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Table 1, Relative Cerebra Blood Volumes Ratio and

)= (- ARt df
CA)=K AR (=K, | AR(E) dt Al2] Permeabiity Ratio of 29 Brain Tumors

i N Pathological diagnosis rCBv permeabiity  rCBV-rSVD
A7]A See 29 A AZFE, Si= 29 £ AL

e AS7Eol W3k K2 perfusion weighting 116 413 337
value, Ko permeability weighting value®|t}, 3.39 5.64 2.37
29 W TIRRGPIN 29 FAHE FPUAS ey MW 5w s
shoigt & A A& (qualitative analysis) HPHQ A< 1,52 5.50 1.61
PR AT B J4s ST O GAE 9 1.60 6.17 4,60
B3t FUS FHGHORE sk FHFE ASHYEE A 2.20 1.08 183
ZA(quantitative analysis) 028 &A3t] A|d &
sepilsl BRI ANel B7 Al ge e sogem LD 4GP
i 7 N (grade 1II) 2.83 331 3.23
Holel FUsh g9 diEdde] YRS B AsT '
%) BRaA 249 Kruskal-wallis testS £8] H2 L7 201 357
oFd 2 Bu|w BEAL skach 1.03 1.67 1.82
2.58 4.92 3.28
Low grade astrocytoma 534 205 208
(grade I ~1I ) ’ ’ ’
om 2 it 2.98 1.98 2.29
2.75 2.24 3.65
B2 AR Helo] e 20%S giteR 4A 5 05 Loz ™
TF AFEIS T Aste] Adid LR £ » " 105
TgE GATE AL, 1 GAolA FUS TG R ' ' '
eyl W ASAEE ARHos 24T g WY Meningiona 2 v
Sepieh Sabgulg WEPaR 243 23E o Lo L
BRf $IcH(Table 1), 3.70 1.10 3.17
w2k HE rCBV-rSVD, permeability?] 2po|S & 1,28 1.19 1.15
018t A3} Permeability Ratioo|A §&J3t Z}o] 5.20 468 3.02
(00.006)8 HAth HEFIFO] HFFR EAGCBV 146 73 196
Ratio, rCBV-rSVD Ratio)o|A I5HF AXAEF(n=4) 218 68 685
2 (14.75, 19.25), AsE AHAAANEE(=5)L (14.80, Metastasis
15.90), OMHIEE(m=5)}2 (10,90, 18.60), Mol HZF 08 e L7
(0=6)< (1100, 15.08), 2-UHE(n=6) (18.58, 7.67), 1.63 437 271
HE7] A3 TFn=3)2 (23.33, 16.33)0]|Ac}. 3T 77| 1.40 5.42 2.08
o] £4 ZATH EYoMe A HEBFREHE & 422 2.00 1.81
2 AL gy HEY| A% RFel9a, IDL 6.2 B4 Oligodendroglioma 4,40 5.53 414
ZRIgor B Jid HERFHE= AG ABLT 2.77 2.80 2.60

A dxzFo] = 1FO EJLyo] Ao olAE
A B = e e, S e oM ' tCBV;3.0T System (Signa VHi, GE. Medical system)

[e]
Z3 Hold FFlA A Yelstti(Table 2). 29 rCBV-rSVD, Permeability; IDL6.2 (Interactive data * language,
research systems Inc, CO, USA)
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FHFFoR RS} FEEHE SHS T4
HlE 355 AAAEZE(n=4)2 13.13, AT JIH=E
F(n=5)2 11,60, OMEZF(n=5) 22.00, oA =HF
F(n=6)2 22.33, FLF(n=6) 5.58, FBE7| AHLF
(m=3)2 15,6701tk AAANEF, Folet, oM=EE,
AuF 5o FYolMe sUFEY BT 2R =
2 A0 FE YEtHTable 2),

Y1) SR FaHOE 2GAT Bougue
st o2 Uega, SEge SR gt 29

o EnEe el th2A] BylrkFig. 1-6).
AT APAZFINE TIREGIN 2957 5

Asw HAEFE IeE AAEFEAD A
HEFFH} Tl W2 A8 HYcHTable 2,
Fig. 3). Aojg FAHI7L opMj2Ed} e S

Fig. 1. Meningioma in a 57 year old man, Conventional T2-weighted imagefa), FLAIR imagelb), pre T1-weighted image(c),
post contrast T1-weighted image(d), rCBVe), Permeability map imagelf), rCBFrSVD imagelg), rCBV-SVD imageh). The
Permeahility ratio of the lesion was 558,

Table 2, Means of Relative Cerebral Blood Volumes and

Permeability in Various Tumor Groups

rCBV rCBV-rSVD Permeability

Pathological diagnosis , )
9 d Ratio”  Ratic? Ratio”
GradelV  Glioblastoma(n=5) 10,90 18.60 22.00
Grader 1B grade astrocytoma ooy o 13,13
(n=4)
Grade Low grade astrocytoma 14.80 15.90 11.60
1.1 (n=5)
Metastasis(n=6) 11.00 15.08 22.33
Meningioma(n=6) 18,58 7.67 5.58
I .
Oligodendroglioma 23.33 16.33 15.67
(n=3)
Asymp.sig 0.267  0.263 0.006

(n)=Number of patients. Kruskal-wallis Test, P=0.05
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Fg. 2, High grade astrocytorma in a 78 year old woman, Conventional T2-weighted image(@), FLAIR image(b), pre
T1-weighted image(c), post contrast T1-weighted image(d), rCBV(e), Pemmeablity map image(f), rCBF-rSVD image(g),
rCBV-rSVD image(h). The Permeability ratio of the lesion was 1313,

Fg. 3. Low grade astrocytorma in a 35 year old man, Conventional T2-weighted image(d), FLAR imagelb), pre
T1-weighted image(c), post contrast T1-weighted image(d), rCBV imagele), Permeability map image(f), rCBF-rSVD
image(g), rCBV~rSVD image(h). The Permeability ratio of the lesion was 11,60,
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Fig. 4. Metastasis in a 64 year old man, Conventional T2-weighted image(a), FLAIR image(b), pre T1-weighted image(c),
post contrast T1-weighted image(d), rCBV image(e), Permeability map image(f), rCBF-SVD image(g), rCBV-rSVD image(h).
The Permeability ratio of the lesion was 22.33.

Fg. 5. Glicbrastoma in a 70 year od man, Conventional T2-weighted imaged), FLAR image(b), pre Ti-weighted
image(c), post contrast T1-weighted image(d), rCBV{e), Permeability mep imagelf) rCBF-rSVD image(g), rCBV-rSVD
image(h). The Permeability ratio of the lesion was 2200,
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Fig., 8. Oligodendroglioma in a 36 year old woman, Conventional T2-weighted image(g), FLAIR image(b), pre T1-weighted
image(c), post contrast T1-weighted image(d), rCBV image(e), Permeability map image(f), rCBFrSVD image(g), rCBV-rSVD
image(h). The Permeakillity ratio of the lesion was 15,67,

V. o & %% 577} Bahattin H et al'’2 Atha YBFF
& FAFHoz FrstaEd, Aed AT A+
BE AV|THGAL HEY wAMe] 27| wpAmn U3 B FEAS B B, 15F AR
olUal Ho] ga2dsla] ART og 2 Qr] wlRe] w2 Hejol A4 #A vehged ole ZeaY A
AR Q] Gy} BkE] o)X T itk oM FokHHE xZo] Asgol vl HdFEY 4@%‘301 s
o AL ANEI vNERZVIR <8 AdE HER I AoR HoYn: ofHF AE wjRo] Hof
ZFe AFItky HuEs QR E@Ee E0dt 294 29 =Tt ANEHe Farol I3 AT e
7} B35 EvlyL Gradient—Echo EPIE WHFIARS o 2Asky FFE Ure 3 AFE ARRE 5
o83t WAt F|HoA= wrERl vl glofte? B oo 83 Mol FYE 1eFY oMEEH vlszshA W
A EFYL B T 4 JEE GAFEIGI 2rFHo HaAR g o] oo what o] theFstar W Wl
2 Aol BAL ¥ 2 99k A waE A Jeha ot EIYT 27
Aubol A7 FYGANA ARgShs AR 2G4 S UEISE, AR FLIES vwE Ut
= 2ZQ] T1, T2 oJAZHE T2AA T1, T2 R FA+ A w2 A& BEed oA HUEH(meningeal
o ATHFE dogitt #TE AZIFHAA A o83 artery) ¥} == o] HuEX|(pial branch of cerebral
2G4 T2 ZHW ohe} T2 S EZAA H3hf & artery)ol 23t olF FWFFE W= JIWA FTFLE
HE 29 2] AFE A2AFIE EXo] gk @ F HYske Ae=E 2 dA7dnet 4F stk 299
o] AR 2GR BTt BS-E F4 A v 573} Bahattin H et al'?S HEFFOE 2P %W
A4e Z7AA 239 T2 AEY} B Fas =Y,  FEe ¢S OTEPﬂ HUSGARE & A7 dARE %
ol#gt A& (magnetic susceptibility)e]] &g+ A&7F ARl HzZole dduAo] gloja RFAZE
A HzZ0] Y2 ujdsH] HuZ o]F o]&3}ly ol A MEZLQE WA g 5= gl7] i el A o
Hz=osta W3l st AR o 2 9igith ERFoEE WYY g € 4 & B9 oilg

- 331 -



v A71&E08t Vol 32, No. 3, 2009

A HEFEHe R eI 2 ta B
A7t e AR UehgthTable 2). A7 ol
A Z2FoE MAUYtE BERFEE o|M7HAE Gradi-
ent Echo EPI #f{ A7|FH A7 Hoz o] glgle
W AAEL Gradient Echo EPI TH A7|FH IS
gAF BA 29l IDL 6,28 o]83le] JABIE
I ES BGuE Fote] FFERE 2 T
ot 1% 19 Fukge] FHLolE 19 1(d)e TIFR
Aollx 2gF7ret AdiEQ] ERFFAT 1ie, h)ollA
= dRFo] F7iEol o, sAvE 1910 F3kg
oM EHegEo] oF Hwrh o Foo) Hst
A et B9, moolA o YA s

AFHE (18,58, 7.67) FIul= 558, A FU*F
Tad AAAEEY ERFS (10,90, 18,60) FIH

= 22.002 ERFoNe AR Adojdt ZaE HojA|

Eagu)ol A FgEek etdFFes FEo Boldt
. FIEY Z2olE WHO tumor graded] &JA%H

EFE oK @2 AR Hol gt =gt ®1, 29 1F
F oM EZFIME rCBF-rSVDe} EAH|7E A5F Al
ZZEY 25 A UegARE AS5Fe] AAAEES
w4 HENYE HAE Fagdgy 2" (A o
i B 155 AAES I¥ 2000ME E4Y
g HENNY w3 E B B FPolA Y FEZETt
gkl oy S FAVE ok A= 93
AeF oZZe Adid HEFTFS A FAR
Hlmo A HAR$7} (14,80, 15,90) of AFET 7}
g ¥ & UL, TR 2957 =HeAol ¢
o] FAxHol wiy} Gl ASE Pk 3 at
a9 3D R BHardel =29 H]
11,6002 Fdxgeo] uty = AL & 4 U3
=0,

I

2,
S ol of
Sk

f
off 0

2 gt & of

= ¢

(e A

T

¢

TJ
3
0
)

2, ol
m
o3

=2 =

THTable 1, 2). Hojat obAEFo Fdd HARHF
02 HEgEn FEIAU Aol zew §Y
Behattin H et al'?e] d7A3}e} g2 Ans
AT EEE e ARE By $EE0 A

A4 HERFRe s B g BRge] S 3F
5 B Ao wit ¥ 5 AT FRgEE @

A% YT HOER FUTHY] Bl Fuau
7} A8l THTable 2), Aolere] Fadgid 19 4
A ABHEE FIRGAY PHEFS] TG
a8 5(O)olAe vlgdsHA vehd %53 EoA
A B4 B oflel A4E BAHE mgo] HERL
d 4= UG, AlEe) FF7F TRV g ] =S
B8] ol Mol AT HaojA] opHEFRT} Ho]

f
L

39%opo] UL A et Aol Fool M
o) st geAoR 24T & QAT Far

o e

YN 2 olgBL Y= BR A TPIHOE
24 Fot] 7lze] A7 Hanw HEgel @

(A
g
Bl

ot

o FUHEE FPEe] BE Folue) SREe
P B2 & 5 gk

FpEo] mE AH ARFG YL ol83iel 338 4
98 BRIPEE SES BRI ols LA,
ENYGPOE HHY T Y YRS B
+2 & 208 Usht $Usy SIERS 2ol 5
o 53 Friet EATel f83kach RS S
Ao APHL D QAT FIYINT FS
B9 B FEo] B 2PA 2et AslelA]
FFEAGT $F ER0l P4 ARE AT T 4 9
A o Yol FYSFE B 9o} By

1. Wong JC, Petrella JR
Perfusion MR imaging of brain neoplasms, AJR
Am J Roentgenol, 174, 1147-1157, 2000

2. Poptani H, Gupta RK, Roy R, Pandey R, Jain
VK, Chhabra DK :
cranial mass lesions with in vivo proton MR
spectroscopy. AJNR Am J Neuroradiol, 16, 1593~

. 1603, 1995

3. Burnetti A, Alfano B, Soricelli A, et al

Functional characterization of brain tumors; an

Provenzale JM,

Characterization of intra—

overview of the potential clinical value, Nucl
Med Biol, 23, 699 —715, 1996

4. Petrella JR, Provenzale JM
imaging of the Dbrain ;
applications, AJR Am J Roentgenol, 175, 207-
219, 2000

MR perfusion

techniques and

- 332 —



FPIYE (Permeability map)9]

83

)

10,

11,

CARE, A7, S F

. Pelix R, Schorner W, Laniado M, et al :

Wong JC, JIM, JR
Perfusion MR imaging of brain neoplasms, AJR
Am J Roentgenol, 174, 1147-1157, 2000

Poptani H, Gupta RK, Roy R, Pandey R, Jain
VK, Chhabra DK

Provenzale Petrella

. Characterization of intra—
cranial mass lesions with in vivo proton MR
spectroscopy, AJNR Am J Neuroradiol, 16, 1593-
1603, 1995

Runge VM, Kirsch JE, Wells JW, Woolfolk CE :
Assessment of cerebral perfusion by first—pass,
dynamic, contrast—enhanced, steady—state free—
precessional MR imaging ;
AJR Am J Roentgenol, 160, 593—600, 1993

B4 A Rl
URMR Y TeF2AT B2 gdTte] vl
thehAbd ofe}e) 7], 43, 1-8, 2000

an animal study.

Brain
tumors; MR imaging with gadolinium—DTPA,
Radiology, 156, 681-688, 1985

Lev M, Rosen B : Clinical applications of intra—
cranial perfusion MR imaging, Neuroimaging
Clin N Am, 9, 309-31, 1999

D23, B T HBPBAN BRA
Ggol 584, TR oeteia, 43,
265-271, 2000

294,

o

12.

13,

14,

15,

16,

17,

- 333 -

Lee SJ, Kim JH, Kim YM, et al, Perfusion MR
imaging in gliomas: comparison with histologic
tumor grade, Korean J Radiol, 2(1), 1-7, 2001
Cho XS, Na GD, Ryoo WJ, et al, Perfusion MR
imaging. clinical utility for the differential di—
agnosis of various brain tumors, Korean J
Radiol, 3, 171-79, 2002

Bahattin H, Cuneyt E, Naile B,Nalan Y,
Gokhan G and Mufit P Evaluation of Different
Cerebral Mass Lesions by Perfusion—Weighted
MR Imaging. J Magn Reson Imaging, 24,
817-824, 2006

Cha S, Knopp EA, Johnson G, Wetzel SG, Litt
AW, Zagzag D, Intracranial mass lesions: dy-—
namic contrast—enhanced susceptibility—weighted
echo—planar perfusion MR imaging, Radiology,
223, 11-9, 2002

Ka—Loh Li, Xiao Ping Zhu, John Waterton, Alan
Jackson, Improved 3D quantitative mapping of
blood volume and endothelial permeability in
brain tumors, J Magn Reson Imaging, 12, 347-
357, 2000

Bahattin Hakyemez, Cuneyf Erdogan, Naile Bolca,
et al, Evaluation of Different Cerebral Mass
Lesions by Perfusion—Weighted MR Imaging, J

Magn Reson Imaging, 24, 817-824, 2006



TAPI71e38 Vol. 32, No. 3, 2009

Usefulness of Permeability Map by Perfusion MRI of Brain Tumor
the Grade Assessment

Sung-Jin Bae - Joo-Young Lee” - Hyuk-Won Chang®

Dept. of Radiology, Dongsan hospital, Keimyung University
YGE healthcare
2 Dept. of Radiology, Keimyung University College of Medicine

Purpose @ This study was conducted to assess how effective the permeability ratio and relative cerebral
blood volume ratio are to tumor through perfusion MRI by measuring and reflecting the grade assessment
and differential diagnosis and the permeability and relative cerebral blood volume of contrast media
plunged from blood vessel into organ due to breakdown of blood-brain barrier in cerebral,

Subject and Method : Subject of study was 29 patients whose diagnosis were confirmed by biopsy after
surgery and 550 (11 slice x50 image) perfusion MRI were used to make image of relative cerebral blood
volume with the program furnished on instrument. The other method was to transmit to private computer
and the image analysis was made additionally by making image of relative cerebral blood volume-reformu-
lated singular value decomposition, rCBV-tSVD and permeability using IDL 6.2, In addition, Kruskal-wallis
test tonggyein non numerical average by a comparative analysis of brain tumors

Results : The rCBV ratio (Functool PF; GE Medical Systems and IDL 6.2 program by analysis) and perme-
ability ratio of tumors were as follows; high grade glioma(n=4), (14.75, 19.25) 13,13, low grade as-
trocytoma(n=5) (14,80, 15.90) 11.60, glioblastoma(n=5) (10,90, 18.60), 22,00, metastasis(n=6) (11,00, 15.08).
22,33, meningioma(n=6) (18,58, 7.67), 5.58. ocliogodendroglioma(n=3) (23.33, 16.33, 15.67.

Conclusion : It was not easy to classify the grade with the relative cerebral blood volume ratio measured
by using the relative cerebral blood image by type of tumors, however, permeability ratio measured by
permeability image revealed that the higher the grade of tumor, the higher the measured permeability ra-
tio, showing the assessment of tumor grade is more effective to differential diagnosis,

Key Words : perfusion, brain tumor, blood-brain barrier, permeability
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