Delayed complication after GKS for MTLE

Fic. 1. Dose planning for Cases 3 (A), 4 (B), and 5 (C). The 50%
isodose line (white line) covers the amygdala, hippocampal head, body,
parahippocampal gyrus, and entorhinal cortex.

Discussion

We observed SRN in 2 of 5 patients who underwent
high-dose GKS for MTLE. Although the CPSs in 2 pa-
tients with SRN were controlled, the patients required a
necrotomy 5 and 10 years after GKS because of SRN. In
most cases of GKS for MTLE, a lesion and surrounding
edema transiently were reported to appear approximately
1 year after GKS and gradually regressed within a few
years>5 New headaches were noted in 70% of cases, but
most of them could be controlled by steroids.! Although
Barbaro et al.! concluded that GKS was a safe alterna-
tive to craniotomy in a patient population evaluated over
a 3-year follow-up period, 1 patient who received 24 Gy
underwent medial temporal lobectomy early after GKS
for worsening papillary edema despite steroid adminis-
tration. Although Bartolomei et al.? reported the longest
series of GKS for MTLE, no SRN was noted. While there
was a 1-Gy difference between their protocol and ours,
we emphasize the importance of long-term follow-up in
this treatment, since we experienced delayed SRN pre-
senting more than 5 years after GKS.

Predictive factors for radiation necrosis after
GKS have been studied in cases of AVM and tumor.™2
According to Kjellberg et al.”> and Flickinger et al.,” the
predictive factors for radiation necrosis were associated
with dose and volume. The 50% isodose volume ranged
from 5500 to 9000 mm? in a previously reported protocol
for MTLE "5 whereas in our cases, isodose volumes
in Cases 3, 4, and 5 were 12,000, 7800, and 8300 mm?,
respectively. The target area of previous reports included
the anterior part of the medial temporal lobe, whereas in
our cases these areas extended posteriorly, which provid-
ed such a difference in the target volume. The volume in
the patient in Case 3 was much higher than that in previ-
ously reported protocols, and even the volumes in the pa-
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Fic. 2. Case 3. Magnetic resonance images. Coronal FLAIR (A) and
axial Gd-enhanced (B) images obtained 10 months after GKS showing
small areas of edema in the temporal lobe and a Gd-enhanced lesion
in the medial temporal lobe. Coronal T2-weighted (C) and axial Gd-
enhanced (D) images obtained 5 years after GKS showing augmenta-
tion of necrosis in the medial temporal lobe and diffuse edema around
the area of necrosis.

tients in Cases 4 and 5 were slightly higher (Table 2). One
possible reason why SRN occurred in a delayed phase
might be the increased irradiation volume. Too large a
target volume might make the radiation necrosis remain
over a long period.

Delayed SRN was observed after GKS for AVM 81424
However, predictive factors for the delayed occurrence of
radiation necrosis have not been determined. Meanwhile,
in thalamotomy, in which the target is the brain parenchy-
ma as in MTLE, the radiation dose is considerably higher,
ranging from 100 to 200 Gy, but the irradiated volume is
too low to result in SRN.>#

Whereas craniotomy for MTLE can achieve control
of seizures immediately after surgery, there is a delay in
antiseizure effects after GKS; in previous studies, an av-
erage of 10~12 months was reported to have elapsed until
seizure control.>!* The patient in Case 7, whose seizures
were decreasing, died of drowning 1 year after GKS.
Srikijvilaikul et al.*! reported that 2 of 5 patients died of
unexplained causes before seizure control after GKS. The
delay of seizure control is a critical drawback of GKS for
patients with epilepsy.

We judged that GKS had no curative effect at 30 and
16 months after GKS in the earlier 2 cases in the low-
dose protocol, and craniotomy was performed in these
patients. In the series of Vojtech et al.,® 7 of 14 patients
underwent medial temporal lobectomy after GKS due to
a lack of efficacy. The average waiting period was 63.5
months. The time course for seizure reduction or cessa-
tion is another undetermined issue.
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Fie. 3. Case 4. Magnetic resonance images. Coronal T2-weighted (A) and axial T1-weighted (B) images obtained before GKS
showing a cavernous malformation in the right mesial temporal lobe. Coronal T2-weighted (C) and Gd-enhanced (D) images
obtained 8 years after GKS showing hydrocephalus, a small area of radiation necrosis, and edema in the temporal lobe. Coronal
FLAIR (E) and Gd-enhanced (F) images obtained 10 years after GKS showing improvement in hydrocephalus but deterioration

of radiation necrosis and edema.

Conclusions

Two of our patients had SRN that required craniot-
omy more than 5 years after GKS for MTLE. Excessive
target volume was presumed as the possible reason of
SRN. One patient died suddenly before achieving seizure
control. Medial temporal lobectomy results in favorable
outcomes for intractable MTLE. Currently, the indica-
tions for consideration of GKS as an alternative to sur-

Fic. 4. Case 5. Magnetic resonance images. Gadolinium-enhanced
(A and B), T2-weighted (C), and FLAIR (D) images obtained 10 years
after GKS show that a Gd-enhanced lesion and surrounding edema in
the temporal lobe remain and cyst formation is observed in the temporal
lobe.
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gery are limited to a few cases that may be inoperable.
When performing GKS, careful consideration of the
proper target area is needed. Delayed SRN and seizure
remission should be kept in mind, and it is necessary to
continue to monitor patients’ progress carefully and for a
long time. Further studies with controlled protocols are
needed to determine whether GKS should be offered for
patients with MTLE.

Disclosure

The authors report no conflict of interest concerning the mate-
rials or methods used in this study or the findings specified in this
paper.

Author contributions to the study and manuscript prepara-
tion include the following. Conception and design: Kawai, Suzuki.
Acquisition of data: Usami, Koga, Shin, Kurita, Suzuki, Saito. Anal-
ysis and interpretation of data: Usami, Kawai. Drafting the article:
Usami. Critically revising the article: all authors. Reviewed submit-
ted version of manuscript: all authors. Approved the final version of

TABLE 2: Summary of the literature regarding irradiation dose
and 50% isodose volume

No. of 50% Isodose
Authors & Year Cases 50%Isodose (Gy) Vol {mm?)

Régis et al., 1999 7 25 6,250-6,900
Barfolomei et al., 2008 15 24 =1 5,500-9,000
Rheims et al,, 2008 15 211+26 6,960 = 1,250
Barbaro et al., 2009 30 200r24 5,500-7,500
present series

Case 3 25 12,000

Case4 25 7,800

Case b 25 8,300

Case 6 25 8,900

Case7 25 12,300

J Neurosurg / Volume 116 / June 2012



Delayed complication after GKS for MTLE

the manuscript on behalf of all authors: Usami. Study supervision:
Kawai, Suzuki, Saito.

10.

11.

12.

References

. Barbaro NM, Quigg M, Broshek DK, Ward MM, Lamborn

KR, Laxer KD, et al: A multicenter, prospective pilot study of
gamma knife radiosurgery for mesial temporal lobe epilepsy:
seizure response, adverse events, and verbal memory. Ann
Neurol 65:167-175, 2009

. Bartolomei F, Hayashi M, Tamura M, Rey M, Fischer C,

Chauvel P, et al: Long-term efficacy of gamma knife radiosur-
gery in mesial temporal lobe epilepsy. Neurology 70:1658-
1663, 2008

. Chang EF, Quigg M, Oh MC, Dillon WP, Ward MM, Laxer

KD, et al: Predictors of efficacy after stereotactic radiosur-
gery for medial temporal lobe epilepsy. Neurology 74:165—
172,2010

Cmelak AJ, Abou-Khalil B, Konrad PE, Duggan D, Maciunas
RJ: Low-dose stereotactic radiosurgery is inadequate for
medically intractable mesial temporal lobe epilepsy: a case
report. Seizure 10:442-446, 2001

. De Riu PL, Rocca A: Interstitial irradiation therapy of supra-

tentorial gliomas by stereotaxic technique. Long term results.
Ital J Neurol Sci 9:243-248, 1988

. Engel J Jr, Wiebe S, French J, Sperling M, Williamson P,

Spencer D, et al: Practice parameter: temporal lobe and local-
ized neocortical resections for epilepsy: report of the Quality
Standards Subcommittee of the American Academy of Neu-
rology, in association with the American Epilepsy Society and
the American Association of Neurological Surgeons. Neurol-
ogy 60:538-547,2003

. Flickinger JC, Schell MC, Larson DA: Estimation of compli-

cations for linear accelerator radiosurgery with the integrated
logistic formula. Int J Radiat Oncol Biol Phys 19:143-148,
1990

. Foroughi M, Kemeny AA, Lehecka M, Wons J, Kajdi L,

Hatfield R, et al: Operative intervention for delayed symptom-
atic radionecrotic masses developing following stereotactic
radiosurgery for cerebral arteriovenous malformations—case
analysis and literature review. Acta Neurochir (Wien) 152:
803-815,2010

. Friehs GM, Park MC, Goldman MA, Zerris VA, Norén G,

Sampath P: Stereotactic radiosurgery for functional disorders.
Neurosurg Foeus 23(6):E3, 2007

Heikkinen ER, Konnov B, Melnikov L, Yalynych N, Zubkov
YN, Garmashov YA, et al: Relief of epilepsy by radiosurgery
of cerebral arteriovenous malformations. Stereotact Funct
Neurosurg 53:157-166, 1989

Kawai K, Suzuki I, Kurita H, Shin M, Arai N, Kirino T: Failure
of low-dose radiosurgery to control temporal lobe epilepsy. J
Neurosurg 95:883-887, 2001

Kjellberg RN, Hanamura T, Davis KR, Lyons SL, Adams RD:

J Neurosurg / Volume 116 / June 2012

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

24.

Bragg-peak proton-beam therapy for arteriovenous malfor-
mations of the brain. N Engl J Med 309:269-274, 1983
Okun MS, Stover NP, Subramanian T, Gearing M, Wainer BH,
Holder CA, et al: Complications of gamma knife surgery for
Parkinson disease. Arch Neurol 58:1995-2002, 2001

Oyoshi T, Hirahara K, Uetsuhara K, Yatsushiro K, Arita K:
Delayed radiation necrosis 7 years after gamma knife surgery
for arteriovenous malformation—two case reports. Neurol
Med Chir (Tokyo) 50:62-66, 2010

Régis J, Bartolomei F, Rey M, Genton P, Dravet C, Semah F,
et al: Gamma knife surgery for mesial temporal lobe epilepsy.
Epilepsia 40:1551-1556, 1999

Régis J, Peragui JC, Rey M, Samson Y, Levrier O, Porcheron
D, etal: First selective amygdalohippocampal radiosurgery for
‘mesial temporal lobe epilepsy.’ Stereotact Funct Neurosurg
64 (Suppl 1):193-201, 1995
Rheims S, Fischer C, Ryvlin P, Isnard J, Guenot M, Tamura M,
et al: Long-term outcome of gamma-knife surgery in tempo-
ral lobe epilepsy. Epilepsy Res 80:23-29, 2008

Rogers LR, Morris HH, Lupica K: Effect of cranial irradiation
on seizure frequency in adults with low-grade astrocytoma
and medically intractable epilepsy. Neurology 43:1599-1601,
1993

Rossi GF, Scerrati M, Roselli R: Epileptogenic cerebral low-
grade tumors: effect of interstitial stereotactic irradiation on
seizures. Appl Neurophysiol 48:127-132, 1985

Spencer SS, Berg AT, Vickrey BG, Sperling MR, Bazil CW,
Shinnar S, et al: Predicting long-term seizure outcome after
resective epilepsy surgery: the multicenter study. Neurology
65:912-918, 2005

Srikijvilaikul T, Najm I, Foldvary-Schaefer N, Lineweaver T,
Suh JH, Bingaman WE: Failure of gamma knife radiosurgery
for mesial temporal lobe epilepsy: report of five cases. Neuro-
suargery 54:1395-1404, 2004

Vojtech Z, Vladyka V, Kalina M, Nespor E, Seltenreichovd K,
Semnickd J, et al: The use of radiosurgery for the treatment of
mesial temporal lobe epilepsy and long-term results. Epilep-
sia 50:2061-2071, 2009

. Wiebe S, Blume WT, Girvin JP, Eliasziw M: A randomized,

controlled trial of surgery for temporal-lobe epilepsy. N Engl
J Med 345:311-318, 2001

Yamamoto M, Hara M, Ide M, Ono Y, Jimbo M, Saito I:
Radiatjon-related adverse effects observed on neuro-imaging
several years after radiosurgery for cerebral arteriovenous
malformations. Surg Neurol 49:385-398, 1998

Manuscript submitted August 4,2011.

Accepted February 14, 2012.

Please include this information when citing this paper: pub-
lished online March 23, 2012; DOI: 10.3171/2012.2.JNS111296.

Address correspondence to: Kenichi Usami, M.D., Department
of Neurosurgery, Faculty of Medicine, The University of Tokyo, 7-
3-1Hongo, Bunkyo-ku, Tokyo 113-8655, Japan. email: usaken-tky@
umin.ac jp.

1225



1013
DRAIN and NERVE 64(9) : 1013-1022, 2012

15 5 1 BRI X~V 0 OBRISEADETRE
TADPASNERERICBIT S
ERIMBRREA X — ¥ v 7 D1RE|

Role of Functional Neuroimaging in the Surgical Treatment of Epilepsy
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Abstract

Functional neuroimaging is one of the most progressing fields in neuroscience and clinical neurological
practice. It has also been contributing to the diagnosis and treatment of epilepsy. Intracranial electroen-
cephalography (EEG) is the gold standard for the diagnostic Jocalization of the epileptogenic zone in the
surgical treatment of epilepsy. Currently, no other modalities, inciuding novel functional neuroimaging
modalities, are superior to iEEG in sensitivity and spatial resolution. However, iEEG is an invasive
procedure and its clinical usefulness is dependent on appropriate coverage of the epileptogenic zone. In
this review article, the author discusses the principles of decision making in surgical indication and
procedures by presenting clinical cases and evaluating the significance of functional neurcimaging in these
processes; the review focuses on magnetoencephalography, 2-deoxy-2-[*F] fluore-p-glucese positron emis-
sion tomography, and single photon emission computed tomography. The characteristics, advantages,
and disadvantages of cach modality are summarized. In some cases, but not all, functional neurcimaging
modalities help avoid invasive iIEEG without worsening surgical outcome and aid in determining the
coverage area of IEEG, thereby resulting in better outcome and léss complication.
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fiLflistEsmh Y, 22X Ehy{A THEET S, UK
IEVIFRAVALT DRI R DA A D WS U TEVICET
B35 LBMEERUEDOHIIRLELEbRS
D, RTINS0 A 7T ET ®MEL RS
Tw3, BEAAOHENEFIIRREOHNESDT
HEEDE <, KREFAOIETF G4 OBES % R+

Hidh B M1

2. TALAARIMIIRECSIT2EEEEEE
Knowlton 5% DRIA EFETIE, AiBRD L 5 2EA
D5, MEEEOTADANBHRTRIREC S T 25k
FHE L Tvs 3, SEEAGEE & MRI O 4 TRFEMEISOE
B R ST, EEAMESLELFIS5h5 &
572160 BlExtRE L, HRCHENEELZHEL
TTHID S B 23% T, MEROERD & EBMNOBEH L

LY LTz, FOD B 9% T, TOEIMERECHEE
BRENEENATV, £, MSIOHESRET 2
BETE, HEOREER/MBRIFTHo7, RIS,
Sutherling 5? DA EHETH, REREEFHESL
LA S N HEEETA»AOFIIBWT, R
BB TTALAESRERZHREL, 3% TEEH
BREEZER, IBTHEBEROFHZDOLDERZ
Tro HABIBREToLBEOABTHERIFTAT
Hotz,

MSI B 3 8 25 B8\ B 3 5 FE B T B D AP
MNREFTHBZ L, BEEOKTIEXD, SHEREERD
FECLHARES L DBEIICTE A2 R ER, fEFARK
BATOBBOREER» S b|EShTEY, BRark
YHABEBENTVWE LS THS,

. FDG-PET

1. BERTORRESHE

PET Ti, AV3 br—¥—i2&ko>T, BAmHH,
BRI, <>V YT EErZAEKES, 2V U2
BES, Yo b rERECEIETE 208, REER
L5 T w50, 2-deoxy-2-[**F] fluoro-p-glucose
(FDG) =M wi:REE#HE (FDG-PET) Th 5,
RERZHABHE FHERIE TADAFREFUS L ML T
W3 I ENEL, TALAKEDRIERENCE W THEN
WCAwHsNh3, —#fic FDG-PET X SPECT & tb# L
THENCHMEARE L, MRIBEELZ TAMARYE
Boghic b EATHAEMEYNDH D, AETREICRD
AN TV BHERIZ N,

FDG izfifaicER DAz h VU YEifbE b, 70
DA—AeRRY 7V 7TARBICRASTHIRNICL %
DBEFERET 5, °F O3 T 2 B L HENE
<, [**F] FDG O#IRESN % 30~45 iRk T
OFRHOEHEIERIEEN S, Lizd->T, Z0OM
ERIEHE USSR EENLET, REOKR
CRMEEE=5 ) 7 BEE L, BIRESES G
MOBMER S RIESRE L L BB/, bbbl
FET 2 TAPAERSOERBMEIA7ENTLESA
HEMEN D2, —AT, FFEBEETALAENOL S IR
e RS T 2 B R REFOFME L TOER
Ths,

EERRBE T, B oNnLERIEE FREMCRTNS
ETPEAZCERL TR 2, REGFMOESD
EEMI B DI, HENTFEC X Z2EENTMISE
BTHd (Fig.12), 7:72L, ZOHER, BHEOKE
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Fig.12 FDG-PET @ SPM (statistic
parametric mapping) & 3
HETRITEG OB

MRI #65ZE DO REHEE T A M A, HIEW
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SR E N,

EEELL, @EEOERERT — ¥ R—A L+
30T, 2 OBFTORE, FHCHITERN 2855
ORI BRI TS LA H 519, KBETIE, B
DL 8T A — & el Vs THERTHARDTRE L4 18
FHRGO MRI Ric#fmT 52 FELMEBEE ATV S,

FTHTH 5, HHICHAOAMNEEC B 58T 8
SIS AL L T A TREES H A0, BT L
b ARSI AE T LT { T, TADAHA
PHEL -8 CHETIHEC D839, TALAMELELS
DPIFRERHENE % A U 7o B8 HERYUHE T 4 M B o 1
QAR R - FIERET X 2IREIE, e
BEMO Y F T AHEOE TR ENZORFEEHZ 6N
T,

2. TADAARITEIREICSIIDERELES
FFEEC AP ATHE, NEEEO R THOETIEH
LRI T T0%8L b, R TO0%LL R iR & R
A7, SR OETIE, BRSHERZTS EEEO A
WL MG T 5 2 E A%y (Fig 3), FEHloIEEE®
B, WL - FEECLETHPLIELIERED RS,
YA b =TS B S E T, RS TO
SRBHETHEEE DS,

— RS T A DA T, RS TS5 Mo
BEEFBLZVHSRMORARR &0 T, TN
TEAHMOBIE 23 L ARENRTWAY, L, B
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RAHE T AR L D b IERPATH Y, sl
PEIRTETH, EAMPAEZIEMCIRES % 2 L iIRHEEE
KiEhrarEABETES (Fig. 1~4), S5, WEM
GEET A ADRCETIE, FENREL U CIEEgE2 T &
2% <, Mo FEIEREDHER S N S 5ER T LT
ETER—MCLr»ROo5AHnT &3 UIELIEEET
51,

FDG-PET ¥, fUFHETA»AOHTRIERTFINCLE
MTH 5, VIRMFREORCHET 2558 1% EHT A
BrEuI ERBRELOHEETHREA TS, —fiT,
IR THESEE OWERHETIRERTREF TS
50, WFEESCHIHUEHE TS 4 5 2 85E& 1, o
MRS — P REE T AP A BRBL TWT Y, IR
BARKETF &5, 2f, HERNEFBCHES TA
MADEE, MEFEO R EY 5 B CGHE T
R RET TH 555,

MRI HHEZ O TN T A 2 A DR T BIFLFRIK
s m e D, B MRIEHEZOWMEEETA
DA BT B AR R EBBIEE L 2> Tw b, 2
@ X 5 7 “nonlesional TLE (temporal lobe epi-
lepsy)” IS O ARE L iCiREERFOWME A
57 7a—F T HLBNRD A5, MRIBEKTH—
USRI R BHE T 2 & 5 L 5 “PET-positive,
MRI-negative TLE” LUFPEi 2 BHHETIR, HTEER
BHEEEEER] & RS RIFT, S5 CHENMEES
A% L T BTG L v,

644043 201249 H



1020

Posterior

Inferior R-lateral

L-lateral fAnterior

HEEN T APARTHEE CALATIE, TADAE
SICHHREHE T 280 S T b, ETHIROBIR IR EE
40T, FDG-PET Ot S VRO 20 %
LIREEETH D, LL, FRENTEHODRMEE %2
BT I3 HEST O,

Y. BPECT

. EBRTORKRESEH
EEZ—L, PREGER & 2> T 5§ SPECT Wi,
it SPECT &, TAMASEHTREL LT
PRy VST 1-:' e xﬁ% &:PI:C’[‘ 35 %o JEFETENF

iZsT 35{;"-2% i&‘u’i xaﬁd'fmtwr]&fm Ch D, ik
MAEEH ORI LMRAITE AW RENNL, R
HODZEF A ARLTULBREZEA TRV, TA
ARTRREE Ny 7 ) — IS A AN TV A RERIEE W,
i SPECT i3, BEMZMAA 1~ 23 TYSEL,
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Fig. 13 SISCOM D
ORIk ﬁiﬁ;ﬁ"‘m‘ikﬂﬁéﬁi:!ﬂiﬁ &
STl ﬁtflﬁr‘}:[rie_ ok E i fElastH

| X D FE{ERE SPECT &
Mﬂ:. i lllﬁﬂl«l)Um*“KfJH: DFEEER %
METE,
(K% #5) SISCOM : subtraction ictal
SPECT coregistered to MRI

Pl i iR S 3 HM-PAO (®mTc-hexamethyl
propylene amine oxide) %° ECD (*mTc-ethyl cyste-
inate dimer) 25vah s, 2L, HMPAO 38k
PR30 LR Lz hid e s hwvo T, FiE
Boick s }5’ A 2 2 7 ATE E Ao A IR 5
SPECT widifi & ¥, HURBESREHERish s ECD
Hushd,

13T T, FE1ENE D SPECT i & FEERM R o
SPECT ## L3l Cidiin AR EHHTL, 20
iffe % MRIWCH AU CTHRT % H ik (subtraction
ictal SPECT coregistered to MRI : SISCOM) #%H]
SNB LI KR, SISCOM Tld, TAMAHRM
& 2 DRSO M ZEL £ Sr D H Mgz S h

% (Fig.13),

2004 6 H 18 Mol L hole B4 4 < ¥
=nEROlcA 4 =€ =1 SPECT ikt~ vy
TEE X ZEEROSGEGRIET 55D THS, CA»
AERTRAARE =V OYRIPETLTWS I L%
<, fRBARIMEE & kR - LR TTALAES 2R
TEBAMEMEAH 25, TALAEEOREEGIESEE
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B DM SPECT & D 12 &2 45, FDG-PET & D E
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1998 FiRR SN A F BT, TLEW BTk
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PEMEFOAORECERTHY, FHNERLHTET 2T
LI TE 39,
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RBELETLBBSTHEE V., BEREERORSIERERX
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Fig.1 BEABMRRINIIA
A fiTild MRI (33) EREZESEEE CT (R, B:CT LoBELEBER. SEECHEE2H . C: Hx0EE

vV F F v AN OBHEABELS RS TRR S NS,

L DEFENEFECBEEL LIFEOBERE (verb
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A NEIRRT 52 LT, BERO—RERE O MRI
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L T v 3{ifAf MRI 4% CT * EMSE (Source Sig-
nal Imaging#, KE) FChdsk & MEAE X s SsR

L, BEGERIITRTESEHLTESELE (Fig. 1o

4, ECS

T 5 LHOBERTEEO Y — F 2 REER &6
L, 0.2 msec i 50 Hz D% 3 ~12mA O/¥ 1 H—
SHME Lic. i~y Ev 712, HESE, X%
&, Uihath, EERREETVwEY S, R 3
mA2SEHBLTImAT DML, 12mA CRIGH
HoENTNE BIZRERIGE Ui, Fliic X 22RHS
HIB LSS el L, MESERECEZOR
o TIRFE ML L 7c, BEOHRLHSEE () OHF
Zfii =, fMRIFEID C Ofic g Fh 5855 % IMRI B
HREE Ui,

ol EMEBER 2w T, ECSOBHE, B
(Fig.2C) # & 'iMRI %, Bk (Fig.2B) &M
WT ECS OS2 EH L L, fMRI DEE LERER
HHUE, r=1.5mm, r=3mm BLTIMRID 2z A
a7 %, VGR2WTK1.65 (P=0.05/one side),
1.96 (P=0.025), 2.24 (P=0.0125), AC L PN
DWW T1.96 (P=0.025), 2.24 (P=0.0125),
2.58 (P=0.005) KZ{L3 ¥t EDRELHEES
LT,
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Fig.2 &EEAER
A REI# AR MRI, BREPLEIVE IMRIED) (8
&), AR () ofaER. B: BEHEMNAEE
HIMRI SRR (GR), C: i~y £
7 k 2 HiEMEBEREORA L GEER (7).

b. SEEMEEIC L5EFECOG EH

ECoGit & tx, ¥— F v—A N T BMSI 6000
(NicoletBiomedical 7, K E) B4 sr (128ch) ® H
WT ol Y 7V Z7REE#HIZW0HZz L L,
ECoGEMIRAIC IR/ v F 2Tz B AN FRAT 4 P —ik
WALAEdIolz, BHIRIGHEE, ORUE—85E (F
{74 3 X%F) ~EOBRURETR, OUREH RERET
£a1%A88), QREEE (550 L DN 10 E o
BERZ, QOMEFHRTHW D LRACEESALY
P RTT S, OQTETRIhEL WL L &1,
FEREFRLDEIARLETI. 28, OQLOOIYE
OB 5 AUEHTT, 2OMICQOREEEEL
7o TATOFE B EHEREEM 500 msee, BIHERR
S % 2,800~3,200 msec, ¥ 120 EOHRRER L L
7z (Fig.3), &l & 5 &2 TTL (transister-transister-
logic) ES 2 F» ¥ AN ATLT, My 4
YT MUH—ELR,

6. ECoG &7
WHEECGIE7FFA M7 74 Vi & MATLAB®
2010b+ Simulink® (Mathworks #:, $E) wEAAA

72, MATLAB® DY — 2L CTERE 7 -V 228
PR IT - 2o BEERRNT~500 msec 2 —RAF 4 » &
LT, 60~120 Hz ® y #7423 Permutation 7 A b
FHFENCER (P<0.05) KEEL TW2HE%ER
Lize RIBHEOEWERS ORFRIRZE R 2R L1,
SR EMSE LTERRB L EBBlcy Z—v v 7L
LTHERLT, yHBEiaORM-2Z2MNEE2EkRE
Lz

7. ECoG 2325158

DORETHET7 2 ETE-HE (FRE3XF) -
O 3BE T 5 FIG (chance rate - 33.3%) %7
FAGGE AV, 15ROty ya v E2E
U fc#, MATLAB®® Y— ) T & % support
vector machine (lib-SVM) & sparse logistic regres-
sion (ATR#, HE) 2HwT2 7 A8 &{To%,

8. ECoG{#ZE(L

FUBLLE OH LI SPM8 (Wellcome Trust Centre
for Neuroimaging t, #¥[E) 2RV T{To7z, &BFE
fii MRI % JER a2 & v FEHERY MRT W &%+
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(A) (B)

Fig.3 B4 ECoG
A : ECoG Fll FIRMIBIMARE, M2 2 WS ENE RN To > Y A LBRTRT 5, B HEE AT ECG L Y
H—{E8, P I —BEOFELELZZABTETI,

Fig.4 #RdE{L ECoG
: SPMS i & A EHEN USSR OME L, 3R
FITIE 1,323 HOWEBERENTHLS, B i
HiOMBEESH. HIHEE AR ELoEES
AV, C: MIEROWBEEES M, % 1
e’ DEZ LIS, BHRZEVHOBERT
By TH—2BEIM L 25,

L=

3, COEWNT A5 RBEFMCT 7— 2 FREA  om® HUZEHAR ST 2 BER CHSHAEERT T
VW3 Z LT, M MRI ki &B#E ECoG MHiE % fik L kY, WEEGESGIC L5 RAOLMEESD £
T3 (Figd). BMERFTESLALTEBRL, y  ELk (Fig4B, O,

WERAORMT L OELRERTT 2L 5L, 1
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| - AC r=15
0sl 2 (== ACr=3 z237:224)
¢ / b VG =15
06} j{ ¢ VG r=3
Bk : =%~ PN r=15
04r &~ PN r=3
Fig.i BMBUENOBRELHEE
a5k =& 3 ROC g2
: AC HHE 2, VG RESE, PN
L FEEFROERE, ACHBEIThoY
0 ’ ; . : Z3mm @ & #H best trade off
0 0.2 0.4 06 0.8 1 SR Eiol. BMEETI.0%, BB
BB (1 —1RE) Best trade off 43.9%THolk,
(area under the curve) <0.5 Th o7,
I, #& 2 Liz#3-T VG i EEE S B0 RBERK I AC
KHE->TWwa I ERFREN:, 2, FRHOEE,
|, BEROE BRI TEEREL LTHEREATwA VG ACKE

20 FEGIH 12 PIT T R COBEEB/UNC{TI 2 eHiT
&, ZORHERB BT 2 ESZEIIT89.4+7.2%
Tb?fzu

2. IMRI & ECS vy EY T LD

FRE T 12N 9 Pl TiTo/ze FIEHIEICBWT
ECS 7o 7: BER 119 TH oz, B L 72T
—HoEEERALER, BN uLEE
96 ETHo,

ACBEIc BT, TRIEE2HLE L THIBEED
EviiEcHES (MRIEHS & 5 Wiz, Zofl, —
WoOPITHEIERE, FEEsN bEDSA SR, HHER
A, EHEEO—HcBEL Twic, SHEEREC b
WiETRA SN, VG EEE Bw TR, THIWEEOE
WHHEL ), PEHEEOENSES  &6nf, RIH
3, HEEEOFERI AC < TH» o, HEERED
EHRIELAZASENE DT ACKBITS r=3,
z2=2.24 OB EORTEELEC B 2 MRI DERE
79.5%, FFRER 43.9% TH-o72,

SMERREGE 2 fr s ol S HEBMBRCER T 2
B, HULETE 2RV CHRE 3 5 L EEEEIX 92.6%, 1R
Bk 43.6% L Rofe, MEHCRBLTHREI L Z
7, zfBEZ{LE ¥ £ 2D ROC (receiver operating
characteristic) M#E{ERK L 72 (Fig.5), ACH W T
NHREE>80%, FHRESW%EEMLL 228, VGT
i, WFhOEHFicBWL T ThzEke ¥, AUC

k% MRI TU/RE 1 90%EE, FRERS0NEEL
Thotz, 25D, fMRI QEHHEE X ECS THE
TELZEEMUTFNEREEETh3—F, HTFLD
fMRI EBH IR T R CHBEBLNABIR TR odz, &
DZr &Y, BEED (MR 3B FRERELBRFT
HLTWaERENS S L ERAILES 2T, BRE
RA¥R&ThH2,

3. BHECOG

BEO SimiRick T 3 60~120 Hz @ o #5
R 0ZEY (150, 175, 300 msec), ZERIRYRIEMD
AL L 7o, BERPIREZRT S, Fig 6 ALX, FEEMH
EERRCEBEEZRL TWAERTH A, HEaysu
2 SEHUR T 12 150~300 meec D, HEEICED
BREL Tz, —75, ERllE T 150 msec 2 S FH
FITASEE SR A% 3510, 300 msec W27 5 & S5k
BOz U OB, »o%HE, S « SO FEEIHE
{ leote, MBS TR T 150 msec i PP
Bl X v o BRSO LR 2R, RHEANT 300
msec TIEHEER () OBERHMEe, EREEL
TWEWT I E7EHTE, BUDIEERNE Rk
DOFEERED Iz, WHEEEEEROFmISE Wz, L
»L, EOFEMHIEEEBARERC L Tl - 25T
bolz, ;

Fig. b B B AERRUFRIEE 0 1 8 5 O TR 10
mm#%5mm & LaBEEREEFELATH S,
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A MEFEEEEES I EELZM L ER, B AU HTRRE T 12 150~300 msec O], BEBEHSRBL T,
BRI T 1E 150 msec 2 5 M BIRGHIEE A 9% (2150, 300 msec 1272 5 L STHUMIMIBLZ L U CAELL, »oEIED 51 -
NEOFEWHEE L oo, HER A TREEET 150 msec (& LHHEUHII & DARvs » HHRRS 0 LR 2880, REAYIC 300
msec TREHEIR (B) OFBHBE . B EHERBITEHNES ol h O WENEE 10mm 2 5mm L L BEERER
TR L=, ASEHSHIEIT I3 150~300 msec O, SRR AIFEIIE5ED T3, BUHIEITIZ 300 msec iE 5 & HITHAEE T
ST o WERA BIR o T — 05, WFERLABE T BEEY & MISHEEP RS\ S0 2 B, SMINC IR0 3 BRI & 18

Gty — B MRELE > T Wi,

SR B T E 150~300 msec DM, BFEK O AF
BE#Edb T3, ERETIE 300 msec 1 X & (| oEHE
ERSMIC y HERABIES 2 00BBENTH .
7%, BEETEAHIRET GRS EEIEP RS S
2R, SMIEH 5 BRI & EH)/ 88 — > 25 5
BIRZ->TW, 7I7ETETIEFig. 6 A X ERCH
BH L EBH Y — U BNBIE L, EREEE (R
B oL TR SIERICEI L T»w A I L8
L, ChsDRIGOERIGFRIGETH -2 12 4E
HlefTECH - 72,

HAMFIRRAQ C REREY S S EMIzBY
TiTole, Fig. TA BERBQEEEC /> v+ 4 72k
5 FERAEN THEEHELZE U THAENTH 2, L
»L, &l WMS TREESIRIERED Thleho
Yo 2, ZOEBEEERENTREINEDRIEELA
CEponthrot, Fig TAGEDEE 251 AE, TE
2 T A PIENEEIE IR L - T D & Ml & st
BHTH D, HEEEIED D 3 E0H S 3 EArEskizig
EAERBoTH, AR T EHEE 600 msec fi
T & B - R S AR I HE L T i, IFEIZELL

FARMRISIC b b 53, MREHIETRIELAY
BHs v, RBIETREIC XS H i AR L
ek Uiz, Fig. 7B RENRERBERED 1 5 v > 2 VO
H-BBERTERTH 5, DRAHIEC X D iEb i
BEAEBDTPoT, —7A, FRIERE TR 500
msec % Huls & U T 80~120 Hz O S B EAHHR S OF
WinERD i,

ZO RSB HATW A HOMHEEDTA
PANBIEFERET o 4 FTH, % WMSR LEE
CESRIET 2o e —F, y WEHRAENOT WH
OB ET o 7 4 PITRTERRR R, W
TRTAEEE O o HHER S O BT RO M A
REE2RTLOLIERTE S,

4. ECoG 73 A&I7%8

B s 3MHOEMIE (chance rate : 33.3%) @
75 A% 8 I TIT o7z, FHIEZEIT support
vector machine T I3 91.1~97.7%, sparse logistic
regression 1 80.2~89.3% THo¥ce TN ENOEHI
BN 2P THY, SEOBKIGE~OEEE IS
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