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Variation of Arteries Forming Circle of Willis in Adult Human Cadavers
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ABSTRACT
Introduction 
Circle of Willis is a large arterial anastomosis between internal carotid and vertebrobasilar arterial system. 
It is the principal collateral channel for constant blood flow to brain. Any changes in its morphology may 
cause vascular insufficiency of variable severity. Knowledge about its anomalies may elucidate occurrence 
of cerebrovascular disorders, its presentation, treatment, prognosis and prevention.

Methods
An observational study on 107 fresh cadavers was conducted at Maharajgunj Medical Campus from 
September 2016 to August 2017. After dissection of the scalp and removal of the vault and dura mater, the 
brain was obtained. Then the Circle of Willis was identified and observed for its completeness, symmetry, 
presence, origin and number of arteries forming it and the obtained data were documented, photographed 
and analyzed.

Results
Out of 107 cadavers, variations were noted among 15 (14%): out of which 10 were male and 5 female. 
Twelve cadavers had single variation while 3 had two variations. Accessory anterior cerebral artery was 
found in 7 (38.90%), fetal origin of right posterior communicating artery in 2 (11.10%), fetal origin of 
left posterior communicating artery in 4 (22.20%), early bifurcation of left posterior cerebral artery in 1 
(5.60%), variant anterior communicating artery in 2 (11.10%), fused anterior cerebral artery in 1 (5.60%) 
and aneurysm in 1(5.60%) subjects were found.

Conclusion

Variations were noted among 15 cadavers (14%), 12 cadavers had single variation while 3 had two 
variations. The most common variation seen was accessory anterior cerebral artery found in 7 cadavers 
(38.90%). Most of the variations were found in midline anteriorly followed by right side. 
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INTRODUCTION

The Circulus arteriosus (Circle of Willis) is a 
large polygonal arterial anastomotic channel at 
the base of brain formed by union of internal 

carotid and vertebrobasilar arterial system. It has 
anterior communicating artery in front, two anterior 
cerebral arteries anterolaterally, proximal segments 
of both internal carotid arteries laterally, two 
posterior communicating arteries posterolaterally 
and proximal segment of both posterior cerebral 
arteries which are derived from the bifurcating 
terminals of the basilar artery behind.1,2

The Circle of Willis provides a collateral blood flow 
to the brain during severe occlusive diseases. 
Variation in arteries forming Circle of willis  may 
lead to vascular insufficiency like transient ischemic 
attack (TIA) and stroke of high or low risk depending 
upon presence of sufficient collateral supply or 
not.3,4 The arteries of circle have many variations in 
different forms like in their formation, development 
and size.5 Different abnormalities such as absence, 
split, hypoplastic and accessory vessels had been 
observed.6-10 Anatomical variations are probably 
genetically determined, develop in early embryonic 
stage and persist in post-natal life.11

Hence the knowledge of Circle of Willis is important 
and should be considered during angiographic 
evaluation and neurosurgical procedures.

METHODS
A total number of 107 adult cadavers (77 male 
and 30 female) were studied. Fresh cadavers of 
Nepalese nationals with intact brain in case of 
hanging, stab injury, myocardial infarction etc. 
were included whereas cadavers sustaining injuries 
to head, putrefied cadavers, cadavers of foreign 
nations and pediatric age group were excluded.

After due ethical permission from Department of 
Forensic Medicine and Toxicology, Maharajgunj 
Medical Campus, Maharajgunj, autopsy was 
started placing the cadavers in a supine position 
on the autopsy table. A wooden block was placed 
under the back of the head. A sharp scalpel was 

used to incise the layers of the scalp from behind 
the ear of one side, over the top of the head to 
behind the ear of the other side; the front flap was 
pulled forward over the cadaver’s face. The back 
flap was pulled backwards over the nape of the 
neck. The cap of the skull was removed with the 
circumferential incision one centimeter above the 
supraorbital margin anteriorly and external occipital 
protuberance posteriorly, using a saw and hammer. 

The skull cap was removed and the dura mater was 
incised from frontal crest and crista galli anteriorly, 
extending backwards to the internal occipital 
protuberance on either side of superior saggital 
sinus, then supporting the occipital lobes the brain 
was freed from cranial fossa after cutting olfactory 
nerves, optic nerves, internal carotid arteries, 
infundibulum and oculomotor nerves sequentially. 
The attached margin of tentorium cerebelli, on 
both sides, was incised along the posterior clinoid 
processes, superior borders of petrous part of 
temporal bone, and the margins of the grooves for 
transverse sinuses on the occipital bone, using a 
long and pointed knife. Fax cerebelli was also cut 
from the margins of the groove for occipital sinus. 
A long, thin knife was then used to incise the rest 
of the cranial nerves; the medulla oblongata was 
incised at the level of foramen magnum and the 
brain was then gently lifted out of the cranium. 

The base of the brain in each specimen was cleaned 
and cerebral arterial circle of Willis was identified. 
The arachnoid mater was removed from the arteries 
and areas around it.  Completeness, symmetry, 
presence, origin and number of component 
vessels of Circle of Willis along with presence of 
any aneurysms were noted. Magnifying lens was 
used to observe the vessels closely. The obtained 
variations were documented and photographed. 

RESULTS 
Out of the studied 107 total cadavers, 77 were male 
and 30 were female. Females were 18 to 54 year old 
while males were 18 to 63 year old. Variations were 
noted in 15 cases (14%) out of which 10 cadavers 
were male while 5 cadavers were female. Of the 
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Table 1. Frequencies and percentage of variant arteries in male, female and total population

Variant artery Total Female Male

Accessory anterior cerebral artery
Fetal origin of right posterior communicating artery
Fetal origin of left posterior communicating artery
Early bifurcation of left posterior cerebral artery
Aneurysm
Accessory anterior communicating artery
Fused anterior cerebral artery

Total

7 (38.90%)
2 (11.10%)
4 (22.20%)
1 (5.60%)
1 (5.60%)
2 (11.10%)
1 (5.60%)

18 (100.00%)

3 (50.00%)
0 (0%)

1 (16.70%)
1 (16.70%)

0 (0%)
1 (16.70%)

0 (0%)

6 (100.00%)

4 (33.30%)
2 (16.70%)
3 (25.00%)

0 (0%)
1 (8.30%)
1 (8.30%)
1 (8.30%)

12 (100.00%)
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total 15 total variant cases, 12 had single type of 
variation while 3 had two types of variation. Total 
variations were found in 18 arteries from 15 cases 
as shown in Table 1. The most common variation 
encountered was accessory anterior cerebral artery 
found in 7 cadavers (38.90%) which has been 
shown in Figure 1.  

Midline variations of accessory ACA were observed 
in 8 cadavers which amounted to 53.3% of total 
variations. Right sided variation was found in two 
cadavers (13.3% of total variations), while left sided 
variation was found in 4 cadavers (26.7% of total 
variations). Bilateral variations was present in one 
cadaver (6.7% of total variations).

Anterior variations were most common, found 
in 9 cadavers which accounted for 60% of total 
variations. Posterior variations was found in 5 
cadavers (33.3% of total variations) while variation 
in both anterior and posterior artery was present in 
1 cadaver (6.7% of total variations)

The P1 segment of posterior cerebral artery lies 
from bifurcation of basilar artery to junction with 
posterior communicating artery. So when the 
diameter of the ipsilateral P1 segment is less than 
the diameter of Posterior communicating artery, 
it is known as fetal configuration of posterior 
communicating artery.12

DISCUSSION
This study focuses on the occurrence of variation 
according to side which showed more variation in 
midline (53.3%) followed by left side (26.7%). More 
variation in left side in comparison to right side were 
seen in some studies.13,14 whereas some study 
showed more variation on right side than left.15  
In the current study, the anterior part of circle has 
more variations (60%) than posterior part of circle 
(33.3%)  The difference in studies could be due to 
genetic and developmental influences.11 Anterior 
cerebral artery showed maximum variations in this 
study, similar to other study.16 The variations seen in 

anterior cerebral artery are fused anterior cerebral 
artery and accessory anterior cerebral artery. 
Accessory anterior cerebral artery was the common 
variation found in this study (38.9%) among which 
2 accessory ACA was found in 1 cadaver. The 
study can be comparable to other studies.16-18 
Anterior communicating artery exhibits doubling 
abnormalities. This was seen in 11.1% cases in the 
current study. This finding was largely in accord with 
observation of other studies.18-22

In this study after anterior cerebral artery second 
most common variation was found in posterior 
communicating artery. Current study showed fetal 
origin of right posterior communicating artery in 
33.3% and fetal origin of left communicating artery in 
26.7%. The fetal origin of posterior communicating 
artery was also seen in other studies.22-25 The only 
variation seen in posterior cerebral artery was 
early bifurcation (branching) of left side of posterior 
cerebral artery and no any variations were found 
in right side.  Other miscellaneous variation like 
aneurysm was found in 6.7% in this study at the 
junction of right anterior cerebral artery and anterior 
communicating artery. 

CONCLUSION
The present study has constructed a data on 
variation of arteries forming Circle of Willis in adult 
Nepalese cadavers. Out of 107 adult cadavers 
variations were noted among 15 cadavers (14%), 
12 cadavers had single variation while 3 had two 
variations. The most common variation in the 
present study was accessory anterior cerebral 
artery found in 7 cadavers (38.90%). Most of the 
variations were found in midline anteriorly followed 
by right side. Though the sample size was very small 
to represent all the adult Nepalese population, this 
attempt may open up further paths to construct 
baseline data on variation of arteries forming Circle 
of Willis in Nepalese people.

CONFLICT OF INTEREST
None declared.

REFERENCES
1. Standring S. Gray’s Anatomy E-Book: The 

Anatomical Basis of Clinical Practice: Elsevier 
Health Sciences; 2015.

2. Datta AK. Essentials of human anatomy-
neuroanatomy. 4 ed: Current books international; 
1995.

3. Henderson RD, Eliasziw M, Fox AJ, Rothwell PM, 
Barnett HJM. Angiographically defined collateral 
circulation and risk of stroke in patients with severe 
carotid artery stenosis. Stroke. 2000;31(1):128-32.

4. Hoksbergen AW, Majoie CB, Hulsmans F-JH, 
Legemate DA. Assessment of the Collateral 

JIOM Nepal

Variant Arteries of Circle of Willis

VOLUME 42 | NUMBER 1 | APRIL 2020

Fig 1. Photograph of single accessory anterior 
cerebral artery (arrow) and schematic (encircled)



20

Function of the Circle of Willis Three-Dimensional 
Time-of-Flight MR Angiography Compared with 
Transcranial Color-Coded Duplex Sonography. 
Am J of Neuroradiol. 2003;24(3):456-62.

5. Paul S, Mishra S. Variations of the anterior cerebral 
artery in human cadavers: a dissection study. J 
Anat Soc India. 2004;53(1):15-6.

6. Alpers BJ, Berry RG. Circle of Willis in cerebral 
vascular disorders: the anatomical structure. Arch 
Neurol. 1963;8(4):398-402.

7. Riggs HE, Rupp C. Variation in form of circle of 
Willis: the relation of the variations to collateral 
circulation: anatomic analysis. Arch Neurol. 
1963;8(1):8-14.

8. Fisher C. The circle of Willis: anatomical variations. 
Vasc Dis. 1965;2(99-105):15.

9. Puchades‐Orts A, Nombela‐Gomez M, Ortuño‐
Pacheco G. Variation in form of circle of Willis: some 
anatomical and embryological considerations. 
Anat Rec. 1976;185(1):119-23.

10. Ashwini CA, Shubha R, Jayanthi KS. Comparative 
anatomy of the circle of Willis in man, cow, sheep, 
goat, and pig. Neuroanatomy. 2008;7:54-65.

11. Crompton M. The pathology of ruptured middle-
cerebral aneurysms with special reference to 
the differences between the sexes. The Lancet. 
1962;280(7253):421-5.

12. Saeki N, Rhoton AL. Microsurgical anatomy of the 
upper basilar artery and the posterior circle of 
Willis. J Neurosurg. 1977;46(5):563-78.

13. Nordon David G, Junior R, Orlando F. Variations 
in the brain circulation: the circle of Willis. Braz J 
Morphol Sci. 2012;29(4):243-7.

14. Raghavendra SV, Dixit D. Circle of willis and its 
variations; morphometric study in adult human 
cadavers. Int J Med Res Health Sci. 2014;3(2):394-
400.

15. Pradhan P, Baral K, Dan U, Prasad R. Morphological 
Study Of Circle Of Willis-A Short Review. J Anat 
Soc India. 2009;58(1):35-9.

16. Yaseen S, Riyaz ZH, Siddiqui AA, Riyaz ZH. 
Variations in the brain circulation–the circle of 
Willis. Int J Neurosci .2016;2(2):37-42.

17. Kumar APV, Prasad K. A Study of Variation of 
Circle of Willis, in the Adult Population of South 
India. Int J Contemp Med Res.3, 1448-1450,2016

18. Klimek-Piotrowska W, Rybicka M, Wojnarska A, 
Wójtowicz A, Koziej M, Hołda MK. A multitude of 
variations in the configuration of the circle of Willis: 
an autopsy study. Anat Sci Int. 2016;91(4):325-33.

19. Iqbal S. A comprehensive study of the anatomical 
variations of the circle of Willis in adult human 
brains. J Clin Diagn Res. 2013;7(11):2423.

20. Sinha I, Ghosal AK, Basu R, Dutta I. Variation in 
the pattern of circle of willis in human brain–A 
morphological study and review. Al  Ameen J Med 
Sci. 2014;1(7):13-9.

21. Siddiqi H, Tahir M, Lone KP. Variations in cerebral 
arterial circle of Willis in adult Pakistani population. 
J Coll Physicians Surg Pak. 2013;23:615-9.

22. Al-Hussain SM, Shoter AM, Bataina ZM. Circle of 
Willis in adults. Saudi Med J. 2001;22(10):895-8.

23. Van Overbeeke J, Hillen B, Tulleken C. A 
comparative study of the circle of Willis in fetal 
and adult life. The configuration of the posterior 
bifurcation of the posterior communicating artery. 
J Anat 1991;176:45.

24. Gunnal S, Farooqui M, Wabale R. Anatomical 
variations of the circulus arteriosus in cadaveric 
human brains. Neurol Res Int. 2014;2014.

25. Karatas A,Yilmaz H, Coban G, Koker M, Uz A. The 
Anatomy of Circulus Arteriosus Cerebri (Circle 
of Willis): A Study in Turkish Population. Turk 
Neurosurg. 2016;26(1):54-61

Gautam et al.

www.jiom.com.npVOLUME 42 | NUMBER 1 | APRIL 2020


