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— Research on Perfusion CT in Rabbit Brain Tumor Model —
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Ar F7]=2 ZA2PA perfusion CTE A3 3193tk GEAFS] AW(advantage windows workstation, version 4.2)
2 Fe] 8399} perfusion S A SIS HEYR] Ha 84S 316 £ 181 mm’ °I, 7R 2 FU%S
497 mn?, 7P 2R FR2 195 mm’ 0] ojdlE T 25 vl Adgo g nhsoidy, T W= A
o= WAEA] et perfusion CTONIA & T4d4-2] dFH cerebral blood volume, CBV)< 74.40 +
9,63 0|2l Fe A} W Z Ao M= 16.08 £ 0.64 ©]0H, ok vhiEs A} WA= 15.24 £+ 3.23
o)} 7 £-5(cerebral blood flow, CBF)= &% F4F0llA] 962.91 £75.96 ©]3lal, U A/ W=
ol M= 357.82 +£12.82 o] om, <k vhE: A4t w2 Aol M= 323.19 £ 83.24 o]tk Hit SHAIE
(mean transit time, MTT)-& Z9F SA15004 4,37 £0.19 0|3l T2 Ak W zAolA= 302 £041 ©]
N, FF WL 734 W Aol M= 2.86 022 o)Atk T 3EH A (permeability surface, PS)S S
AN 47,23 £ 2545 01031, FUZ A HZA ol ME 14.54 £ 1.60 0]9lom, FU% vk Gt w=
ZolATi= 681 + 4200100, H=3h FF FollM Fax] = ARKtime to peak, TTP)< 19.33£0.42 ©]
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7](maximum slope of decrease, MSD)& % S41F-0l14 4.02 £ 1.37 ©]3aL, TUZ5 4 HEA ol =
4.66 £ 0.83 oo, T R A w20l A= 6.47 £1.53 0= YERTE Ao o2 A9A
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A2 FdTgn sEAEEEYETE s
A = AR, A ol #We WSS olFEision
(Al 11-0053%), TLHguged A+ &2 91439 &
= e 2 A A5 114ES Fete] Xdsieith Al
% 2.4~3.0kg (H Az 2.6kg)e] E7|(New Zealand
white rabbit) G5 9vlelE OO = St E7]E 18
~227C, 55% 5%, 12A1XF 1HA o= xHo] ZAw= Al
2141 T= ARFACA & ¥ =E -2 (cage) ol
dAGe Als B S5 el ARSI

R
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2. VX2 AE2] FH]

VX2(Kyowa Hako Co. Ltd., Tokyo, Japan) 452] A&
FJetelS- RPMI—1640(Rosewell Park Memorial Institute,
Rosewell Park, New York, USA) mediacl] 4o E7]¢]
e 25 olXsta, 25 § FE o] HelE FXle}
o Tl Aol ¢ 5em HE HYYS wW A=ESIgith 4
=% ¥ JojglellA T HAEAS AlAsaL vk
o] dol9le T AN AFHs(Fig 1), 7445 7+
w1l HBSS(Hanks'balanced salt  solution, HBSS
Grand Island Biological Co., NY, USA)el Ha1, F%
A& oF Imm’ A712 A 20k 1mm” olakz A2
T¥ ol e Alsieve)oll veir AEE NS vHER(th
Aol W T MEES HBSSol 41014 1600 rpme] 3] A
S 5 YAl sl % HAKpellet) & THE thy,
10 % FBS(fetal bovine serum , FBS)E ®-%3F RPMI—1640
media® 13] A& 3}, trypan blue 89S o]-&3}o] 1
X107 cells/ml®] 3% FF AZ Aes HaFAp]
o] FHBI3AT.
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A. Surgical removal of the VX2 tumor
implanted in the thigh

B. Cross—section of resected tumors
C. Healthy tissue of the tumor periphery

D. Necrotic tissue of the tumor center

Figure 1 VX2 tumor removal from the host rabbit

A. The incision of scalp and periosteum
in the sagittal direction(approximately 2
cm)

B. Burr hole opening on rabbit brain
using a hand drill

C. Burr hole located 5mm from the
sagittal suture dextrally and coronal
suture anteriorly

D. Inoculation of VX2 tumor suspension
that is concentrated 1 <10 cells/ml,
0.1ml

Figure 2 Inoculation of VX2 tumor in rabbit brain

3. WS FRA] Az

E7)9] AlelHketamine hydrochloride, Yuhan Yanghang,
Seoul, Korea) 35mg/kg®}t Rompun(xylazine hydrochloride,
Bayer Korea, Seoul, Korea) 5mgkg®] E3tNe <5
FARste] mpAS I it 2o R E7)o] FIE AT
oA APFEeFe® 2cem 7FEF ArskaL APHEolA
505 5mm, WIEFlA ALeE 5mm I,
A% dura mater)oll &3S FA ¥ES FosPAA,
A7) A= =1 ARgste] wefw E7H (burr hole)
S EQYE ¥ AY A 7(stereotaxic  instrument,
David—Kopf, CA, USA)E ol&3ld E7zle] 2MlE 3
a1, VX2 A2 dgds w2 FAPE Ao 2]

o2 2mm A 1 X107 cells/ml, 0.1 mle] & &

olg A8 FUAANFig 2). °F 1 ¥ F FA|
9 ¥, FE B,

)

© 2 perfusion CT FAE A3IEI¥TE E7E nlF e &
of dud AAE Sl 2G4 FAS E E7
A2l 7FgAke] gl(marginal vein) ¥ FHSITE
Ultravist 370(Schering AG, Berlin, Germany) Z3A|E
3mlked] £33} 2ml/secd] £E2 A5 F27](Liebel—
Flarsheim CT 9000, Tyco Healthcare, Mallinckrodt,
MO, USA)E ol8sle] F9ataL, 52 Foll S &7 A
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Zksl3ict ARge M= 64—slice MDCT(multi—detector
computed tomography) scanner (LightSpeed 16, GE
medical systems, Milwaukee, WI, USA)o|%la, &
Z7L scan type : Cine scan, slice thickness : 5
mm/4i(total 20 mm), 1sec speed, 80kV, 150 mA2]
ol ZAF 512 X512 matrix, SFOV : head(25 cm),
standard algorithms& AR&SIQITh 271 ¥ Hlo|HE
GEAF2] Advantage Windows Workstation V. 4.2(GE
Medical Systems, Milwaukee, WI, USA : oJs} AW)<S
2 A3

CT 27102 dojzl S GEALl AW= A% 3151
o} 2.5 mm(5 mm/4i) shce thickness = 04011] CT !
FellA Fde] AAEES wel #AFA(regions  of
interest, ROI) = E]‘:‘ o Tk WAS Ak
stz Aol V = SXA(V : volume, S : slice
thickness, A : area)®] 32]& o]&3dt] &4 sl
7} A¥(slice) @dollA Lozl 841 B kst
A TLFe] Aoz 4k Egith

6. Perfusion 3t =%

GEAF] AW 4.20] ©&A=lo] 9= CT perfusion 3
program®|A] tumor protocol ¥} standard protocol
o] &3l CT perfusion S AL HA W& =

-5 (distal common carotid artery)S U rﬂllog

o o ol

Asta, 2 (internal jugular vein)S = AW
2 A3 cHFig. 3). BAGYe A= =9 %‘%W 7
7 Eol H&= 5°Eﬂ AN F%0] U Fo A ¥ A
A z2, g3l T g g4t =

Bz e A
al, 71 ko] ol 03?‘%1-# v X])&=

bl

A4

= "] flate] 2
ytolt w4, W3t I @ 9] sISItkFig.
4), o]} #E& HhHoR tumor protocol A CBV
(cerebral blood volume, CBV), CBF(cerebral blood
flow, CBF), MTT(mean transit time, MTT) Zz]al
PS(permeability surface, PS) %= €%, standard
protocolo| 4] TTP(time to peak, TTP), PEI(positive
enhancement integral, PEI), MSI(maximum slope of
increase, MSI) 8]2Z MSD(maximum slope of
decrease, MSD) S Atk

>EA£

['I

Figure 3 Define of entry artery and braining vein for
tumor protocol processing at perfusion CT

Figure 4 The ROI location of tumor core(arrow), ipsilateral
normal brain(arrow head), and contra—lateral normal
brain(thick arrow) are defined

7. A

5%k 7F e A9t T (mean £ standard
deviation)® FEAISIYCE  dlolg] A& SPSS(ver.
12.0, TBM, Chicago, IL, USA)E o]&a}e] Eaisioiv).

%@1 mmg Z_OI: 7‘/\11:'9]_ .EOkéé zqn 54 212 g\_z],
1‘2] H]—]:Héé Zg/\]— }.—4 /\121 ZX]oﬂ/ﬂ Z} _]— ?;"—‘—7(6]‘:6‘1- %}\—%
o] &l Kruskal—Wallis test® o4 A4 3FtHp
<0.05).

m. 2 =

7 9rE]e] E7]9] Hell VX2 Fge] deH o o]
é‘ﬂ&’iﬁ}.
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3. Perfusion CT &4

Tumor protocol® #2493+ IF CTe A7,
Ao o] FRFEHCBV)O] 74.40 +9.630] 3L
A = A FZo|AM= 16.08 £ 0.640]9 01, &
)z A ¥ A z2AME 1524 32308 =
HAE TEE ghE B 2ol o] RS v
sHAl BElo(p=1.00) T% TAF] dFEFS TY
A A 24 B} 4.644), 9HE QA o AE
2] Hrh= 4.889) WA YitHp=0.00). 1ot B3k
7 HE(CBF)= ¢ SAl5elA 962.9 £75.96%131,
oz Ak w AA FA A= 357.82 +12.820]%0.0
TG THE A ¥ AE F9ollA= 323.19 £ 83.24
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o2
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et BN

vlal] oF 3u] Ax FREE7F Wsth(p=0.00). 1|3l
Hat SIANTHMTT) S FU% FAFlA 4.37 £0.192]0
THE A ] A BLJeAM= 3.02 £ 0410192
T HE A w A F9lelAle 2.86 £0.222
& SAF] H TR TEE G 24 vlE)
A4¥) A 31(p=0.01), T THZ: A 22 H]sljA
= 1528 Ackp=0.02). 18} k2 T A A7t
oM EAH R Solalx| 2tHp=1.00). T3 ¥
WA (PS)S £U% FAlA 47.23 +25.450]1%0aL, F9F
24 zA A= 14.54 £1.600]9001], %

~ o) 8 K

r

& 43 -

HhhE A ] A Al ME 6.81 £4.2002 HERE
th T SAe] T 2uAe T A W 24
AR 3249 =9k31(p=0.00), TF WS A
¥ A 24 Bk 6.939 A skt (p=0.00). TF
3 TF WS GF 24 o] T g 3
5 % 2Ao) W& A Aol visf 2,134 A
kK (p=0.14)(Table 1).

%

1
Standard protocol=
TN Hax] =g AIZHTTP) 2 19.33 £0.429]
N3, T A H A Ao 16.43 £1.7201%

2 zAo M= 8.26 + 5.55°]%0tk PEIE=
7} Fok Ak B9lol| vl 4.854(p=0.00),
| Wi 8.45M] Btk
ol M= TUE Bt 240

1.529) BUtHp=0.36). 123l

Ho Z7F 7127)/(MSI) &= 4 45004 13.18 +£2.81
o|QlaL, FUE AN ¥ A FAo| = 6.99 +1.730]%

Table 1 Perfusion value using of tumor protocol on Perfusion 3 program (N=9)

Tumor Ipsilateral Contralateral X2 p—value
rCBV 74.40 £ 9.63 16.08 = 0.64 15.24 + 3.23 17.69 0.000
rCBF 962.91 £ 75.96 357.82+ 12.82 323.19 £ 83.24 18.71 0.000
rMTT 4.37 £ 0.19 3.02+ 0.41 2.86 £ 0.22 12.54 0.002
PS 47.23 £ 25.45 14.54 £ 1.60 6.81 £ 4.20 21.71 0.000

rCBV : relative cerebral blood volume, rCBEF : relative cerebral blood flow, rMTT : relative mean transit time, PS : permeability surface

- 169 —



WA 7)1 48t Vol 35, No. 2, 2012

Table 2 Perfusion value using of standard protocol on Perfusion 3 program (N=9)

Tumor Ipsilateral Contralateral X2 p—value
TTP 19.33 £ 9.63 16.43 = 0.64 15.14 £ 3.23 5.70 0.058
PEI 61.56 = 75.96 12.58 £ 12.82 8.26 £ 83.24 20.57 0.000
MSI 13.18 £ 0.19 6.99 £ 0.41 6.41% 0.22 15.66 0.000
MSD 4.02 £ 25.45 4.66 = 1.60 6.47 £ 4.20 10.69 0.050

TTP : time to peak, PEI : positive enhancement integral, MSI : maximum slope of increase, MSD : maximum slope of decrease

om, F& N Gd o “?:l éﬂoﬂﬁﬁ 6.41 +1.39
3 = ol = 1]
Ay ZA o H]
71(MSD)+=
& Z*‘E—Oﬂ*ﬂ 4.02 £ 1. 3701 AL %%h‘% A é_‘-iél
Aol A= 4.66 £0.830]%0 0, FF WHNE Gt
AE A= 6.47 £1.530 2 EPth Aol 74 7)
7= % FAl HlEl F J%
1.608) =ATHp=0.01). SHHIRF TF T4l TIE5 A
24 e SAFSRE fosA &9kth(p=0.80)
(Table 2).
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Research on Perfusion CT in Rabbit Brain Tumor Model
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We investigated the vascular characteristics of tumors and normal tissue using perfusion CT in the rabbit
brain tumor model. The VX2 carcinoma concentration of 1107 cells/ml(0.1 ml) was implanted in the brain
of nine New Zealand white rabbits (weight: 2.4 kg—3.0 kg, mean: 2.6 kg). The perfusion CT was scanned

when the tumors were grown up to 5 mm.

The tumor volume and perfusion value were quantitatively analyzed by using commercial workstation
(advantage windows workstation, AW, version 4.2, GE, USA). The mean volume of implanted tumors was
3164181 mm’, and the biggest and smallest volumes of tumor were 497 mm’ and 195 mm’, respectively. All
the implanted tumors in rabbits are single—nodular tumors, and intracranial metastasis was not observed. In
the perfusion CT, cerebral blood volume (CBV) were 74.401+9.63, 16.08+0.64, 15.24+3.23 ml/100g in the
tumor core, ipsilateral normal brain, and contralateral normal brain, respectively (p=0.05). In the cerebral
blood flow (CBF), there were significant differences between the tumor core and both normal brains (p<
0.05), but no significant differences between ipsilateral and contralateral normal brains (962.91 + 75.96 vs.
357.82 £12.82 vs. 323.19 £ 83.24 ml/100g/min). In the mean transit time (MTT), there were significant dif —
ferences between the tumor core and both normal brains (p=0.05), but no significant differences between
ipsilateral and contralateral normal brains (4.37 +0.19 vs. 3.02 £ 0.41 vs. 2.86 = 0.22 sec). In the perme —
ability surface (PS), there were significant differences among the tumor core, ipsilateral and contralateral
normal brains (47.23%+25.45 vs. 14.54 +1.60 vs. 6.81 £ 4.20 ml/100g/min)(p=<0.05). In the time to peak
(TTP) were no significant differences among the tumor core, ipsilateral and contralateral normal brains. In
the positive enhancement integral (PEI), there were significant differences among the tumor core, ipsilateral
and contralateral brains (61.56 £ 16.07 vs. 12.58 = 2.61 vs. 8.26 £ 5.55 m//100g). (p=0.05). In the max—
imum slope of increase (MSI), there were significant differences between the tumor core and both normal
brain(p=0.05), but no significant differences between ipsilateral and contralateral normal brains (13.18+2.81
vs. 6.9911.73 vs. 6.41%1.39 HU/sec). Additionally, in the maximum slope of decrease (MSD), there were
significant differences between the tumor core and contralateral normal brain(p=0.05), but no significant
differences between the tumor core and ipsilateral normal brain(4.02 £ 1.37 vs. 4.66 + 0.83 vs. 6.47 £1.53
HU/sec). In conclusion, the VX2 tumors were implanted in the rabbit brain successfully, and stereotactic in—
oculation method make single—nodular type of tumor that was no metastasis in intracranial, suitable for com—
parative study between tumors and normal tissues. Therefore, perfusion CT would be a useful diagnostic
tool capable of reflecting the vascularity of the tumors.
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