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ABSTRACT

Introduction: Cerebral arterial variations are com-
monly associated with cerebrovascular disease
and should be considered during brain surgeries.
Since some cerebrovascular diseases are seen in
certain breeds, it seems that different distributions
of cerebral arterial variations depend on race. Aim:
The aim of this study was to determine the random
incidence of vascular anomalies of the circle of
Willis in autopsy of the cadavers. Material and
Methods: In this study, 107 autopsy cadavers were
examined. The brain was removed from the skull
through standard autopsy procedures and with
great care, the circles of Willis were evaluated,
their main branches were accurately dissected,
their anatomy was examined using a glass plate
and variations were recorded. Results: The mean
age of the cadavers was 57.77 years, and 72.9% of
them were male. The forms of circle of Willis of the
cadavers were categorized according to the Lazort
classification, from which 48.6% had form 1,39.3%
form 4, and 12.1% form 6. Out of all patients, 51.4%
had hypoplasia and 67.3% had asymmetry. There
was a significant relationship between asymmetric
incidence and the age of cadavers, the incidence of
hypoplasia and sexof the cadavers, and the forms
of the circle of Willis and the diameter of segment
(p<0.05). Conclusion: Due to the high incidence
of asymmetry (67.3%) and hypoplasia (51.5%), it
seems necessary to perform a complete review
of the details of cerebrovascular anatomy in any
surgical intervention around the circle of Willis,
especially in vascular lesions of this area.
Keywords: Circle of Willis, cadaver, autopsy.
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1. INTRODUCTION

The shape of the cerebral vascular system
was first defined by Thomas Willis in 1658, who
was able to draw a picture of this anastomosis
(1, 2). Although some cases of incomplete circle
of Willis were mentioned in the early studies,
the study of the circle of Willis variations began
in the twentieth century (3). The circle of Wil-
lis is located at the base of brain and includes
two sides of internal carotid with connection to
vertebrobasilar artery anastomosis. Of course,
there may also be variations in the classic look
of the circle of Willis. The diameter of the vessels
may be different; sometimes they are hypoplas-
tic vessels. Sometimes these vessels are two, or
sometimes absent in general. Various studies
have shown that these variations are seen in
20-50% of normal people. If anatomical varia-
tions are asymmetric, aneurysm usually grows
on arteries with greater diameter (due to the
higher turbulence), and variation in the circle
of Willis is seen in more than 90% of the sac-
cular aneurysms, and even the accompanying
migraine is mentioned (4). Any change in the
normal anatomy of the circle of Willis causes and
exacerbates the symptoms of vascular diseases
such as infarction aneurysm and other vascular
anomalies (5). Cerebral arterial variations (the
arterial circle of Willis) are commonly associ-
ated with cerebrovascular disease and should
be considered during brain surgeries (6, 7). Con-
sidering that some cerebrovascular diseases are
seen in certain races, different distributions of
cerebral arterial variations seem to depend on
race (8-12). Although cerebral arterial variations
have been reported in other parts of the world,
they have been reported to be extremely rare in
Iran, and no study has been done to investigate
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the variations of the circle of Willis in Kermanshah, one of
the metropolitan cities of Iran.

2. AIM

The aim of this study was to determine the prevalence
of cerebrovascular variations of the circle of Willis based
on the autopsy cadavers in Kermanshah province (Kurd-
ish race).

3. PATIENTS AND METHODS

This study was approved by the Ethics Committee of Ker-
manshah University of Medical Sciences, Kermanshah, Iran.
In a cross-sectional study, 107 autopsy cadavers of different
ages and sexes at the forensic center were included between
2016 and 2017. The close relatives of the cadavers were sat-
isfied to perform autopsies. Among the autopsy cadavers,
the brains with pathology or evidence of injury following
head trauma were excluded. The brain was removed from
the skull through standard autopsy methods and with great
care, and the circle of Willis was evaluated by the assistant
designer. The circle of Willis and its main branches were
carefully inscribed, and their anatomy was examined. The
variations were recorded and photographed as needed. The
circle of Willis was classified into different groups in terms
of the diameter of its segments and the existence of varia-
tions: a) normal anatomic pattern, b) hypoplasia of anterior
communicating artery, c) hypoplasia of anterior cerebral
artery, d) one-sided aplasia of the posterior communicating
artery, e) bilateral aplasia of the posterior communicating
artery, f) bilateral hypoplasia of the posterior communicat-
ing artery and g) other variations. In order to investigate
the circle of Willis: a) the skull of the corpses was unlocked
with the help of a special saw, b) the cranial nerve in the
skull and then the carotid were cut, c) the brain stem was
released and the whole brain was removed completely, d)
the small branches isolated from the original field were
cut, and e) the circle of Willis was completely removed and
measured by a glass plate and subtle line. By this method,
the whole circle of Willis, including the anterior cerebral
area, the posterior cerebral area, middle cerebral area, an-
terior communicating area, posterior communicating area,
vertebrobasilar artery, basilar artery and internal carotid
artery was measured. To obtain the diameter of the vessels,
the resulting number was multiplied by 2, and was based
on the number 1. By definition, asymmetry refers to cases
in which the diameter of the arteries of the same name is
at least one mm apart, and hypoplasia refers to the arteries
of less than 1 mm (13). Hypoplasia was divided according
to the Lazort classification (14).

Statistical analysis

SPSS version 21 software was used for data entry and
analysis. To summarize the results, descriptive statistics
(mean, standard deviation, frequency and percentage) were
used. To compare qualitative and quantitative data were
used Chi-square test and Student’s t-test, respectively. The
significance level was set at <0.05.

4, RESULTS
The age of the subjects was between 16 and 83 years,
with mean and standard deviation of 57.77 * 14.49 years.

The highest prevalent age ranges in the cadavers were 60-
70 (29.9%) and 50-60 years (25.5%) (Table 1). Out of 107
cadavers, 78 (72.9%) were male, 55 (51.4%) had hypoplasia,
and 72 (67.3%) had asymmetry. The circle of Willis forms in
the cadaversincluded 48.6% type 1, 39.3% type 4 and 12.1%
type 6. Out of 55 cadavers with hypoplasia, hypoplasia was
located in left posterior communicating artery in 76.3% and
left and right posterior communicating arteries in 23.7%.
Out of 72 cadavers with asymmetry, asymmetry was located
in carotid arteries on both sides in 51.4% and vertebral
artery in 48.6% of samples. The lowest mean diameters of
segments (mean diameter of arteries of the circle of Willis)
in the cadavers were 5.6 mm (30.8%) and 4-5 mm (23.4%),
with a total mean diameter of 5.25 mm in all the cadavers.

Variable N(%)
Age group, year

<40 16 (15)
40-50 12(11.2)
50-60 27 (25.5)
60-70 32(29.9)
70-80 18 (16.8)
»80 2(1.9
Sex

Male 78(72.9)
Female 29 (27.1)
The circle of Willis forms

1 52 (48.6)
4 42(39.3)
6 13(12.1)
Hypoplasia

Yes 55(51.4)
No 52 (48.6)
Location of hypoplasia (n=55)

Only left posterior communicating artery 42 (76.3)
Left and right posterior communicating arteries 13(23.7)
Asymmetry

Yes 72 (67.3)
No 35(32.7)
Location of asymmetry(n=72)

Carotid arteries on both sides 37 (51.4)
Vertebral artery 35 (48.6)
Mean diameter of segment, mm

<3 8(7.5)
3-4 12(11.2)
4-5 25(23.4)
5-6 33(30.8)
6-7 22 (20.6)
7 7 (6.5)

Table 1. Baseline characteristics of the autopsy cadavers (n=107)

Variables The circle of Willis forms
P-value
1 4 6
Age, year 56.38 0.645
Mean + SD : 59.95+13.08 56.30+16.18 :
15.19
Sex
Male 37(71.2) 31(73.8) 10(76.9) 0.903
Female 15(28.8) 11(26.2) 3(23.1)
Mean diameter
of segment, mm 4.73 0.009

Mean £ SD 117 4.97+1.47  5.75%1.25

Table 2. Correlation between the circle of Willis forms and some
variables

Table 2 shows the correlation between the circle of Willis
forms and three variables of age, sex and diameter of seg-
ment. There was only a significant correlation between the
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diameter of segment and the circle of Willis forms; diameter
of segment was higher in from 6 than form 4, and higher in
from 4 more than form 1 (p=0.009).

Table 3 shows the correlation between hypoplasia and
three variables of age, sex and diameter of segment. There
was merely a significant correlation between sex and hy-
poplasia; most cadavers with hypoplasia were female, but
most cadavers without hypoplasia were male (p=0.031).

Variables Hypoplasia

ypop P-value

Yes No

Age, year
Mean + SD 60.10+13.01 55.30+15.66 0.086
Sex
Male 35(63.6) 43 (82.7) 0.031
Female 20 (36.4) 9(17.3)
Mean diameter of
segment, mm 0.734
Mean + SD 5.21+1.52 5.29+1.29

Table 3. Correlation between hypoplasia and some variables

Table 4 shows the correlation between asymmetry and
three variables of age, sex and diameter of segment. There
was only a significant correlation between age and asym-
metry; the mean age was higher in the cadavers with asym-
metry than the cadavers without asymmetry (p=0.032).

Variables Asymmetry
P-value
Yes No
Age, year
Mean + SD 62.34+10.51 55.55+15.66 0.032
Sex
Male 56 (77.8) 22 (62.9) 0.112
Female 16 (22.2) 13 (37.1)
Mean diameter of 0.175

segment, mm

Mean = SD 551+1.47  512:1.36

Table 4. Correlation between asymmetry and some variables

In this study, the mean age of the autopsy cadavers was
57.77 years; whereas, those of other studies were 41.2 years
(15), 39 years (14) and 37 years (16). In this study, 72.9% of
cadavers were male; whereas, 84.5% (15), 81% (14) and 80%
(16) of cadavers were male in other studies. Based on the
results of the present study, the circle of Willis forms of the
cadavers were based on the classical Lazort calcification
(48.6% form 1, 39.3% form 4 and 12.1% form 6). However,
in another study (14), 50% were type I, 38% were type 4 and
6% were type 6. The results of the present study indicated
that 67.3% of autopsy cadavers had asymmetry variation.
In the studies of Ramakhashemi and Mahmodi (15), Zulu
et al. (16), De Silva et al. (13), Igbal et al. (17) and Singh et
al. (18), asymmetry variations were reported in 65.5%, 10%,
56.4%, and 52%of autopsy cadavers, respectively.

In the present study, 51.4% of autopsy cadavers had
hypoplasia. In the studies of Zulu et al. (16), De Silva et al.
(13), Igbal et al. (17) and Singh et al. (18), 33.2%, 86%, 24%,
18.6% of cadavers had hypoplasia, respectively. Based on
the results of this study, hypoplasia was 66.7% in the left
and 33.3% in the right posterior communicating arteries.
Ramakhashemi and Mahmodi (15) found 17.5% posterior
communicating artery hypoplasia in one side and 24% in

two sides. In a study by Zulu et al. (16), the most common
sites of hyperplasia were found in the left posterior commu-
nicating artery (54.5%) and right posterior communicating
artery (45.5%). In a study by De Silva et al. (13), posterior
communicating artery hyperplasia was observed in 70% of
cadavers, and anterior circulation was identified in 30% of
cadavers. In the study of Ramakhashemi and Mahmodi (15),
anterior communicating artery hyperplasia and anterior
cerebral artery hypoplasia were seen in 14% and 4.5% of
cadavers, respectively.

According to the results, the mean diameter of arteries
of the circle of Willis was 5.25 mm in the cadavers. As for
the correlation between asymmetry, the circle of Willis
forms and hypoplasia, there were just correlations between
the asymmetric incidence and the age of the cadavers, the
circle of Willis forms and the diameter of segment, and
hypoplasia incidence and sex. In the study of Karamoziyan
et al. (14), there was no significant relationship between
the asymmetry incidence and the diameter of segment. In
the study of Zulu et al. (16), in line with the results of the
present study, there was a correlation between the age of
cadavers and the incidence of hypoplasia.

The difference in mean age, male frequency, frequency
of variance in the anatomical pattern of the circle of Wil-
lis and the incidence of hypoplasia and asymmetry in the
autopsy cadavers in different studies can be due to differ-
ences in the geographical areas of the subjects, the differ-
ence between definition of hypoplasia and asymmetry, or
vascular measurement tools. There were two limitations
in the present study. First, there is a possible change that
can be seen in vascular diameter in the afterlife, which can
affect the measurements. Second, this study was a cross-
sectional study, so the relationships achieved cannot be
called cause and effect.

Based on the results of this study, due to the high in-
cidence of asymmetry (67.3%) and hypoplasia (51.5%), a
complete review of the details of cerebrovascular anatomy
in any surgical intervention around the circle of Willis,
especially in vascular lesions of this area seems to be nec-
essary. The existence of variation scan indicate the differ-
ence in neurological defects caused by vascular events in
different individuals. It is also suggested that future studies
determine the prevalence of vascular anomalies of the circle
of Willis in the cadavers of different races.

e Acknowledgment: The authors gratefully acknowledge the Research
Council of Kermanshah University of Medical Sciences (Grant Number:
97036) for the financial support. This work was performed in partial ful-
fillment of the requirements for MD of Neurosurgery (Reza Asgari Gorji)
in the Faculty of Medicine, Kermanshah University of Medical Sciences,
Kermanshah, Iran.

e Author’s contribution: Substantial contribution to conception and
design: RF; Substantial contribution to acquisition of data: RAG; Sub-
stantial contribution to analysis and interpretation of data: RF, RAG, &
MS; Drafting the article: SRB; Critically revising the article for important
intellectual content: MS; Final approval of the version to be published:
RF & MS.

e Conflict of interest: none declared.

Mater Sociomed. 2018 Aug; 30(3): 189-192 « ORIGINAL PAPER 191



Assessment of the Prevalence of Vascular Anomailies of the Circle of Willis

REFERENCES

1.

192

Haymaker W, Schiller F, eds. The Founders of Neurology 2nd
ed. Springfield, I1l: Charles C, Thomas; 1970, 25-26.
Feindel W. The origin and significance of cerebri anatome.
In: Feindel W, ed. Thomas Willis: The Anatomy of the Brain
and Nerves. Birmingham, Ala: McGill-Queens University
Press; 1978, 30-32.

Meyer A, Hierons R. Observation on the history of the ‘circle
of Willis.” Med Hist. 1962; 6: 119-130.

Symonds C. The circle of Willis. Br Med J. 1955; 1(4906): 119-
124.

Hendrikse J, van Raamt AF, van der Graaf Y, Mali WP, van der
Grond J. Distribution of Cerebral Blood Flow in the Circle of
Willis. Radiology. 2005; 235(1): 184-189.

Uchino A, Nomiyama K, Takase Y, Kudo Sh. Anterior cerebral
arteryvariations detected by MR angiography. Neuroradiol-
ogy. 2006; 48(9): 647-652.

Stojanovi¢ N, Stefanovic I, Randjelovic¢ S, Miti¢ R, Bosnjakovi¢
P, Stojanov D, et al. Presence of anatomical variations of the
circle of Willis in patients undergoing surgical treatment for
ruptured intracranial aneurysms. Vojnosanit Pregl. 2009;
66(9): 711-717.

Schomer DF, Marks MP, Steinberg GK, Johnstone IM,
Boothroyd DB, Ross MR, et al. The anatomy of the posterior
communicating artery as a risk factor for ischemic cerebral
infarction. N Engl ] Med. 1994; 330(22): 1565-1570.
Miralles M, Dolz JL, Cotillas J, Aldoma J, Santiso MA, Gimé-
nez A, et al. The role of the circle of Willis in carotid occlu-
sion: assessment with phase contrast MR angiography and
transcranial duplex. Eur ] Vasc Endovasc Surg. 1995; 10(4):
424-430.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Battacharji SK, Hutchinson EC, McCall AJ. Circle of Willis:
the incidence of Developmental abnormalities in normal and
infarcted brains. Brain. 1967; 90(4): 747-758.

Riggs HE, Rupp C. Variation in form of circle of Willis. Arch
Neurol. 1963; 8: 8-14.

Kapoor K, Singh B, Dewan LI. Variations in the configuration
of the circle of Willis. Anat Sci Int. 2008; 83(2): 96-106.

De Silva KRD, Silva R, Gunasekera WSL, Jayesekera RW.
Prevalence of typical circle of Willis and the variation in
the anterior communicating artery: A study of a Sri Lankan
population. Ann Indian Acad Neurol. 2009; 12(3): 157-161.
Karamoziyan S, Ebrahiminejhad A, SHahba M, Ohadi A,
SHasavarani SH, Keykhosravi E. Variations of the Circle of
Willis in 100 Cadavers in Kerman Province. ] Kerman Univ
Med Sci. 2012; 19(6): 551-561.

Ramakhashemi M, Mahmodi R. Assessment of the Prevalence
of the Circle of Willis Variations, Based on the Medico-Legal
Autopsies during a 3 Year Period (2006-2009). Iranian ] Surg.
2008; 17(4): 65-73.

Zulu H. Anatomical Variations of the Circle of Willis as seen
at the University Teaching Hospital, Lusaka, Zambia. Dis-
sertation Submitted to the University of Zambia in Partial
Fulfilment of the Requirements for the Degree of Master of
Science in Human Anatomy. 2017.

Igbal S. A comprehensive study of the anatomical variations
of the circle of Willis in adult human brains. ] Clin Diagn Res.
2013; 7(11): 2423-2427.

Singh R, Kannabathula AB, Sunam H, Deka D. Anatomical
variations of circle of Willis-a cadaveric study. Int Surg ]J.
2017; 4(4): 1249-1258.

ORIGINAL PAPER - Mater Sociomed. 2018 Aug; 30(3): 189-192



