o= Si=al =<
MR ZHRZxgdMolM Hal rlEe| 24 HERL &1
shlal - ol - LIMS? - LBITF - O1A1E° - FAS?
=x: A4 Jtee] HAFE AR ArFHRd 7EFE 2] E4 FE single
shot gradient echo-planar 7I'"}-& #-F7zd ol H8slo] 7% S F-84<

Jolr 2} sigich,
A 2 ;B 2.1-3.6kgel 7HE 24vlelE ARFo 2 Adsa, ART-E 4obg 94
Hololl Be}9)2 §3 ¥ BRAZILS USAch BT
o ¥ R 442717 44709) B ATk A AR F
omiE kg S22 AR 29 F ddkuiel Aods 5miS AW FUglord, 3 FkEelA
U oz of 308 BACE 2304 AAsch e FAR tiElA, THY thel
2 5 2310k 7] 3 HelollA oF 3-5mmee] RIH o= ek ¥, A7 Zstell W A3
£o] M3 HolFE ABE Telgch o] G4 PO AET F AAl MUY e Z2
235} [DL AZESI01E o] §3jo] AThE o Tk HPFAS Feloiet,

A} AT At /LR 2 24vielE 22020l THEY B 1-23)9) AZ-ATHE
A A3k, H58 dlolels AR =58 F b ARl Azke] Azt uhe A1
o) M3lE A0k, ol B9 Tk HUF $H U 2qA BF A Fodeh. B
4 HEFe SANE FEE EalFelAE 0.97+0.35, ZMuelAE 0.99:0.370]13)
on], zAle] HE ARAZE THE tldT Aol 9.83+1.63%, 7IHSIAE 9,42+
114224 5 39176l BARFE o2 fol8 Aol glalet.

A= 2F3 Ol A A ellA] BF Tk MR FF SAuleh 2odA FIRF A7) Aol
£ gloleh. 22l m e PWIP) S8 Fer 2400 S-gelel S84 gskel 27139 9 ellF 3ol
ol 4% 4 I}, T A42AT 7o) §1k 3 2 9] rCBVARLE Wl % glovd, DWI
AT} 734 Bl A g5k BT ) BAloll Ego] Y Ro 2 ArH),

= O

Az g 52 vl 1xvt gt
42 733X 244 Gd-DTPA

3}, @5 (perfusion)¥4t ¥ 7154 (functional) %3 4= F
N = el 7o) alEle] A Hofoll &4, A A&
S EFE FLY
2471 44 (magnetic resonance imaging, MRD-& %7 & (cerebral infarction)®] Algtel] F2 A}
ol ggh Aol Ak Y5 satre W dixs aea e A9l CT 2 A A7 g3 232
243 dzA] dAFHZ ¥ty 729 o]4E levle Fz24 WslE nojE B AA ¥ dRshA w3}
FghElo] gton} #HE #FAl7dx(diffusion weighted, DW) 2EH(1-4), e o AR dReke] W
cligtxlz |2 e =lsts|x] 4:100-106(2000)
IR ojEh o)-gElEdEa
2R ek o)t A7 ehet Al
sp st o) able} WAkl
Aty olahE) o Fehad
4020001 59 159, A = 20004 99 19¢
B2} uhe (602-739) BARA) A olu|E 171 10 ¥ibensta o Fakal sabd Fdiehad |l A3 MRIA

Tel. 82-51-240-7607 Fax. 82-51-244-7534 E-mail: pbrmr@Kkorea.com
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A HH oz WXe-CT, W34} W& H4kst 32 (sin-
gle photon emission computed tomography, SPECT)
4 oA}l Wb whaed (positron emission tomography.
PET)%°] 2 AM&-se] hovt o) ke 2t =rt 2
A 2 BAR o] k&= DA o] St} (5-7). 32 suscepti-
bility-sensitive Ap7|FH G4 o]438te] Hr -2 dHEA|
ZHO R o B o S AlSe] oA AR x4
5 ouE S$E2 ek FdsiH A HzAdA ¥ v
Al 37+ % (signal intensity, SD<| WEE A4z o8
T 9tk #F A7 E AR 29 AE AHE 1A 53
sPHA o= AR T2 o|sh Ao @5-& A3l 4
A Wk Bl AdA ddERE Alabske we] e 2olx
glom o= o].Q.?s} AEA 2AZ7} T2* 72 A7) THAA}
o] Z4 ¥ F(relative or regional cerebral blood flow,
rCBF)¢] & o] &=z sct (9-13). ol AAA[7ke]
3.6-522 AFg P& 2xo| FSo= o] 9lo] B o
dAe 277 o] 4 #2 single shot fast-gradient
echo-planar imaging(EPD) 7]& A3 #F7Fzedx
(perfusion weighted imaging, PWD) el A-&sle] A4k 7}
EolA Y ¥ 23 dA 2o4AS] AFATE HY A
glaa} sedet.

CHat 3 dhy

&IEA L JA{2]

B2 2.1-3.6kg(HF 2.95kg)9] 7hE 24vtel 3 AHEshed
th GAE A71A 24G AY FHeEE AMEE] TR Hol A
Aol ZEZ gdu3ly AFHNA 1056 FAF FEA] 229
& #A187] ¢35t ketamine(ketala, &3, =)
Xylazine(Rompun. Bayer, US)22 22t 2.5mg/kg ¥
0.125mg/kg EF3 AN FoAste] AP FES &2 o4
A2 FEkict.

=S

27|gH At 7171 dAE 15T 2353 (Magnetom
vision, Siemens, Erlangen, Germany)& AH$-stx, 7}
EE Aol8 $ixAte] (positioner)ol E9}4] (prone)& %3l
% single shot gradient J|ZHH714& ol 43l AFA}=2
o:l/J-& :5;153].0&\;} Eiy_ 3 o]] ]HJ =N o].Q.sz T271—_,_ /\
ol W= TR 3000ms, TE: 96ms, @HFA 4mm, 57
900, 44+ 230x256, echo train length(ETL) 7,
FOV 75-95mm, 27t 28 302y}, #7494 =
2 Al (pulse sequence)v 8 AFE22 AL field of
view(FOV)2 AAE 222 TR: 1200ms, TE: 33ms, &
%07z 90°, a4 E 104%x128, FOV
H-(head)$] 7}7teldl A& 8.5cm9

o
BRREE ) 12

HAFZA 4mm,
123mmej™ &79 ¥
small FOV coil& A& A F

MR BRZZHAM T Tl 22 HER 5
pr} of &3} 44 742 d-E 2l

270 A=+ % 42 73A] 294 gadolinium-diethylene-
triaminepentadcetlc acid(Gd-DTPA, Schering,
Germany) 2mlE #& S22 AW 9] T 4o A4
g bmlE AAY Fstaon, & 7tEdA 54

w0
o 30% AL 284 UMl BRAEIHE A5 o
T8 A2 A4 APl b AT bR

==
‘_‘—{Eo
‘.l
N

F7) ol S ne WY YA E Az v
7] $lae] T2 2L WA Asict.

HA= X2
Y5 MRIEAE FAF =4 (cerebral cortex at
vertex, 9] 2), % ¥ FA (cerebral cortex at con-
Vexity, 59 1) 7 #99 714 (basal ganglia, ¥4 3)
9 (Fig. DellA oF 3-5mm*e] A L® 7tES ¥%F
o 3 5709 3txE Zddte d¥Y A4ld g (region of
interest, ROD& AAE F A7 Ao w}& 7 3208 A5

AR w]i}% o3& #H(signal intensity versus

time curve)E Fakgich,
BFAXAHMN OI=

BRAE B A

% ZGAE AHE3t] ASHE Ao
Frstar o7le whet T2*7} gobAle S o3t Aol

S e

First-pass 7|92 Z3A|el &gt ¥ 242 T2 =+ T2%0]
A7F @%& 12z sz vl Gadolinium 2219 T1
T20|$HA7HE FE A A T17EG oAM= AZFE F7HA17)
T2 zG e AEE AR, 28y 22 e
ol 2 (blood brain barrier, BBB)e] alel Wl 2]
BBB ##7} gl & 24 A7 3hellM HzA o whxiu
Z & gk web 2edAzy 229 fare} 7igHA xd:“?-} =3
A =of T1o]$hAIZE d3el] 23 2219 TIANEE =
3p7] oo wbnl 3k =& Fr A sl “éJ&JJr
9 22 AlolellA HAIEE F4 2ke] Wl#AA (inhomo-
geneity)< FAzte] T20]92 E3AA o E4Pal o}
et 9] 249 A3 graAle), gebx] e 294
TR ES FE 24 g} zA9 T2Al%
£ A8 #Aas 5 oldt Axtae R v
HeH(12,18.19).
GAZE A A F-9lel Ei7 H 12 FFHEH] dojut=
e wistE SRt A E FAE dett Al
ulZ oAk AlE Zpxe] Wzl oA A7}t A AFE
A 37 e e} o A7t W 1 3242 T2* 3LoE 9]
ld 27 e 2YE Y oS3} 2}

H NE e

H

X

lo
=
=Y

2,
ox
rlo
s
_%L

1.}4, 2, 1’°{‘ N

2
Fﬁ._\L

durle AL

A

S(t)zs(o)e-TE/TT
(S A7t & 0049 4% 7% TE : echo time)
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o1F +4HEE 3ol o|%E (4R2)E Tt

1 S(t)
4R2*= = -In| =2 |/TE 1
T2* “[ S(0) )/ )
9} k2 A|7t-olehg FA o g HEE 4 glA Hu o] & A
ol Aol Yoo oA W),
rCBV = f AR2*dt (2)

o714 4R2*e 4(1/T2%) 2A] relatived) W3}, & 24
FolA & zA oA relaxation®te]o] i Ind AFAR T, S(0)
+ Z9A FUA A3RE, Sty e 294 F3 F tA7HH 9
Az7dzoeltt, $4 4 (1)2 4R2* #s F3lo AZ=e #
AE 2d2ZE FAE2 A ()2 T4 JEFE 44 (rela-
tive or regional cerebral blood volume, rCBV)-& 73
‘4.

z4A e A7 stay time, ST)S dofal FAle] )&
*MW spto g FAE = AH A o] 7EALE B E =
A|A Aol 9] Alzko. g A o5t -”F“—}C’dii ZA3slgict. v
A3 71A e =4 5 vl Fahel.er, paired t-73A
+ AAEt FEY A A 7]*1@»‘ Atolofl H A4 HE
Fo v} 29 A9 ZFAZ g dolHe HE 2FHA
2 A o)9 A& A S B €2 R 1A
3 AEE 22 AUA gd3%E Jehiie HAls Are
A A dAES JelliA "o

a
Fig. 1. MR images of T2-weighted (a) and perfusion weighted (b} imaging of rabbit brain. The signal intensity of perfu-
sion weighted imaging was serially obtained from regions of interest (area 1; cerebral cortex at vertex, area 2; cerebral
cortex at convexity, area 3; basal ganglia) at intervals of 1 second for 44 seconds using echo-planar technique. Area 2
served as a reference for the calculation of the ratio of regional cerebral blood volume.

(Siemens)® 714 PC Pentium [ 333Mhz vl =g
128Mb% AHE-3stE . 53 94 44701+ MR consol SMI
5o/l WS_FTPE ol &3t 4dA4& PCE AF3ta,
Ima2.tifs A4 tifdd2 HFA 7 vg LZEYS
Adove PhotoshopellA 3 AE rawdle]e]2 M=
shsich Al (1, 23 93 A 2 F4 AR AHEsta
2} visual C** o5 o]-g-3te] ApA) Aite A Z2ad
oW 4 shasked A, Al 39 22 3
712715 A4t oA o] £AES A4 LR ke f‘é%%*
Y AFEE P ES gt *ézéffi 3] o|ido] H= &
Eoll thaixut Ast= AALE FTEE S5 G4 oA FAR
Aol thgt 54 ALE FA3A o] & Hx AIR 3
Aot Aol LAY A AAEE AXsked LRt HAE
g 7 denz Zpzhe] gaol digh A (4R2Y) FAlA 4
A GE FeAE A7 Als FAe] Abgel s 24
A oo Hole AL A E Ailshd LF7l wAlsleg
Fejdae 502 vine]d GAAls FAHLE HHAA v &
AL Fatudt 2y 94 AP AL axESQl IDL
(Interactive Data Language, Research Systems.,
Colorado, U.S.A.)E o] &3] Alztd (24) F94 A2 =
2ol A-§-3te] Fasgct.

2 I

24k} 159k oA 30% 7

7HE Ao 239 do|H
= °é1 U}EMW‘“ 13]uke] A7t Aol mE A%

PADR

EAE 22y gidaail s xdda] A2 &2 w3l
AZHE *—‘r*d% et (Fig. 2).
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) Qe 7o el e 23]
AL AT 54 Ao 4T $AYCR s F

7VE 2, 32 A 2-3mmA =Y AL Al e g

97 Faho] AP AFAE A& Yehiglonz A3
Aol TR Wokeh 2ele Ageelet FAAE 43
@ ATE A Fa 2, 98E A, 1822 dolHE ¥
=3 7o) /bR ERY £ 200k B AreE st

Y=g olre FAY AL NFoR FYRL 25
3 A £ 23 A & FslelA Fa M8 44
2949 AFATL T

NE

lo

QA AFATIE dojzl FAo] 7|EAlA SR F4
AZdA oA 7B B AA Aleld A7HE:
slod ApA) e 2o 7 Aeste] dgict.
FH e eAds £ dEdAde] JF 34 HYFF
¥)(mean rCBV ratio) & A 0.40°14 2o 1.729]
2 yo|x FF 0.97, EFHUA 0.355 Jehliglon, 7]
#F FAR g JF T4 HEF £38= A
0.52014 FHo) 1.729 E¥Z molx Hit (.99, EFHA
0.37& vehdt},

ze3A)9) FF AFA7Hmean ST)S F&5F A=A o4
= HA 7.3200|A 2 13.31%9] £EE Kol HF 9.83,

- TSR RS U Sy [ SN

800 3

TN N YN ARSI A SRR C RN RN RN AR RNE SRLEN YA SN RN NN NEN]

600 [A: 0.0cm2}

400

200
0

O L L L ) L
oy
N

Image Time in [S]

Fig. 2. Time-signal intensity(SI) curves after intravenous
bolus injection of paramagnetic molecules. Those were
obtained from area 1, 2, 3 in Fig. 1b, showed perfusion
weighted MR images.

MR SRZzg4lM HY 7Ee] I L@ SH

A A 12.2129) EEF Ho|w H3F 9.42, RFHUA 1.14%
Uehleh, 2e e 5 2976 BARACE fo)% Aol

£ HLS 4 4 9lgicH(Table 1).

A7) g g tel F47] HAAE Adsied HAA S 43
Fojgo] ulg 7)o Awta A 4 doke AL A deAl A
Aojth, FEAYY H$ T2REARA N 2 AZHEY 4
o] w2 A& 308 ool I A RH(14)
i Ee ERAE 6l AFA e 2 AR
Sodo] HolE AR 71&H 3 ok, 2y AA #ALE A
o2 & Ak Ayl A e dA 6417kelA 12417F Abo]el 2 Al
37459 $ofo] vehdria g} (15).

HZde 240 848 RS o 5 Qe A
At} HAF kg S F e FFARIAE o] &3t
A 43< (thrombolytic therapy)d H47Fs A7kl 34
7k ol 234 HAAE A d 4 9o} (15).

DWI7Z} H3| 8ol o|apd o g whsls EEA1e] ks A
BFARS o] gato] P H-9]9) Al&dt Fotel] 27181 o] &5
€ Bt PWIE AR & 7H e 2948 Fdste] A
A 2 4 HEFEA, 2AAY SIS A A
A &2 F4A HEFE Asled o 4d 4 gl

A7 g G A e 2GAVE 295E deTlE 7
Ao 2= relaxition® e} susceptibilityZ3He] 5 713 A
2 o2 7|de| 9 (8) PWIS AH4-3le] rCBVE &3}
Lol 29949 susceptibilityE#Z o] 43}, & 27|17
Aol Wi =& AR B 2AAE LR AL

=
o
L
o
o
ol
o
b
e
I
i

O

35 ¢

30 r

25 r

20 1

Rz*

15 1

10 ¢

0 10 20 30 40 50
Time (s)

Fig. 3. The relative{ 4 R2 * )-time curve were obtained
from the marked area 3 in Fig. 1b.
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Table 1. The Ratio of rCBV and Stay Time.

rCBV rCBV ratio Stay time
I'CBVI*/ I'CBV3/ STl(sec)* * STS(SCC)
No rCBV2 rCBV2
1 0.74 1.07 9.90 10.78
4 0.81 0.72 13.31 12.21
5 0.60 0.73 12.54 10.78
6 0.96 0.80 12.32 10.45
7 0.93 1.06 7.54 7.37
8 1.29 0.67 12.54 8.91
9 0.65 0.67 7.32 8.36
10 1.50 1.90 9.68 10.12
11 1.21 0.77 10.29 9.41
12 1.72 1.50 10.18 10.12
13 0.54 0.92 8.36 8.86
14 0.91 0.61 10.23 8.36
15 1.51 1.72 9.35 9.35
16 0.94 1.07 9.35 7.87
17 0.40 0.52 8.47 9.30
18 0.41 0.57 8.03 9.19
19 1.16 0.96 10.12 8.47
20 1.06 1.05 8.31 7.92
21 0.89 1.32 9.24 10.12
22 1.24 1.31 9.41 9.85
23 1.14 0.98 9.96 9.90
24 0.75 0.95 9.79 9.57

Mean®8D*** 0.97+0.35 0.99+0.37 9.83+1.63 9.42+1.14

*rCBV1, rCBV2, rCBV3: regional cerebral blood volume of 1,
area 2, area 3, respectively.

**ST1: stay time of 1 and area 3.

***SD : standard deviation.

# W FYsR 2559 2GA B ol BB &
slol 241 AN 718712 TEe] uA Heh ]2l @ T4

A 27N 71%7) e AR 29 w2 AR 5
22 2] G2 27| 7k A 8 el 4311 gl 2w w4 2p7) 3
o) BEFAAS WAAAA AR o2 T29 T2 F2949
A P R B = °‘£7]7ﬂ e} (8, 22).
& o AA 229 5% o|stEA ofF A2
LA ek g A9 Fodol| & FhaEE T4
Mo 50% ol Frasty, FaA|A
ol ek = o] o, ¥
o) aHA AT} (8). ol2dt AALE 27
[7bgel dofvi= AadEe] WalE a4
o] 7}z (summation) 224 rCBVE 73 4 9l
iogxﬂsq 3zt 2 o rCBEE At & 9l o]
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S v FHold ubl ¥ 227k vl AjgE A}7)7kpAd o] Apol o

& 17
o hels 249 BFAAE whdseds A7) 9o,
HOF AHE
B 7)ol Eesle}, wat Al GA 9] AFEL T2 fast gra-
dient echo?|"& o] 48 954 2457 T2" &G 4E ©]
S3fo] gtou} AAE =4
24 A3 YREY 34
dopate] A€l drio] 9o ofe] WS Aol HALsEr)7) of
Z Q ]

Rtk W) gleh %
$EE2 ks SRFL 24s7] Asto] EPL 7ol o3
QoiA e 2oE7 T2EIE ZANYEE Doi A
249 BFAYE AN Wedstel GRS A7) Ao
oz gorz FA0 o8 e AL 5 ol HaFR

2 ATl e A4 7EE WAL E 8o single shot EPI
714 & AMSE G5A 257 T2 xS ES3te] U
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1M S 5918 A =4 HE T L6 2GAY Yt 3
FAZRE 25 vl AR eyt A4 tEE dio R
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%}93\_-‘/]' BXeEYd3 SPECTE 243}
of AakalolA] A8 RaFoAe oAl vla] 7148 -
$1e rCBV7E tha ol £ od7-9] Ao} Xo]& Bt} o]
213 Aol o] 7k Aol R Y $& gl o B AFH
A GAEE £ ZEo gxlole ulx|d Edo = nl3 el
ketamine®} xylazine® Foj3lgon @ o]5 AV} HEF
o] wWigle] 249l o gjety 29t & 7L EN A ketamine
lmg/k < AA Y Fo% AS A4 dFE oF 30% A
7}‘]71% Rez Byd uprh glen (21) 7e Zg 23
l, # 244 morphinsd 4EE HEFE ubdoz
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2 wlark 5a] W £ A7 2sh shte) 7F
A2 5 A& AL AT BF AGY 459 42T
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Purpose : To evaluate the usefulness of cerebral blood flow measurement applied to perfusion weighted
image with short-scan time single shot gradient echo-planar technique in measuring cerebral blood vol-
ume(rCBV) of normal rabbits.

Materials and methods : With 2.1-3.6 kg weighted rabbits, image is acquired when they are in supine posi-
tion in children positioner. Perfusion weighted image is acquired to 44 seconds per 1 second successively.
After 4 seconds later, Gd-DTPA 2ml are injected into int. jugular vein with 2 ml per second and normal
saline is also injected after that. Same technique is applied 2 times per 30 minites in same rabbit. After
Image is obtained in two part of cerebral cortex at vertex, convexity, in one of basal ganglia with choosing
about 3-5mm? areas. Curve of signal intensity changes in time sequence is drawn. After this images are
transmitted by PC and software IDL, regional cerebral blood volume is measured with imaging process-
ing program made by us.

Results : With 22 of 24 rabbits, satisfactory 1-2 signal intensity versus time curve is made. Cerebral blood
capacity and contrast media stay time (ST} is measured in two cerebral cortex and basal ganglia refering
in parietal cerebral cortex. Mean focal cerebral blood flow capacity ratio in cortex was 0.97+0.35 and in
basal ganglia, 0.99+0.37, mean contrast media stay time in cortex was 9.83+1.63 sec and in basal gan-
glia, 9.42+1.14 sec, but there was no statistically significant difference between two areas (p=0.05).
Conclusion : In cerebral cortex and basal ganglia, there is no difference in mean focal blood volume and
mean contrast stay time. Therefore, PWI is useful in cerebral blood flow and early diagnosis, prognosis of
cerebral ischemic disease. Hereafter, it is helpful in analysing cerebral blood flow changes with compari-
son difference in rCBV between normal tissue and ischemic tissue, and that with DWI finding in infarct-
ed patient.
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Regional cerebral blood volume (rCBV)
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