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Original Article

The Study of Anatomical Variations of the Circle of Willis in
Patients Who Underwent Magnetic Resonance Angiography (MRA)
of Brain at Phramongkutklao Hospital

Anuchit Roumthantong, Panawat Pojanapreecha, Anongrut kohsombat, Jiranee Hawanit

and Supakajee Saengruang-Orn
Department of Radiology, Phramongkutklao Hospital

Abstract:

Introduction: Circle of Willis (CoW) looked like ring of blood vessel. Communicate between anterior lobe and
posterior lobe of brain for increase blood to brain if there have blood vessel stenosis. Objective: Study the ana-
tomical variations of the circle of Willis (CoW) in Thai population and search for relationship between type of
variation and ischemic stroke. Materials and Methods: In 330 patients during May 2014 to February 2015 who
underwent Magnetic Resonance Angiography of the brain at Phramongkutklao Hospital by MRI 1.5 Tesla, Achieva
TX Philips were studied. Results: The prevalence of CoW variations is 72.7%, anterior part of CoW variation is
38.5% and posterior part of CoW was 64.8%. The most common type of anterior CoW variation is Hypoplasia or
absence of ACoA (13.9%), followed by Two (or more) ACoAs (7.9%), One precommunicating segment of an ACA
is hypoplastic or absent, the other precommunicating segment gives rise to both postcommunicating segments
of ACA (5.5%) respectively. The most common type of posterior CoW variation is Unilateral PCoA (17%), followed
by Hypoplasia or absence of both PCoA and isolation of the anterior and posterior parts of the circle at this level
(15.2%), PCA originates predominantly from the ICA: unilateral fetal type PCA (13%) respectively. There were
association between the CoW variations and ischemic stroke. Unilateral PCoA, Hypoplasia or absence of both
PCoA and isolation of the anterior and posterior parts of the circle at this level were the risk factor of ischemic
stroke. Conclusion: The prevalence of CoW variations in Thai population is 72.7%. Unilateral PCoA and Hy-
poplasia or absence of both PCoA and isolation of the anterior and posterior parts of the circle at this level are
the risk factor of ischemic stroke.

Keywords: @ Circle of Willis (CoWW) @ Anatomical variation ® Risk of ischemic stroke
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mmfnﬁf,umsﬁmLﬁanmjuﬂszmnsmﬁmﬁﬁnm (Inclusion
criteria)

1. fhudihevaslsmeninansaengnd

2. FuheildSumanmansenidanannse MRA
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ey MW 3 MU TINTUGFAFUNAMIIHRY (Consensus)
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TN T VR RDARNBILT I UANDIUGTRE
vaondaniuiiadudeslunsifianeasomnaden Binms
AmerenalisinIs SPSS Version 18 ¢efid Chi-square
e Multivariate analysis oEAD Binary logistic regression

Ipervunensesusiudeymasiavhiu 0.05
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W b1 318 (21.3%) Iﬁ@iﬂﬂﬁﬂmﬁa@qq 66 318 (27.5%)
Tsevhladasundufindom (atrial fibrillation) 17 18 (7.1%)
Tsansanidoeiiladiu 35 118 (14.6%) wafiulsansanidon
axmafiy 11w 106 T8 (44.2%) Wnlsavaanifondaasdiy
S 76 8 (317%)  loerthefivoandondusng
fmaneioan 90 118 AL 63.86 + 1617 1 1w
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W6 718 50 918 (55.6%) WWEIMELS 40 18 (44.4%) fllse
Ui fun lsnenusulafings 41 1o (45.6%) lseun
NN 18 8 (20%) I‘s@%ﬁﬂmﬁa@@a 26 18 (28.9%) 3@
3 A IUduAnS g (atrial fibrillation) 5 18 (5.6%)
lsavaandanilafiu 8 1 (8.9%) weidulsavanniban
aNadfiu S 18 Ty (20%) Wilsavaendanauasdiy
NWIN 21 MY (23.3%)

Soshmemaihulsramaanidan Cow lulsennsidnm
P AL TRaREan CoW dumihmwasianan 9 a1n
10 Useinm uae anuiuilsiaandan CoW Munas ny
Faman 10 Jsunm Tosemashuimanaidan Cow @
wi ﬂﬁﬁmwuﬁmﬂﬁq@w A 190 a Mwan 203 M (61.5%)
THA g NI 46 18 (13.9%) WA b W 26 18 (7.9%)

ACA

Figure 1 SNuoA203nNNiLs70maanian Cow loe
14 Classification 909 Lippert and Pabst® Circle of Wil-
lis (CoW) yUsznaueme Precommunicating segments
(A1) 989 ACAs 2 919 WAY anterior communicating
artery (ACoA) Bassmnaviaanidan Cow s 2
479 Precommunicating segments (P1) 989 PCAs 2 414
LAY posterior communicating artery (PCoA) ﬁﬁammdm
WaaaiRan Cow 51%‘1/15&%& 2 974 Posterior communicating
artery (PCoA) ‘1%\‘1 2 dhafigurfiasnann Internal carotid
arteries (ICAs) %ﬂ 2 44 Posterior communicating seg-
ments %ﬂ‘ﬂaﬂ ACAs 1lag PCAs ﬁa A2 Uag P2 §nuaay
Basilar artery (BA) Lag Middle cerebral artery (MCAS)
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Figure 2 @NNAUWLT CoW PNNUNTD I@ B a-f 1 complete configuration SLWIJME“?; g i) incomplete configura-
tion (a) fa Single Anterior communicating artery (ACoA) (b) fa Two (or more) Anterior communicating arteries
(ACoAs) (c) fi® Medial artery (Qﬂﬂ‘s‘%) of the corpus callosum arises from the anterior communicating artery (d)
fa Fusion of the anterior cerebral arteries over a short distance (ACAs) (e) @@ Anterior cerebral arteries (ACAs)
form a common trunk and split distally into two post communicating segments  (f) fa MCA originates from the
ICA as two separate trunks  (g) h Hypoplasia or absence of an anterior communication (ACoA) (h) @8 One
precommunicating segment of an anterior cerebral artery is hypoplastic or absent, the other precommunicating
segment gives rise to both postcommunicating segments of the anterior cerebral arteries (i) fa Hypoplasia or
absence of an ICA. The contralateral precommunicating segment of the anterior cerebral artery gives rise to
both postcommunicating segments and supplies retrograde flow to the ipsilateral precommunicating segment,
which, in turn, gives rise to the ipsilateral MCA  (j) Ao Hypoplasia or absence of an anterior communication.

The MCA arises as two separate trunks.

U6 h NI 18 T8 (5.5%) BHa ] NI 11 18 (3.4%)
740 ¢ MW 10 MY (3%) UG d NI 7 e (2.1%),
790 e MWL 6 T8 (1.8%) LAy Tha f 1w 3 118 (0.9%)
FNNMAL (Table 2)

ANNNLLIAEAREN CoW MU ﬂﬁﬁawuﬁmﬂ‘ﬁ'q@
Ao 70a a W 116 T8 (35.2%) T9e d I 56 e
(17%) %0 e MW 50 318 (15.2%) e b wn 43
18 (13%) Tha ¢ NUWIN 27 8 (8.2%) Tha g NI 15
Y (45%) THa f NI 8 8 (2.4%) WA h NWI 6
Y (1.8%) e 1 MW 5 1Y (1.5%) LAy 19 j
4 8 (1.2%) MNAGU (Table 3)

lsnenasulafings wvnm  lsevhladsduiia
Javag (atrial fibrillation) eNNAWMTVREAREA CoW
awndsriia d uay e WiuhduFasdonmeasasmnaiian
oeld et (p-value < 0.08) laemuigiidy
lsnemusulafingeidanidusdamaiialsensanidanauad
a | 912{ [~ [ a I | 9-/.@{
dusnnnhafbidulseenudlafagorhiy 25 wh 6
Wulsaunmuiisenidessonaiinlsevaanifonsunsiy
s bidulsenmmwito 23 wh didulsedila
WOIUWEUANIIMIE (atrial fibrillation) HSayudessions
Aa A a | Dc{ [~ o 3
Aalsavaandansuasdiusnnnhai widulseslaosn

WinHedonehiy 35 wh  fiRamzenNfwLmasn
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Figure 3 aMafiulLls CoW ymedunds Tnenm a-c 1 complete configuration lwamkft d4 1 incomplete
configuration (a) fa Posterior communicating arteries (PCoAs) 2 4 (b) @@ Posterior cerebral artery
originates predominantly from the ICA 5unM a unilateral fetal type posterior cerebral artery (auﬂﬂi%); the
posterior communicating artery on the other side is patent (c) o Bilateral fetaltype posterior cerebral arteries
with both precommunicating segments of the posterior cerebral arteries patent  (d) @8 Unilateral posterior
communicating artery present (PCoA) (e) Ao Hypoplasia or absence of both posterior communicating arteries
(PCoA) and isolation of the anterior and posterior parts of the circle at this level (f) f@ Unilateral fetaltype
posterior cerebral artery and hypoplasia or absence of the precommunicating segment of the posterior cerebral
artery (P1) (g)aa Unilateral fetaltype posterior cerebral artery and hypoplasia or absence of the contralateral
posterior communicating artery (PCoA) (h) A9 Unilateral fetaltype posterior cerebral artery and hypoplasia or
absence of both a precommunicating segment of the posterior cerebral artery (P1) and the posterior commu-
nicating artery (PCoA) (i) o Bilateral fetaltype posterior cerebral arteries with hypoplasia or absence of both
precommunicating segments of the posterior cerebral arteries (P1)  (j) fa Bilateral fetaltype posterior cerebral

arteries with hypoplasia or absence of one precommunicating segment of a posterior cerebral artery (P1).

don CoW dundentin d Semidusiansiinlsevaan  voam 20 slaandaue L s8s Circle of Wills f
Lﬁamauaaﬁ‘umﬂﬂdwﬁjﬁiﬂﬁﬂmmmﬁmmwaamﬁa@w Cow  Idvhmsfinmmuidndauaasenaiiussees Cow szmnns
eundsriia d whitu 2.6 wh i{ﬁﬁmazmmﬁmﬁwaa@ Tnedilaunnshonnulssmnadeniauluei aesiuan
Gon Cow sunduriin e fSeamidnsanafiolsaean  fihonguiifenaiius 989 Cow wuhiidaduannnd
Genasasiuannnhdilufnmee s vaanden Cow  fthefifl cow dndiann auamsuléh cow fiulaseains

unaTia e Whiiy 3.2 wh (Table 4) Tumed Sevurhunlsusriiiefuansatusnnlysznns
dlnnjrasusiastsame Susuatinanuiiuis viaondan

andsena Cow Fiwtluusiaztisenet 5 susiusn lsluanehatiusnn
nnwamsEnRlS wohdasdmemaiuamane ANHaMIANT0LA Wudwé’@mmm;ﬁﬂwﬁﬁmm
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Table 2 Innazdns gL wmueie uayglnmeaseNAuLmaanEan CoW MImumin

dnwacaasanakwiLsYas Cow memuuk1  1waugthe (Total n = 330) Aantlusaea (%)

a ﬁ\ 203 61.5
b ﬁ\ 2% 79
c ,ﬁ’, 10 3

d ;{i\ 7 21
e ﬁw 6 1.8
f fﬁ« 3 09
g »ﬁ\ 46 13.9
h ,ﬁ( 18 5.5
i Aﬁq 0 0

i rﬁ-\ 11 34

Table 3 Fnuazdasugiumuaiio uayglnmaasemaruuLmanaidon CoW MImunas
dnyacuaIAANKILTYEY CoW M uuds S maugihe (Total n = 330) Aondusawas (%)
a ﬂﬁ\ 116 36.2
b % 43 13
c rﬁs 27 8.2
d i:\ 56 17
e ~Hn 50 15.2
™M
f ,ﬁ&(\ 8 24
g r}{i\ 15 45
h #&C 6 18
r

i ﬁ 5 15
i ﬁ 4 12
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Table 4 1 Adjusted OR 909rtheimueiivhmsiinm Adluilade Fessiolsevaaridansauas (Multivariate analysis)

Adjusted Oods Ratio 95%CI p-value
HT 2.501 1.33-4.71 0.005*
DM 2.298 1.05-4.99 0.036*
AF 3511 1.18-10.49 0.024*
Post CoW type d 2.546 1.21-8.25 0.002*
Post CoW type e 3.174 1.34-8.02 0.001*
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