arteries. Also, 
these morphological patterns may provide important 
information on the calibre (size and shape) of the circle of 
Willis for better interpretation of angiographic images and 
for a deeper understanding of cerebral pathology such as 
CVA.
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