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Circulus Willis Anomalies Diagnosed with CT Angiography and Evaluation of Their
Relations with Ischemic Stroke

BT Anjiyografi ile Teshis Edilen Circulus Willis Anomalileri ve Iskemik inme ile iliskilerinin Degerlendirilmesi

Halil AY?!

ABSTRACT

Our aim in this study is examining the frequency
of posterior communicating artery (PCoM), Anterior
Cerebral Artery Al segment (ACA Al) and Fetal type
posterior cerebral artery (FPCA) anomalies and their
effects on ischemic stroke by retrospectively
analyzing examinations of Computerized Tomography
Angiography (CTA) taken in our hospital within 2017.
22 cases (26.5%) diagnosed with bilateral hypoplastic
/ aplastic PCoA anomaly, were diagnosed with
anterior circulation infarct, 24 cases (28.9%) were
diagnosed with posterior circulation infarct, but 37
cases (44.6%) were not diagnosed with ischemic
stroke. 17 (37.8%) of the cases who have unilateral
hypoplastic / aplastic PCoA anomaly, were diagnosed
with anterior circulation infarct, 14 cases (31.1%)
were diagnosed with posterior circulation infarct. 13
(26%) of 50 cases diagnosed with unilateral
hypoplastic / aplastic ACA Al segment, were
diagnosed with anterior circulation infarct, 10 cases
(20%) were diagnosed with posterior circulation
infarct. 27 cases (54%) were not diagnosed with
ischemic stroke. Both of 2 cases diagnosed with
bilateral hypoplastic / aplastic ACA Al segment, had
anterior circulation infarct. 4 (30.8%) of 13 cases
diagnosed with unilateral FPCA anomaly, were
diagnosed with anterior circulation infarct, 3 cases
(23.1%) were diagnosed with posterior circulation
infarct, 6 cases (46.2%) did not have ischemic stroke
symptoms. In conclusion, even though these
variations’ role in optimum stroke prophylaxis in
individuals having one or more stroke risk factors, has
not determined yet, there is no doubt that clinical
researcher will eliminate these uncertainties in future
studies.
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Bu ¢aligmadaki amacimiz Bilgisayarli Tomografi
Anjiyografi (BTA) incelemelerini retrospektif olarak
analiz ederek Posterior Komiinikan Arter (PCoM),
Anterior Serebral Arter Al segmenti (ACA Al) ve
Fetal Tip Posterior Serebral Arter (FPCA)
anomalilerinin sikligmi ve iskemik inme iizerindeki
etkilerini incelemektir. Caligma retrospektif olarak
planlandi ve 2017 yilinda BTA c¢ekilen hastalar
caligmaya dahil edildi. Bilateral hipoplastik/aplastik
PCoA anomalisi tanist alan 22 olguya (%?26,5)
anterior sirkiilasyon infrakti, 24 olguya (%28,9)
posterior sirkiilasyon infrakti tanist konulmustur, 37
olguya (%44,6) %) iskemik inme tanisi
konulmamustir. Tek tarafli hipoplastik/aplastik PCoA
anomalisi olan olgularm 17'sine (%37,8) anterior
sirkiilasyon enfarkti, 14 olguya (%31,1) posterior
sirkiilasyon enfarkt: tanisi konulmustur. Tek tarafli
hipoplastik/aplastik ACA Al segmenti tanis1 alan 50
olgunun 13'iine (%26) anterior sirkiilasyon infrakti, 10
olguya (%20) posterior sirkiilasyon infrakti tanisi
konulmustur. 27 olguya (%54) iskemik inme tanisi
konulmamuigtir. Bilateral hipoplastik/aplastik ACA Al
segmenti tanisi alan 2 olgunun her ikisinde de anterior
sirkiilasyon infarktt mevcuttu. Tek tarafli FPCA
anomalisi tanis1 alan 13 olgunun 4'%ine (%30,8)
anterior sirkiilasyon enfarkti tanist konulmustur, 3
olguya (%23,1) posterior sirkiilasyon enfarktiisii tanisi
konulurken, 6 olguda (%46,2) iskemik inme
semptomu  saptanmamistir. Sonug¢ olarak, bir veya
daha fazla inme risk faktoriine sahip bireylerde bu
varyasyonlarin optimum inme profilaksisindeki rolii
heniliz belirlenmemis olsa da, klinik arastirmacilarin
gelecekteki caligmalarda bu  belirsizlikleri ortadan
kaldiracagindan siiphe yoktur.

Anahtar Kelimeler: Anterior Serebral Arter,
Bilgisayarli Tomografi Anjiyografi, inme, Posterior
Komminikan Arter.
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INTRODUCTION

Circulus  Willis (CW) which was
identified by Thomas Willis in 1964, supplies
collateral blood flow by many ways .12 CW
is a circulation taking place between both
carotid systems and vertebrobasilar system in
intracranial area, when necessary. Anterior
communicating  arteries (AcoM) and
posterior communicating arteries (PCoM) are
component arteries of CW and they are
defined as primary collateral way. ** The
other way which is known as secondary
collateral way is anastomosis located
between internal maxillary artery which is
section of external carotid artery, and
ophthalmic artery, and leptomeningeal
anastomosis.>”’

The efficiency of CW depends on its
integrity, length a nd width of its arteries.
Clinical importance of variations in CW
morphology which causes redistribution of
blood, has increasingly been becoming
obvious. Hemodynamic analyses have shown
that an occlusion in a artery redirects the
blood flow to other arteries and this results in
decreased collateral flow, and also these
variations can cause measurable and

clinically related ischemia, including stroke.
8-10

Fetal type posterior cerebral artery
(FPCA) is a common anatomical variation,

observed in CW and regardless of a small
relation with basilar artery (BA), it is defined
as posterior cerebral artery (PCA) originated
from internal carotid artery (ICA).** In this
case, instead of BA, ICA supplies blood to
PCA.*2 It is reported that between 12% to
36% of cases within literature have FPCA.
Some studies have found that there is a
significant relation among FPCA and
occipital lobe infarction, life threatening
headache and White matter degeneration. 4%

Due to ever increasing role of CW
morphology in cerebral hemodynamic and
ischemia, it is possible that variations within
CW morphologies would be an important
risk  factor  for  development  of
cerebrovascular disease (CVD). In many
studies it has been found that healthy
collateral circulation decreases the risk of
temporary ischemic attack and fatal ischemic
stroke. 1618

Our aim in this study is examining the
frequency of posterior communicating artery
(PCoM), Anterior Cerebral Artery Al
segment (ACA Al) and Fetal type posterior
cerebral artery (FPCA) anomalies and their
effects on ischemic stroke by retrospectively
analyzing examinations of Computerized
Tomography Angiography (CTA) taken in
our hospital within 2017.

MATERIAL AND METHOD

Material

In 2017, 220 outpatients and inpatients,
treated in Harran University Faculty of
Medicine and examined with CT
Angiography were scanned retrospectively.
Clinical and detailed CTA reports of these
patients were obtained from patients’ files.

Method

In this study, 16-sliced spiral CT device
(General Electric Revolution 64 Detector 256
sections) and 400 pressure injectors
(MedradStellant) were used. Hypoplastic /
Aplastic PCoA diagnosis was made by CTA
and with less than 1 mm artery diameter or

without artery diameter, whereas Hypoplastic
/| Aplastic ACA Al segment diagnosis was
made with less than 1.5 mm artery diameter
or without artery diameter. FPCA diagnosis
was made with larger diameter of PCoA,
located in the same side of P1 segment and
dominant blood build-up of occipital lobes’
being supplied by internal carotid artery
which is in the same side. Before the
beginning of study we got ethics committee
approval from Harran University. In Figures
land 2, examples of CW anomalies within
the CTA taken in our hospital, are given.

In the statistical method, frequency
analysis of variables was performed.
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Ethical Approval

All procedures performed in studies
involving human participants were in
accordance with the ethical standards of the
institutional  and/or  national  research
committee and with the 1964 Helsinki
declaration and its later amendments or
comparable ethical standards.

Figure 1. Bilateral Hypoplastic Pcoa Anomaly

Figure 2. Left Fetal Type Posterior Cerebral
Artery

RESULTS AND DISCUSSION

There were 220 cases in total, who had
CTA scan, and 130 of them (59.1%) were
male, 90 of them (40.9%) were female. Age
average of male cases was 59.69+15.06. Age
average of female cases was 60.38+15.85.

45 of 220 cases (20.5%) were diagnosed
with unilateral hypoplastic/aplastic PCoA
anomaly, 83 cases (37.7%) were diagnosed
with bilateral hypoplastic/aplastic PCoA
anomaly. 92 cases (41.8%) were not
diagnosed with hypoplastic/aplastic PCoA
anomaly. 22 cases (26.5%) diagnosed with
bilateral hypoplastic/aplastic PCoA anomaly,
were diagnosed with anterior circulation
infarct, 24 cases (28.9%) were diagnosed
with posterior circulation infarct, but 37
cases (44.6%) were not diagnosed with
ischemic stroke. 17 (37.8%) of the cases who
have unilateral hypoplastic / aplastic PCoA
anomaly, were diagnosed with anterior
circulation infarct, 14 cases (31.1%) were
diagnosed with posterior circulation infarct.
14 cases (31.1%) cases were not diagnosed

with ischemic stroke.Only 5 (3.9%) of cases
diagnosed with hypoplastic/aplastic anomaly,
were diagnosed with unilateral ICA stenosis
which was higher than 50%, and all had
stroke symptoms, but this ratio was not
statistically significant both in cases with
PCoA anomaly and all cases who had stroke
symptoms within this group (p>0.05).

13 of 220 cases (5.9%) were diagnosed
with FPCA anomaly, 1 case (0.5%) was
diagnosed with FPCA anomaly. 206 cases
(93.6%) were not diagnosed with FPCA
anomaly. 4 (30.8%) of 13 cases diagnosed
with unilateral FPCA anomaly, were
diagnosed with anterior circulation infarct, 3
cases (23.1%) were diagnosed with posterior
circulation infarct, 6 cases (46.2%) did not
have ischemic stroke symptoms. Only one
case diagnosed with bilateral FPCA anomaly,
did not have ischemic stroke symptoms. Only
1 (7.1%) of cases diagnosed with FPCA
anomaly, was diagnosed with unilateral ICA
stenosis which was higher than 50%, and all

1926



GUSBD 2023; 12(4): 1924 - 1929
GUJHS 2023; 12(4): 1924 - 1929

Giimiigshane Universitesi Saghk Bilimleri Dergisi
Giimiighane University Journal of Health Sciences

Arastirma Makalesi
Original Article

had stroke symptoms, but this ratio was not
statistically significant both in cases with
FPCA anomaly and all cases who had stroke
symptoms within this group (p>0.05). In
Table 1 and 2, frequency of CW anomaly and
concomitant stroke ratio are given.

Table 2. Circulus Willis anomaly and frequency of
stroke

Frequency of Stroke
Table 1. Frequency of circulus willis anomaly Circulus Willis With stroke  Without stroke
Anomalies

Circulus Willis  Number of Patients PCoA (N:128) 77 (60.1%) 51 (39.9%)
Anomalies and Ratio ACO0A (N:52) 25 (48.1%) 27 (51.9%)

PCoA 128 (58.1%) Fetal PCA (N:14) 7 (50%) 7 (50%)

ACo0A 52 (23.6%)

Fetal PCA 14 (6.3%)

In recent years there has been an
increasing interest in CW morphology
studies in order to reveal the relations
between CW morphology and ischemic
stroke. By referring to postmortem studies,
normal CW prevalence can vary between
15% and 59%.%%° In imaging studies, in 27-
90% of healthy individuals and in 18-55% of
cerebrovascular diseases all CW variations
were reported. 212

Much as digital subtraction angiography
(DSA) is still the standard reference
procedure for detection of intracranial
vascular variations, it is an invasive
technique which has potential
complications.?® Additionally, CTA has an
increased sensitivity and freedom which is
close to diagnostic accuracy of DSA
(respectively 81-90% and 93%), it gives
useful  information about anatomical
variations  of  cerebral  circulation.?*
Therefore, in this study we aimed at
evaluating the relations between Circulus
Willis anomalies and ischemic stroke by
using CTA technique, because this technique
is less invasive.

AcoM and especially existence and
diameter of PCoA show quite a vast variation
in angiographic imagining of patients who
have cerebrovascular diseases and in cadaver
studies of individuals who are free from
cerebral disease.?

The average ratio of hypoplastic PCoA
incidence (small lumen diameter) in
angiographic studies and non-existence of
PCoAs in cadaver studies is 47%. In the
biggest CTA study till today, bilateral or

unilateral non-existence incidence of PCoAs
are respectively 17% and 16%, and non-
existence of AcoM is 1%.%8 In our study 128
of 220 cases (58.2%) were diagnosed with
PCoA anomaly (unilateral in 45 cases,
bilateral in 83 cases, respectively 35.1%,
64.9%). PCoA hypoplasia is recognized as a
predisposing factor in carotid occlusive
diseases, hemispheric low flow infarcts.?” In
a study which was carried by Yu-Ming et al,
which covered 310 patients who had
ischemic stroke, it was found that in
hemispheric ischemic stroke patients PCoA
hypoplasia incidence was 19.35% (60/310).
Even though there is no concomitant ICA
stenosis of PCoA hypoplasia, it was
recommended that this should have been a
risk factor for ischemic stroke.?®

ACA Al segment hypoplasia is a rare and
important variation of CW.? In general most
of hypoplastic and aplastic A1 ACA are
asymptomatic, and they are not directly
related to any neurological diseases, but they
can cause inter or intrahemispheric collateral
circulatory failure.®® This frequency of
congenital variation is 1-13% as derived
from angiograms and autopsy reports in
various experimental studies.?®3! In our study
52 of 220 cases (23.6%) were diagnosed with
hypoplastic/aplastic  ACA Al segment
anomaly (unilateral in 50 cases, bilateral in 2
cases, respectively 96.1%, 3.9%). In a study
carried by Chuang et al, the ratio of ACA Al
segment hypoplasia which can be detected
with MR angiography in stroke patients, was
found as 17.5%. In control group it was
found as 4.28%.2°
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In a study carried by Kovac et al, the ratio
of ACA Al segment hypoplasia in a series of
455 patients for which CTA technique was
used, was found as 17.6%.32 However in our
study this ratio was calculated as 23.6%.
ACA A1l segment hypoplasia, which is an
insufficient part of CW, is seen as a risk
factor for acute ischemic stroke.?® The
frequency of ischemic stroke in cases who
had ACA Al segment hypoplasia, was
determined as 48.1%.

Despite the fact that FPCA is recognized
as a normal anatomical variant, its existence
can change the distribution and severity of
cerebral damage in thromboembolic events.
Some studies were reported, in which some
patients having acute ischemic stroke and
concurrent or almost simultaneous PCA-ICA
area infarction, were detected ipsilateral
FPCA in paradoxical PCA occlusion.®*% In

our study, 13 cases (5.9%) were diagnosed
with unilateral FPCA anomaly, 1 case (0.5%)
was diagnosed with bilateral fetal PCA
anomaly. 206 cases (93.6%) were not
diagnosed with FPCA anomaly. 4 30.8%) of
13 cases having unilateral FPCA, were
diagnosed with anterior circulation infarct, 3
cases (23.1%) were diagnosed with posterior
circulation infarct, and in 6 cases (46.2%)
there were no ischemic stroke indications. In
total, in 53.8% of cases having FPCA
anomaly, there were concurrent ischemic
stroke indications. FPCA can increase the
dimension and severity of anterior circulation
strokes by providing additional infarction in
PCA area. Therefore clinicians should
carefully evaluate the stroke risk factors of
individuals who have FPCA, such as ICA
stenosis and atrial fibrillation.

CONCLUSIONS AND SUGGESTIONS

In our study, the lower number and
statistical insignificance of concurrent severe
ICA stenosis in cases who have ischemic
stroke concomitant with FPCA, hypoplastic /
aplastic PCoA and hypoplastic / aplastic
ACA Al segment variations, brings the
question to mind whether these variations are
independent risk factors or not. But still it is
not determined that the variations in CW
morphology can increase the general stroke
risk, which is independent from other risk
factors. In conclusion, even though these
variations’ role in optimum  stroke
prophylaxis in individuals having one or
more stroke risk factors, has not determined
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