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299 Yo 9ol T Bt Bol Fastum Jont, obg
£ QPHoR 2% ABOE Yo} Uk (1-5), 53 ¥EF
829 10-15%014 BAsE B2 U4 AE H9E
UGS 455 25l AW FAF, WA 80%
o9l ! :

"‘/} (5-7). 28y}, gutd oz HEFY 254
@229 (computed tomography: CT)oJut A
agnetic resonance imaging: MRD)E °]&3}
o Z7] Adste AL ofg€o (8, 9).
RAHE #o}g 5 9
(perfusion MR imaging, PWI)
(diffusion MR imaging, DWI)o9]

Fl[‘

Zcho 7}33}‘3}1 A A o (1, 3, 5,
249 5 N8R4 B W3
ma ol MREAPEOR 4713
12). =% DWIE i sd4 wstel] digf s
OEOHM Atk (5, 9, 13).

2 dTdgx e -.:7-1] NHEE A %i o] -g3te] A
HAAE dogl & DWISH PWI A=
Aol DWIsH PWI 713 9] #84 —% FrhetnAk st

3 @
e
, 3,
5

Chat 2

AlS ==

AYFEL Adign JAs 55 ALSALIA ALSe &
A 7}E(New-Zealand white rabbit) 67}8)(4-5Kg)E o<
T glo] ARSI

HEExHs L g2 Y=

JTEE R AI7] 95t 599 AHdA AR
(Ketamine®, dl-2-(O-chlorophenyl)-2-(methylamino)
Cyclohexanone hydrochloride, Yuhan, Seoul, Korea)
3.5 ml% FF(Rompun®, Xylazine hydrochloride, Bayer
Korea, Seoul, Korea) 0.5 mlE T4 2§ FAE &, %
Foll Bh&31A) i 3§ o]¢je g %X—‘.‘Q"l qe ME
7} S AlFoE gdstynt. vy 48 &, AR 9RE
Az ANsty 25 A28 QW0 o -rz &
225tk 224012 A9 fA8 s (Medicut 22 G IV
needle, JELCCO. San Francisco, U.S.A.)& A48l

3%

Z 2R3%9e AAely YWAS N o F 59 4 up2 257
A A9 g the o] H EZE (Xenetix®350 Iobitridol,

Guerbet, France) Z%9AE 5-10 ml AFHE3l AF5YW HE
T 2YES NG Y. A5Y HEB 295E 93td 0X
g 7Z4g @ 4 9x Multistar T.0.P. E&&97]

ThEel M KMol BR W HUBZ XPIBHAY

(Siemens, Erlangen, Germany) & AHEatAch 459 =¥
F 2EEE AN F BA 2YGA HaEoaE FF
(Histoacyl Glue)$t 213 2.5 (Lipiodol), B2H I9¢HE F
g Fgskart. 13 FEHe WA “-"rlgl -‘?'] oty HAa
£ AHEsle A Hs Z2AAAY HE8R e 4EHL
2 FuAde] Alg d AL st
B AL} 2T AP IS HSM (PWDE B
6utele] ZtECA HAM il & A7 3HEAEE DA
A7 GGE QNAAY AR HAA T 38EellA T2E
(B 5283744 ¢t} 1.5T Signa Horizon MR Scanner
(GE Medical Systems, Milwaukee, U.S.A)E A3l
T1 %A (T1 weighted image: TIWD I T2 Zz2%%4

ofje

(T2 weighted image; T2WI)Y DWIS} PWI %44 &t

HA 7tES Avld B o}ad YFE AFste HEE 14

A7) AHEstR e, 7LE telg 6.5 AF9] 9EF A
A

A AL (extremity linear coil)®] F%ol Y8 & A|4H
(sagittal), ¥4 (coronal) B 4 (axial) e A 7H] W&
A FAE Ak TIWI (TR/TE=500 msec/10 msec) <
T2WI (TR/TE=3200 msec/102 msec)E& 256X192
matrix, 5 mm ¥4, 2 mm gape® €& % DWI (TR/
TE=10,000/100 msec, 128 X128 matrix, 5 mm 7, b-
value=1,000 sec/mm?)$ PWIZ &35t Aot PWIE
A 27 S ol 3t e, olm ALgE WeERE TR/
TE/flip angle=2000 msec/60 msec/90°, 5 mm ZHFA,
128% 128 matrix, 24 cm FOVE ©o]£38l3 Gd-DTPA 0.2
mmol/kgE A7FFL7( power—injector)i FE5FY9(2
ml/sec)¥ § B 7tE E25H HEAE 7P gol 2Es)
40 oA 2 o g 6070 A, = F 240719 4
& Aoy AAAZHE 120% oL

dde PWIY ¥d 9443E& Advantage Windows
Workstation(AW 2.0: GE Medical systems, Milwaukee,
U.S.A)2E A$E ¥ FuncTool Z21#(GE Medical
systems, Milwaukee, U.S.A.) 3 ZAA A&e Z2aE o]
g35t9] 1) HdF%(cerebral blood flow, CBF), 2) AthA
=8 FE4 (relative cerebral blood volume, rCBV), 3) ¥
7 294 £3 AlZH(mean transit time, MTT)%5< PWIE

£0)2t 5 13} $ 3450} gofrps
Aotod AZtel wel adZE vEhd F,
A 23] v AAEY WA
A EFENE 7T S 21
HA 2 (

volume map: rCBV map)& #4335t 2(1)lA 4(3)&
PWI A&E ¢]£34 rCBV mapg Wt 988 HAyse
FAolt &, A(1)eA B upel o], 2GA FUF A
A teM e AFAE(S) e 294 FEA] 274 EF

l
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(So)9 A FAIZHTE) 2 T2*go& o]7ojd A5d42 ¥ St=S80 ¢™ (1
dn] £498S sto] o]$H& (relaxivity, R2*) & T8 Al 1/T2*= R2*=-In(St/So)/TE (2)
F-olghg FHoR HEAS ¢ Y (A(2]), wEA o]E A& rCBV= JR2*dt (3
St 2 (3)ell A 9F 2o 7 RAF rCBVE 78 4 Yt Wl uioE AR A gAHE #dFd

g
Fig. 1. Conventional MR, diffusion, and perfusion MR imagings 48 minutes after embolization of right internal cere-
bral artery.

a, b. Axial T1 weighted image {a) T2 weighted image (b) shows no abnormality. ¢. Diffusion weighted MR image
shows bright signal intensity of infarction in right hemisphere. d. Time to signal intensity was measured using region
of interest in perfusion MR imaging. . Time to signal intensity curve shows delayed TTP and MTT in infarcted site
(purple color) compared with normal contralateral side (green color]. f. Relative cerebral blood volume map shows de-
creased perfusion in right hemisphere (arrows). g. Cerebral blood flow map shows decreased perfusion in right hemi-
sphere (arrows). h. Mean transit time map shows perfusion defect and increased MTT (red color) (arrows} in right

hemisphere.
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(region of interest: ROI)¢| A%
AEAREE Hrtsb) s B Wz A A vl
rCBVH], CBF, MTTE F3&t3itt.

. 2 FAD[B(9] Hlm 24

BAL T2 742443 DWI 282 PWIY Z2te] A EeA
284 H7AAY AAE vlusgt. £ PWIel CBF<t
CBV, 281 MTT A=A vehd HHe WAz DWIA
el ¢ W] dAS etk DWISE PWIQ) Zhzbol A 4t
WAl A71E A E Hlwstdtt aga, 44 3719 ROIE o
S3to] vl AR HHRee 24 HE FAALE A
o[ (MTT difference) & At ol BHEH F4F -4
o] MTTE 345t 1 A= et

2 o

oA vhe] ZhE ZRolA T2WIY wiAdA Y dze Y
o, a2y DWIA 2% 143745 HA48Ee 8903
+ itk PWI9 rCBV, CBF, 282 MTT Ax=elA 64
B 3 AES AT 5 ddY (Table 1 & 2, Fig. 1).
CBFst MTT A&o #FZAEAG o2 vhehd HA{ 9 v
@ 6olF 4olold MTT X =7 CBF A Erv dHo] A
HUgom, 29 23, MTT Ak #F2E WAl CBF
A=wn A 42 Z4E Y (Table 3). £3 CBF A=
oA e WA DWIAM S Hwle] WA rt 3¢l g
vebka, 3efolA 2 etk MTT A=A e |3
& DWI oA 9] e dAnt »% 2A deigeh, MTT A
oA Rl WAo] CBFAA WHe] dAnt} 21X DWI
g} 22 747k 3¢, CBF Axo|A WHe wao] DWIgH 2
on] MTTA=A Wre] A 22 447 3¢, 12)a
MTT A=A Wil WHo] CBFA RS ¥ BAR} 2

7IE2| 24 E[HMo|M 2R R EMZEE X7|ZTHHA

A DWIS Hdo] 713 A2 4471 14 92t} (Table 4 &
Fig. 2).

w3 MTT differences 64l 5o A HA 3,274 Hx

Table 1. Summary of Data

Perfusion MR

MTT
CBF difference
(sec)

Rabbit T2WI DWI

rCBV

undetectable Bright SI defect (+) defect{+) 3.3
undetectable Bright SI defect {+) defect{+) 3.3
undetectable Bright SI defect (+) defect{+) 3.8
undetectable Bright SI defect (+) defect{+) 3.7
undetectable Bright SI defect (+} defect{+) 4.1
undetectable Bright SI defect (+) defect{+) 3.2

SO W=

DWI =diffusion weighted MR imaging, rCBV =relative cerebral
blood volume, CBF = cerebral blood flow, MTT = mean transit
time

Table 2. Detection of Infarcted Lesion among T2WT, Diffusion,
and Perfusion MR

T2WI Diffusion MR Perfusion MR
Detection ( +) 0 6 6
Detection (-} 6 0 0

Table 3. Comparison of Lesion Size between CBF and MTT Maps

Perfusion MR Rabbit
CBF > MTT 0
CBF = MTT 2
CBF < MTT 4

CBF =cerebral blood flow, MTT = mean transit time

200

Rabit Number

Fig. 2. Lesion area measured in six
rabbits are shown. White columns
are measured area on CBF map,
gray columns are area on MTT
map, and black columns represent
measured area of infarcted lesion
of rabbit on DWL

acer
BMIT
mowl

-119 -



=3 2|

4. 122 o] (B 3.56%)2 FAFH7F Bl vl A dH
At (Fig. 3).

=

HE o] wald 1 Hpo] FFahe 999 FAFE w2
A Aoz AYHct a8y FHEgE AF52F
(autoregulation), FHT¥5 22 H4e9] /E FAHY
AE758 v 5 AR o AT dFFFe] AMHAE 7|5=
FEHE o]HF 7t9H &AL e Y5 FHYY HdR
(ischemic penumbra)z} 3t o]& w$ FFAojo|A 27
o= HAM FHo HA FXHY EFIF ANEEHA Fod
AlZbol Aol whe} Ao g ojgHrt, gAY HAM #A
A 713 F23 g dAdgdes o2 ANERL 279

AENA 134 wg

oh A2 Rolr

Table 4. Comparison of Measured Area of Lesion between
Perfusion and Diffusion MR Imagings

Perfusion & Diffusion MR Rabbit
MTT = CBF > DWI 2
MTT > CBF = DWI 3
MTT > CBF > DWI 1

CBF =cerebral blood flow, MTT = mean transit time,
DWI =diffusion weighted image

6
5 | -
A b
)
[}
23
|_
F_.
=
2 .
a l l
0 al_u.x... ] ‘_.x_,l_L_x-, o
1 2 3 4 5 6
Rabbit Number

Fig. 3. MTT difference time measured in six rabbits are
shown. White columns are measured MTT value of con-
tralateral normal cerebral parenchyma of rabbit and
black columns represent measured MTT value of in-
farcted lesion of rabbit. MTT delay is difference be-
tween both columns.
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Acute Cerebral Infarction in a Rabbit Model:
Perfusion and Diffusion MR Imaging

Suk-Hee Heo, Jeong-Jin Seo, Nam-Yeol Yim, Gwang-Woo Jeong, Woong Yoon,
Yun-Hyeon Kim, Young-Yeon Jeong, Tae-Woong Chung, Jeong Kim,
Jin-Gyoon Park, Heoung-Keun Kang

Department of Radiology, Chonnam National University Medical School

Purpose : The present study was undertaken to evaluate the usefulness of cerebral diffusion [DWI} and
perfusion MR imaging (PWI) in rabbit models with hyperacute cerebral ischemic infarction.

Materials and Methods : Experimental cerebral infarction were induced by direct injection of mixture of
Histoacryl glue, lipiodol, and tungsten powder into the internal cerebral artery of 6 New-Zealand white
rabbits, and they underwent conventional T1 and T2 weighted MR imaging, DWI, and PWI within 1
hour after the occlusion of internal cerebral artery. The PWI scan for each rabbit was obtained at the level
of lateral ventricle and 1cm cranial to the basal ganglia. By postprocessing using special imaging software,
perfusion images including cerebral blood volume (CBV), cerebral blood flow (CBF), and mean transit
time (MTT) maps were obtained. The detection of infarcted lesion were evaluated on both perfusion
maps and DWI. MTT difference time were measured in the perfusion defect lesion and symmetric con-
tralateral normal cerebral hemisphere.

Results : In all rabbits, there was no abnormal signal intensity on T2ZWI. But on DWI, abnormal high sig-
nal intensity, suggesting cerebral infarction, were detected in all rabbits. PWI (rCBV, CBF, and MTT map)
also showed perfusion defect in all rabbits. In four rabbits, the calculated square of perfusion defect in
MTT map is larger than that of CBF map and in two rabbits, the calculated size of perfusion defect in
MTT map and CBF map is same. Any rabbits do not show larger perfusion defect on CBF map than MTT
map. In comparison between CBF map and DWI, 3 rabbits show larger square of lesion on CBF map
than on DWI. The others shows same square of lesion on both technique. The size of lesion shown in 6
MTT map were larger than DWI. In three cases, the size of lesion shown in CBF map is equal to DWI.
But these were smaller than MTT map. The calculated square of lesion in CBF map, equal to that of DWI
and smaller than MTT map was three. And in one case, the calculated square of perfusion defect in MTT
map was largest, and that of DWI was smallest. ,

Conclusion : DWI and PWI may be useful in diagnosing hyperacute cerebral ischemic infarction and in e-
valuating the cerebral hemodynamics in the rabbits.
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