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Fig. 1. Time-Intensity curve (a)
and Time-Relaxivity (A R2) curve
(b) in area of high perusion: Dur-
ing the first pass of the contrast
media, the signal intensity decreas-
es in area of high perfusion due to
susceptibility effect(a). Time-Rel-
axivity curve (b) can be obtained
from {a) by using formula of R2*=
—In (S/S0)/TE. Integrated area
under the curve is approximately
equivalent to regional blood vol-
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Ao LFE AF MR FelA BAZ B89 AR
A& Bl (Fig. 3).

=8t&F(n=3)

2357 T1 7304244 743 44 2935748 Ho)
TUHEL 34 257 mubge] 7 S5 £ axo
o RS Bolok(Fig. 4).
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it MRl A d43 293578 RBole 149 gz
3} 19)9] wjolE2 BHFMR FAtoll A ZA 7} H 3t A BFE
A= ey AT 29578 Holw AAMNES 1o
79 d¥e FEE 22 %] uAFHF9} BEE A,
1 oflo] Hojotd chplil 5 AR ol M7t 3559 RBFE K
Gon ohE WHE AR 2ok
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Fig. 2. Glioblastoma multiforme

a. Gd-enhanced Tl-weighted MR
image shows a large mass with
thick enhancing rim in the left
frontal lobe(a).

b. Perfusion MR image (CBV map)
shows increased perfusion in the
area (arrow) corresponding to ring-
enhancement on(a).

Fig. 3. Low grade oligodendro-
glioma

a. Gd-enhanced Tl-weighted MR
image shows a poorly defined
mass with subtle enhancement in
left frontal lobe(a).

b. Perfusion MR image (CBV map)
shows decreased perfusion in the
area (arrowheads) corresponding to
the lesion on(a).

F 7L H(n=3)

lejlo} WA Abs 29357 T1 73234404 vlgAdsa
AR 2957 B 2n FF MR A& vt A
B PNl 24 e 2R 915 ¥gh ik MR
Qg AT 2 Fe AR 2AFHE Role HFEY e
A7 MRl A MR 2l Fo] b A4} WA} v &3t
AEe] BFE Hon, FA e ARFE vebdoh(Fig. 5).
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4 %
O|£3 iy

AF2}4 (paramagnetic) @} Zo3A7} B2 28 ¥AaA9)
EAE 3 (capillary bed) & S213 o) F47Ql Apr)abe] B
FAAo] AT o] 1 22 9] Ho]WA|7H(T2) & 3F4Al
71t} o] A43}H (susceptibility) A= o] 2od) 5
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d&d =

7} F57E AA T F i3k vleldA] AR A "t o] AxE
Z93A|17F ARSI first pass)dhs 9t &4 B
A 9] rapid T2*-weighted gradient images ¢l 2}sj] oA}
shat ¢ glen olijt AvtE AAA, Ao BAsle] o

skl dlo)HE 9& 4 gtk MRAFEAS] 9 dolH &
271918 MR 7]e] 875 718 248 BE 3% o
e} g2 A7kl S AL slefof dhe, b v
WA H7belr] 95t BE 20 mseco] 4] 7] o ZAIHE
e AA7E o] 43lodof g} Gadoliniume oF 0.15—
0.2mmol/ kg& AW o2 F&Fglsly dl7) 234 9] 102
HRE FUF oF 602712 FUZ A hH ol 4] k- 2o s}
of 2GA7L HE FHshs AL JE5H B JAstE #F
ko]l dolElE et o] A HojHE AT Eg g A
3to A7kl wbE st (voxe)d AZAEE SARFE ofe
e A S AX d3ke e ]l v eES A 9o
(6, 7).

Fig. 4. Meningioma

a. Gd-enhanced TI1-weighted MR
image shows well enhancing ex-
traaxial mass in left frontal con-
vexity.

b. Perfusion MR image (CBV map)
shows diffuse highly increased
perfusion except central necrotic
portion.

Fig. 5. Brain Abscess

"a. Gd-enhanced Tl-weighted MR
image shows abscess cavity with
thick enhancing wall in left par-
ietal lobe.

b. Perfusion MR image (CBV map)
shows decreased perfusion in the
corresponding area(arrowheads).

7k 3laell A EAEE AIZAE AT FAL 4 [1]6142]
Frdsle) A st ewstele] AAS o)Lt FE A7 F
Ao 2 wHE 49l

Cm(t) = - In( -5 [1]

k : proportionality factor

TE : echo time

S(t) /Sy : Relative signal reduction

o] FEAIZFTALA] A AR —3]A) 2] (indicator -dilution

theory)ell 2]3}lo] rCBF(regional cerebral blood flow)2}
rCBV(regional cerebral blood volume)2] %+ 72 ¥ FE4d
A Wi -F 25 4 glvk rCBVE 100 gram 22Ule] ¥
HeF(ml/g)e]lm rCBFE 100 gram 2312 A7 E3tshe=
572 (ml/ min g)o)c} o] EollA] H-FE3}A)7H Mean tran-
sit time, MTT)e] AlAt=E ] o} 4) [2] 2} 22c}.
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MTT— [t - Cout(t)dt __rCBV 2]
{ Cout(t)dt rCBF
MTT : Mean Transit Time
Cout(t) : efflux concentration-time curve
rCBVs 1CBF| Aoizke 7] glaiale S Fo)4
o] ZodAe] Fx28l AlF(arterial input function)g Yo}o}
3t o]= MR imaget} FH oA F=—A17F FHE F4 a4
dold o sleh(4] [3]).
oyt [ Cm(t)dt
o [AIF(t)dt
kn : correction factor (large vessel : 0.45, small vessel :
0.25)

Cm(t) : measured tissue concentration-time curve

(3]

p - density of brain tissue=1.04g / mL
sARt o] & Tz Zlo] A AHQl gteg s gRE
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Perfusion MR Imaging of the Brain Tumor : Preliminary Report

Hong Dae Kim, Kee Hyun Chang, In Chan Song, Soo Ok Seong,
In-One Kim, Moon Hee Han, Kyung Mo Yeon, Man Chung Han

Department of Radiology, Seoul National Univerity College of Medicine and Radiology Research Center

Purpose: To assess the utility of magnetic resonance(MR) cerebral blood volume (CBV) map
in the evaluation of brain tumors.

Materials and Methods: We performed perfusion MR imaing preoperatively in the consecu-
tive 15 patients with intracranial masses(3 meningiomas, 2 glioblastoma multiformes, 3 low
grade gliomas, 1 lymphoma, 1 germinoma, 1 neurocytoma, 1 metastasis, 2 abscesses, 1 radio-
necrosis). The average age of the patients was 42 years (22yr —68yr), composed of 10 males
and 5 females. Al MR images were obtained at 1.5T imager(Signa, GE Medical Systems,
Milwaukee, Wisconsin). The regional CBV map was obtained on the theoretical basis of sus-
ceptibility difference induced by first pass circulation of contrast media. (contrast media : 15¢cc
of gadopentate dimeglumine, about 2ml/sec by hand, starting at 10 second after first baseline
scan). For each patient, a total of 480 images (6 slices, 80 images/slice in 160 sec) were
obtained by using gradient echo(GE) single shot echo-planar image(EPI) sequence (TR 2000ms,
TE 50ms, flip angle 90°, FOV 240X 240, matrix 128X 128, slice-thick/gap 5/2.5). After data col-
lection, the raw data were transferred to GE workstation and rCBV maps were generated
from the numerical integration of AR2* on a voxel by voxel basis, with home made software (A
R2*=—In (S/SO)/TE). For easy visual interpretation, relative RGB color coding with reference
to the normal white matter was applied and color rCBV maps were obtained. The findings of
perfusion MR image were retrospectively correlated with Gd-enhanced images with focus on
the degree and extent of perfusion and contrast enhancement.

Results: Two cases of glioblastoma multiforme with rim enhancement on Gd-enhanced T1
weighted image showed increased perfusion in the peripheral rim and decreased perfusion in
the central necrosis portion. The low grade gliomas appeared as a low perfusion area with
poorly defined margin. In 2 cases of brain abscess, the degree of perfusion was similar to that
of the normal white matter in the peripheral enhancing rim and was low in the central
portion. All meningiomas showed diffuse homogeneous increased perfusion of moderate or
high degree. One each of lymphoma and germinoma showed homogenously decreased per-
fusion with well defined margin. The central neurocytoma showed multifocal increased per-
fusion areas of moderate or high degree. A few nodules of the multiple metastasis showed
increased perfusion of moderate degree. One radionecrosis revealed multiple foci of increased
perfusion within the area of decreased perfusion.

Conclusion: The rCBV map appears to correlate well with the perfusion state of brain tumor,
and may be helpful in discrimination between low grade and high grade gliomas. The further
study is needed to clarify the role of perfusion MR image in the evaluation of brain tumor.
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