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Variation of the Circle of Willis
Related to the Pathogenesis of Cerebral Aneurysm
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Summary

Arterial bifurcations in the circle of Willis were observed three-dimensionally in 44 cases of cerebral aneurysm
and 45 control cases. Variations of the circle of Willis were also studied in relation to cerebral aneurysm. The

following results were obtained:

I. Aneurysm always occurred at the apex of the cerebral arterial bifurcation where axial flow in the parent

artery immediately proximal to the aneurysm was assumed to impinge.

2, A statistically valid correlation was found between cerebral aneurysm and anterior middle cerebral artery.

A statistically valid correlation was also noted between the external diameter of the parent arteries and the side
of aneurysms in 19 anterior communicating aneurysms and 5 posterior communicating aneurysms. When the
proximal portion of the anterior cerebral artery or when the posterior communicating artery was thicker than the
contralateral one, the aneurysm tended to occur on the thicker side.

3. One aneurysm developed on a dilated feeding artery of an associated cerebral arterio-venous malformation.
Another one developed at the proximal branching point from an associated accessory middle cerebral artery.

These results show the preponderence of the occurrence of cerebral ancurysm at sites where blood flow is rela-
tively abundant because of some variation in the form of the circle of Willis. They also suggest that hemodynamic

stress plays an important role in the pathogenesis of cerebral aneurysm.

Key words: cerebral aneurysm, pathogenesis, variation, circle of Willis, hemodynamics
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a: Moderately atherosclerotic circle of Willis with multiple aneurysms, 1) a giant ancurysm on the distal

branch of the right anterior cerebral artery, 2) a relatively large aneurysm at the terminal bifurcation of the

basilar artery, 3) a medium-sized anterior communicating aneurysm and 4) a small aneurysm at the fork of

the left middle cerebral artery. The bilateral posterior cerebral arteries are “embryonic™ and an infundibular

widening is shown at the origin of the left one.

b: Magnification of anterior part of circle of Willis, All

aneurysms are located at the apex where axial flow in the parent artery immediately proximal to the aneurysm

can be assumed to impinge
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Table I  Anatomic distribution of all aneurysms verified by necropsy in 44 patients

Sites of Number of Anéurysms
aneurysms Right side Midline Left side Total o
Acom 54 7(2) 16(7; 28(13) 47.5(46.4)
MCA 3(1) 7(4) 12( 5) 20.3(17.8)
IC~Pcom 1(0) 3(4) 6( 5) 10.2(17.8)
ACA 0(0) 2(1) 2( 1) 3.4{ 3.6)
ICB 10y 1(0) 2(0) 3410 )
VBS 4(2) 3(1) 2(1) 9 4 15.3/14.3)
Total 16(8) 10(3) 33(17) 539(28) 160 (100}
% 27.1(28.6) 16.9(10.7) 55.9(60.7)

*( j:  aneurysms over 3 tm i;rdiameter 7 i

*%*Acom: anlerior communicating artery, MCA: middle cerebral artery, ¥G-Pcom: internal carotid-Posterior

communicating artery, ACA: anterior cerebral artery, TCB: terminal branching of internal carotid

artery, VBS: vertebrobasilar system

Fig. 2 Anterior middle cerebral artery.

a: Bilocular aneurysm of anterior cerebral artery at anterior communi-

cating artery. It is indented by anterior middle cerebral artery arising from the anterior communicating
artery. This aneurysm with broad neck rises from the thicker proximal portion of the anterior cerebral

artery.

9 {1 (20.5%) BEEHTH -7z, Table 1 [cHHRED
B AOERE R o~ +. BilREE Fig. | L3R
Fig. 2, 3 e B3 X 910, Fishse ¢ DA sEhig o &l
TRASEERA D FHIE & B SUEEE D apex (distal carina)
R LT ke MEREIRRA IR 2 5, —fR I BIRE
DFFREEL U TR AES@BNR I (Acom),  HANE
IR E IR (MCA), PSREINR—%CEE) IRk 5 ik 3

b: Anterior middlc cercbral artery originates from midportion of anterior communicating artery

(IC-Pcom) @ 3 >N Th B, i b OB
e, MU ESETRD DS INGITH TEIRESR
£ ORI - L {EWS RS A SR (TCB) & fi
EERIRSBER (BB) o3k d wFr OG> 1,
MFEH A & Sy apex DIHEOAEBRERT L.
%3 Acom LU MCA Tix%h Zh il KREikiiL
(A, PRBMEMRELS (M) DTS apex ICHE
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1. REH XUFH (variation, anomaly)
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(Table 2). HIBabiz5tH & LR CRFTZEERO E
Bt 7z & fenestration, doubling ¥3 1 {8 accessory an-
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THARE L b ITHI830% OSFRE T Z ORTREBNRD “BF
iR’ (fenestration) # Wbk, ZhIXBEARBIZE PN
o7ohs, BRAE, HEHOMTIXBEALZR B -
7z. Acom BIIRIEH L 7 Do BIIRER oo HEg T L AlE
w18 fiirh 6 1 (33.3%), REF31BFIH 4 4 (22.2%)
CEEETEROZR R r T

Fig. 3 Circle of Willis with giant aneurysm at

origin of ““embryonic posterior cerebral artery” UL BERORFL LT, 2o baETIN
from left internal carotid artery. Right posterior H @ % anterior middle cerebral artery, median anterior
communicating artery is string-like in contrast . . R

with the opposite one. Note “accessory middle cerebral artery 7 ¥ L METN B b OB B2, T OHE
cerebral artery  distal to the aneurysm 33 ~41% LHEY IV B2 (Fig 2). fix oflc

Table 2 Incidence of variations in form of the circle of Willis

Age y.o. 3549 50-59 60-85 Total
Group Aneurysm Control Aneurysm Control Aneurysm Control Aneurysm Control
Fenestration in 42.8%, 38.59%  25% 25%, 10%, 209, 289, 299%,

anterior communi- ( 6/14) ( 5/13) ( 3/12) (3/12) ( 1/10) ( 2/10)  (10/36) (10/33)

cating artery

Anterior middle 35.7 15.4 25 8.3 60 22.2 38.9* 14.7
cerebral artery ( 5/14) ( 2/13)  ( 3/12) ( H/12y  ( 6/10) (2]9) (14/36) { 5/34)
Asymmetric 15.4 7.7 25 8.3 27.3 16.7 22.2 10.8

proximal segment  ( 2/13) ( 1/13)  ( 3/12) ( 1y12)  ( 3/11) ( 2/12) { 8/36) { 4/37)
of anterior
cerebral artery

String-like 35 25 292 333 50 60.7 38.9 417

posterior ( 7120 ( 50200 { 7/24) (8/24) (14/28) (17/28)  (28/72) (30/72)
communicating

artery

Embryonic origin 15 5 7.1 10 17.9 25 13.2 14.1

of posterior { 3/20) ( 1j20) ( 2/28) ( 3/30y ( 5/28) ( 7/28)  (10/76) (11/78)

cerebral artery

statistically significant (p<(0.05) from control ;group by chi-squre test

*
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Fig. 4 Various “fenestrations” of anterior communicating artery. Gommonly it consists of one major trunk and

onc or more accessory branches as shown in a and b
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Fig. 5

supplied from the lefl anterior cerebral artery.

a: String-like anterior cerebral stem on right. Distal branches of both sides of anterior cerebral arterics are

b: Embryonic origin of posterior cerebral artery from

internal carotid artery on left. Right posterior communicating artery is siring-like in contrast with the

opposite one
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