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50cm/sec

A | B C

Fig. 1. Type 1 phantom which is designed as a basilar artery tip aneurysm. A. Polyethylene-rubber phantom (Type 1).
B. Stream-arrow contour plot in the Type 1 phantom with continuous flow velocity (50 cm/sec). C. Color Doppler image shows
that the very slow central flow (smaller closed arrowheads) entering aneurysm reaches the mid portion of aneurysm dome. Then,
the reversed flow makes a slow vortex at both lateral sides of aneurysm (open arrowheads). Larger open arrowheads represent
the flows through the native branches.

100cm/sec

= . L
A B C
Fig. 2. Type 2 phantom which is designed as an aneurysm of internal carotid artery bifurcation. A. Polyethylene-rubber
phantom (Type 2). B. Stream-arrow contour plot in the Type 2 phantom with continuous flow velocity (100 cm/sec). €. Color
Doppler image shows that the slow and eccentric flow (smaller closed arrowheads) entering the aneurysm reaches the eccentric
portion of aneurysmal dome. Asymmetric vortices noted at each lateral side of the inner portion of an aneurysm (open
arrowheads). Larger open arrowheads represent the flows through the native branches.
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Fig. 3. Type 3 phantom which is designed as an aneurysm at the curved area of internal carotid artery. There is a small edge
(open arrow on Fig. 3C) at the distal portion of the aneurysmal orifice. A. Polyethylene-rubber phantom (Typed). B. Stream-
arrow contour plot in the Type 3 phantom with continuous flow velocity (50cm/sec). C. Color Doppler image shows a larger
inflow (larger closed arrowheads) at the distal portion of the aneurysmal orifice and anothe smaller inflow (smaller closed
arrowheads) at the second slow vortex area of proximal portion of orifice. Main outflow (larger open arrowheads) passes

between the two inflow streams.

—-220—



7z+7}+e] phantom el 4] 3

¥ Phantom 4 E{of4do] i A AT
A gl 1A A3 Alel=
Sol] A3k AT 71X 9 £x2 BT 9 Falstgen 2a AP
1 8/ =, 2}71 FFeFel Wsbrh 7] Wl 50 cm/sec 2]
2 AF 2LEc 2y }% FEET 2 o] &3}9ich
Type 13¢] 9 F phantom oA AAH 22 A2
2451 §-20) Z+Aastdon vlwA o
enz 25EsE AATUl FLA
bho2 4gE0)7k AZT Type 28] 59
237bA) o2 A FUYRI A
AA e FdellA 422 vAE FHUER7E
©]21& Type 1 7 Type 2% 9] FfFrFd2 o

X_1
Afol 717k
el Ryolgloemg
A7} o)

SRR

o3t
A i &
phantom o] 4] &
A2HE2] f-2 3 model A o] Aot & AdAHH T}
L2 E=4

25
8] Hi vt 2, 6, 7. &
HHH o dAslE FFol 5 %
T A= A=7kA A
2 o]

(o

\:v =
bl
= 2° 3] 7}
=3 2
=
=

OQH
ik 3o,
<

]A—] )%17] T oM™
el
1317
=
5
A $95

45
1]
A AP o wE
HAA= At
‘é (<)
Tl A HFH
d WA F

PHo g FHUF
Fo] ugo] 1:1
(lateral internal carotid artery aneurysm)ol| A=
#99) FAT GF fetol el 3 S1eHeL 013
2 o] ulskol|A] W FZo TR &S E
$9, 2) FEFY kA 7k X F
= E559, 3) TS99 A
A =) o)gEr A A
o]7F1:1 2 v A U3
S

o]
H
1=

=2 s
ysm) 5ol &
7t el F8
2R HEF
(shear stress) 5-2]
HE & 5 A0 AR
g 5 9l
Fdolle ¥t =2
SEELE P r S
A 2 o] At} JJroﬂ oﬂ
ATHL,
nation)= £ S-S u}ﬂ- P43 9
=3 AR Aol
€ 249 i 5
1) T
ga
FE5]
=A
2
7P 2 7ok & AAxEe] A

[=]

L a=003

Sl

] BFe gl 2

]

<

[ L

m o

1}

o] =3}
oc}:_,

o3 Ey=Es
F=A = @ el g AT
o] E°

5

] 2he)
non-Newtonian @ 5| o] [10], v} #
=5 (pulse)= 7}

’ [}

_1]1
SRS
1 5 phantom = A} A2}l A A F3) 7l o]
7} 1:1.52 &7 AZshe] FEF2] X 75 go
AE Foz wrEoHch BE TR 22 B
719 glom Zhzte] Held EAL 7ML YL E R type
33 2] phantom &2 o]43}4it}(Fig. 3). ool H3k Aof
7+ 317 Yste] F3 ol & 1:1.52 ZE3HA 3}
o gl FZ9 =S AAs He dTE 7k
Z3red T4 F9
A3l 7%

—Ll Mo 2

7F Ao FHF
57 9] v F7E A7A =
&5 3 "ot [7-9].
Y& FE7} 9l non-
| AT 59 dAE 23 gl
g)-&uat ol)g}(l, 10, 11] o] w14, A A
B2 2gle] stk AAZ AEE 3] f15hed]
A Esle] g9lo 2 THIRITHE A
7] Wl Fretaat she o
5 Frf 2
F2 computer 2] A H (Fig. 4)3}o] n] 23} t}. Graves
o] ¢ =8 (Fig. 4) FEF
o} 5]

A s BF A o
33t =

2] 3L
el
EX2E 24918
dad ez A3 of3)
meba] A7 8
g s A5 5
o] F FFue, o Fe} FAEREAY ABTA A £
W XZo] glo ] o:]
3}gl 2wl phantom A} 2
7——.
6] So) B39l AxtSe] AP AHE
Fol k2 2 o] gt B sleld HH<
FE 9
170 Ho] Slchd A gEo]s
I7tel 123l ek (Fig. 3). =& Hol S+
19 F4o] €222 Shrto] 917
shtel 271 =
= ¥
4

ﬂk 4 lo

A
T5 AYshe= Alo]
971 el
Ag-Eole FA4lo]
H

w8
513
|7} &4

17} A7)
A2 FAH AL FEe HL

T st (Fig. 4).

334

A 325 Rkek
o = Fe] FHF oA £7
]

LIE A
AL Eo
£8E

L=
— "o
2gEo

AT-o] =4S
Newtonian H A Ao 2
t: 0
2he 24}

a'lT‘
L $Z£714 % (systolic velocity)oll A4 -2 o] 217]
[}

E}E_g] /d;,]. x—] a‘l/ﬂ
;ﬂz}"ﬂ uheba] 3
2=
X% (diastolic velocity)2 W3} =™
L &R A7 E A2EE It SxoA] @
A HaL o] 2 Qg dRIF AV 1 dFeE Fe
3 ol &
g £x0] HAE o] 8
o R
5 74 (Fig. 3)
ahe ol 2he
Ak Z A&
He As
444315l 545 phantome] ¢17]
phantom & AFA] Al=tslgd ). 2 polyethylene
< epoxy TA & o] &3l HEA 7=

I
732 =z 78

5o shd Sol WAY 5 glrkx shsirhi
aALFEL

3 cm]sec ol A 95cm/sec ] t}oFat
21} 15cm/sec o]Ate] X ol A= AubA
4 W37} glolcka X stk 2eu o] )X R
=7} 3cm~15cm/sec AEQ] ALEFE=
F Z 59 ool AY HeptA ke, T
= $£7)A] 944/ —2cm/sec 0] k7] A] 48+
£55 BltH12]. o] AAE
15cm/sec, S0cm/sec, 100cm/sec 8] A 7}A] &5 o] &
oFael W wEo
d 27

55 ol 4]
[—10cm/sec HES] EF
o] 5 A7IA] HEET A & FF
A 73 A3} computer ZojAlE =

sedo e
7} gl A 4



ELEXEBLE Y

O

g o) gt edl FA Az shsshd oyt Aol
kel AP =] Fa} BlAHA APl AFHE T3t
AY & FA) o} 3t A= slsith =3t A 713
= Ax2 AastA 5] A] ¢oB 2 computer 2]
AFL AT F gE =] Hol At FHE ol &
sto] A o2 A wsHA e FE ot AL T
AE UF rtels A=7)|zke] 23 A ZHE2] phan-
tom& NEAH 2 v|As7|odle FE7t ATk o=
7Vers}e] A 3}A phantom-& e o sfke] of
23 A7 F83 Ae] & 7= AE"r} Com-
puter 2¢] A% & Fluid dynamic international, Inc 3] A}
FIDAP (fluid dynamic analysis package) 7.05 version<
IBM workstation & o] &3}ed A|g§3}lgict o}= 100cm/
sec o|AFe] n&Ldt o A8 E AT =EA &7
7} A7)1E Aol AAH 22 A7) glo] & 2HEH
ot 22} F2 Newtonian A5 ¢ #1954
software ©]7] ool 3} 72 non-Newtonian &
3 thekit Wgvt 553 o4l Re] St

8] 2 non-Newtonian -5-#| & ©]-&3}o] phantom A} o]}
A4 33} computer EAFHE A8 AIRE o] &
25 Ayl & dA e AL vl g 5 U
oto 2 o]2]§l phantom A &% % computer 2] FH
S vt o A AAAZ T F9F U 2k o=t
Aubd el QAW FF AgH olse] B T8l 2 A
2= Atsdt).

t=s

goEd
1. Gonzalez CF, Cho YI, Ortega HV, Moret J. Intra-
cranial aneurysms: Flow analysis of their origin and

A 134

10.

11.

12.

—222—

A 23 1994

progression. AJNR 1992;13:181-188

Strother CM, Graves VB, Rappe A. Aneurysm he-
modynamics: An experimental study. 4/NR 1992;
13:1089-1095

Keber W, Heilman CB. Flow in experimental berry
aneurysms: method and model. 4/NR 1983;4:374-
377

Miimi H, Kawano Y, Sugiyama I. Structure of
blood flow through a curves vessel with an ane-
urysm. Biorheology 1984 ;21 :603-615

Liepsch DW, Steiger HJ, Poll A, Reulen HJ. He-
modynamic stress in lateral saccular aneurysms. Bio-
rheology 1987 ;24:689-710

Graves VB, Strother CM, Rappe A. Flow dynamics
of lateral carotid artery aneurysms and their effects
on coils and balloons: an experimental study in
dogs. AJNR 1992;13:186-196

Nakatani H, Hashimoto N, Kang Y, et al. Cerebral
blood flow patterns at major vessel bifurcations and
aneurysms in rats. J Neurosurg 1991;74:258-262
Crompton MR. The pathogenesis of cerebral infarc-
tion following the rupture of cerebral berry aneur-
ysms. Brain 1964 ;87:491-510

Artmann H, Vonofakos D, Muller H, Grau H. Neu-
roradiologic and neuropathologic findings with grow-
ing giant intracranial aneurysm: review of the litera-
ture. Surg Neurol 1984;21:391-401

Perktold K, Kenner T, Hilbert D, Spork B, Florian
H. Numerical blood flow analysis: arterial bifur-
cation with a saccular aneurysm. Basic Res Cardiol
1988 83:24-31

Perktold K. On the paths of fluid particles in an axi-
symmetrical aneurysm. J Biomech 1987;20:311-317
Arnolds BJ, von Reutern G-M. Transcranial Dop-
pler sonography. Examination technique and normal
reference values. Ultrasound Med Biol 1986;12:115-
123



o

P AT

A4 5 - T 597 Phantom A4 EFekAdol o

.

J Korean Soc Med Ultrasound 1994 ; 13 : 217-223

=Abstract=

Experimental Study on Blood Flow Patterns through the
Phantoms of the Intracranial Arterial Aneurysms
Using Color Doppler Imaging

Tae Sub Chung, M.D., Eun Kee Jeong, Ph.D., Yoon Chul Rhim, Ph.D.", Sung Bin Kim, Msc.2,
Dong Hoon Lee, Ph.D.?, Dae In Kim, R.T.

Department of Diagnostic Radiology, College of Medicine, Yonsei University,
YongDong Severance Hospital,
Department of Mechanical Engineering, Yonsei University',
Department of Metallurgical Engineering, Yonsei University?,
Department of Physics, Paichai University?

PURPOSE: The occurrence, growth, thrombosis, and rupture of intracranial saccular
aneurysms can be directly related to the effect of hemodynamic forces. We developed
the phantom flow models and compared with the computer simulation program to
analyse the flow pattern and hemodynamics that might be responsible for the
intracranial arterial aneurysms.

MATERIALS AND METHODS: We designed the arterial phantoms of three major sites of
intracranial arterial aneurysms; 1) basilar artery tip, 2) internal carotid artery
bifurcation, 3) curved area of internal carotid artery. Flow patterns in the aneurysmal
portion of phantoms were evaluated with color Doppler system on the connection with
automatic closed type of circulation system. Then, we compared the results with
computer simulation. The hemodynamic characteristics of the phantoms were identical
with those obtained by computer simulations.

RESULTS: Three distinct zones of flow were identified by color Doppler studies on the
aneurysm of the curved area of an intemal carotid artery: 1) an inflow zone entering
the aneurysm at the distal aspect of its orifice, 2) an outflow zone exiting the aneurysm
at the proximal aspect of its orifice, 3) a central slow vortex. However, the phantoms
of basilar artery tip and artery bifurcation showed a direct inflow stream at the dome of
an aneurysm.

CONCLUSION: Flow dynamics in the various phantoms of the aneurysms can be
successfully evaluated with color Doppler imaging, and were consistent with those
predicted by computer simulations.

Address for reprints : Tae Sub Chung, Department of Diagnostic Radiology, YongDong Severance Hospital of
the Yonsei University 146-92, Dokokdong Kangnamku, Seoul 135-270, Korea. Tel.
(82-2) 3450-3514, Fax.(82-2)562-5472
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