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Introduction: The Circle of Willis (COW) is a large arterial 

anastomotic ring present at the basal cistern of the brain, uniting the 

internal carotid and the vertebro-basilar system. Sir Thomas Willis was 

the first to describe the importance of the circle in maintaining 

collateral flow. It was observed that there is very little mixing of blood 

between the collateral branches of the circle. These collaterals may 

however open up during occlusive episodes of the proximal feeding 

vessels or in case of severe stress such as stroke and traumatic brain 

injury (TBI) in order to maintain metabolic activity in the brain. This 

phenomenon is affected to various degrees in the presence of 

anomalies. The prevalence of anomalies of COW in the general 

population is up to 75.72% was demonstrated in other studies. 

Materials and Methodology: This is a cross sectional observational 

study. 20 consecutive patients above 18 years of age succumbed to 

isolated TBI who were subjected to medico-legal autopsy in our 

hospital were included. The anomalies were classified as per the criteria 

laid down by Stojanovi´c et al.  

Results:  9 Normal variants (Type A) of COW (45%) was found. The 

most common type of anomaly was Type C which was noted in 4 cases 

(20%).  

Conclusion: Anatomical variations of COW has proven association in 

the areas of stroke, aneurysm, migraine, carotid endarterectomy and 

ageing brains. Further studies are needed to determine whether the 

anomalies of COW really contribute to the mortality in TBI. 
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Introduction:- 
The Circle of Willis (COW) is a large arterial anastomotic ring present at the basal cistern of the brain uniting the 

internal carotid and the vertebro-basilar system. The anterior circulation comprises of two Internal carotid arteries 

which branch to give middle cerebral artery (MCA) and anterior cerebral artery (ACA). The two ACA connect via 

anterior communicating artery (ACom). The posterior circulation originates from the two vertebral arteries (VA) 

joining to form basilar artery (BA) and giving posterior cerebral artery (PCA) branches. These arteries connect with 

the MCA (anterior circulation) via posterior Communicating Artery (PCom) (Fig.1). Branches from this arterial ring 

are then distributed to supply the brain. In the year 1664, Sir Thomas Willis was the first to describe the importance 

of the COW in maintaining collateral flow. It was observed that there is very little mixing of blood between the 

collateral branches of the COW during normal homeostasis, however these collaterals may open up during occlusive 

episodes of the proximal feeding vessels or in times of stress. In patients with diseases damaging the brain, the COW 

Corresponding Author:- Vinoth D.  

http://www.journalijar.com/


ISSN: 2320-5407                                                                        Int. J. Adv. Res. 11(05), 1138-1143 

1139 

 

can maintain adequate blood flow and decrease damage through its potential blood redistribution function. Both 

anterior circulation and posterior circulation support each other. This compensation however depends on the 

anatomical morphology of COW [1]. Anatomical variations of COW such as incomplete COW with hypoplasia of 

the individual arteries and its variant forms [Fig.2]may diminish  collateral backup thereby contributing to the 

morbidity and mortality. The variation of COW can also alter cerebral blood flow resulting in various diseases such 

as aneurysms. It also affects outcomes in carotid endartrectomies and other neurosurgical procedures. In particular 

severe stress due traumatic brain injury (TBI), where the shearing of vessels might lead to ischemia to the concerned 

vascular territory  needs collateral backup to prevent secondary brain injury and its sequelae. Studies also showed 

that effective collateral circulations have a lower risk of transient ischemic attack and stroke than those with 

ineffective collaterals. The anatomy of COW is known to vary considerably and functionally a complete COW is a 

rare finding. A study of anomalies in the COW using magnetic resonance angiography (MRA) in north eastern India 

revealed that only 24.28% MRA's presented with a complete (classic) COWand the prevalence of anomalies in the 

general population is up to 75.72% [2].  Autopsy studies of the anatomical variations of the COW in cadaveric 

human brains revealed high percentage of anatomical variations of COW in patients dying following surgical and 

neurovascular intervention proving its association. The studyalso concludes that awareness of these anatomical 

variations is important in neurovascular procedures in view of high prevalence of such anomalies and suggested that 

all surgical interventions be preceded by angiography as a precautionary measure. [3]. The aim of the present 

cadaveric study is to find the prevalence of anatomical variations of the COW in south Indian population who died 

following TBI. The objective is to classify the anatomical variations according to the classification given by 

Stojanovi´c et al and find the percentage of occurrence of each anomaly. The anatomical variations of COW in TBI 

have not been studied much in the Indian subcontinent. 

Fig.1:- The Circle of Willis. 
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Fig.2:- Classification of basic types of anomalies of COW (Stojanovi´c et al).

 
Materials and Methodology: 
This is a cross sectional observational study wherein convenient type of sampling was employed. All patients above 

the age of 18 who died due to TBI following road traffic accidents (RTA), who undergo medico-legal autopsies in a 

tertiary care centre was included. Patients with polytrauma were excluded. A sample size of 20 was calculated as per 

open EPI calculator. (Prevalence of anomalies of COW was 75.72%) [2]. All patents subjected to post mortem 

evaluation who satisfied the inclusion and exclusion criteria had their COW isolated and dissected. The COW was 

then analysed with special reference to the following factors i.e. whether the COW is complete or incomplete, any 

asymmetry in the configuration and variations in the sizes, number of the component vessels and absence or 

duplication or triplication of any of the vessels. The arteries examined were the ACom, the proximal and the distal 

1cm segments of the ACA, the internal carotid distal to the origin of the PCom, MCA at its beginning, the PCom, 

the proximal and distal 1cm segments of the PCA, BA and the sub-arachnoid portion of the VA. The COWfindings 

were classified into two main groups namely normal circles and anomalous circles. Thiswas further sub-divided as 

attenuated vessels (hypoplasia of one or other components of the circle) and normal vessels. Arteries of less than 1 

mm in external diameter were considered hypoplastic. In communicating arteriesless than 0.5 mm was considered 

hypoplastic. Also the corresponding blood vessel diameters were compared to the symmetric blood vessel diameters 

on the opposite side. Reduction of the blood vessel diameter by 1/3
rd

 to 2/3
rd

 was marked as hypoplasia, and a 

decrease in the blood vessel diameter below 1/3
rd

 of the thickness was marked as pronounced hypoplasia. The 

presence of hypoplasia determined the symmetry or asymmetry of the COW. The variations were classified 

according to the classification given by Stojanovi´c et al as four basic types of configuration and one sub-type. Type 

A represents a symmetric COW with different variations at the level of the ACom. Type B is an asymmetric COW 

with hypoplasia or aplasia of the A1 segment of the ACA. Type C represents a symmetric COW with varying 

degrees of the hypoplasia or aplasia of the PCom bilaterally or the presence of a bilateral fetal PCom type. Type D is 

an asymmetric COW with single-sided PCom hypoplasia or a single-sided fetal PCom type. Subtype B/D represents 

an asymmetric COW with hypoplasia or aplasia of the A1 segment of the ACA in combination with changes in the 

posterior segment (due to hypoplasia of PCom or PCA). The results were tabulated. 

 

Results:- 
A total of 20 cases undergoing medico-legal autopsy following death due to TBI following RTA were studied. The 

minimum age was 21 and maximum age was 73. The mean age group was 53 and M:F ratio was 2.3:1.The age 

distribution sample size was maximum in 60 to 70 years age group. The classification of COW was done as per  

Stojanovi´c et al. Out of the 20 cases, there were 9 Normal variants (45%) and 11 anomalies (55%). The variations 

were as follows. Type A was 9 cases (45%), type B was 2 cases (10%), type C was 4 cases (20%), type D was 2 
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cases (10%) andtype B/D was 3 cases (15%) (Table.2). The most common type of anomaly was type C (Fig.3 and 

4), and least common was type B and type D.  

 

Fig 3:- post mortem brain specimen showing Type C anomaly (bilateral PCom hypoplasia). 

 
 

Fig 4:- Post mortem brain specimen showing Type C anomaly (bilateral PCA hypoplasia) 
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Table 2:- Distribution of anomalies. 

Type of COW Number Percentage 

Type A 9 45% 

Type B 2 10% 

Type C 4 20% 

Type D 2 10% 

Type B/D 3 15% 

 

Discussion:- 
This is an observational study where the prevalence of anatomical variations of the COW in south Indian population 

who died following TBI were studied. The prevalence of COW anomalies in general population have come close to 

75.72% as per otherstudies [2,4]. The overall prevalence of anomalies in our study is 55%. According to Stojanovi´c 

et al the anomalies were subdivided into 5 groups and the distribution noted were as follows. Stojanovi´c et al 

showed that statistically significantly higher presence of asymmetry of the COW compared to normal COW with a 

significant presence of asymmetric type B (p < 0.001). The most common anomaly noted in our study was type C 

which was seen in 4 cases (20%). The distribution of other types of COW noted in our study was as follows. Type A 

9 cases (45%), type B 2 cases (10%), type C 4 cases (20%), type D 2 cases (10%) and type B/D 3 cases (15%) 

respectively. Literature review highlights other studies analysing the association of anomalies of COW in various 

diseases like stroke, migraine, blunt cerebrovascular injury, aneurysms and neurosurgical procedures like carotid 

endarterectomy in addition to TBI. The COW anomaly was found to be associated with worse outcome compared to 

normal COW. This may imply that abnormal COW contributes to the morbidity and mortality in these diseases 

stated above.  In a study by Fleur van Raamt et al. [5] it was found that in a fetal-type posterior COW patients could 

be more prone to develop vascular insufficiency in ICA occlusion. In disease like migraine, Brett Cucchiara et al [6] 

concluded that an incomplete COW is more common in migraine with aura subjects than controls as it is associated 

with alterations in cerebral blood flow. Mohammed Oumer et al [7] concluded that the presence of any variation in 

COW was 1.38 times more likely to develop ischemic stroke as compared to the patent COW. The presence of 

hypoplasia or incompleteness in a PCom and ACom were a contributing factor for the development of ischemic 

stroke. In Marc A Lazzaro et al [8][9] multivariate analysis revealed a higher risk of aneurysm rupture when a COW 

anomaly was present. In neurosurgical interventions such as carotid endarterectomiesVarga et al [10] concludes that 

an incomplete MCA COW anomaly carries more than 10-fold higher  risk of immediate neurologic events after 

carotid endarterectomy with cross-clamping without shunt protection compared to normal COW. In these patients 

routine shunting is recommended to prevent immediate neurologic events. This study [10] also suggests that as 

abnormal COW has poor prognosis and elective angiography prior to intervention to identify abnormal COW is 

advisable. In ageing brains theanomaly of COW was associated with more morbidity as noted byWijesinghe et al 

[11].Also a significant association was observed between microscopic infarcts in deep white matter and hypoplasia 

in communicating arteries.  Shahan et al [12] showed that COW anatomy has a role in blunt cerebrovascular injury-

related stroke where increased collaterals between anterior and posterior circulation is found to be protective. Jones 

et al [15]quoted that over half of the population exhibit some form of variation in COW and knowing the prevalence 

of variations and how they can impact neurosurgical approaches or patterns of ischemic pathology can be crucial in 

providing effective patient care.Since the occurrence of anomalies of COW is not higher than found in general 

population as demonstrated in other studies [2][4], we presume that anomalies of COW could not be a contributing 

factor of increased mortality in isolated TBI 

 

Conclusion:- 
The COW is nature’s way of preserving the blood flow in times of acute insult like stroke and TBI. Various studies 

have concluded that anomalies of COW are associated with more morbidity and mortality in cases of stroke, 

aneurysm, migraine and blunt cerebrovascular injury. In our studythe prevalence of anomalies in autopsied cases of 

isolated TBI is lesser than the general population so that it was indirectly assumed that anomalies of COW may not 

contribute to increased mortality in isolated TBI. However a study of large number of samples with statistical 

significance is necessary either to prove or disprove this. 

 

References:-  
1. ChuanyaQiu, Yong Zhang, CaixiaXue, Shanshan Jiang, Wei Zhang, "MRA Study on Variation of the Circle of 

Willis in Healthy Chinese Male Adults", BioMed Research International, vol. 2015, Article ID 976340, 8 pages, 

2015. 



ISSN: 2320-5407                                                                        Int. J. Adv. Res. 11(05), 1138-1143 

1143 

 

2. BishwajeetSaikia, AkashHandique, PranjalPhukan, DonboklangLynser, Md. Jamil, Study of anomalies in the 

circle of Willis using magnetic resonance angiography in north eastern India, Journal of the Anatomical Society 

of India, Volume 63, Issue 1, 2014, 

3. S. A. Gunnal, M. S. Farooqui, R. N. Wabale, "Anatomical Variations of the Circulus Arteriosus in Cadaveric 

Human Brains", Neurology Research International, vol. 2014, Article ID 687281, 16 pages, 2014. 

4. Wijesinghe P et al, Circle of Willis abnormalities and their clinical importance in ageing brains:  A cadaveric 

anatomical and pathological study, Science direct 2010 

5. van Raamt AF, Mali WP, van Laar PJ, van der Graaf Y. The fetal variant of the circle of Willis and its influence 

on the cerebral collateral circulation. Cerebrovasc Dis. 2006;22(4):217-24. 

6. Brett Cucchiara et al, Migraine with Aura Is Associated with an Incomplete Circle of Willis: Results of a 

Prospective Observational Study, plos one, July 2013, Volume 8, Issue 7, e71007 

7. Mohammed Oumer et al, Association between circle of Willis and ischemic stroke: a systematic review and 

meta-analysis, Oumer et al. BMC Neuroscience, 2021 

8. Lazzaro MA, Ouyang B, Chen M The role of circle of Willis anomalies in cerebral aneurysm rupture Journal of 

NeuroInterventional Surgery 2012;4:22-26. 

9. Stojanović, N.N.; Kostić, A.; Mitić, R.; Berilažić, L.; Radisavljević, M. Association between Circle of Willis 

Configuration and Rupture of Cerebral Aneurysms. Medicina 2019, 55, 338 

10. Banga PV, Varga A, Csobay-Novák C, Kolossváry M, Szántó E, Oderich GS, Entz L, Sótonyi P. Incomplete 

circle of Willis is associated with a higher incidence of neurologic events during carotid eversion 

endarterectomy without shunting. J Vasc Surg. 2018 Dec;68(6):1764-1771. doi: 10.1016/j.jvs.2018.03.429. 

Epub 2018 Jul 6. PMID: 29983353. 

11. P. Wijesinghe et al, Circle of Willis abnormalities and their clinical importance in ageing brains: A cadaveric 

anatomical and pathological study, Journal of Chemical Neuroanatomy, Volume 106, July 2020, 101772 

12. Charles P Shahan et al, Impact of circle of Willis anatomy in traumatic blunt cerebrovascular injury-related 

stroke, Trauma Surg Acute Care Open. 2017; 2(1): e000086. 

13. Lesko MM, Woodford M, White L, O'Brien SJ, Childs C, Lecky FE. Using Abbreviated Injury Scale (AIS) 

codes to classify Computed Tomography (CT) features in the Marshall System. BMC Med Res Methodol. 2010 

Aug 6;10:72 

14. Javali RH, Krishnamoorthy et al. Comparison of Injury Severity Score, New Injury Severity Score, Revised 

Trauma Score and Trauma and Injury Severity Score for Mortality Prediction in Elderly Trauma Patients. 

Indian J of Crit Care Med 2019;23(2):73-77. 

15. Joshua D. Jones et al, Anatomical variations of the circle of Willis and their prevalence, with a focus on the 

posterior communicating artery: A literature review and meta-analysis, Clinical anatomy, Volume34, Issue7, 

October 2021, Pages 978-990.  


