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ClINICal SIgNIfICaNCE Of CIrClE Of WIllIS aNatOMICal VarIaNtS IN CErE-
brOVaSCular DISEaSES (abstract): to date, many studies investigated cerebral circulation 
due to the clinical significance of circle of Willis (CW) anatomical abnormalities. Various techniques 
have been used to study the anatomical variants of CW, but non-autopsy investigations have some 
certain limitations in detecting anatomical variants. Studying morphology of CW constituent arter-
ies on specimens taken during the autopsy allows a direct and wide view of the vessels at the base 
of the brain. the purpose of this study is to investigate the clinical significance of anatomical 
abnormalities/variants of CW arteries in the population sample from the North-East region of 
romania by assessing the causes of cerebral vascular mortality. this study included patients who 
died of various medical causes in the Emergency Clinical Hospital “Prof. dr. N. Oblu” Iaşi, in a 
period of 30 months (01.01.2014-30.06.2016), and who were subjects of a rutine autopsy. Out of 
the total of 96 available human brains, 28 cases (29.17%) were classified as “abnormal” or “ana-
tomical variants” and these were the cases that were analysed in this research. In this group, 
53.57% were males, and the mean age of the cases was 61.78 years. 60.71% of patients with 
anatomical variations of CW died of cerebrovascular diseases, and 39.29% died of other medical 
causes, on the first rank being acute myocardial infarction (17.85%). Knowing the frequency of 
anatomical variations of CW arteries in the population of Moldova can be useful in planning sur-
gery for cerebral aneurysms, to avoid accidental vascular trauma during surgery and can be re-
ported in current anatomy treatises. Key words: CIrClE Of WIllIS,  CErEbrOVaSCular 
DISEaSES, CauSES Of DEatH 

INtRODuCtION
at the base of the brain, in the interpedun-

cular fossa, there is a cerebral arterial circle or 
circulus arteriosus cerebri, which is an anas-
tomotic arterial canal connecting the internal 
carotid system with the vertebro-basilar system. 
this arterial structure was first and correctly 
described by the English anatomist and physi-
cian thomas Willis in 1664 (1). In his honor, 

it is also called circle of Willis, or Willis poly-
gon (2).

the normal circle of Willis (CW) is defined 
as a closed circuit in which blood can flow from 
the point of entry to and from its point of return 
through the component vessels, maintaining 
adequate flow without additional vessels, and 
the vessels of the mature brain should not be 
smaller than 1 mm in their external diameter (3).
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the importance of a symmetrical CW is 
twofold. first of all, this arterial structure is 
essential for maintaining a stable and constant 
blood flow to the brain as the nervous tissue is 
very sensitive to the lack of oxygen and lack of 
blood supply. It can be considered that it has 
compensatory capacity, depending on the pres-
ence of all arteries and their diameter. under 
conditions of a symmetrical CW, even in pa-
tients with stenosis or severe occlusion of the 
internal carotid artery, blood can redistribute 
in ischemic areas to improve cerebral perfu-
sion, preventing the occurrence of ischemic 
events and their progression. 

firstly, any change in CW morphology can 
lead to various interruption of the blood supply 
to a particular area of the brain. Several studies 
have shown that these anatomical variations 
play an important role in the development of 
cerebrovascular diseases (cerebral infarctions, 
cerebral hemorrhages), in migraine, and even 
in psychiatric disorders (4-9).

Secondly, the anatomical anomalies / vari-
ants of CW represent favorable factors for the 
dvelopment of aneurysms of the CW constituent 
cerebral arteries.

there are more and more articles in the 
literature reporting various anatomical variants 
of CW, defined as those changes that lead to 
the impossibility of this anastomotic structure 
to maintain an adequate brain flow, namely: 
1). the lack of some of the vessels that make 
up this structure; 2). the abnormal origin of 
some of the branches, found to be obviously 
different to the right and left of this structure; 
3). additional arteries; 4). the presence of a 
smaller diameter of an artery compared to the 
contralateral artery (3, 10-12).

to date, many studies investigated cerebral 
circulation due to the clinical significance of 
CW anatomical abnormalities. Various tech-
niques have been used to study the anatomical 
variants of this anastomotic canal, such as Ct 
angiography (13), magnetic resonance angiog-
raphy (14), intraoperative observations (15), 
and autopsy (16-17). Non-autopsy investiga-
tions have some advantages, but they also have 
certain limitations in detecting anatomical var-
iants (such as duplicate arteries). they are also 
dependent on the technician and thus may de-
crease the accuracy of the interpretation of the 
results. Studying morphology of CW on speci-
mens taken during the autopsy allows a direct 

and wide view of the vessels at the base of the 
brain, facilitating the observation and measure-
ment of common morphological variations so 
that post-mortem analysis becomes accurate 
and reproducible.

However, it is important to note that a nor-
mal CW occurs in only 16.6% of population in 
autopsy studies conducted so far, and in less 
than half (42.8%) of the population in imaging 
studies (12, 18).

because there is such a wide variation in the 
configuration of CW, anatomical abnormalities/
variations/variants affect the hemodynamics of 
blood flow especially during cardiac surgery 
with extracorporeal circulation (19), in the oc-
clusion of one of the major cerebral arteries, 
subarachnoid hemorrhage and in neurosurgical 
interventions, or other intracerebral disorders 
(20).    

the frequency of CW anatomical variations 
has been investigated in Poland (21), Iran (22, 
23), Egypt (24),  Macedonia and Kosovo (25), 
even extensively in India (12), but has not yet 
been sufficiently evaluated in the romanian 
population. because there are some differences 
in the anatomical variants of CW arteries be-
tween different races and ethnic groups (13, 
23, 26, 27)  and due to the fact that there are 
no data on anatomical variations in the cerebral 
circulation of the population in the Nord-Est 
region of romania, this study may contribute 
to the knowledge of this subject in romania and 
can allow comparisons for future works, which 
will be realized within the country and abroad.

given that the hospital where this research 
was conducted is a regional health unit, which 
admit patients with neurological and neurosur-
gical diseases throughout the region of Mol-
dova, the purpose of this study is to investigate 
the clinical significance of anatomical abnor-
malities / variants of  CW arteries in the popu-
lation sample from the North-East region of 
romania by assessing the causes of cerebral 
vascular mortality during the routine autopsy. 

mAtERIALS AND mEtHODS
the present research is an in-hospital de-

scriptive observational study by assuming the 
principles of institutional ethics. this study 
included patients who died of various medical 
causes in the Emergency Clinical Hospital “Prof. 
dr. N. Oblu” Iaşi, in a period of  30 months 
(01.01.2014-30.06.2016), and who were sub-
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jects of a rutine autopsy. Only deceased patients 
with anatomical variants of CW (defined as: 
arterial hypoplasia, absence, duplication, or 
fenestration; difference in arterial length or 
difference in the origin and place of discharge 
of any constituent artery, when compared to the 
opposite segments; the presence of any aneu-
rysm developed on any of the constituent arter-
ies) were analysed. the gender and age of the 
deceased patients, as well as their causes of 
death were recorded from the autopsy register 
of the Pathology Department within the hospi-
tal. the macroscopic images of the brain le-
sions that were identified during autopsies were 

taken from the photographic archive of the 
same Department. 

the data were collected in a database using 
Excel and then they were tabulated. the data 
obtained were used to calculate the average, 
number and percentage, as well as to make the 
corresponding graphs. finally, the obtained data 
were compared with data from the literature.

RESuLtS
Out of the total of 96 available human brains, 

68 cases (70.83%) presented the classic shape 
of the CW, i.e. a complete and symmetrical 
shape (fig. 1). the remaining 28 cases (29.17%) 

fig. 1. Distribution of the number of the deceased patients cases with 
anatomical variations of CW according to their gender.

fig. 2. average age (years) of the deceased patients with anatomical variations 
of CW according to their gender.
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were classified as “abnormal” or “anatomical 
variants” and these were the cases that were 
analysed in this research. 

Of the 28 deceased patients included in the 
present study, 15 (53.57%) were males and 13 
(46.42%) females, so M: f ratio was 1.15 
(fig. 2).  

the average age of the entire analyzed group 
was 61.78 years. female cases ranged in age 
from 39 to 86 years, with an average age of 
60.15 years, and male cases ranged in age from 
40 to 85 years, with an average age of 65.6 
years.

the deceased patients we analyzed repre-
sented a relatively homogeneous group in terms 
of both age and gender. both female and male 
patients accounted for a relatively equal number 
(15 male cases/13 female cases), and both 
sexes were aged between the 5th and the 9th 
decades of life (fig. 3). 

the distribution of the analyzed cases by age 
groups shows a peak in the 6th decade for fe-
male patients and a peak in the 7th decade for 
male patients (fig. 5). Overall, people with ana-
tomical variations of CW died largely (32.14%) 
in the 7th decade of their life.

More than half (60.71%) of the patients with 
anatomical variations of CW died of cerebro-

fig. 3. the distribution of the deceased patients with anatomical variations of CW 
according to the decades of age and gender. 

vascular diseases. the remaining 39.29% died 
of other medical causes that we will detail later.

Of those who died of cerebrovascular dis-
eases (table I), in 9/28 cases (32.14%) the 
cause of death was an ischemic stroke (figures 
4-6), but all of them had systemic atheroscle-
rosis complicated by ulcerations and calcifica-
tions, as well as hypertension. Of these, 14.28% 
had single / multiple hemispheric infarcts as 
the cause of their death, 10.71% died of bilat-
eral multiple cerebellar infarcts, and 7.14% 
died of bulbar infarcts. 

6/28 patients (21.42%) died of hemorrhagic 
strokes, all of them having high blood pressure 
or other associated major comorbidities. 4/28 
(14.28%) of all these patients have died due to 
an hemispheric hematoma with intraventricular 
extension and massive subarachnoid hemor-
rhage, and 2/28 (7.14%) cases had a ponto-
mesencephalic hematoma as the cause of the 
death. In our study, we identified 3/28 (10.71%) 
cases having an aneurysms, which affected the 
anterior communicating artery (aCoa).

among other medical causes of death for 
patients with variations of CW (table II) we 
identified:  acute myocardial infarction in 5/28 
cases (17.85%), pneumonia with pleurisy in 
2/28 (7.14%) cases, vertebral and liver metas-
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tases caused by bronchopulmonary cancer in 
2/28 (7.14%) cases, metabolic encephalopathy 
caused by acute haemorrhagic pancreatitis in 
1/28 (3.57%) cases, and tuberculous meningi-
tis with intracerebral tuberculomas in 1/28 
(3.57%) cases.

DISSCuSION 
there are very few studies that have looked 

at the causes of death in patients with ana-
tomical variations of  CW. Nordon and rodri-
gues Júnior (2012) reported that the main cause 
of the death in such patients were respiratory 
failure caused by pneumonia, bronchopneumo-
nia, pulmonary collapse, or pulmonary edema. 
In their study, heart failure ranked second and 
included: acute myocardial infarction, dilated 
cardiomyopathy, or chronic pulmonary heart 
disease caused by pulmonary embolism. On the 
third rank, in their study, septic or ischemic 
shock was identified (3). 

In our study, in almost two thirds of the 
cases, the causes of death were correlated with 
cerebrovascular diseases, with cerebral infarc-
tion and hematomas predominating, associated 
with other important comorbidities such as high 
blood pressure and cerebral atherosclerosis. 
Some some authors also find strong associa-
tions between an incomplete CW and intra-
plaque hemorrhage of carotid atherosclerotic 

tablE I 
Cerebrovascular disease as causes of death for patients with anatomical variations of CW

Cause of death
No.

of cases
Percentage
of cases (%)

Single / multiple hemispheric infarcts 4 14,28%
bilateral multiple cerebral infarctions 3 10,71%
bulbar infarction 2 7,14%
Hemispheric hematoma with intraventricular extension 4 14,28%
Pontomezencephalic hematoma 2 7,14%
ruptured aCoa aneurysm with massive subarachnoid hemorrhage 3 10,71%
Other causes 11 39,28%

abbreviation: aCoa- anterior Communicating artery

tablE II 
Other causes of death in patients with anatomical variations of CW

Cause of death
No. of cases/

total
Percentage of 

cases (%)
acute myocardial infarction 5 17,85%
Metabolic encephalopathy due to acute hemorrhagic pancreatitis 1 3,57%
Pneumonia with pleurisy 2 7,14%
Multiple metastases from bronchopulmonary cancer 2 7,14%
tuberculous meningitis with intracerebral tuberculomas 1 3,57%

plaques (29). In the group of patients with 
anatomical variations of CW, but having a non-
stroke cause of death, most cases died of acute 
myocardial infarction, followed by pneumonia 
with pleurisy and metastatic disease from bron-
chopulmonary cancer. Other causes of death in 
the present study were rare, such as metabolic 
encephalopathy caused by acute hemorrhagic 
pancreatitis and tuberculous meningitis with 
intracerebral tuberculomas.

It is worth mention that Jin et al. (2016) 
found that more than half (56.6%) of their 
patients with anatomical variations of CW had 
high blood pressure, 31.3% had hypertriglyc-
eridemia, 8.9% had diabetes, 44.8% were heavy 
smokers and 59.8% were overweight (30). We 
also found that our patients were diagnosed 
with hypertension, diabetes, and systemic ath-
erosclerosis. 

there are many studies in the literature that 
have analyzed the association between different 
anomalies / anatomical variants of the CW con-
stituent arteries and cerebrovascular diseases. 

according to angiographic and autopsy stud-
ies, Posterior Communicating artery (PCoa) 
hypoplasia, which is a fetal variant of the Wil-
lis circle, becomes a risk factor for ischemic 
stroke only in the presence of ipsilateral occlu-
sion of the internal carotid artery (ICa). In the 
angio-MrI study by Chuang et al. (2008), in 
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fig. 4. f, 71 years-old. a). gross anatomy: left and right PCoas hypoplasia; b). Cause of death: 
right parieto-temporal hemorrhage with intraventricular extension.

fig. 5. M, 50 years-old. a). gross anatomy: right aCoP atresia, and left PCoa hypoplasia; 
b). Cause of the death: right fronto-parietal hemorrhagic infarction.

which 19.35% were identified for PCoa hypo-
plasia, the most common ischemic event was 
ipsilateral thalamic lacunar infarction, with or 
without occipital lobe involvement (31). those 
authors concluded that PCoa hypoplasia is a 
contributing factor to the risk of ischemic stroke, 
even in the absence of ICa occlusion. this risk 
is especially pronounced for strokes involving 
the arteries that penetrate the thalamus.

the hypoplasia of the anterior Cerebral ar-
tery (aCa) in the a1 segment is a less common 
fetal variant of CW, being found in 1-13%, as 

shown by angiograms and autopsy reports. Im-
pairment of collateral blood flow due to ana-
tomical variations of  CW is a recognized risk 
factor for ischemic stroke. the a1 segment of 
aCa is a major provider of the anterior col-
lateral blood flow. based on brain angio-MrI, 
Chuang et al. (2007) found aCa a1 agenesis / 
hypoplasia in 15.0% of the 280 patients with 
acute stroke that they analyzed. Of these, most 
had ipsilateral striatal lacunar infarcts (32). the 
above authors concluded that agenesis / hypo-
plasia of the a1 segment of the aCa is a risk 
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factor that contributes to ischemic stroke, es-
pecially those caused by damage to the arteries 
that penetrate the striatal areas.

also, Yamaguchi et al. (2004) reported two 
cases of bilateral cerebral infarction in the ter-
ritory of the anterior cerebral arteries (aCa) 
which on angio-MrI showed unilateral hypo-
plasia of the a1 segment of the aCa (33). the 
authors concluded that unilateral hypoplasia of 
a1 is a significant predisposing factor for this 
rare type of stroke.

In the fetal version of Willis’s circle, there 
is an embryological defect of the primary col-
lateral circulation. Wu and Chuang (2011) con-
sider that, in addition to the fact that collateral 
blood flow cannot develop between the anterior 
and posterior circulations, tentorium prevents 
the connection of cerebellar vessels to the su-
pra-tentorial territory (34). therefore, patients 
with fetal variation of CW may be more likely 
to develop a stroke. 

the association of aneurysms with anatom-
ical variations of CW is well documented. Ka-
poor et al. (2008) found intracranial saccular 
aneurysms in 10% of their 100 cases with ana-
tomical variations of CW (18). Jin et al. (2016) 
reported that 10.3% of patients investigated by 
them had aneurysms (30). We also found aneu-
rysms located at the aCoa level in more than 
10% of all cases. liu et al. (2017) highlight the 
fact that anatomical variation in the anterior 
circulation of CW determined an abnormal 
hemodynamic flow of blood into the cerebral 

fig. 6. M, 56 years-old, a). gross anatomy:  right aCa hypoplasia. b). Cause of death: multiple liver 
metastases due to  left apical lung cancer.

abbreviations: aCa- anterior cerebral artery; aCoa- anterior Communicating artery; 
  PCoa – Posterior Communicating artery

arteries, and this may lead to formation of in-
tracranial aneurysm (35).   

However, there are also reports of higher 
percentages of the presence of an aneurysm in 
CW, especially when CW is analyzed from 
patients with subarachnoid hemorrhage. Sid-
diqi, ansar and fasih (2013) found a high in-
cidence of CW aneurysms (20.3%) (36). those 
authors suggested that CW variations are sta-
tistically more frequently associated with the 
development of aneurysms. the configuration 
of this primary collateral pathway is a major 
risk factor for circulatory damage during acute 
hemodynamic change. there is a well-defined 
correlation between proximal asymmetric seg-
ments of the anterior cerebral arteries and an-
eurysms of aCoa and a statistically significant 
relationship is found between asymmetric PCoa 
and the development of aneurysms at the junc-
tion of ICas with PCoa due to hemodynamic 
stress caused by these variations of CW.

unlike other studies (37), who did not report 
the presence of aneurysms in their series, in the 
present research we identified three aneurysms 
(10.71%), located on aCoa that led to the death 
of the respective patients due to massive suba-
rachnoid hemorrhage with intraventricular ex-
tension.

CONCLuSIONS
as CW provides the best collateral source 

of blood flow in arterial occlusive disorders, a 
detailed knowledge of the the anatomical vari-
ants of CW constituent arteries  is useful for 
neurosurgeons in planning surgery for cerebral 
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aneurysms, in choosing patients, and to avoid 
accidental vascular trauma during surgery. 
Knowing the frequency of anatomical variations 
of CW arteries in the population of Moldova 
can also be useful during radiological interpre-
tations of angiographies and can be reported in 

current anatomy treatises to warn students 
about these anatomical variations.
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