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Measurement of Cerebral Blood Volume and Relative Perfusion Rate
Mapping Using MR Imaging in Cats

Byung-Rae Park'’ and Yong-Wong Shin?

!Department of Radiological Science, 2Department of Hospital Management,
Catholic University of Pusan, Busan 609-757, Korea

To measure regional cerebral blood volume (rCBV) with perfusion MR imaging of cerebral fat embolism by neutral fat
and free fatty acids in cats. Triolein (group 1, n=15), oleic acid (group 2, n=9) and linoleic acid (group 3, n=11) were
infused into unilateral internal carotid artery using microcatheter through the transfemoral approach. PVA particle was
used as a non-fat embolic material in a control group (group 4, n=9). Perfusion-weighted MR image was obtained at 30
minutes and 2 hours postembolization, based on T2-and diffusion-weighted images. The data of lesion and contralateral
normal area were transferred to personal computer, time-to-signal intensity curve was drawn and trans for used to AR2"
curve in regular order. The process in the personal computer was done by using the author's developmental image
processing program and interactive data language (IDL) softwares. Statistical significance was approved by paired t-test
and ANOVA. rCBV of the lesion was decreased comparing to the normal area in all groups. The ratios of rCBV were as
follows (group No, at 30 minutes, at 2 hours); group 1, 32%, 51%; group 2, 30%, 44%; group 3, 39%, 61%; group 4, 21%,
36%. rCBVs of 2 hours was significantly increased compared to those of 30 minutes in all groups (P<0.005). rCBV was
decreased at 30 minutes in cerebral fat embolism and recovered a little, but significantly at 2 hours. Perfusion-weighted
images was useful method in offering hemodynamic information in cerebral fat embolism.
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fo
il
o
o
o,
EY
i
o
N
=
2
N
L
N
o
o
of
o

magnetic resonance
o el

o2 sz 729 o
g BeReY B o891 Aok 2 IBE @
ffusion weighted, DW)3/d, #7732 (perfusion weighted, PW)
A4 R 71%H (functional) A7) H G4 TAHE 7]
9 daHgoz ATy A5 B T2 F1 Yrt
(cerebral infarction)e] o]l 2 A}LEHE 94 &
AxHE @2 A (computed tomography, CT) 2
A7) 8RR HxAe B o3 T2 st
g Hoz ¥ AA HJ9 F/IA s vehlA] 2o
(Brant-Zawandzki et al., 1987; Bryan ea al., 1991; Horowitz et al.,
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1991; Yuh et al, 1991). whebA] = SRR Rwe Wl
=457 AT BH o2 PXeCT, @34 W& #Ak3}
%%+ 21 (single photon emission computed tomography,
SPECT) ¥ ¥AA W& w534 e (positron emission to-
mography, PET) 5°] 52 A5 o] gho) o]l ZA} T
FREVIEoT olA 1 b =& E e ©A o] Utk (Heiss
et al, 1986; Knapp at al., 1986). @A) 27|74 91t
(susceptibility-sensitive) A}7]3HF4H-E& 0|88t Bt &2
HFEAIZEO 2 o] @ o] e 4143 dowA R
9 2YAE W £E2 P FshH di H ZF A4
59} Hlals 2375 (signal intensity, SIS W3S A

J

o2 9g & Uk BF G 71 ol A 29
B 2

[WOR

st} 2] MEhs B3 oA RS ALlst
| dg] 2olal glon, o]F o|&3 AFH 2IF
T2" 7+% A7 a4do] T4 HEF (relative or regional
cerebral blood flow, ICBF)&] &Ae] o]-85 3 Tt (Edelman
et al,, 1990; Warach et al,, 1992). &5 AP/13H D3] Fg4 &
AL ERYE 9 vlasde] oo R A AWE oldsks

o) =20} Hrk TI, T2 7RG o R 719 8 B9l

Bl o,
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2] AY HELAY Fol| Jovks FFHS
3 ARE AL 4= AT Reith et al, 1997), T2 A
9] BF AAE Jdshe o= g o
A4} (Haraldseth et al., 1996)2 o]-&3hd
Z7]4] HEFE AT 4 UL (Belliveau et al,, 1990), &
ormz P olF A
Fof 3t ol Fo] M3ttt
Qg 217138 Gadnlel ol ZHH (echo planner imaging,
EPD7|Ho] 7FsaiAaA vdEHog Bt &3 Y
A Ago A o]&HE g E AV FTHANTH A
3 98ty ARE ATE 5 v BRAE AP
S AHEEka Qv aBjng JFAHoR 5 uRF AE
Hoae Aoz EAsE B} ol ARE T

o=

A7 94 78 F Yok

B2 ATE nYols tdeE ATHE i 4 ALE
AES AgA oz 915t ¥ AL AF (fat embolism)S
e & AR} AHE o] HEFH HIE A
gz o2 ez} st o8 98K o AEHTE
W3l 31%Fole] FAgEglel MR AFA|FEA ol
HE #53150n, 53 ARIGOERH AR
2 (time-to-signal intensity curve)2 ZA3I% 3, ol& A7k~

]
0] 2+& (relaxation, AR2 -time curve)5A1 0 & W33 & A7k
Ao wE ZF B (materialE I4 HEFHF (regional
cerebral blood volume, rICBV)S B2 02 431, i3
AFRE (relative perfusion rate map) 322 WERhYo] vlal- £
Astazt siich

AYFEEL ¢4 7 flo] EFA 1.9~40 kg (B 3.14
o} A FAlZGEE o]
MAZE FEsisich A
& A&A 22UE BR8] HAsted Ketamine HCI (ketalar,
hydorchloride 50 mg/ml, 32y, A2, ¥+=)3} Xylazine (Ro-
mpun hydrochloride, Bayer, US)2.2 Z}Z} 2.5 mg/kg % 0.125
mgkgs EFsl T& FAE vtHERL, 48 =F vt
o)A Aolud 9] 8¢9 WS thA] FAREIITE Aol
£ Hl2 72 upine) A E AEE Bl 1ZAL F 95 A}
By 2Re 98 A £5% F HEE F2om E
Astz ¢ gEENe =AY &9 dEsHe 9
ARE 404AZ ARSI 18G AUFALE = (catheter) S
ARg-sle] -l El el AFlstal 1 S 2 3F SP A=
(microcatheter Terumo, Japan)S AHE-3le] B WA 5He| 9
AN 2FAE Y3t st ¥ 100 pl Hamilton 5

ANE AHEEIN AAER S A8 FYste] AR A
Agro] Fud tAYAIE B2 (digital subtraction ang-
iography unit, Multistar Top, Siemens, Erlangen, Germany)FA] 3}
oA zAAE WETYl FUsEA EF FHiloFe =
T AR EE AEAR AZTe R A3t

AN et DA 44viE]e] RS 71 Lo
eIk Al 178 159kl 34 AW (neutral fa)?! neutral
triglyceride triolein [1,2,3-tri(cis-9-octadecenoyl) glycerol; Sigma,
MO, USAS 0.1 ml, Al 272 9ute]el] 2] 2t (free fatty
acid)2! oleic acid (Sigma, MO, USAYE 0.1 ml, #| 372 117}
o = th& #2] 2L linoleic acidE 003 ml FU3te]
APANAFTE FEAReM, Al 47 HET2E HAY
(non-fat) 2§4&2 2] ivalon (polyviny! alcohol, PVA particle, Ny-
comed, Paris, France) 10 mg2 A§2] 21 50 mloll 41} 9wt
glo] FUeAth AL Agellx FA3}A 37~375CE F

AHEE 271239 7171 L3S 1LST 2353 Magn-
etom vision, Siemens, Erlangen, Germany)& A8-3F131, 2%
0|2 Aokg 9)x)7to| (positioner)dll Y= (prone) AHHIZ Bt
B A& 85 cm® small field of view (FOV) radio-frequency coil
(Siemens, Erangen, Germany)°ll MEl& 13AI A A4 &
w5 3083} 247kl 2R, SR dE sYs

o2 FS3NY T2AEY B EFLE 7R 8o
IAEFRES 7P A Bele § F-HE HYs ¥ o=
HBH7IHE o] 83 BFAEEYS ATk 28 7 G4
°

37 98l AMEE FlEe e 2o,

42 TR/TE: 2500/96 msec, 592 90°, 3k &
210 X 256, FOV: 70~75 mm, A8 F7+= 4 mm, AH 7+4
€ 0.1 mm, echo train Jength (ETL) 7, <17]& 5" (excitation num-
ber) 2, 227N} 28 422 JAS B3I OgeE &
2732342 single-shot gradient ol ZHA7|HE 0|84
SH}E0 2 gradient pulse®] b ZtO-Z 03} 1,000 sec/mm’E
7VetAt). M= TR/TE: 4995/137 msec, 2HF7) 4 mm,
A 4= 96 X 200, FOVE 210 mm, &7BAZF 1422 GAHS
S350t iAo g BR7FRGAte] HaE TR/TE: 1200/33
msec, BHFA 4 mm, 97 %0°, 34 = 104 X 160, FOV
=123 mm, 2R 01922 27] 94 (phase)d EEH-H
TR 12%0l thak ZAATER (steady state)Z THE7] 93] =70
£ AFsle] oF 3~4 phase Fol| %A gadopentetate dimegl-
umine (Gd-DTPA, Magnevist, Schering, Germany) 1 mi& #-2
£52 A% FY F A3l A9 s mE el F

I5he] d0phases7b Ba-e HEaHc

j o o
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BRAZR JP7HL A =GAE AHgsle] AEke )
olg FESIL 7)ol whel T2V olle AL o83 A
o]t} First-pass 7|H-& ZgAlo] 23 H%xAe T2 &&= T2
olgAZr @S YBZ 3k Utk ZYA gadoliniumS F
Ze] T1 H T20| TS DHFAIA TIHZF A E A&
£ ST T2ARG I E AEE gAY a8
u HzFolle A4 (blood brain barrier, BBB)°] %l
el ojg BBB 7} gl ¢ 29471 el H=
Aoz wxuvtzd 4 glok weba ZgAl7E 229 FAdAt
(proton)®} 7FHAl HEE 4= §lA Hof T10)9A 17t B 2
g 249 TIAEZ7Rs @] o vkl g3 &2
SE 2FA o G} FH 27 ApololA LA =
2 A9} Bl EAl (inhomogeneity) S %4dAte] T201¢H8 &
AAA U FAERE ol 9] 229 AFE ZhAA
ok w2ZA e 294 557 58 £5 I
o] BlgAAdL AX 229 T2AS = S 748 1 o]
gt NEHAE R vk €} (Kucharczyk et al,
1993; Tzika et al., 1993; Rother et al., 1996).

ZGAZE Y S F9el Bzt 5 13 BHHo dof
the AE ARl ¥sts Al ARRAEAE F4E
Stk Aol mE G A5 o) Wl A A7 TollA )
AEFEE 27] 8759} ol Az 2 1 P9jefrie] 12"
W o]Fo Ad 21 FFE FAHY oy 2k

S(t) — S(O)e-TMZo
(S: A7 t == 0914 9) 4% 7T, TE: echo time)

ol FAHEL st o]eE (AR2)S T3

* 1 S(t)
AR2'= — =-In /E (1]

12 0

ols}

g A¥5)

i
(2 o

ARb-olghg FHoz Wad 4+ A I, o]
AE Yolero] oA ok

yCBV = | ARZ"di 2]

o714 AR2'E A (I/T2HEA relative®] W3, & 23]
FUH F 2F o)A o]¢h (relaxation)zto] o] n& AR,
SOT 294 U ABAE, SO 294 T4 F Azt
Al Aszgzoltt -4 A (112 AR T3t A7k}
o #AE 2HER FAEE A 212 F4 HEFF 83
(relative or regional cerebral blood volume, ICBV)S T8ttt

ZQ Ao HHFFFAIZE (mean transit time, MTT)S o)z

o] Z]@elA shtog 2HFE AN oAl 71EA
L8 EFiss A Alole] Alzteg Aojsta Ao s &
Ak =ds 7)Agel S4 FF HeS TEsd
o, paired +HAE HAlSt] FHEF diHIAA G 71
Atolell Bt =4 HEFF HEH} 2JA ] FRAIT
e dolEle Wd BEHAE FAEAT. o9 22 &
e T3 2 BFFLAM T ANE FEE FL LJuF
dolzs ey A A5 FEs w2 1
YehhA doh

4

53 BFAEYEL mean curveE ©-E310] W E9 9}

A YA U 18 (superficial cerebral cortex)ol| 4]
~8 mm’e] YO 2 5~874) HAs TP A

L_rL

to ir

il

#13te) MR consol SMI 5914 WS_FTP %
DICOM 3.05 ©]-43te] %442 Microsoft Windows NTE
A== A8 FHFEI9} PACS (picture archiving and cormun-
ication system)-&- nView ServerZ A% L A3, a2 tfS
©]8-3t Adove PhotoshopollA] rawHlo|El 2 Wgalgdc) A7)
N AT A 2ol o) doiE 2 F4 HEFES AR
o2 A3t} visual CHAE o83t YA e ==
IS NEsied, G4 Ae] HAiE AZEe}2] IDL (In-
teractive Data Language, Research Systems Inc, Colorado, USA)E
ojg3le] FA FA7] T2 e HEsle TRPA HY
W (mapye TR, EkEle A oew 2o
AIZE Bl mE 7} g AT ¥EE HAFE A
-ANSAERA Fg D& FSSIAL, ARE-019E (AR2)F
A Fg 3)os WS T At HERYS Ao
Aaion, A 71¢7]& Ale g AktE FXES
AE 2 AR A BRE G4e ) &9l
b ARYT FAAlA gho] waly) Alak miRE FHu)
3R] AJ7HS- time to peak (TTP) mapl & <
L ARE JX] oo HiE FaBddwt sy
HellA A=HA gt T2 NEF FHs)] o] F

stk g0l AT A AAEE
QFR7Y LAE 4= 7} 7] wiiel ZHzhe] Bhad
HAAA GFH S T L A-NEAE
v

o vehhs SRS A0S T0g
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transit time, MTT)2 dolxl Fieo] 7|EHA spLog =
Au= AJHEA O] ZIEA R B EE A Aleld] A
oz A3, /e T2 aAG o]8dte] AT 3
Sk

ol et A 152, 27 B 3we] HERF Bl N

ol
o >

£ olg3tel BAYA Fo4S AFSHG

Fig. 1. Perfusion MR images of group 2 (oleic acid). The refer-
ence on Gd-DTPA enhanced MR images obtained 30 minutes
after fat embolization. The marked areas show normal ((D) and

lesion (D).

3B r
30 r
25 r
20 r
15

R2*

10 20 30 40
Time (sec)

Fig. 3. Relaxation (AR2")-time curve were obtained from perf-
usion MR images of lesion after fat embolization in Fig. 3 @)

Z2 1
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Fig. 2. Time-to-signal intensity curves of perfusion weighted
MR images obtained 30minutes after oleic acid embolization in
Fig. 2. Signal drop at the area around blood vessels was most
abrupt, followed by normal (D) and lesion () after fat emboliz-
ated. The stay time (ST) is the time difference between the point
of downward deflexion from the baseline and the point of recov-
ery to the baseline.

Table 1. The ratios of mean regional cerebral blood volume and mean transit time after materials embolization

30 minutes 2 hours
Group n tCBV ratio MTT . rCBV ratio MTT -
(P<0.005) (P>0.005) n (P<0.005) (P>0.005)
1 15 0.32£0.18 1127402 11 0.51+0.15 11.33£0.2 12
2 9 0.30+0.20 10.25+0.2 8 0441031 12.50£0.1 6
3 11 0.39+0.27 10.2740.1 11 0.61+0.24 11.11£0.2 9
4 9 0.21£0.20 1022403 9 0.36+0.25 10.33%0.1 9

n: Number of total cats. rCBV ratio =rCBV of lesion/igBV of normal < 100% MTT: Mean transit time of lesion.
n": Number of cats at 30 minutes after embolization. n™ : Number of cats at 2 hours after embolization.
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Fig. 4. MR images of T2-weighted (A) and diffusion-weighted (B) images obtained 30 minutes and T2-weighted (C), diffusion-weighted
(D) images cat obtained 2 hours after fat embolization. There is revealed slightly high signal intensity on T2-weighted image at the right
cerebral hemispheric cortex (A). The high signal intensity are more prominent on the diffusion-weighted image (B). The extent and size of

the lesion are large at 2 hours images.

Max slape (CBF) e

Fig. 5. Cerebral blood volume maps of perfusion MR images.
On time-map to reach maximal slope of time to peak (A) and rela-
tive perfusion rate map (B).

ARY" 5419} raw dataZ BT T3t @AFIYY HEFH
W (Fig. 5y YeRATh BHGde] HAFH Yolrl A
o o3 A" dixud FLldMe 5 w2 s}
o] FFAEo] HFHGeH, Fdlx 2
At} (Fig. 5A, B).

BE A oA waRee] HEFFL HAEHd
& ZasE F4e Vel B S8 EF3 vle A 1-3

7

5

4 Rl HEEE & F ANUTh E=e 2F -
AEs AEE T 3083 247k A3tk Aol A
B FINE FAst vl HES ZAAE
AT} (Table 1). THET PVACIAE 3020 21%. 2713tel= 36%
2 Uit Aol vlE @Rl 455 4+ 9
(P<0.005). 3L izl gt zZ+ 25 Alolo] &

AX ol ATt (P>0005). 48 4 E HEF
AlZH ol whet frejgh xbol7b dew (P<0.009),
18| 247kl 4] 8ol tha FEEYTE 2GA Ha B

z O

;

2

1.07
0.94
0.8
0.7+
0.6
0.5
0.41
0.31
0.2
0.14
0.0

38 0.5 hour
32 houra

rCBV Ratio (%)

Group

Fig. 6. Mean rCBV ratios in various fat embolic materials on ac-
count to 4 control groups.

FIAIZEE 30E01A 10~11%, 247l E 10~1222 A7)
w2 2ol YA (P>0.005).

AR fE] At 28903 2wl v
A EHA 2w Histel "F7F thAh AdEA A
5 < & 5 QJolt) ol9t & A= A Al7lo] 2u)
2 5 2949 Hd FRAZ] wojue d4doz &
o

WARNFE FUE T BEAEIY UolHE BAso ¥
BFFL SR o) vl AEAGY. FE A dz
94 2 bk




ek
0
=
&
o
~

}‘4_‘

L

ﬂh‘ﬂ &
i
i
i
ot
o
o\
)
ok
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o] 2124 (phagocytosis)oll 23] AA= 7] wfiEo]tt. 'I]rEW

HYFgo] AR FEE] 7L ¢ 7 Uitk = A

2, 3o NEEYU PVAIAIETE 30804 9~18%, 2/\]7&

oA 8~25% AL HEFo] Z78¥ oM, Oleic acid+ lin-

oleic acid®.T} 3054 9%, 2A17HlA 17% AT =8 Fgo]

223191, E3 wioleinHUHE 308614 2%, 2A17klA 7%

Y FEo] dhdhs d48 JeRT: wWekA oleic acide

B AR B B A4S S99 ¢ 5 U9l
old R elstel el FEUel B FANLE ¥
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44% o)’o) o) AT 2 AT} Drew et al, 1995). X3

o] WYuel] Soirhd tpREe BRE sl 27~137% A

Zrto] =t &9Ir} (Robinson et al., 1971). 5 el &2
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o) |&He 7|AAS] A5 wiEolakn st} (Soloway et al.,
1969; Soloway et al., 1970). ©]2{3t AT K B AolA &
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