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An Experimental Study on the Cause of Signal Inhomogeneity for Magnetic Resonance
Angiography Using Phantom Model of Anterior Communicating(A-com) Artery

Beong Gyu Yoo - Tae Sub Chung*
Dept. of Radiotechnology, Wonkwang Health Science College
Dept. of Diagnostic Radiology, Medical College of Yonsei University i

Aneurysm-mimicking findings were frequently visualized due to hemodynamical causes of dephasing effects around
area of A-com artery during magnetic resonance angiography(MRA) and these kind of phenomena have not been
clearly known yet. We investigated the hemodynamical patterns of dephasing effect around area of the A-com artery
that might be a cause of false intracranial aneurysms on MRA.

For experimental study, We used hand-made silicon phantoms of the asymmetric A-com artery as like a bifurcation
configuration. In a closed circulatory system with UHDC computer driven cardiac pump system. MRA and fast digital
subtraction angiography (DSA) involved the use of these phantoms. Flow patterns were evaluated with axial and coronal
imaging of MRA(2D-TOF, 3D-TOF) and DSA of phantoms constructed from an automated closed-type circulatory
system filled with glyceral solution [circulation fluid(glycerol:water = 1 :1.4)]1. These findings were then compared with
those obtained from computational fluid dynamic(CFD) for inter-experimental correlation study.

Imaging findings of MRA, DSA and CFD on inflow zone according to the following: a) MRA demonstrated high
signal intensity zone as inflow zone on silicon phantom: b) Patterns of DSA were well matched with MRA on
trajectory of inflow zone: and c) CFD were well matched with MRA on the pattern of main flow. Imaging findings of
MRA, DSA and CFD on turbulent flow zone according to the following: a) MRA demonstrated hyposignal intensity
zone at shoulder and axillar zone of main inflow: b) DSA delineated prominent vortex flow at the same area.

The hemodynamical causes of signal defect, which could induce the false aneurysm on MRA, turned out to be
dephasing effects at axilla area of bifurcation from turbulent flow as the results of MRA, DSA and CFD.
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Fig. 1. Hemodynamical Y-shaped remodelling of A-com artery on unilateral aplastic ACA and manufacture of asymmetrically
designed bifurcated A-com arterial phantom using transparent silicon materials.

a. symmetric anterior cerebral artery.
b. Rt. anterior cerebral artery with aplasia{or hypoplasia).

c. remodelling of A-com artery be caused by Rt. anterior cerebral artery with aplasialor hypoplasia).

d. asymmetrically designed bifurcated A-com arterial phantom.

(Rt. ICA: Rt. internal carotid artery, Lt. ICA: Lt. internal carotid artery).

Fig. 2. Photo of asymmetric bifurcated A-com arterial
phantom designed with transparent silicon materials
which was connected to UHDC computer driven cardiac
pump system.
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a

Fig. 3. MRA of the asymmetric A-com artery(inflow
zone : high signal intensity zone on silicon phantom,
turbulent flow zone : hyposignal intensity zone at shoulder
and axillar zone of main inflow.).

a. Axial 3D-TOF A-com MRA shows mildly decreased signal
intensity (arrows) at shoulder area of bifurcated asymmetric
A-com arterial phantom. Scan parameters : TR/TE/Flip angle
= 30/6.4/20 degrees, Matrix = 256 X256, FOV = 20cm and slab
thickness = 65 mm.

b. Source image of coronal 2D-TOF A-com MRA shows a
high signal intensity zone from inflow effect(arrows) and
low signal intensity zone from turbulent flow(open arrows)
on silicon phantom. Scan parameters : TR/TE/Flip angle =
23/10/40 degrees, Matrix = 256 x 256, FOV = 20cm and slice
thickness = 2 mm.

.58 .



& AR A
o v Bo L
]ﬂao %xomo
o oP WLJW;]OW
ﬂ_/l.@ 7n7‘_|/.1dﬂ
g R
SN 4
o Eﬂmﬂe_uﬂa
= ﬂﬂm._o_ 9 o
:;v .U.WO
E,mo J_._Tloﬂmm mta
Nroﬂa %Jﬂeﬁ“ mwm o &
w %ﬂ@__d I oy i
[ lrm < 3 E_EA]QOEWEU
—_ H__l_“o,_ <5 T T e H <
= T oy i o 23 Zwoa oo o
= Ho o = s & 3 N 3 m Z M
i3 ap OF o .~ &8 bo N = Y
o_am o N T PRl 5o o B . avuwo%.c _,mmé
2o EvHGHT mm.m T:_omau_xﬂa«cf}u_. &
\%0\/. o ﬁa‘w‘mﬂm atttlth, 58 & a “.Mu EW&c] o ™ oy ‘,_'E_‘_
< ! 3 Uta 38 ! s N
o g ﬂ@g o) Al S 5 & %%m@c o % & e
e o ma&__? N & . 8 w o_uw.mzo . o o =
i il B p L —_ o u W 8O 2 = of
o m < ﬂm_ﬂémﬂ ’ mmmw ) mwr,_muiomﬂ@ Lcuw s
Gk ﬁmmamﬁ,% il %th Gl D%mrog@evwﬂm o e
wod i = 5 = <0 i nﬁﬂa.oJ K Jjo N s
il il R QD TPk s ® o
do o nﬁamix STLMLM mur_ MﬂEXﬂ”ﬁ‘quﬁaﬂﬂa 1 o
mﬁwz_v&u L) o<gd N MOGE_UH Ewmﬂel. i
EE T 85 5l srHCk B
BT w e SR = & oo ﬂa_ﬂﬂe_egﬁ =
= T g O XSLadt e 2] o p
13531 I @ﬂ@%%@%@i@ v
SN @ﬁ% 175 il i E 5 g 5 o »ro_ﬂ,ﬂwﬂu 51 o =cy mce_a
o o FMwy Mo - o = W Li
W e i v g . = go T o) W <0 ™ Ay R
;@HQ%Q% pog g ? @ ﬂyﬂ@é%?.%ﬂ 1._%
Mo Zﬂ_w 858 _Eovimﬂ_]_w_iwrzm T =
. g T s =N ! do % o ﬂ%ﬂa% 2
ﬂma.iwﬂ o ‘mMa @ = o ﬁ1__,_504&_,,. TR
1_1_muioxﬂ] mpm 3 of T A oEu?_Q. H
Aezobrﬂe_um_m _cnw o NJWM B ik
! o < = [ ! LU
ﬂ;gag%@ f7 E SR © z
Eoﬂﬂ% .\nwﬂo .m.&a g ﬂ#@ o mﬂALﬂ o o
gomagoﬂlmﬂ dnm 2 moﬂz o Eﬁv)%ﬂﬂn
szo_EWMz £ ° R 5 %m.rumﬂ N = ~ Mo of
a%;gw@ Sas O T R I
) NG ]17(7 N
HXEATm% 78 g © %4% 2 é%ﬂr 4r o ﬂﬁﬂﬂﬁ_‘
%@ﬂ%aeﬁ mw,@).m wema% = " ETEQE @,_wo_‘_%
zﬂ;%% 23758 o 5 5 @WEW%% X
a;u;fujo Stergs W o b = 1%%;% oo
ﬂ‘_ﬂx_ ‘_n”,_ma‘%o Odbﬂnm \W,Mﬂlo\/. |w oﬂmvn ,W_E\L _ona
%f%e_iw% ce2ET 1wam = hRTEE e 5 4 7
Momawmevae (a.mmm.q.uw u_xﬂl.ﬁm = %ﬂ;ﬂ%]%m .
_@ﬂ %mwfmmm ﬂ@m‘wq oF 1w_ﬁww = T
Doﬂ v & @..,.%o_ B2 I+ go ﬂqx b 3% o
ztmm4 lqao_n} il i B %%Pl A
e W o Q mm — 3 Y E#D "o lrw.n ﬂ.e i_ it _71— = IJ/I OM n_w_v E_E a
mmzmm w.w@fzﬂﬂ oo ;@1@“ A o o T
L ¥ L g S w g
wEEF 8T X TR a Ea_ﬂ;;io1% B
$853 = 2s > g ERES T D REE
= - X - c) N R0 o F 5 o N Mo ®o
WOE o wr@ﬂ S x g N o <
T o 3 N thrmqriafuvﬁo B o T
e =~ _,Ioﬂo.7mo %%qﬂ
eI 5 Tm_wﬂ
B ‘M N H\@
iq%a’ev )ﬂafo
k5 2%6%
To 3L

3 X
| Vol. 25, No. 1, 200
12002

b

=

1s]

ChotetAMMY |

- 59 -



i

Newtonian

A =) = = e e
) (Sheppard,

8]

FL£27F 634 cm/secd

s

gt
o] ¢} H]%=3gF 50 cm/sec?

k=]
=

Eis

1995)

RNA =

i

I+l
il

24

=

Tl A <

A E

L
1_

—

ez
=)

iy

ol
"
ok
o+

o

B2

i)

oj

)

o}

AyelA A=
a1

58

el
il
o

ol

~

%0

il

5 7 29

F glefor ¥ =

AT

v

Bk
e
B

oy

Golrba =

_]

FE T

=E

By
R

o]

b5 AT

Keber(1983)

A

3t

)

A3

A =

[e]
Eis

2 417 o

a9y

A

~
<
&+
OE
B

o
i

o

[=

1o

HZI

A

28 AT £o7 fUdHE F4(inflow zone) S}

oF
o

A
i
1o

)

el

N eH (axillar area)

o
Hir

e

o

oM & 44

=

ol

sl dg o] .

3

]

[}
“

obg e o3 Zhx9] At

T th

Tor

Al 4A A

2

©H 3D-TOF &3 7|go=

o

ol o]

LN

o 171 o

)

oo

%

o

A

L

o

B
T
=
Ao

ol

A
[o]

K

i

2
L

e A

st ATt

3D-TOF 71¥ e A71F
[<}

w2} A

1

k<]
i
[e]

=

#9939
Aol 24
5%

o
=
2]

2l

5

SR
obgel 2o

Fod

5

E
T UATh

f=13
=

tol B ol A

A2 ¢l
o]

|2 R i

5]

WA EFAHMIP) 712 A

N

2D-TOF

M= HWAEFAHMIP)

sl Z|AFH R AAEA HE FE Yo

(e}

a

[6

< ol

[«

=
i=]

‘.mo

AWl A

ol# %o mikth

wH o Fulalels

A

ol
0

iy
o

ar

o A#st 2 A%

ol &)
=

=]

A

2

‘]

7%
LY

Hut

CEEE

A%
[

=

3

Al
=

e @84,

).
7} 2= #] Newtonian & A]o]

3
=

7h
15

Z
f=]

5 oh @
ek, 2 AA A9

A A

H

KU

[e]

=

| Bestdnh web ofad MDY By 141
A8
ZHA 2 2E %
°]

=

A

H

3

)

~
o

o]
T

A

o AAT

R
=

o
o

B!

ot

K

o

o

ofy
7o
o

ol
W
‘_Qo

e

o
=0

-
]

B!

SRR

ATl eE

I, maa B

1712 &

Sg 3

~
-

%0
en
B!
o
o]
"
Hr
ofy
o
oF
h

o
of

il

- 60 -



;=" + ol -
aT_oﬂﬁﬂra T
o i T
momw TR E T W o o g one K Ko F R B B
Mo, douk @ W ® @ X e o] T T RO
Ho g B o T o o] @ oy oW W o T T ONW Mo o o X
Po ¥ 2o o TR B D of ] o1a]ﬂ+ 55 Bo o] o Moo D Bo o] T A 2
Ny - me ~ fo R Mo __ﬁ_V Sca r_. ) W T oy gl M J ﬂ. a”_u i g W Rn G
K P ok o R .7 " o ; D) L
oo N o — T ol T i . e ] a ) 14
Eumﬂ?wgmnwn}m.@E a_._maoah_mlﬂ_.%zmmmc _ow.aﬂi g X mo 2 W%%@m mmmm%
A of T g M BT H o o W F_oTn® aw?® 5.2
Hﬂg%%a@ﬂ%ﬂ o e O e Mo W R Heos B DN E o & g Z
‘sL_.E _,,ma]em]rmdur% afoﬁae?ﬂ_xm_&ﬂ Ay o T E_oﬂme_ /U.l]oa._qoﬂ;om‘lof
TE g X 5 - 2 IET R = e TR g @ EMo
R g @magxm%ﬂ% r e xwap” SRS -
wE N o cw B Mo . o Ho o mo i _ = o O N R E g T — T ok e
J@Ednmoﬂ'gm'aﬂmﬂ Eok#maﬂ_ﬂ@oé@% =~ 3y of E 8 oWOowML%HT‘ar o’
o LENEwa , A®s T &% o BT o g N pTowE L Ty
T o Jim%}yﬁ [ o Ty _Lew £ = 2 dol ) N A T
_L_IHTATZ\FGI.A‘I XL e ‘mﬂﬂ.ﬂwﬂ_oof nnZ < 1I1J|L|.am W@ME X 1;‘_ fe]
B E isomdmoWﬂ = »roﬂzﬁwmﬂ_@ﬁ%@ N oavﬁm_daﬂ%%a%i%w
[ ~— . o~ oL <H TS Y 1_,AI1X_.. n]l]rl. — o
i o o o o ° S o Sx w X FOX
ﬁoﬂhlmwwm%ﬁﬁwnom Agaﬁamﬁiﬂm%momo_eﬁ ﬂrm@% mOﬁmM%Wm%oﬂQa_maH%%%
Wy R BESHErTERT w o Gk o= O o M=% R
@u_hdvzﬁm\ﬂ EE ap E o _1_._.1r]c_oo & o ~ mE < 94 = R 3 -~
B e o il *,mg;zwxi ko 4 2 M;oﬂeabgﬁﬂo_eﬁo«xammag%
e Wmﬂimﬂzm_ﬂ% @@%ﬂ?ﬂ%&%% o e 2 %omHA%aﬁaﬂovHTowQ@ﬂ%ﬂ
5 T W = Mo TR + G L A %o wo T 55
T T L R mo 07 HO do . = Wo of Ko - }evxaﬁ::ﬂx@ntao
WOAEW%O%mOE#EﬂLMozoNEM v*oHMﬁzuiLWwﬂWowﬂﬂ Eo],.]ﬂm wa:td-muﬁaﬂmuﬂe_mﬂMMTdnmoﬂ_nmm_w
o Jo A el — o ) — ° — (sl o
A sk =T Wy V]ﬂ%ﬂ.m%@ﬁ&% ﬂ%mwwﬂrx@.ﬂ Qaawm‘_o#@wga%mr*m)
o o o R R T B Ko ol 2o o o o K s o e W < D W R RS g
TR i i I R4 I Pordoee " mxe§§
O HH%AszE_Eﬂ%msﬁzmﬂw < S
1ﬂ. —_— o~ — 0~ —_ <t i
m_]ﬂwﬁmﬁmdAuo_e_ﬁ@.mﬂmozo%e_a] ~ e To o o o o n lmﬁmm
A= S = T " " ; —_ b
L_LNEHM1VM7Eoo#a%mEﬂﬁaﬁﬂ.QM»QRE%UMOo“ez,ﬂi,_thdv.muﬂIQN
w4 .mm.Mo::o_ewx ﬂﬂeoﬂ:wﬂ,ﬁ maﬁﬂﬂm_ﬁ_oﬂm_ﬂﬂﬁﬂ}@_@%z_oizﬂaoﬂ_i%m%
Sonty ELTLa DL LTI AE N D SR S E L ESPrabE,. T
W ) Fg @Y Lo g R P ™R R = Lo % WS _ K
1@3DstillmemLm1 Naoq_a1Jﬂg.waﬂ}@n%cfoql_usg_%%%ﬂAﬂ.}ﬁ@
dyo_mmrosW oF g 0 O = _EMOMOQ&%HT@AQ_t‘rﬂd,ﬁaﬂﬂowo%wm?wm mc_oﬂewd‘\ﬂﬂmﬂ
afiz(ﬂaE 2 o R =T ghk = o W F gy G < ™ R B
u@ammmaﬁqwm%w%ngg%wﬂwﬁﬁ%mﬁm% ME4QWMﬂw@@%ﬂ§wgﬂ
— & 2 t 0 [l D._J\ul. g ﬂL;ovm] £3 — =0 b 70 B - 1| -
K o X B R0y momw ° FoeN® o = X T T B kT 5o o
PeaTERLTEET & %yzqﬂaai%%ﬂQMOﬂig ook gt de
o W e Cw M WP T m® pw T w T o o m . B lew g 2 e B o ooF o BB o
mﬁimmﬂﬁ%émﬂ%mwﬁxaao_mﬂiﬁ% W o <O MM%Jl,aeéovﬂﬁ_%afwo)%ﬂ%ﬂ TEHE
0 <Y T \_7._11_.D|1J|.1 ol oluu —_— JXIO‘._,Mo‘lr K T o Q = -] s | S
= o &o X° < iol fit g0 =l ) s | N = T ™ o W N
o DB Swo_TRE SR o%n@u%%%ﬂyr%mw%wo;%o%ﬂ%wwa@éai
G S S G Jﬂii%51ui7% ﬁe;aui JM%lo_oH:fE
__L%ﬁowmoa@oﬂa_%oﬂgieaewe_amoawg A o‘:_ﬁwEomﬁw%%@fr@ﬂo%
N iR i T ol R N R B Ho o ol G
H 0 <l = ~ KO ol X B o N = o 3 T
ER R R @ XM R I N A L I i L B Ty B
by " ] _,ma‘modu_ax ﬂ&uuf7 %cfﬂoﬂlio o Wa_ni fa@n ﬂzl_,n_ o T ﬂu_lm_ﬁmﬂ
¢ dlwﬁoi,moﬂam»madvmﬂﬂ - i Eﬂohq_xgwliiolﬁ.._ﬂ,_ﬁylu*.;a]\mnomxu T ™
HE%&@%%%%%%Exuulwq.m_um u..drﬁ_n__ouam,_@me@. of M B 2w e =1 & @ ol
W&ﬁomﬂ%%ﬂaaﬂrc._%mﬂﬁ%ﬁwq&moElaﬁi ﬂ@iﬂﬂmﬂruﬂm%%xm&%%%%ﬁ%ﬂ@m%mﬁﬁﬁ
o= ol —_ 0 Bo lwlq_o.b;._. B o= = s 7ol
%M¢%W%4Mgmégmzmwmwjo%ﬂ@%ﬂ%%g@wagﬁo@Wﬂ@mmq%gﬂw@
‘_LE N ol T R _,U|.A yig ﬂmﬂ R I —_ —_ Yoe JMﬂ]Mu
mom,.rzmlﬂ@%ﬂ%af,_::WwLﬂgxT@%aﬁﬂ@ Eomﬂéﬂﬁga%m:_o).mm_ﬁi%afy
PR R T WS MW o ® T B R G L M oEs 3 s e AN e
oz_sﬂmﬂ%%}lVvev_z_zcsan%o_%,&1@ &2 FpEe X
o o) ) o pa— O _@Poaf =) 1uT£o.1__/Ia_.L TE
~ oo W oak ¥ Moo < & S B %o U= o
e Elc T
®o ol W omk T R W

IX[ Vol. 25, No. 1, 2002

F9 JdFF9 (turbulent
3

s

oF

o)

CHSHUAIMT | &

Fo| WA 9
- 61 -

=
A

A

st BRI Aupx

Al
fad

2 Yol



flow zone) & A7 FHELEY F3Y A AEPE 9
F vwste ZF AdXNEE & 5 AJh 53 o4F4 A
Fo FEUNE AA FAeE HFEA #FFE F AU
o=

6. 8F PF 2 (turbulent flow zone)2] ZHAFF-A A8
S B Rl A FEEAEE A AIZFALE G
Aol Z UAXHIUTH

ZF 3 E 3

1. Black, W.C., & Welch, H.G. : Advances in diagnostic
imaging and over estimations of disease prevalence
and the benefits of therapy. N. Engl J. Med. 328,
1237-1243, 1993.

2. Bowen, B.C.,, Quencer, RM, Margosian, P., & et al. :
MR angiography of occlusive disease of the arteries in
the head and neck : current concepts. AJR, 162, 9-18,
1994,

3. Laster, RE., Acker, J.D., Halford HH. Ill, & et al,:
Assessment of MR angiography versus arferiography
for evaluation of cervical carotid bifurcation disease.
14, 681-688, 1993,

4, Paciaroni, M., Eliasziw, M., Kappelle, L.J., Finan, JW.,
Ferguson, G.G., & Barnett, H.J. : Medical complications
associated with carotid endarterectomy. Stroke 30,
1759-1763, 1999.

5. Liepsch., D.W., Steiger, HJ, Poll, A., & Reulen, HJ.:
Hemodynamic stress in lateral
Biorheology 24, 689-710, 1987.

saccular aneurysmes.

10.

11.

12.

S 62 .

. Kerber,

. AHA -

. Keber,

. Loubeyre, P., Canet, E., Zhao, S., Benderbous, S.,

M., & Revel, D. : Carboxymethy-Dextran-Ga -
dolinium-DTPA as a blood pool contrast agents for

Anmiel,

magnetic resonance angiography @ Experimental study
in rabbits. Invest. Radiol. 31, 288-293, 2000.

C.W., & Heilman, C.B.: Flow dynamics in
human carotid artery : 1. Preliminary observations using
a transparent elastic model. AJNR 13, 173-180, 1992.
d-g-3 o]%& - »=2% : Phantom A
WA SHAAE it w2 FRAasi(Ar1yEyad
9% HARTILBEIE, ﬁt%ﬁwﬁﬂﬂ uw),
o ARl 9 8H81A), 34(6). 737-744, 1996,

W., & Heilman, C.B. : Flow in experimental

e

berry aneurysms : method and model. AJNR 4, 374-

377, 1993.

Marchal, G., Michiels, J, Bosmans, H, & et al.:

Contrast enhanced MRA of the brain. J. Comput.

Assist. Tomogr. 16, 25-29, 1992.

7% - AERA] - FA% . AW Zg=7) 27| THE S

& W FFH BEAFAA Hol

FA/[TE? @} B AFH

, 41, 869-877, 1999.

A EHEREEsY @E%%“—‘.‘ FAAAM F
= yaogsty Yl

ST '{.

FlO 0.9.
)

oﬁ,j
:LI

o 8 Jo o By o
ikaim
L

o

£

ogt o2
=
odl
off r
i3
i)
)
|
)
[o
29,
o
%
>
N
il
oF A
gt
i
B ro

A, 36, 545-552, 1997.



