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REFERE DSR2 WT I B A7 'H-MRSFT R 458K

Characteristic of Proton MR Spectroscopy in the Diagnosis of Meningiomas

W) 7y FERERY: IR, NI BEREE RirhREs R
<) 7y FERNKE BERZHiey s -3, Ex ) 7Y FERRE SRS

R A, He 2, HH B2V, HE &Y,
Ht HE—RRD, W4 s5iEY, S8 BFY, LE EmY. HET &Y

[iRUSIC]

BEIE AR ICRETH o TH, WHBICHE
FLIGRICERNE T 200 v, EEIRZ DM
Bt 56 FY-Aiffi 12 S 2 G4 8 T & 5 MIB-1 Staining Index (SI)
DEALBEVBINTWEY, A—HEBTHITLD
B—Th {FHCERBBREBELEbhTWS, X5
[ZMIB-1S1% FH_ % 7= DI 3T & 2 b, il
R BELE O AERE 2 FHIT 2 FRICII R DB RV,

WHETIXESARBIC LT, 2 DRH. B
IZ Proton-Magnetic Resonance Spectoroscopy (‘"H-MRS)
ZRWTE D, BEIIHRET TIz7006 2B A2 TW» 5,
'H-MRS I3 MR D [F 3 % F\ > TIEBEREY I Z DB SE
HBoRBREZAM 280 TE, BEEOEESREN
DERNZOWTOHEBIRZET L LTHvshTw» 3,

SBIHEA i, B REHE o AR T T R AR O FEAl
479 HHT'H-MRSFT R & WA O gk 2
T, XENERZMAZ THRET 5.

[HRE LV HE]

200141 H 22 520074E10H £ T2 Y4PRic BT
[B] 487 % fifT L 7= BEEEIE 69B @ 5 5, iR IZ 'H-MRS
ZHEAT L =222 R & L 7. PERIZEE#37~80F
(F#57.5F) T, BE106], 1260 TH - 72, R
{3 BT A (Meningothelial type) 6451, #5444 (Fibrous

type) 647, FATR (Transitional type) 361, 3tk
(Microcystic type) 16, 1% &% (Angiomatous type) 2
. 735 (Secretory type) 18], EAUH: (Atypical type) 3
#lch-ot,

MRI ¥ X U 'H-MRS (3 PHILIPS # 3 Gyroscan NT
Intera/Master 1.5T % i fil, "TH-MRS Dt & £ |X PRESS
(point resolved spectroscopy) ¥ {2 T TR/TE=2000ms/
136ms % 7z 13:2000ms/144ms i BESE L 7 — & f#HT 12 H
BHAER L L7z, % L TGausBI%% 3Hz. exponential B
##%1.5Hz & L 1~8cm® D Volume of Intensity (VOI) 12T
IEHRE X OHES O B O i ic JlE L 7, 2
1) /i (choline peak: Cho) 3.2ppm, 7 L 7 ¥ /{H (crea-
tene peak: Cr) 3.0ppm. Cho/Crtt, 7 7 = /{# (alanine
peak : Ala) 1.47ppm, FLER{H (lactate peak: Lac) 1.3ppm.,
AERf{E (lipid peak : Lip) 1.3~0.9ppm, 7% 3 Vi /7
V% 2 i (glutamate/glutamine peak : Glx)2.44~2.02
ppm& LT, Cho/Cribid ¥ — 7 {E%HIE, Alald1.47
ppmiZ T Al F 12 IR T 3 doublet notch® R § ¥ A 7%
(++)(Fig.1)\ single notch# (+)(Fig.2). *7cLac. Lip.
GxIFHBLTWw3 D% H), HEL TV ARVLHD
@ EL%,

MIB-1 SI1%2000~3000{E D% D 9 & D BRI %
BiEL 7. HBACRERBINICEERSIBFEEL T
VB, ZOfEZFEIMAIZET L 7 (Table 1),

Fig.1
Proton spectra with reference image of an atypical meningioma
in 72-year-old man. TE136ms.
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Fig.2

Proton spectra with reference image of a meningothelial meningioma in 47-year-old man. TE144ms.

Table1
Summary of patients
Age & Sex subtype MRS M- S
Cho o CholCr Ala Lac Lip Gix (foeal)
4TM Men 43 1 43 + + + + <1% (5%)
SSF Men 1.08 0.08 135 + + + <1%
63F Men 0.9 04 225 ++ - + 1-5%
oM Men 16 6 2.67 e + + +
T4M Men 4 1 4 + ) <1%
4M Men 0.65 0.02 325 b 3 + <1% (20%)
ITF Fib 0.94 038 25 + + + <1% (30%)
42F Fib 0.58 011 52 - + 1~5%
S2F Fib 15 035 16 + 2 + <%
55F Fib 28 12 23 + + <1% (20%)
G4F Fib 56 0.5 12 + + i ; <%
BOF Fib 3 4 33 + + + + 1-5%
4TM Tran 102 32 32 + + + + <a%
5TF Tran 360 100 36 + E + - 1~5%
6OF Tran 142 12 118 + + + + 1-2%
61F Mic 22 0.1 2 + = + . <1%
63M Ang L6 0.2 8 + + s + <i%
M Ang 1 0.1 10 ++ + + + <1% (5%)
40F Ses 8 6 133 - - = + 2-3%
0M Atyp 118 0.05 26 + +
a0M Atyp 032 0.1 12 + + . + 59% (30%)
7IM Atyp 2.9 0.1 29 - + 15% (<1%%)

Men : Meningothelial Fib:Fibrous Tran:Transitional Mic:Microcystic Ang: Angiomatous Sec:Secretary Atyp:Atypical

[#& #]

B NE o SRy 72 "H-MRS 2 Fig. 1SR T,

Cho/Cr i3 BiRIESH T LR L Tz, Alaid224
ATICBWTHEL TV 53, B S 57 doublet notch
#2723 bDIEHITH >, LackZ 114, Lipid 116,
Glx X166 THIE L Tz (Table1).

FERRBUF I Cho/CribZ HEBE L 7= & 2 5. #RiElET
55836 L BLEL . BRI 6136 BbEDL -
feEEERE . A—ESRATHREDIESDE
WA E o 7z (Fig.d) o MAEEAIDLac, Lipk & UGlx
OHBIZ oW THRFENRERRED o7, %
FzLac Lip®D WA DFFE L Cho/Crih B % B5d L
7=5h3, HHEIZEED B o 7z (Table 2) o

RHEHERC B TSRO oDz B0

—BDHRTHo 7, MIB-1SUZIIFITH—THDH. 7
FlITEVES LEVESMRBEL Tk, Jhidid
WP WHOHZ b T3 5 (Figd5). £/
MIB-1 SI & Cho/Cr i@ Hiii T 13 MIB-1 S1A3 5% LA £
P T Cho/Critids16.1£182 L e b B o 7225, kR
Z L IC4EE (A £ T OMEET1%ERN N=7, B: 1%k
THEBIT L —ET5%LAEN=5, C:1~5% N=6 D:
5%LLEN=2) i T L7z & 2 AHEBHIZER O %
Do 7z (Fig.6) o

'H-MRS % 272 2 ¥ Az 48 AT QGEFMFEM, VoI 2.5
em®, VOI 1.5cm’, MRI_EZERai4y) THIE L 761 T3,
VOI 2.5cm*> T i3 Cho/Cr i D ER L LacD HBZE D
Fedlzx L, VOI 1.5cm® Tl Cho/Crib D& ELip®
HE L9 B 3P RBE 6 (Fig?) .
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Table2
Relationship between peak values (mean+SD) of Cho/Cr ratio and frequency of Lac and/or Lip
Lac + + s
Lip + + =
N= N=11 N=11 N=7
Cho/Cr
average=®SD 69 35 6.1 £38 101 £7.2 |11.1 £ 135
300
200
g
&
10.0 .|_ I T
0.0

Men Fib Tran Ang Atyp
Fig.s subtype
Relationship between meningioma subtypes and Cho/Cr ratio.
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Fig.4
Upper : Proton spectra with reference image of Same case as Fig.1.
a meningothelial meningioma in 74-year-old Upper : Proton spectra with reference image of an
man. TE136ms. atypical meningioma in 72-year-old man.
Lower Left : Photomicrograph of HE stain of the same TE136ms.
tumor specimen. Lower Left : Photomicrograph of HE stain of the same
Lower Right : Photomicrograph of MIB-1 stain of the tumor specimen.
same tumor specimen shows heterogeneity Lower Right: Photomicrograph of MIB-1 stain of the
of MIB-1 SI(Upper:<1% Lower:20%) . same tumor specimen shows heterogeneity

of MIB-1 SI(Upper:<1% Lower:15%) .
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Fig.6
Relationship between MIB-1 SI and Cho/Cr ratio.

Fig.7

Proton spectra with reference image
of a microcystic meningioma in
61-year-old woman. TE136ms.
Upper Left:

Region of normal appearance.
Upper Right:

Tumor center, VOI size of 1.5cm’.
Lower Left:

Tumor center, VOI size of 2.5cm’.
Lower Right:

[F %]

BEE X REMEE TH D h3 6 R (AL
b, BEEEL L ToNE2E2b 0P ARNE
WHBERHICERET 36235 D . FitEGP R
EIZER T 2 EHD % v, SEFERA IE'H-MRS S
BRI & X ORI, 3EREEE O i T RH 1< A
HATH 2kt d2HWT, 2000@EE&RTR L 2
DT R % B L o L 7z,

BEEIE O 211 3> T, 'H-MRS QR % Imamura®
. (1) EChofll. (2){ECrfl. (3)ENAAfE, (4)FFic
CrPNAAIRHEL, G)AlaDHBE, LHEL T3, 1
I Alald BEME & MEERE ClH NP3,
B ENE, ERENER. EHETIIHEL 2
7202, ZOHBRIEHEEOZW # L hEEICT 3%,
AEE T2 f THECho/Crib. {Cr, NAADWH %,
AlaDHE L v ) — RV EHEECKEEZ E L 7.
Ala®D146ppm®D ¥ — 7 iZ 2l HE L, HEK L
doublet notchZ 27 2 b DX TH - 7=, AlaDIEE
E156h 0B 5 & 1350 R 1200 L RIA (S XN T
V3, SRR PRIESMFIC X b BB c A=t
270LEZON, ZOREICEERSHETH S,

Cystic portion.

BFlE D 'H-MRS T ORISR % 3824 72 53, F—
BTN T Cho/CribDIE 5D FiF K E ., F 7= 4%
B2k TAla®Lack X U Lip®D MBI —E DA 13
Llpotz, ZHLE TCho 521196, Demir 5123641
THRROB 2 T2 TV 355, Pi3h &I O 'H-
MRSFATR I ado - L& LT3, MLE'H-
MRSIIHEIETH 2 L OHFRIRZHICIEERATH S D
OO, HFENZHEFRTLBEFELEZ NS,

Rz B IELIE 0 "H-MRS T O 14 i B8 %> T B ) SFAf
oW THNZ2E Z k-7, BEEEOEEECHER
DY RZIZBWT, FHSNZ (1) REE2MH. 2)
MEHE~ORME, 3)MlamE M. 4)BIEDOF
£, G)MlRSAGOEE. 2ETTw3,

"H-MRS "C {2 A i 27 B 389 Jyn <> [ 1R 38 JTE | Cho/Cr
o ERAHEIRE %2 b, MIfaEEEHs Z OYETERE & F
BcHET 2 RBEcCREEEO FRANCIEEICE
HATharW, SHEHOBESTIECho/Criti BB TR
bEWEREI S -7 b ODEEE IR { SHHEERA
TS 2FHREDo7, F7=Cho/CriklEMIB-1
SIH5%LL FORETR b B o EE 2 HE X%
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Bofe, THE T, 34 VERNTEIZCho/CribhMET
T3 L) G, BRHITCho/Criids 3 iz i -
Fe LW IHEDDIH D Cho/CribIZMIAEEE L BIG L
TWBEEZGNTEN, Lo LSEOHKETCho/
CribiZgTERE L PR RS e ote, ZOFEEE L
T PN |3 HEB A R 2 FE o 18\ I 0D 72 8 Cho/
Cribi3fL TREZ T L., BUEEEDHIEKICEEL
7=Cho/Crit LR % RBEDT 5w L& BIch 3 &
MRS N, & D7 D BEREE O BRIz 3\ T
X Cho/Crib DT ILB S e v EEZ 72,

BB OFFE D FFMi X Lac® LipASHI \» 5 41, $IZ Lac
BEBAHEY. MeAtERH, B, 2. BEs
E%, Lipl 3By iR, A, #iE%2 L6 A Tw
%7, WREBIETIE O FESEBEEOZN I
HETH2EH 5. LacPLipDEMEIZEEE L ER
T3, ZnF oHEEE I, REEENR s
DHaic R E kv ot T 2 EREEIE DM
MNEIED HRSBERT £ T 28HE8D 27 —F T,
BRETH - THMEMED & BN ERPETELET
3H0, 10% DB HUNERIDSHEE T 2 BBHE S h
TE %, 5RO T b Lac® LipD HBR I3 B &
T, 2 0REE L CHBEETREESER O
FEGHT L OEHEZRIRL T wESHH X
7z X 2 TLacPLipD tHE P — > b BIEEESFl
ICEIwEEZ SN,

Ala b Glx ZBEBEEICREMIATR E S b, Alald
ELE vBERORMEY T, HEN T HEERE
BXUBERE N 2 X —EBTHD, IE
EhEE> BB I N3 HIE ALY, FhoxiZY
WE VEBREEO a-r F NI VRS SES XN, E
EBUWREEDEO—> CHRAXHIECRERIC L
HERETIHPIEDhTWw3Y, Alald FREEERS RN
ThRavboo, fEiao vy —R#EYT

HY., ZOHBEFBHBEEOMEIZITIC LD 5 3", L-

7 LAKS TlE, Ala & GIxDFEFE (3 BEIEIE O 207 I
FRTH -7, EBRLPEBEELRT L) ER
hahot, ZOREE LT, 'H-MRSTA /84 71k
% 33 Cho. Cr& 27 1| Alaiddoublet notch, Glx
i tripletnotchZ R § 72 & 12, Z DEENFEIC—E D
REXBonTwhnES—RE:Bbhl, BHHEE

DEIFNVFEF—EEIZESE L TWAAlaLGIZEBWT,

SHRZTOERNFMO TR L X 64 2 EFAOEAE
RZTIECHMFEICH L ARSE LA R
Wk 5,

SBT3, BITEMIB-1SIZER ENTE D, 3%
DETH2Z EVBBEEORRELE->TWEY, Ly
L 7253 & AT T 12 A — B4R T MIB-1 SIS 1%
& 5%PA EDERST DIRAEZ RO, ML WHO S S
L—Ficlb e FEEI N, AEHESO ok
E IOV 2 ECHRBENEDLB Z LB D iE

FEBEEL TWw3, 202 LD o HBEER R
AR —Ic g L T A2 ERRBE ., \FRE
FEDORRE & Bz, BTSRRI 13 MIB-1 SI &
Ex LW ARELEBH TES BT 2HBLETDH

3 LEZ 6N,

RS - B ) 2 RO R — oA, 51
'H-MRSHSEMEEZ M L 2 WERE bEZN S,
Z U 'H-MRS %% 1~8cm’ D B A8 0 FH i ¢
H . voxel NORI— I FEHE 2 FHE(L L < 5EAf L
TwakdtEZ o, A—EENZ2EHETRY
LRI CHIESEEOEGIC L DRSPS AEC B
EPLOHEINT VS, ¥ HREEREREA
DVOIRET M L BT L —HK L TELT. 207
hloERZ2BEL CwW2TEEbLH 2, 207D
'H-MRSI & 2 8TEREFHI 279 o b2 b . 2 DR
R IS IS AR o0 e R B < 7 O BRL G2 X D #ll
IWBRETA2HP, vF R 7 eV 2#RT2H, VoI
RRTE TR 2 FE L 7 W ERARAR O 3l 2 1T 5 Eh 5B D
HECTHhrLEZ NS,

[#& 2]

'H-MRSIC & h 20 CHEBE L Z2W 3 2 E5TE,
Z DFFEIZ B Cho/Cr ik, {ECr, NAAD W%, Alad
BThofe, FricAlaoH X86HEE O ZWiEE o f
HTdh-oit,

Cho/CrHi% Lac. Lip# i \»> T o Bl o fH M2
Wrds & OBETERE Bk B o 5 % 3 7= DSREE T b
o7, ZOFEREELT, #2b 2 HEIEDE Cho/Cr
i, Lac®Lip® R4S L b EBIEE 2 KB L s
BEEEZ o, -BEEAICITEBOTE
DIFFLE L "H-MRSIZ Z O —4: % TRk L ¢ 5F4if
L T 355, VOI & REEAMERE A b3 — D fiR
FERELTWRWENEZ ok,

SR BBUE O 'H-MRS #Ffii 12 3 > T VOID Ml 2 v
RE. SNF A7 VOMEH, 'H-MRSHIELO & 58
BlC—8 L iR ot 2179 B/, Ala®GIxDIE
BAREZURT 3% ¢, MEED ARSI L
M A0E o h 5 kSRR X s,

[z #k]
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BEARREIC T 2 H Y VT 1 TBRERDODEIRERKICOWT

Cyst formation following gamma knife radiosurgery for intracranial benign meningioma

i Sl Bres et
FiRE W, K BE. Rk B, FR B ERR H. B Rk, R s

[# 5]

HEEIC T 2= F 4 70EHEICOWTIR
% OI|EIAHODHsH h | TTIHEIIhTW S
EWZ 5, MBREREEENOBBREL LT, 30
13 SRR HENSE | 3 9 B initial treatment & L TH V=
>4 7D BEEEICKEL, —F, S T
bR BMEDRLZ S TEEICODLVTHEET 2
MEBHY, ZOMEZRA L ELECRLDTRRE
DIGHENEH VL TH LT E 2, HveF 4
7HROEHHEL LT, BEH» BBICE L 2RI
FHEICOWTER I (AN TW 3, E-BEHED,
WH D5 RHEGHHE L L TOEEEARIZ. &Ik
BT IcB LT Lo T 30549 BHEE
IKBWTHEEEREZEL 2 2 L85 5, BEEEIC
N BH T4 7 EREOEHE L L TOBERY
BB EN TR 20EELMELEZI NS
e, TTICHBRIERE L. ZOBKNER I
WTEERINZ 3,

[&R-A%]

R 97 S Bt ¢ 13 BB LA AR 2R % TH#9400
BloBEEEIC N T 2 5 v+ 4 7REEETo7., &
TR RIIABHEL L TAL 2 WSS 2 2 &
225, 20015ELARTIC A v 2 F 4 7 DT h Lkl
R 7 + 0 -84 EHTw 51604 184EEIC O
Tretrospective IZ Bat 2 Il 2 7=,

HECOREY» S, AFTHRL 2BV TIR
UTDLEED32DtypelcoHL 7=,

* Typel: ¥ =) 4 7BBRICIRER S LTV AW
i, Z20ED7r0—7 v 70BRCEERN
ICHELTERbD,

* Type IL: B =) A 70K T TICEBNICE
ELTuERE, 208D 740—7y 70l
BTHKLTEEL0,

© Typelll: 7=+ 4 7BFIC T TR I
ELTWAERDYS, 20BO7+0—7y 70
BTHRLTEbD,

A=t A4 7 EEIZEHIZ BT Leksell Gamma
Knife unit (model B ; Elekta AB, Stockholm, Sweden) 1= &
YT, WBEFHEIC A Y =75 v 5 2 WIZKULA
(Elekta AB) & Fivs 7=,

[# %]

BEIRRE I 2 47 v 2 A 7 iR O BRI 5
SWITERIESHIZERS 6, BERICEEL 7- 28
DEKE BT > 7= b DHIPITH - 7= (Table 1), B
M4, ZMESBTH V=4 7 REROERIZTY
56.71%, £HIIc BV TH v+ 4 7IRERTICE WL
(B DB % 321 Tva 7, BEESOJHEE 1L Table
HWCRT EBNTH 2, BHEOEEERKZFY T
10.5ml, AR I3 F13.5Gy (12-15Gy) . AR
13345 28.8Gy (24-37.5Gy) TH - 7=, I Type 534
Bl Type Nt MBFIBTH o7z, v =2+ 4 7105
RICERFEZ 22360 ) LaflTzroBIcFiliz
EL7,

Table1l
GKS Tumor Cyst
Case Previous Peripheral Size Cyst Size Surgery Follow Up
No.  Age/Sex  Tumor Location Surgeries Histology Dose (Gy) After GKS Type After GKS After GKS  (months)
1 34/female petroclival two meningothelial 14 decreased stable* none BS
2 64/female petroclival one meningothelial 15 decreased [l increased none 1183
3 65/male tent one meningothelial 12 increased I increased yes 67.3
4 48/female sphenoid ridge three clear cell 12 increased I increased yes 50
5 64/female petroclival two meningothelial 14 no change 1 increased yes 32
6 65/female parasagittal one meningothelial 14 no change 1 stables® none 12

#Cyst was associated with tumor at the time of GKS, but not increased in size after GKS.

#*Newly developed cyst was detected but showed no increase in size.
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[FEFIIRR]

[Case®]64mAitE T, #&MAIPHBIE - L T2
B OFEMEICT v <F 4 7 BIC SR % BHe
2 LTco IR U LG R 14Gy, RAKE 283Gy
THRHZIT> 73, BHE102 BB, HreF4g
7 BRI I35 Sl o - EERIASIHEL L, Bk
Rz 2 URERYE L -7 (Fig.1)., 200
EOFHHEET o7, ERANBEEIEI Y2
03 —C, REABENIC B L2 L EbNn s
HIERPIMERED 13, ~EY T vikEve
07 7—YORMMBELD (Fig2), 216 OFfRH»
S RARGNC BT 2 EREEOEE L LT, BEEo
Nz I AEE S LT v 3 AR TR & e,

at GKS
o T— LT

Fig.1
Case®

7 months 10 months 14 months

'3 ; '._ 7 " '_

[(Case @]48/% £ M T WET B ik S MBI BMELRER 1 6 L
CIRIDBHEMBICH > <+ 4 7 HI Y4B % E 5
R L. BEICHL CIRGE12Gy. BARE
4Gy THRH 2T o728, B 6 v A5, v =
A 7 I6HERIC X580 & e ds o - ZERaAASILEL L . 18
K2 2 USERME & 725 7 (Fig.3), = 07 o3
"5 O T F M 21T 5 77, RS 1 clear
cell meningioma THASHIZ X 2 & B2 B0 855
e 7 (Figd) . BBz 817 2 BITUR OB &
L <. BHEROENZEEEEEE L T\ 3 A
HEBTRBR I i,

16 months

)

A 64-year-old female with petroclival meningioma treated by gamma knife radiosurgery (GKS) using a maximum dose of
28Gy and a marginal dose of 14Gy. Serial magnetic resonance (MR) images showing the newly developed cystic component
10months after GKS, which increased in size. The patient underwent surgery 19months after GKS. (3Zfik12 & b 8[f)

Fig.2
Case®

Photomicrographs of the surgical specimen showing meningothelial meningioma and necrosis (arrow) , presumably induced
by radiation (left) , and vascular obliteration (arrowhead) , with prominent hemosiderin deposits and macrophages (right) .
H&E. original magnificationsx10 (left) and 100 (right) . (3Zf#t12.% b 5(H)

Fig.3
Case@

A 48-year-old female with recurrent sphenoid ridge meningioma treated by GKS using a maximum dose of 24Gy and a
marginal dose of 12Gy. MR images at the time of GKS (left) and 6months later (right) showing cyst formation following

GKS. (k12X b B H)
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Fig.4
Case@

Photomicrographs of the surgical specimen showing clear cell meningioma (right) and marked tumor necrosis (arrow)
presumably induced by radiation (left) . H&E. original magnifications =40 (left) and x200 (right) . (3Z#k12X b 5| )

[Case@]65m BT, 7> F BUMIE 63 5 BAEEM

BOHEEBICNT I+ 4 7 HWIC YR %
MNEZ L. BB L CIERRE12Gy, B
B24Gy THRE T2, Hv =+ A 7iaERICT
TS RERPER I N T WA, Z2OHBER,
JEESEE L bICHAERmZ 2 L (Fig.s) . 395 A
BICF MR E2T -7, BlEAAKIEZF Y20
T — T, HHEMEMSEHY I 12 meningothelial meningioma
TH D BUNIE OB E R B b8, BIEPHMmE I
A 5N d o7 (Fig6) o AP 1T 2 IR O
FFE LT, #hmE iz 81 2 8 EBMEENES
LT3 afgEssmmR I i,

at GKS 24 qmnths_

Fig.5
Case®

32 months
e,

[Case @] 6412t T. A S ARBaMEERE 1= 14 2 Bl
FMBEOBREE NI 2 y<2F4 7HHIZY
BEENZZ L. EHo LTI 15Gy, &
KRR 375Gy TR 21T o 7=, H v =T 4 7850k
T TICIEB S 3 2 ERDSHESE S Ty s,
B #2307 A ED & ERIM A HHER X 1z (FigT).
MRI T 5&FHE& -, ERNOEEBEIZHRL I LR
LTw3, —7., EEEEES HEMIRIzH b R
FicHlffl ST 5, ARG ORI EEREETH 2
T OFEBBEICE EEoT\w 3, T EHFESICE T
AERMANOEETRE LA ZERABAROEORE
DEARZFREL, ZHIZZMESBYEERES L
TWAHEENEZ G Nh S,

39m0nt|_15

A

A 65-year-old male with tentorial meningioma treated by GKS using a maximum dose of 24Gy and a marginal dose of 12Gy.
Serial MR images showing the small intratumoral cystic component at the time of GKS, which had increased in size
24months later. The solid component was also enlarged on follow-up MR imaging. The patient underwent direct surgery

39months after GKS. (3ZEk12X b 5 )

Fig.6
Case®

Photomicrograph of the surgical specimen showing meningothelial meningioma with proliferation of small vessels but no
apparent necrosis or bleeding. H&E. original magnificationsx100. (312 & b 51/)
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Fig.7
Case®

A 64-year-old female with petroclival meningioma treated by GKS using a maximum dose of 37.5Gy and a marginal dose of
15Gy. Serial MR images showing the small peritumoral cyst at the time of GKS, which had increased in size 30months later.
The signal intensity became high on follow-up T;-weighted MR imaging. The solid component decreased in size.

(Ccaik12 & b 51 H)

[Z %]

FEHEOORBCHMEEIIN TN v 7
Fe DBERITZELI21.7% I8 57z, Stafford & DR
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TEETo 7,

BRI 2 72 218 12 R BT H 3 3 Degenerative
& 5 \»{Esecretory change &\ { D 4> D AJREPEDSR IR
E Ty 3", Microcystic degeneration, i M4 5EFE. #%
NHIMEHZ O BEHEF L LTELoNTH Y,
—%, BEENCFET 2ERICOWTE, BEEE
IC & BRIz S b ET IR Z 0 ERTRBR
ThsLBbN3BY,

Av=t4 7 BAROBEVRICOVTE, 20
BFIZE—0 b O TiEk { LRoEROETF 5
KBS LTWwa b0 L #ET 2, EFARTO R TR
L X3z, BBREIZE TSSO/ HI.
JEEESE, HUMILE B 5 IEE R TTES OB
ERTMEINS, EESORBTR Ty eI 4 7%
ICEREHSHTAE L 72301 D 9 620 T Z DRICFM2Z R
Bl qhik, k. Fyei4 7H0REHRIZTTR
FEL TWAZR3FI0 ) 628 TRRICHABR 2 =
LTWw3, IH6DIEns, et A 7R
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BPURETH B,

[ ;]
FEERE I 2 v = A 7RG oIz BEE
TEHEEMEY A7 X1 2%BELENTH B, LoL,

. )

Ar=r4 7 BHEDBRNEET 65, &
FRICEREETEE A EPICB W TIE. ZOBOEBT
FEPIRE R RSk LASSR L L CHIEMZ &84 2h
ARSI L TA R Rwikd, TreF A 7
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KINMEZEERICHEAE U fzmeningioma en plague D&

Treatment of convexity meningioma en plaque

FORERIRE BRI RL
RE BEZR, BT Bl AH RE. FEM B

KEY WORD : Meningioma en plague, convexity, therapy,
atypical meningioma, MIB-1

[# #]

BEIEIE O p THEBICR > TFED 2V id A —y MRICEE T 5 b @ % meningioma en plague (MEP) & I
& BRARETRPHEREBOADRETH) . MBEORERIHTTH 5. FH S 35H O KBMAZELHMEPZ
B L7.DT, ZOMBRRAIVEEE BMAHT S 2 BET L 7c. SOUPAfImEE, RS © RE L 2 5B 85 C.
1B EHERPITH 5, HEHMRIET R TOES TEED S FREOBIZES f> Tk, 2AIBEFHNZ
BT U 7o A8, SEMRGITI3IESE & MR OEHHE . BEERTESTRBRI N, 1813/ X b BIREFEZE
WEAEBLMREZEL. 2R RMICHER LEFMEMHET L 2. 68, KINFAZEHMEPIZRE L O/RE
Pl BEBCHETEEEZ o Twuid, FE S OEREM IZ TR LR HERC, WEA D TN
BERERE & =8, WHENS WEHEEICH o7, FFBICEL TRBENTFREZEA-ZERHE2HY ., &
Ol R EMBHRBHORIEZRF T RETH 3,

Meningioma en plaque (MEP) is a clinical variation of meningiomas, which infiltrate the dura mater, characterized
by sheet or carpet-like appearance on neuroimages. The vast majority of reported intracranial cases were located in
the middle fossa of cranium, especially the sphenoidal ridge. The authors recently encountered 5 cases of MEP located
in the convexity of dura mater, 4 of whom presented with convulsions or hemiparesis, while 1 was asymptomatic. On
MRI, all cases demonstrated moderate cerebral edema in the surrounding area of the brain. Therefore craniotomy was
performed in all cases. In all symptomatic cases, the tumor and adjacent brain cortex or cortical vein showed severe
adhesion, indicating the infiltrative growth characteristics of the tumor. Postoperatively, one case had severe hemiparesis
due to venous infarction, and two cases had tumor recurrence requiring reoperation. Convexity MEPs were generally
thought to be resected easily without adhesion to adjacent structures. However, in the presented series, the tumor
infiltrated to the adjacent structures, thus total tumor resection was difficult. In addition, the pathologic findings of
these cases demonstrated aggressive features. Optimal tumor resection considering functional outcome is necessary,
and if tumor remains, it is essential to consider the indications of stereotactic irradiation.

[ x] [EER & #238]

HEREE O TR IS > TFHED 2 Wik h — 19894 4> 65 20065 12 20 1 THIEE L 7= KM 350
v FIRIZFEE T % b D% meningioma en plague(MEP) FE4 MEP D 5T, 4F il 1351-730% (FH66.85%) . 5B
EMER, MEPIZEBEFEIED2.5-4%% 5 & 2 T 59K 36U, Z2BITH %, 4001 BRI THAE L
BThh, BRELBIEBICFSEL, HENICHE EEBEFITH Y, BERESHEFELTCH >,
T2HERZOFBEEZRELPLE LR BOO1H I EMERTEICTRER L 2 WERS
EHOITHY, MFLoBME ISV, FEHS I ThHhRBEGIEAE ETd-o 7,
KRBT 54 L 7= MEPRSHIEBR L DT, % (REfI$R R ]

DER RIS B2 R B L G 12 B 3 2 RIRE AL 2 Rt EMD : 7B, FFEBEORE»6IGES
L. XEWEZEZMZ TRET 3. sensory fit T» b, BEFCT-MRIIZ TAEBHTET I MEP
RO, BETONRPREDEEZZ L (Fig.1a-c),
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MIEFRE e UEEE Lo RERIROETFZED
7= (Fig.1d). fiisp AT R L. M85 & R L offig 38
ETHo-BHEREHIRE OREPE»- -, KEH
HARICEE L EEE &L W EER L«
5, iR o BEZ I TEERTREbL I ®,
BB IR Z 58 HE & L. Simpson 10§ Hi Al % J{T L
7z . JE PR 1L meningothelial meningioma’ Eff & L
Tw 305, BEREESGSREEICBRICEMEL, MIB
-lindex 24%23HR & THEE % 7 L 7272 ® . atypical
meningioma & 27 L 7z (Fig.1f), fif# 1M o 5
RREEHE < FF 5 H Mm%k BE%E 2 K 72 L (Fig.1e).MMT2/5
DERIREZ 2L 7o MiR1FERICTEEOFH 2
RO D, MMT4/5DRREVERR L 72,

SEM@ : sURBE. EF 2 ERERIECHEE
CT-MRIEE A ICEEOFE2 # 5 MEPZ R
& (Fig.2a,d). MIMEHRE Ic TREBIROER 2R

Fig.1

71-year-old man with left parietal tumor (Case 1).

Ol ik, B EMRPEIR & OREEH3% <.
fi BE 72 U BE (X7 b T, B IC SSEP (short latency
somatosensory evoked potential) T [ & L 7z # /0 i
EFICBWTRNRCEE 2T X5 il
L 7z (Fig.2b,e). /5 B2 & |3 MIB-1index 8.7% D atypical
meningioma™T & 2 7z, MIEEHT 7= 7 fHAE L IEFE IR 2
CGEREEL 7225, 57 BICMMT2/5D % K FRE R
L. EifR L8 S H e S O BPTEH % %o 72 (Fig.2
c,f)o EBICHFM 2 MET L 725, @E L L i< E5
& FBRHE L ofiE o ( oMt L L, WBE
HIZ6Gy x 6D EIMEA I X 5 B U e %
fTo 7, WEEIZINE ARG E. [AHi 2 BILE. %
TRE, BARBEES IS Z, MIB-lindexh 23% &
E5, malignant meningioma~ @ B#iEL 2 T L 7=,
BiERB#%er ABB T2 H-LBERIEDT
Wiz,

Preoperative contrast-enhanced CT (a), T1-weighted gadolinium-enhanced MRI (axial ; b, coronal : ¢) demonstrated
left parietal convexity meningioma en plague with moderate cerebral edema. Preoperative angiogram (d) demonstrated
venous congestion around the tumor. Photomicrograph of the tumor (HE stain, x200, e) showed atypical feature of
meningioma. Postoperative plain CT (f) demonstrated severe hemorrhagic venous infarction in the left parietal lobe.

Fig.2

51-year-old man with right parietal tumor (Case 2).

Preoperative T1-weighted gadolinium-enhanced MRI (coronal ; a, sagittal : d) demonstrated right parietal convexity

meningioma en plague with mild cerebral edema.

Immediate postoperative T1-weighted gadolinium-enhanced MRI (coronal ; b, sagittal : ) demonstrated subtotal
resection of the tumor, Five months after operation, T1-weighted gadolinium-enhanced MRI (coronal ; ¢,

sagittal : ) demonstrated massive regrowth of the tumor.
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HEMQG : 3B, FHEETEORATH D, 5
HCT-MRI LA B IELE I P EE O ZE % # 9 MEP

R0, FEEEIC AR E - Tk (Fig.3a-c).

4 111 $8 B 4 T S BEBI AR A> © D tumor stain 2 58 &
2HRIRBHOMAEIRD Lh -7, BE LR
PR & ORE L C MEZAMRTOT I
WEBETE ECE L CRBRRCEEERT LD
Wi HE U oo R PT AL 1k psammomatous meningioma

TdHo7h, MIB-lindex2.1% & R PEMETH 2 72,

e iz —@E o F BRI L 7203, 2L, Bia
L7 BRE, MEENKREEREZ (., BELRADT
W,

FER@ : 73, FHFIZELFORETH D HE
£ CT-MRI_E 75 96 T8 £ 1< [5 @i Fl O MEP % 38 & 7=
(Fig.3d-f). J I %82 1 THEEIR D> & @ tumor
stainZ B 3 L HFRBHOFRRBRED Lo,
HEE & R ERiR & i o9 { . BB L T
FEBICTLTIC, FIOESETEFICEL TR

Fig.3

73-year-old man with right parietal tumor (Case 3). Preopera

MERCEEZERT L) cME LA, REFRRIZ
meningothelial meningioma™T & - 7z, MIB-lindex |t
KIETTH 2. WEIFZBBRIFCH o7, 5
FRICHXELBFMZTI L. BEFEo+o4HH
BRoNLDo%. ZOREBORAELE RO
OHEPEI L 72,

HEPIG : 66 A, BFTEHERFTIE DB Iz fafT L 7
HEgRZW I CERFER I AL, AWEEORKL
ZfEIMEPTH 3 (Fig.3g-i). MEIME ¥ 1z o E
B KA © D tumor stainZ 72 & 3 b FH §IREEH
FRERBD Lo, BEOHFLEDS B EHHHE
My fafT U7z, fich, BB & BR-TEIE & 0 fiE I3
A7z { Simpson grade IDFHVBTIEETH o 72, lF
. MREBYEER 2 B RIFTH 5 25 RHEATR
FiE—# B M AE % fF - 72 meningothelial menin-
giomaT#H h MIB-lindex1£8.5% & BfETH b, TIE
EEES740—-7 vy 7LTWw3,

MRI (coronal ; b, axial : ¢) demonstrated right parietal convexity meningioma en plague with moderate calcification.
73-year-old woman with right parietal tumor(Case 4). Preoperative enhanced CT (d) and T1-weighted
gadolinium-enhanced MRI (coronal ; e, sagittal : f) demonstrated right parietal convexity meningioma en plague.
66-year-old woman with right frontal tumor (Case 5). Preoperative plane CT (d) and T1-weighted gadolinium-enhanced
MRI (coronal ; h, sagittal : i) demonstrated right frontal convexity meningioma en plague with calcification.

[EMD % & & (Table 1)]

FEMEPEMEP 41 o B (3 2P EBHIFE L2 &
THEHTRTH L., WTIhoEE bR EERIR
~OWHEDE . EREBEETH >, 16, M
dEZ B I TEERFASEDbN R, BRERIR
#1484 & L Simpson grade I D HH % 17 o 72 43, EhlR
FHEICERET 2 Lt BRbh 2 HMEEELZ K LKA
FREEHSERAF L 7o 301 D B OFEG] 5 5 261135
yH%, SR L HBENERcHESZ R L, 14

=I5

W SERICEEIE L - EEEEMEPL &0 /-
RHEFRCIREICHEBNZHEEERZEL TV T
H MIB-lindex 23l 2 N T8/ A D3% >, Atypical
meningioma & 2 E /20 b & . aggressives
W, BEEEET2EERETHS I LT
ik, BIEACTRLTLSyrATHEEL.
f# % malignant meningiomalCBHBRL L TE D, B
Fric ERr s s 2 A 72,
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Table 1
Clinicopathological summary of the five cases with convexity meningioma en plaque.
No | Year G::'l Location | Symptom (F;:It;f::::“) :i;nd:son et
1] 71| M | Lt-parietal | Sensoryfit | Atypical I Venous
hemiparesis | (24%) ::;;:ﬁ:’rgis
2 | 51 | M | Rt-parietal | convulsion | Atypical IV | Recurrence
(8.4%)—(23%) P i
3|73 | M |Rt-parietal | Motor Psammomatous| IV | Transient
weakness | (2.1%) haminaresk:
4 | 73 | F | Rt-parietal | convulsion | Meningothelial IV | Death
(?) 5 years later
5|66 | F | Rt-frontal | none Meningothelial I Good
(8.5%)

[F %]

BRI B I RET I2RENLNESE TH 2
A3, Cushing [ZREREIED 5 & @5 O { BRIz A
¥ % b D % meningioma en masse. PR ICFET
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5 150 B oD 7 B 5 7 13 BT T A (44.2%) . BEITE I
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PR DA AT 72 meningioma T % - T % MIB-lindex
DSEME R R U 72 D, RS AL o I P2 B R 5> 8-23%
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ZRLEDTZEAGRED -, BicR HIcHRE%
LBz BT, BB 2 2R EEZL
ZREOTEY, ERORFRE I T 2 HBEENTE
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267, AHEDBE 2RO LEMIZ20lOR LD
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BREECEETAILERLTE D, EE. MES
D KK 9 28 #MEP 0 FE B T 13 I 4 1= MMP-9
DEEZRODIPTCHERCEBEL Tw B
BEREICEE T 2 OISR ICH VR 2 5 LT 3Y,
ZE D KB ETEMEPD % { DFRERI 13 43 &Ik
NOWHEPBOZ E XD, BRO AL 5 $ ¢ b,
W, BIR. NEEZOREMBEBR~LE 0B
HEZF> T2 ENTIBEI L, RELD
FEG] S B XN & OB, B E L
TED., 7, MIB-lindexi36.9% & FETH - 7
&), AR OREBRBIPINE & DRESI 23, WK B &
MEP % fE 3R# &5 & T & 7- KREFI 35 5 MEP O B %
EHOICE) FERERIZIE-EF D L wnd, FEL
HBEHERHE VI RTHEML T3, &8, &
PlOEM & M 2R BEEN S X b, MEPHRES:
BHI N Z LML T3,
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\27" 9. Eloquentare LICBEL AWVEEICEL ¢
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REDBREBFENE= IV 7E2RBHEL T, #
REAIRTF 2B L - TR ic @l o, WEER
AROBRE D, ECCBESHRRE L & Ok
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TWwa", FAMEIC L 3 & 63%DER X EE DA
ZRDT. %DIEF O AFEMRMLL TE Y. Hig L
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BIIE E O S TH Y Simpson IO #§ H
BHEETH o7z, L L, MIB-lindex |3 8.5% & & i
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CRALT B ARSI R X iz, EE S MEPTEH

IZBWTIE, MIB-lindex ¥ EETH h . fEfE
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| In eloguent area ? |

<;>/ Ny @

Attempt to total
resection
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e,

Difficult to detach from
adjacent brain or vein?

e

I Simpson IV resection I

| High malignancy (atypical, high MIB-1) ? |

V

\‘c:)

|

| Observation

Stereotactic irradiation |

Fig.4

Proposed algorithm of the treatment for convexity en plague meningioma.

[#& &)

KM P35 86 1 F 2E L 7= meningioma en plague @ 5
Pl % RERR L 72,
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A case of parasagittal meningioma with huge extracranial extension

RSS2

R FU. REE R, KA U, Ak BRED. B TR, HE S,
A EHE>, RA)I B>

[IFC®IC]

B (3 R FEERIIER, 0 26.2%% L ", ZDiFE
Ao EDIEMEA benign meningioma (Grade 1) 7575, —&
BB EET 5, BIHER O atypical meningioma
(Grade I1) : #H £4.7%~7.2%, anaplastic meningioma
(Grade I : SHPE 1~2.8% %% E03dH 57, 2 SERDH

#3213, benign meningioma: 3~4%, atypical meningioma:

35~38%, anaplastic meningioma: 78~84% T %,

SHEbhbNIZE L WHEBINERE & /- L BiE
M2 R L 7= SCRR L EK 7% S /MBI o 5 13
BRI 222600 EE S OIEAZBA 23
BHLET. BOTRELEMNLEZ 503D TH
&9 35,

GiE #1]

591 St

£ W ETHEEHET
BEFERE 72 R BRI 28 4 (3/)
FRIGHE - Feao®E L L

BURHE : 20045F3 B £ T Bl & E T Wi AHS IR,

Z OBRETEHIET R, 48 4R%2. BEi§ L
5 RARTARERE 2 38 72,

Fig.1
(a) FIZHRF O BEMCT : FREHEICRAFE4mDEEZHED 5,
(b) BB CT : y—IciR S h, FHLFEZEED,

- 18 -

WOAE - RGRIE. ReE R L, EE; £
ETERAAIMMT3~3-, B BE 2 L, hilEE; 2
BWaL

RER R T R,

SHERCT (Fig.1a,b) : A BUBEZE I Bl CT CEMRIEL,
ERHCTTH—ICHE S M 5 085N 3emDER 2 52
b, FEICERZZERMES .

HHL Y FP Y BEEDEEIEGERD R,
HEFMRI (Fig.2) : A RREE. EHEE LIcTI
EEH. T2PPEEE. PV Yo TH—IcH#E
ENZBAREFAmDIEE %580 2, B ICIZEZ M
dural tail signZ 7~ L 59 1/3 DRI F64E L 7 R
HlEEDE 2 s,

ERmE iR (Fig.3) : S EBIRERY < hREBEN IR D
AUEARE, BHIEREAS % feeder & ¥ 5 tumor stain® 2@
5, ERIRMOBAZEIIZED ko7,

VI A B R : 20044F 4 B 0B F4fi 2 1ifT L /2.
BHEFERRAETHTH ., IEFERE 0BERIZED T
THECHEEETH -7, EHFELTHH. I
R2BEBLEOEIHBELABMEZBDBL 7=,
RIS T 15 BEH L 7= (Simpson GradeIl), fiif
HMUER CT (Figd) Tk, BFEER 22T, M58
BEE o,
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(b}

WELARRREERT R (Fig.5a,b) : MW 2 KoE
gty — MRICEICHEEL TR Y, SRELL
BKWHIENEE~ORE L —HE D 7225, HoH
RBIEIE R D T o T, FRERRZHT I atypical menin-
giomaTH - 7z, 20 BiTERFEZHET (Fig.5c) Th. B

BlrRAIZ5E < % {atypical meningiomaFHFHETH b

MIB-lindex I 7~8%75 2 7z,

VIRIFEfiREER: L —RE L - 88H XV H
OHER L 72, MRI(Fig.6a) CHERRFAT., FHZTH, K
Rk R 2RO 7. OBETEHNET. Fwohi
B L, 100 I ZEE O S#E LA LIZEOHE
Z 7 (Fig.6b). WEIFMT 60 A2 B 0Fii %
AT L7, EEIE2RIch- b BB S L A8
HEETH - e L, &S & RRFEERICIE
ELBEE % { b A 7. Mt CT (Fig.6¢) T3 FRAEIESE
2RO o T, 30 B FiEE o H /RS (RRT50Gy)

ZHATL 7. RAAMAERICHERRELZRYD (Fig.7a).

-19-

Fig.2
FIRZHRFEEEI MR © P 1/3 OFEIRIC FE4E | 7RI aE
BELEZ o d,

Fig.3

(a) AR E RS M EEBHIRIEHEI &

(b) SHERBHAR - P

FPEEIREINR D BUSEEL, BATEECRAN 2 feeder & T 5 B
g,

Fig.4

(a) MBIl SHERHEAICT

(b) ¥EFCT

[EEH 8 (Simpson Grade 1), BIFFRZEZZOH T,
FAHRRE & 7o 7,

RIEIFiT 9 4 A#&IC3E B O Fii 2 MifT L 2. W2
M7 13 atypical meningioma DFFH TH > 7=, MiEDMRI
(Fig. 7o) TIMHBEH O EEIELFH X T3, 2@EE
DOFiE3H» AT, AHER. FRRFT 27T OH
FERDT-TD2005FESHH <+ 4 7 GUEHRE
50%14Gy. AR 28Gy) % MifT L 7 (Fig.7c) b3, %
DL HEF L Fili WEIFM 18, 21,240 ARICENE
4,5, 681 H OFfi 2 fifT) Z# DIEL f2. 6EIHOF
ks, B THES L EHEBAEE I N—F—LEZNLT
HHEED S o 7 (Fig.8a), F7-, EMMICEEREL
BEMRELTw 288 bHFEL . i CT, MRI
(Fig.8b) Tl BB H AR H X iz,

AR L@ (Fig.9) « BT, B, R
FThicBOLTHERIE, A2 RTHESHEZ
R L 2o lL, % OBaREZRD 5, [
BoOBMEHEE DB EY TRIEFLERD 5. BHE
IKFB LRV, BREENSISIZELTE D, HIL
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MO FFE & BFEE ~ D121 % 389 anaplastic menin-
giomat#EZ 5ii-,

6 [ B iffeeftf : it BRFEEE o R2 AL 72,
BIEIF4T 26 4 A #1718 H O Fili % 51T L 72, BISET
DEFRRIE . ARERE OS2 /MM L. ERR
T2 IZIFEAZEL TR D, B TRERIM L 72, KN
BRI UG % N Z B ORI TUIRR L 7o, JREEZHTIE
anaplastic meningiomaf ¥ Th o7z, ZD#, K TE
B, BENEREO X 6k K% ED 7 (Fig.10).
HOREZ IK2SITH > T (Fig1l), 4 1 &H

=20 -

URVOIET, 2ERED B %32 D EEFMH 34
ABIZFEE L 7=,

[BIRPIRRATR (Fig.11c) ]

BT L CGER LB X b EE A28
o TE D, UkREhi[EERERIZ2600gi02E L 7=,
flalEss ~ DEB IR D Lo Fo. SIBURIRAREEH
BT C % anaplastic meningioma = &3 L 7= 214 & 8
Tz R L7,

Fig.5
WIE R (a) HEx4 (b) HEx20

! atypical meningioma @ 2 H#f,
BHEEZ RO EEME Y — MRICE IcME L T
BD, oEESHENE L NETE~OBE L —I
ROTDS, P LEEEG I,

(c) 2[B] Bl #i# D EfHA © MIB-1lindex 7~8%

Fig.6

(a) FIEIFHT 4 HEEMRI : RRTFLE. FSE. Ay
HICHRER RS-,

(b) #EIFii6n HEMRI : [EE OS2 AZED
2o

(c) 2B B OFi2CT : k% 2.

Fig.7

(a) 2B D FHfF. RS BIEEEMRI : AMHEEICH
FEFEDT,

(b) 3EE OFMEMRI : EE LI hTwz,

() v =F4 7HETREMRI(E) : 3B OFig. &
IR, FRRASBIZ2rFTOBEHEEZRO N v+
A 7 JitifT.
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Fig.8

(a) BB AT OMRI : FE T OEEOEALED -,
BT EES & SHEMEE LS — ok — L% 4 Lt
3% - 1, WIEIFA 240 A1 68 H 0 F4 % HifT
Lides

(b1) 6[81 B F ML CT

(b2) MRI : JEES T S iz,

Fig.9

o8] B Fire O EiEA

(a) HEx20#i# (b) HEx20 387

AR, % OaR R, BREEDS o iigin, 55T
HEREDFFIE, MFEEH~DE# % 7 & anaplastic menin-
giomaDE2 L iz -7z,

Fig.10
MRI axial : [Z T 0%, SHENEFEO S 542 3 K% 7R
B,

Fig.11

(a) MRI sagittal
(b) MRI coronal
(c) HlfEpr B

==
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SHEbbiLidE L WEHEINER L 3/ L 78
xR 7. G EEAZESNMEREORE 3
BR 220005 FH S OEFZBEZ 2WEIE
BHLET. BOTEEMEMA LEZI o, AE
hEBEMERE &7 L —RICOVWTEET 5. F
AT R CIX B TIESE L HEAEE A —F—VEN
L CEGEESS -, o, BESEMACERER
HLEMBAREL T 28O bFEL. EEEEH
BOTHETH >, COEMD/SY) 7ORMHPBE
HEREENERO—HTh 2 AREND 5, /M
R EARENEL O Ro—RERVEL LA
birs,

Simpson Grade 1 i3 $H#Z W Ic 0 h b & T FHIT X
WETIHMEND Y-, BEHEEOHE, £
i LR < b WEIT S O BUHR AR eflic B\ T
BELTIHREDBRINZY, KEIIMEFiiH
Simpson Grade2 T 5 = &, fH#E2 W4, atypical menin-
gioma ThHh-o7 Z L 2ERT S L, KK 20E
FMBICBEHRIER 2T L v ) BRELBE R
EThHo7db Lk,

[# &)
ELWHSMER Y 27 L - ERRABREED 1
PlzEBL-, XMEb I ZETCEREETEES
TERR L 7RI HES . B TEh T, REEBELIE
Hlcho L Bb s, BELEEINETEREEA
D—RLE LT, EFON) 7HIE L EENETIZ
ETFLEZEBEZ N,

[32 k)

1) HARES2EEF vol.11,2003

2) Bushe KA, Meixensberger J, Nadjmi M, Kirchner T,
Dittmann W : Eleven times Recurrence of a
Parasagittal Falxmeningioma; Case Report:

Acta Neurochir (wien) 107.pp..65-69, 1990

Cech DA, Leavens ME, Larson DL : Giant
Intracranial and Extracranial Meningioma :

Case Report and Review of the Leterature :
Neurosurgery 11.pp..694-697,1982

Dziuk TW, Woo S, Butler EB, Thornby J, Glossman R,
Dennis WS, Lu H, Carpenter S, Chiu JK : Malignant
meningioma: An indication for initial aggressive

3)

4

surgery and adjuvant radiotherapy :

J Neurooncol 37.pp..177-188,1998
Engenhart-Cabillic R, Farhoud A, Sure U, Heinze S,
Henzel M, Mennel HD, Bertalanffy H:
Clinicopathologic Features of Aggressive Meningioma
Emphasizing the Role of Radiotherapy in Treatment :
Strahlenther Onkol 11.pp..641-646,2006

3)

6)

7

8)

9)

10)

11)

i

TEASHE, PR, sk —EL, g, AHEK,
WEL: EARETEEE LTRIEL .
Malignant Parasagittal Meningioma:

No Shinkei Geka 22.pp..785-788,1994
JovanovicMB, BerisavacI, Perovic JV, Grubor Andre;j,
Milenkovic S :Huge extracranial asymptomatic
frontal invasive meningioma: a case report:

Eur Arch Otorhinolaryngol 263.pp..223-227,2006
Kunishio K, Ohmoto T, Furuta T, Matsumoto K,
Nishimoto A: Factors Influencing the Recurrence
Rate of Intracranial Meningiomas after Surgery:
Neurol Med Chir (Tokyo) 34.pp..81-85, 1994
Palma L, Celli P, Franco C, Cervoni L, Cantore G:
Long-term prognosis for atypical and malignant
meningiomas: a study of 71 surgical cases:

J Neurosurg 86.pp..793-800, 1997

Rogers L, Mehta M : Role of radiation therapy in
treating intracranial meningiomas:

Neurosurg Focus 23.pp.1-13,2007

Younis G, Sawaya R : Intracranial Osteolytic
Malignant Meningiomas appearing as Extracranial
Soft-Tissue Masses:

Neurosurgery 30.pp..932-935,1992



Neuro-Oncology 17(2), 2007

Ry ZICEDBRER SN
FRIRERE DA BT D 141

A case of thyroid carcinoma metastasized to pyramidal bone,
incidentally revealed by brain check-up

WERARE L IIREER Y v & — MR, B SRR

e D, FEF R, RE BERY, R £AEY,
Hrp fi—D, O Y, B4R KD, #HE KT, M Y, Lk BEY
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FRIEOHEEFER I HRAIBTH . BROE
BB DS VIRETH 2 DHEEIX2.5%TH 3, ZOK
FPEEERETH D, AFEROBEEBBEBR IS
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RIRFLFER OHEEFEB O 16 2 &8 L -0 Tl
15,
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FEMIE 71 ZMETH B, 1993F I fBpric BV TH
RIBEER A E 5 1T 5, FIEZE I3 RIS
Thot. TOBRE YA REMEEREDNE Y TV,
20054E X b S & W T REEDSETT L. 20065F X &
HEEE A L TwadkE L TV, 20074 7H25
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(B AL iz,
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BB E AL D, ERRENEEORETH T,
B CT TR AMAER 2 HE T 2 BEERESR O
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PR, FRINEOFTERNZTo72D5. 8H
170, BABEESEHAET 2T o, KEME DT
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ARG 30Gy DBURIAR 2 17> 7205, IEEIXFEIC
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OERZOBERR . EENGBREX TCRELRREEE-
Spinal anaplastic oligodendroglioma ®—4

A case of spinal anaplastic oligodendroglioma
with rapid intracranial dissemination and extracraninal metastases after the initial treatment

SRERSIEIAERE RORESRL, [ R

ERFE FBY. HE SRR, LLE BIAY. B MO, o R,
SO B—ERY . AR (ESE

[lZC&Ic]

L HEREAIESS 13 . Ependymoma, Astrocytoma O 4
%35 { . Oligodendroglioma DFEEZTH L Vb 3, &
[E], 1pLOH, 19qLOH% 3 5 Spinal anaplastic oligo-
dendroglioma T, #IFAERD & RBEHEOBMERE. H
BEBR X TRELERY /- Lo ik —f 25
L7=DTHRET 5.

[fE 1]

19i% Bk

[F #F] BEyE, BiEEE,

[BEENE - SEIRIE] FracFEZ L,

[BIWRE] 20064ES5H X D RS, 6H X b E T RANREE
E, BHETHHRLEERZZ, BEfMRICEHHE
Briafid ., UBEEA 4%, 7TH3H. FWEMIC
LRI,

[ABERsBR2ERT B 7233 60 5 B A7 0 T B R (5

MMT4-5/5, ZEMMT2-3/5), AIKESE L 28T, £
KEBUTOREAEES XCMEET. £ETHRUTI
HEbE & UREMTHE, A THRUTOREME,
MEETHY . FPRES 7% v AR EER
T, S L BEMREREEZ2ZO T, w2
BITAIRETH o 7208, BT HTHEISET LAl
[ ZIHAEREE & o TV,

(4785 MRI (Fig.1)] Mol MRI L, Thil, 121 <L,
Tliso, T2 high THEHOL L HFEL (JERL S
B INIREELZRD 5, REZTHESE CERLR
E2RBROT, EFBLUEMEMRIE, EEFRE2E
5T,

[Filir R(Fig.2)] 20064E7H13H. 10-12 il S
Wbk, MEESERST T & MifT. B K TE
FemE (FED 1@ H L TV 7z (Fig.1A), i MEP 13 Poor
C. SEP Monitoring I {2 JEEZRH 2> & PRI L 55
%47 - 7= (Fig.2B) .

Fig.1
AT AT AR FEEAEE MR T

A:TIWI Sag B:T2WI Sag

C:TIWI Gd Sag

D:TIWI Gd Ax
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Fig.2
itz
A:Th10-12 Laminectomy, FEEEIFA# B o (NRERE)

DRERZIT] AR, RN IR S i B U
BTHol, LL., BFICkoTH—TIRL,

— IR 2 B R s i R L

ErEAE cEEAHbao B B2E T3 L5200
MIB-1 Index 13 3% T& - 7= (Fig3A). —ER I3z
DZ L, S KB Z RO ICE T B
Badshgieid 2 & 2 A7 EHSRAE L, Pseudopalisading
BRI —Fic iz ) WIERLED 5
N7z, MIB-1Index |3 & VAT T46% T H - 7= (Fig.3B).

Fig.3
FRERAT B (HE#ef/MIB-1)

Olig2i 13 1F2HMHlE T (+), GFAP (1), p53fatEffa &%
7> 7z, —B Synaptophysin (+) TH % 23 NeuN (-) TH
- 7z (Fig4A-D). AR T id Nerurosecretory granule
I3 HEFE T & %2> 7z, FISH (Fluorescent In Situ Hybridi-
zation) ¥ 12 TRk 1 F G (1p) B X K 19F KW
(19q) DLOH (loss of heterozygosity) # o 7z, Ll kX
") Anaplastic oligodendroglioma (WHO gradelll) & Wi
LiZze

A:HE/MIB-1 Oligodendroglial component ~ B:HE#:ff/MIB-1 Anaplastic component

<Bgh

Fig.4

AT R, (FEgee)
| A:Olig2 (+)

B: Synaptophysin (+)
C:GFAP (&)
D:NeuN(-)
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[fheetim] e ek I3 ScE L, IFARE L 2 5,

e R T 7 J ST (Th10-L1)54Gy/45Fr % AT L 72

feiddh, REFEFE 21T 9 72 © Spinal drainage port % &
BL2M, AF—F NI 7 TR E
THE L7, 8H23H MESHEIAR /KT LR,
8 H24-28 H Temozolomide 150mg/m2% 5 H [ P4 AR (il A
HA). 9 HHa X b BERRIERS b, 9H22H BEHE MRI
I CHEBIETERT R (Fig.5A) . EEHEZE R 1o THERR %
302, EH1220, ffEZRAtE. 9H24H M, EakkEE
TR . FkikEMRIT b BEEEE O R
Z 7= (Fig5B-D). 9H28H FfiMEF L+ —Y8
L UBEEDAIBEZ X 9 IZ, Ommaya reservior 8 X T
VetnricularportZ H . FfMEF L —Y 2T 0k

B35 9/29-10/2 MTX B Smgx4 (20mg). 24
FREMEAT (ATEI AT 2 B < ) 37.5Gy 2 JiEfT L. i3
OHETIZE L. —REiMiEE b Bkl 7.,

L2 L7235 12HF4 L D LDH>1000 & B4 EE
Z5a0., [BEoEE, RS HER L 7z, 128158, 45
CTIzTHfi, FF. Spinaldrainage? 7— 7 WEHIZ -
7- ML R 2 R0 7 (Fig.6). 7 DHE HLDHIZ LR
DIC & 7 Y $EE| ORI 2 T - 7 A5, 2007452H4H. %
BERALD D AES N, SBRFRTIE, &Ko
s s L O, . M. B8k CIchilihmsm
EZBO,

[ &p7 R (Fig.5,6)]

Fig.5
HAE R MRI

A: [BfEMRI B HEHEMRI  C,D: HIREF MRI

Fig.6
fEECT (B, Y., MEEiRR)
A: BERCT (WP IH0EERS)

B: Mk CT (Fids)

C: IB&fCT (Frisk)

D: BEHCT (EEEREE)
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(i) THRMUTIRERICOEVERL, BicE
MiiFESMECERINWBEOLWERE LA
#IZHEBEIZ B> TV 3 (Fig.70). E~thiflai <,
[EEAMAELs < bR THEE T EEIcAE) i
BEEE IC2E L T 3 (Fig7B). MEEMHELIE Hyper-
chormatic TAIV %A% % F o N/CHE OB /AN O
T, ok, EX. S#0A L OZE MMl
BEL TV 3 (Fig.7D). Ffix < B EEiaE
Bz HEOZERREN, w707 7—C 02,
Astrocytosis$ kK KB DFIE, #5DWaller 24
ZFY 3 (Fig.7A).

RS _ '_ K ".
e .. -EG’{‘S\;I

(o) K1, BEARICHED R T, KR
S MR b I R AR S BAE M R A8 h L RS
EREOMEE, IRikEIPBOBESME*ZES 3
B3, REEEIESE XEEO hdro 7o, BIRGEEEE, WS
FADEE /MR Z BT,

(HBIMAZ) B OFIEREE L Offi, Spinal drainage
port DAFERICIR - 7= BE T A, RIS, Mo, S8E.
¥ 3 il S A IEERZ 2 9, hyperchromatic
B2 RFON/CHOE & W9/ B o B HME %
FE L. BB L USHOAEMIEZ LR /-5
2572 0 S RER, B RS, RIERETIEOlig2
BT H - 7z (Fig.8).

Fig.7

FBEHIBEPT R (Micro HE#64)
A il

B: [fyft

C: B (554K)

D [EfE (EAE)

Fig.8

FElsssRT R,
A:WIRFTR : ZRIFEB
B:HE#:fH @ 599K
C:HEZfE : K
D:Olig2 (+)
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HHEREPIEDS (3, L3R, B R AAERE DR 53 <
ZHREBEORERME wbh3,

May Abdel & @ 183 {il @ Retrospective Study” T %
Spinal cord glioma @ 7 £ %% Astrocytic tumor (31.1%) 7*
Ependymoma(65.6%) T Oligodendrogliomald > 37> 245
(1%) IZIBE 72\,

AAEG I, WIEIFHTR ORI R IC T, —HIc
DEME CAEHalo R o3 L 2 A 2B, &
B TZIEEMEIColig23 BT, E/-—Iic
Synaptophysin b 1 T® - 7= T & #» 5 Neurocytic di-
fferentiation % 73 § Oligodendroglioma @ A §E {4 233 %
5 172 %35, NeuN & &Y T, B F5EMEE |- Neurosecretory
granule® GEBAS % T & 13274 - 7. 1. Oligodendro-
glioma O SR ELAT BLIZ T Synaptophysin (+) I3
LB RV Evbh3?, L 3% EDE
Bl L, —&F I i % £k 5 B5EE pr 2
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Fig.1

Initial MR images performed in October 2006.
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Head FLAIR and T2-weighted images showed no apparent intraparenchymal lesions.
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Fig.2
MR images on admission in February 2007.

Gadolinium-enhanced T1-weighted images demonstrated a right occipital mass lesion with irregular ringed
enhancement which compresses the trigone of the right lateral ventricle.

MR spectroscopy

Fig.3

B P PR Y v E R B, 287
H. FEEEHREMEZTo7%, REZAEREL
PHE, BT calcarine artery SEIRICFEE L, H
Mz Z L {, 5ALAIZ X % photodynamic diagnosisC
BEEHETH > 7. MRITOGABHRERS 2 & L /-
(X4) . FREERTRCIE. ANMEFRBEDOZE L\ ) 38k
BB o, EHFICIE RS S5 HE L.
BICRZERL Tl HHELZY Y BRI BREE
KZLL, BEBE VRO o Tz, EHFIE
27U 7RISR WICBTEECZED N D b,
SR EEESY) 7THERED Sk boT, &
BARMLERT R T /NMERBE D ) > 8BRIZLCADS
Bt T, CD35 & ' CD4SROBIED THlfah EHTH
27 (X5), BEBEY v fifld: BETE T, A8
FRZ Y ¥ o) JERR P ZF EAE (Lymphomatoid granulo-
matosis, LYG) & fEEZH X h i,

=39=

MR spectroscopy of the lesion on admission.
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suggestive of a malignant tumor,
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Fig.4

Postoperative gadolinium-enhanced T1-weighted MR images revealing disappearance of the
abnormal enhancing lesion in the right occipital lobe.

Fig.5

Photomicographs of the resected brain lesion. Substantial infiltration of lymphocytes as well as foamy cells is
prominent surrounding small vasculature. The lesion contains formation of necrotizing foci and intravascular
granulomatous tissue. The infiltrating cells lack atypia or mitotic activity. Immunohistochemically, perivascular
lymphocytic infiltrates are mostly positive for LCA and T-cell markers. There are both CD4-positive and
CD8-positive lymphocytes. A minor fraction of lymphocytes are positive for CD20.
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Fig.6
Thoracic spinal MR images two months after completion of three cycles of steroid

pulse therapy. Gadolinium-enhanced fat-suppression T1-weighted images showed a
new intramedullary lesion with gadolinium enhancement at the level of Thll. The

size of the lesion was 3.5x3.5x 5.5 mm’

Gd-CE T1WI

Fig.7
Thoracic spinal MR images upon continuous steroid therapy. Gadolinium-enhanced

T1-weighted images demonstrated resolution of the thoracic intramedullary enhancing
lesion located in the left dorsal region. (Axial, coronal, and sagittal images.)
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Case report : Spread extensively three years after first operation,
diagnosed oligoastrocytoma WHO grade II
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Case report : Brain tumor found in a patient
with Lennox-Gastaut syndrome
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[ Abstract]

We report a patient in whom the cause of epileptic
attacks that had occurred from childhood was found to be
a brain tumor detected in adulthood. The patient was a 30-
year-old female who had experienced repeat episodes of
loss of consciousness since she was 3years old. She was
diagnosed initially with West syndrome and later to have
Lennox-Gastaut syndrome, and had been taking anti-
epileptic drugs. She also began to show sudden fits of
shouting and violent behavior when she was 13years old,
and antipsychotic medication was added when she was 20
years old. At the age of 30years, she complained of
frequent nausea and underwent head magnetic resonance
imaging (MRI). A brain tumor was detected in the left
frontal lobe, and it was surgically removed. The border
between the tumor and normal brain tissue was unclear,
but the extent of the lesion was determined by a neuro-
navigation system, and the area of resection was widened
until the disappearance of spikes in intraoperative electro-
corticography (ECoG). The pathological diagnosis was
oligodendroglioma. The symptoms observed in this patient
are considered to have been caused by frontal lobe epilepsy,
and aftacks were controlled after surgery. Even in patients
showing epilepsy from childhood, close examination of
the nature of attacks and search for the cause are considered
to be important for the control of attacks.

Key words:

frontal lobe epilepsy, Lennox-Gastaut syndrome,

low-grade glioma, oligodendroglioma

[Introduction]

Before the advent of MRI, the diagnosis of low-grade
glioma was not always straightforward, and there were
patients treated for epilepsy over a long period. However,
with the recent spread of MRI, brain tumors are often
detected in patients who have received long-term treatment
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for epilepsy". In this report, we present a patient diagnosed
with Lennox-Gastaut syndrome in childhood but was
found to have a brain tumor by head MRI in adulthood.

[ Case presentation]
(Patient) A 30-year-old female
History of present illness:

The patient had exhibited repeat episodes of loss of
consciousness since the age of 3years. She was diagnosed
with West syndrome at the pediatric department of a
hospital and later with Lennox-Gastaut syndrome, and
was taking antiepileptic drugs. Retardation of mental
development was also noted. At the age of 13years, she
began to show sudden fits of shouting and violent
behavior, and these attacks were temporarily controlled
by increasing the antiepileptic medication. Since the age
of 20years, she had been observed at the psychiatric
department of another hospital, which diagnosed the
symptom as panic disorder and added antipsychotic drugs,
leading, however, to exacerbation of the symptom. While
the frequency of the occurrence of this symptom decreased
after modification of the medication, it still occurred
several times a month. The contents of oral medication
during this period were: 1,200mg valproic acid, 600mg
carbamazepine, 120mg phenobarbital, 10mg diazepam, and
9mg haloperidol, and their circulating concentrations
were at clinically effective levels during the course. At the
age of 30years, she began to complain of nausea and
underwent head MRI. As a mass, which showed low
signal intensity on T1-weighted image (T1WI) (Fig.1a),
high signal intensity on T2-weighted image (T2WT1) (Fig.
1b), no gadolinium enhancement on T1WI (Fig.lc), and a
very mild mass effect on the surrounding tissues, was
disclosed on the medial side of the left frontal lobe, the
patient was referred to our department.
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Fig.1
Preoperative MRI showed a mass, which showed hypointensity on TIWI (1a), hyperintensity on T2ZWI(1b),

no gadolinium enhancement on TIWI(lc), and a very mild mass effect on the surrounding tissues,
was disclosed on the medial side of the left frontal lobe.

Therapeutic course :
electroencephalogram (EEG) showed spikes in the left

frontal region, and, in consideration also of MRI findings,
the symptom was judged to have been one of frontal lobe
epilepsy, and the mass to have been the epileptic focus.
Resection of the mass by craniotomy was planned for a
definitive diagnosis and resection of the focus. The patient
thereafter developed status epilepticus and received
intensive management by continuous propofol admini-

stration. Surgery was performed after control of the attack.

Intraoperatively, the lesion was demarcated from normal
brain tissue on the brain surface, but its border was

unclear at deeper levels, and so it was resected by
determining the border using a neuro-navigation system.
Cortical resection was added until spikes disappeared on
ECoG from around the resected area. Postoperatively, no
spike was noted on EEG, and no epileptic attack has been
noted for 6months.

Pathological findings:

Tumor cells had a small elliptical nucleus and clear
cytoplasm, exhibited a fried-egg appearance, and were
glial fibrillary acidic protein (GFAP)-positive, S-100-
positive, and synaptophysin-negative. The diagnosis was
oligodendroglioma (Fig.2) . The MIB-1 index was 1-2%.

Fig.2
The tumor cells exhibited a fried-egg appearance. (hematoxylin and eosin, x400)
Photomicrographs showing the histopathology of the oligodendroglioma in our case.
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[ Discussion]

Recently, with the spread of MRI, the rate of detecting
organic brain lesions in epileptic patients have increased.
Many of these lesions are hippocampal sclerosis, focal
cortical dysplasia, low-grade glioma, and hemangioma®.
According to a report of low-grade gliomas detected in
young epileptic patients, ganglioglioma, which accounted
for 45.2%, was the most frequent histological type, astro-
cytoma was the next, and oligodendroglioma, accounting
for 14.3%, was the third most frequent”. Although
dysembryoplastic neuroepithelial tumor (DNT)%**%) and
pleomorphic xanthoastrocytoma (PXA) ® are often reported
as epileptogenic tumors, their incidences are low". There
is also a report that DNT is the most frequent cause of
refractory epilepsy (70%) and that DNT and ganglioglioma
together account for 95.7%, with astrocytoma or oligo-
dendroglioma accounting for very small percentages®.
Reports vary widely among institutions. The lesions are
often located in the temporal lobe", but they are often
observed in the parietal lobe according to another report®.
In our patient, the lesion was located in the frontal lobe,
and the psychosis-like symptoms also suggested attacks
of frontal lobe epilepsy. Since brain masses may cause
complex symptoms depending on their location, careful
observation of the course and nature of attacks is necessary.

This patient could not be followed-up by MRI, because
understanding and cooperation were difficult to obtain
due to mental retardation, strong anxiety, and emotional
instability. Since epileptic attacks that had occurred since
childhood disappeared after resection of the tumor, oligo-
dendroglioma is considered to have been causing the
attacks. Brainer-Lima et al". reported that the mean period
from a diagnosis of epilepsy to the surgical removal of
low-grade glioma is 10.8years (30years at the maximum)
and that such a prolonged period was needed, because
only 74% of low-grade gliomas causing epilepsy showed
gadolinium enhancement on MRI, 65.2% exhibited a mass
effect, and 34.8% showed calcification on computed
tomography (CT) or MRI. Therefore, the diagnosis of low-
grade glioma is considered to be difficult while it is small.
It has also been reported that low-grade glioma was very
difficult to differentiate from focal cortical dysplasia,
which also causes epilepsy, by MRI alone, and that MR
spectroscopy was necessary ). This may have been another
cause of the delay of diagnosis and treatment.

Concerning the treatment, resection of low-grade glioma
causing epilepsy is reported to be very effective for
improving the patient’s activities of daily living (ADL),
because even partial resection reduces the frequency of
attacks by 90-95%"). The outcome is particularly good

when resection is performed with intraoperative monitoring
of the focus using ECoG'?. There is also a report that
attacks could be controlled by treatment of inoperable
DNT with the gamma knife surgery”, so that its use,
being less invasive, should be considered if the lesion is
located near the eloquent area.

[ Conclusion]

In patients observed over a long period after a diagnosis
of refractory epilepsy in childhood, periodic imaging
studies with the presence of latent low-grade glioma in
mind are essential. If a brain tumor has been detected, an
aggressive approach is considered to be important for the
treatment of refractory epilepsy.
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