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0, FERFMBZEAETCADPABRERTHRLUERN. M
RIS DR 2B E TSN W), EHETADABE
X, TAPADERES XUTZ DK 3 IV EARSIET
HHLEVIREED LICHESNTWS), KEIZBITS
TAPANRIOB NI ORERZ#EA S &, AFICBITS
HY e TADANBIFERBUE, PR AED > THIRDOB
X Z 2~ 3 kAEBESN S,

NS DOBNHOERICII ESELRERVEFEET
%, Samanta, D.5 1%, TADPANRIOIER%ZHT 5 EEE
LT () BHEER (FHLFHY A 7N 28EO
A&, FYER~OMBELRAR), () BEREHEEER
(EAMRIETA DA DERLHEHEEE IS BT 2 Al
k- HREORR), (i) 2Ia=r—vavyERF (JkiHE
WEE & TAPANFHEATIEEE & DEERR), (v) BN
HR (BeesEm s B 0B, SHEAMRRE, JHEEN
D), (v) BEHEMEZRE (R H > 8 HE 7 00 Al 3EAf 12 A
5 BRI - RFIEIH) O 52%2% T3, Zhoo
BEICH LT, A TIREEF BRI EMB®IC L S
[TADPADERLEICET 2 EAMAERCBREEDT
Bt LIBEAEH OB ICBE T 20%8) BL T [TADAICK
T 2R AN ER ORI CBI T 2858 (FFZEfR
FRBEMN) 2BV T, TAPARERXY N —2EF
VERBELY, =R (ZV=v2), =R (GEESR
Bt), =R (TAPAEY Y —) OTAPABERBEHED
gL, 2411 4] ZHZE U CEYIZEFIERE~
DfENZRET 2 2 EPEELGRE L TEM TSN T
b\é”).

DD BERDLRNT, HE, EREFETALAK
X9 B EHERIX, Z OIGHIPHSEREEZ X T THR
LT3, TADPANEIFMRIL, FEMGIZ T TR, ¥
2 - ATH) - MBI T ARES, —HOFRAIKAEREE 72
E, TAPAICEET 3 S F &ERIFEENDRIRI TR
INTHY, HHPHEROZHE L DEE LD TS,

Z ZTARTIE, TA»ANBIOEERNficmz,
AR, AIUCB W THEA I N7 SEEG I RREEE
(deep brain stimulation : DBS) 7z & D &HT DB % 7/
L, TADPANBIOEMMEZEET S, ZD52T, TA
PASBHIERERBEE L THW 2 2 LD TE 2HMR
ABFETHBZEERRLEZW.
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. TADARRIE(R

TADPANEHE, TAPADRIEL 72 2 MiEE (TAD
AJRAGEI | epileptogenic zone) & AMEHICUIER, BEWT,
BEKI, B D VIIEEREIAET T 5 2 & CHRERZIHIT 2IHET
H 5. EARIETADANRIFMNIZ 1886 4 Sir Victor
Horsley I2 & O AR E iz, 2Dk, MEOFER, CT,
MRI 7% EDA X =Y v Z AR OMEA, TEE NI IEE Bl
DHELZERET, SHTIET V7 IVEMORBENIFE & 28k
BT NA ZADFRICIEZ oN, EREE R TA D AR AR
DLW L BRERGFE O L 2Bl E oo 7. S 51T,
wal - AZECE T 72RO AP H ATV 5.

BEACONTOE TAPANBIFEMRIEIRESUTO 3
Micagsns (K1),

1. #RiAM (Curative surgery)

- RIS - MIBEZEVIBR?, FEIRAR P RS Y] BR,
AR, SLTEREWTIN, EEREEWTIN, EEEW (5 OF
IR BB E 4 (radiofrequency thermocoagulation :
RFTC), L —#—[&EiR#EE (laser interstitial ther-
mal therapy : LITT))

s CADPABREFEELRIF L, 2 OVIBRTRE 25 A (EIG
IN3B,

- FAFHREICEI L T D BIRFEDE O,

2. &M (Palliative surgery)

- ARE T ¢ R BEWT AT, K E MR E (vagus
nerve stimulation : VNS), DBS, Responsive Neuro
Stimulation (RNS ; HARK

s TADAREEBAFEERE, REL Ty, Hs0
FIRE L T THERRIRGE OB A TUIRMAH L WiGA I
W& 725,

c ARFICBOLTIE, VNSIBEETADPALERTADA
DOWHZ I, DBS ZERTADPAICHIENH 5.

- FICREOHECEREOREEHWE T 5.

3. ZHINBHREWVWZ L OFiT CEERNERBEN)

- RERIIMT : BERE T R B, BT - YRR
HE T, SEEG MR Bl

* TADAFEFIRORR - FES L Vg~ v Ev 7
DI=DIZEMIN D,
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c. BRENBMBEN
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WRT - RACEDBEN SEEGEREE

K1 KRG TADANEFH
a. 1RIATT : RISEEVIRNT— 4GB ERIES. MMIAEELZTRL, BEZEMINSETL
%, BEBZERL, BEONAOMEAIT> T\, ERUIRIT—EMIAEECANAIC
FHLT, MEEBELESTBRATONT VD, LR — Eh ANERIEERDEA T
ADAIZH LT, BEEETERBEMTAITON TV S, AEEFREREEAMEE DA CE
SIS U THRRMUICEERTIRA H D, 5 DA BBEEREMN (radiofrequency thermocoagula-
tion : RFTC) —EB EBID TANAREBBICHLTYILF RSV M) —TRERZ1ER
LagEL TW\W3.
b. #EFM : BERBERTAT—R N LU TERAIS 2 HMECK L TABEREBRHAL O 7 7O0—F L, E
FORREBR L TWS, REMBREBEE (vagus nerve stimulation : VNS) —ZE3kE#
RICREBDAIILAEBSERHITTNS.
c. BEENBMBEN : BERET - REBBEEM—FHEL, BREZEFL CBEBEZREL TV 3.
SEEG BRREBEM —FDNALLOREBERESY — 7y FETHEALTWS,
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B2 HEMIKEMERRE YCU TANALY Y —DTANAARFHICESLEY7—2 70—
MATREZE(IC TADAEFRNRZITY, BIS, WX (EERNERBEZEY) (OWTHERT 2. BENE

BEBEBEZXELIEEE, BERNRICEVWTHERE

TADPANBIEMICE SN E LT, bhbhOEET
DTADPANRIY =270 —%2K2 TR T. EIBEEDOD
HIZ, TADAEFIBFSEZTY, FiRowEG, i, 5
BNEMEEOBERICOWTHERT 5. HENBMAEZ
EiL 7-560%, Z OB R D &0 THEREGHIC
P L, MIRMEARD, X o ICBERRNRMRE F— L4
EHTHRET 5.

. ARBROBUMHELEIET VR
TADANBREROENEIC OV TR, BRDT V5 A

fLEe#akER (randomized controlled trial : RCT) 23&F1E
T %, WRIEMICET 5 REMWNA RCT T, ZF|ANBKHLED
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LT, RABMMENMD, BEFRNGNTKZRET 5.

NEEEIE T AP A (L L CEBEELZKRE T 3)
X E LT, IBEHZEDIRM & PGB M T U 724
R, 1 FHORMEERIITVIBRMEED 58%, EYNGERED
8% L HBARENTINE?., SO ICYIRRETIZEYIGE
BEICHRTA A O Quality of Life (QOL) 2MEaH£#IIC
BRIZENATED, P - PRI DKET 2HA»ZD
bhz.

INBENHRE Lz RCT IZBWTH EEOREREIHRE X
NTw3, TAPANBIFMBETIE | FROFEMEHEIED
77% & EYRNEERMBED T%2 K& LD, HELES
Aoy, F£7-, {TEEH, QOL, #&MOEEAKEER
De—HT, HEEHEHICIE 2 BRI R, YBRicL 3
BTRAD S Do 7,
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&R SEEG LEERTEHEDLLE

SEEG EETEmE
EL MEEIZEND PRE[ADNS
97 - BB MERISBR, 58, 3 RTH BFNETE, 2 RITH
BHHER 1.3%'% 3.5%
EE B B
BigEET v Y Y ZERE BILTWS

HEENREZ D TAPA (RIRMERERIVK, iR
MENE, EEERERE) 2BV TH, AN AIER)
Td 5. Cochrane systematic review IZ & % £ & & TlJ,
YIRMi 2 Z I 7-BED 64% 1BV TRIFLAEETHRVE
Shi LMEL T3,

RIDHTA K74 cid, 2EEUEOFITADAFKE
T, 14EME (B U IZEFEATOFRIEMED 3 5 Lo
W) RESIHIS N wEa, FBABRETAPALL
THBRREHEICZ RS T2 2 & PRI TS, MR
TREVBHOBEEZER I RS LINTV S,

BRI DN TIX, A TR KT TH > 7
TINA AEHTH 5 VNS BREMWTH 5. VNS D 50%
responder rate (JEEEIC KR U THAIEH 50% B LA L 7=
BEOEE) X 14HFHTS558%L Sh, 3 FEEOBHTIN
THELH RBRNREIRES LT3, —hT, %
EERICE ZIERIE 10% K TH - 72,

iR DRI B T 2 EEREHRERICBI L T, BT 2R
Y RCT BFEL RV, AFTF YT RART =AY Y =X

DOHE T, MBI S >PAROWEFEAL RSN T
56,23).

. #MHEBEABRNATE

2020 412 SEEG 4%, 2023 SFICHKHTZ I % DBS
DA CRBGEN & oo 72, AFETIE, Zho ORI
AN T 5L LD, K, BGHiO1 2L LTH
WHNIRD TV B T A B EEEE T (radiofrequency
thermocoagulation : RFTC) 2\ T# 3 5.

1. SEEG

SEEG %, 1950 #£fRI27 7 ~ A D Talairach, J. & Ban-
caud, J. iIc X b, EMRAEARIEMZ A THAEI N
(classic SEEG). Classic SEEG (i E iz 32— v S THREL

BE A TADANE

TELD, EHE, FHARY b7 —20EAICLD,
robot-assisted SEEG 23k Tk L, HARMIC2HEICZZ
DOFAHBIERL T 3.

AFTDH 2023 Ff R CHBNEMABEM D 4 FIL LD
SEEG IZ &> TEMBINT WS E#iFFE N2 (NDB A4 —
TvT—% L0 FEHEI). {ECRETDH DT B &
DENERITRAT. SEEG (ZRHZIEMEICEN S 721 Tl
<, ERCAPHERNY D, BINEF QIR (FH - JR§2%
PRER, BMERER, MRISRZAIERIZ: L) ICHFELTEL, R
P Fe PR L OB MES T2, Zhoolny
5, SEEG i35% & SICERNED L PHlsn 3,

2. RKEIXICXd S DBS (ANT-DBS)

Anterior nucleus of the thalamus-DBS (ANT-DBS) (&
Papez Bl D —ER = MR 2 BURATZ Z RIE S —7 v b &
T5=2a2a—0ETal—YaryThsb. ANT-DBS O
&MWL L THIS N B SANTE study @ 10 £ HF—% T
(&, FEEAE (74 H) (ZATHEEERLE 86%, MISHIERL
78% L RVEIRD TR ENY, NS —7 Y b L
EINDTAPAREEE L PR—DOMESRY b7 —2
(2 2Tl Papez [BIFR) 2H 256H, mOIREIIRISHRE
TEHILEERLTNS,

—75, SANTE study 2B\ T, HEHERL LTS
(37.3%, 5 b 343D 21 1lFHT2 & ORE), FLiEEE (30%,
55250 L2 S) BMRESHh T3, %72, SANTE
study L IEEALZ2aF—F2WRE L EZRMND» SO
(Medtronic Registry for Epilepsy : MORE) IZE8WTdH,
52 13%, FEEE15%E, ERBLUIRTICET
FEEA ANT-DBS O EELAHFRHRE L TREINT
VW3, ZhSDRREDY S, KB L OIS DR
BEARBEICBOWTEDO TEHETHIEEIONS,

& 512, SANTEB XUMOREDWIFhD ak—FiH
WTh, fiTEiD S EEEECRTEESN 37D 1~3 5
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D2DBEFIERDONTNWE I L, T/, EM (objec-
tive) 715D - iEEE L Db, HEMWN (subjective) 7
Mo - AEEEOERSHEYD Z L AR E L THE S
NTw2Y, Zokd, MRLEENFMmICMA T, M
2O OREMBELNFHE (%) 2175 2 &, RIBEOL
WA ED 25 2 THEHELERE2ETILEZOND, L
7235 T, FHHEIGTE RS O Mt FEm, Witk 7 + v —
Ty TICEDET, FHHRHE & A RHE 3% B e
LTRBRICH-HZENEFL V.
MATERETIE, KEZ PSS TADAPCERTRE
TADARE, TADPARERNIG U 7Hil Ky —7 v
FOBFENED LN TED, 5B S SITHEIEHPIERT 51
EHED B 23,

3. RFTC
RFTC I%, EHO 70 —REZH#E SN D TALAFEHE
BUCEMRNICHEE L, $5 mm OERIBEEEHE 2 /ER L TA
2T FHETH S, MEHICEET 28R TOREEN
&<, F£7, MR & 2HERNE TIE SIS S BInH
ECIZSWHABESTIBIN TS, ZhODPEHEED
BIRICHFEGT 2 EEL LN, KEEFME L TGEHIAT
w3,
ENDOLEFLRERPFR T, FHEMHERITIELT
59.1%, mAkEigEnRg (hOfl @ itk 27 n H) T348% T
Hol BB EIhTwaY, kB, WKTIX SEEG Bk
EETICEHEEREMR %2 v THEE 21T 5 SEEG-guided RFTC
DPRIEBENTWBED, KETHEK-7 RFTC Lizarx 7+
DEZ DO CEEPLETH 5.

V. ABBRORELRE

R X B2 EARNFHE A TH 2 2FENMb S 2
&T, TAPASFHLEE, BISHER, KEEL, L
NERECHEREL TV S,

SEEG OF KIZ & 0, FERIGHEETH - 7-MiflitEd 2
\ZIAHEEBH DBRSR, MPEFRAES], MRIRARERICE VW TH
ANBHEE O TBEYE DR DS o 72, O B SR B2 4if o 3 4 & A
Fo7TC, INETHREREE ShTEREMICBLTHH
FHIADH N 7B BEERL L 70 D DD H B,

ANT-DBS %, fISHEECETEHIE, LBR0BEET 2 TA
DACK U TEOEIERPRGFTE, JRRBICIL U7 IARER
DU L I o7z, & LIH I RBKD 5 WIZF ORKFEIE T
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DZa2—MET2L—Yarygy—>vy bPHKShNI,
X0 EALE N EROERPHIFTE 3,

RFTC (3B OHEN DR E WS FlEEE» L
T, BEAHECAINEZBML 72 Yo FI0Ed) Fiie
LTGEESI RT3,

—HT, INODOFBIEAACIIHEES FET
%. SEEG 3R BT 2 BMALEEELB TH 579,
R DWW & & 13 H BN~ v v S DE XA PRBET
Ho, B CEEICRT CRBEETH S, EHE) -
BEy EVZICETIRMERIEER SN TETVEY, 3
ERPHE Yy EV IOV TRSHBROFBENRD ST
227,

ANT-DBS (&1 5 DR HIBERE R E 2 — & DSHEE TH
T 570, WIHIHE O BRE D O RS L LB
HIEEE X B ETH B, 2D, ZhE U EITHEHRE
IR D L AT 2 Bl 3 2 B D 5.

RFTC 2B TE, KRERE & FEMEMHIIRDNNT 2
ERO LD, TV IRBERBIEOTRARD O
3.

INODHEEIIDHZHDOD, BHRDOTADANBHERE
X, BAESE QAI1E) TA»ARKNLT, Fikro
A WCEIGHHREE > T3, TEF Y RAICEDL, %
ETHRNLEEIEELE LT, SBETETHLAOBET
HHENS Z LS NS.

 hHh I

TADPAIENE, FAEFETAPAIIH L TEDDT
WIRIISIRFRETH D 5706, HATIIEA L L THoicid
PEINTOZRWERD D 5. SEHARICN T 5 IEHE & BEf7
=D, WYy 4 IV T TOMNCER - SiREEEE %
W TTADABERICEST 52 L3, BEDOANEZKRE
KEZBMRENEZ SO,

TAPANEHE, YIBR#i»Sb =2 —RrET 2L —va
v, % U CHEpL, (EREBLREA LEL LT TWv 5.
IS DFRIZFEEMH O B2 T <, MG
RoYER L, BHMESEBICOERS 2 T2 5 5.

AREH, FEHBHE L TADANBIORIEL D, XD
% DBEFEPEY)ZIGRICT 7 R A TEBIRRICOLD S
EZES.

%8, ARSCIBHEL THRT RS HMER L.
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Current Status and Future Direction of Epilepsy Surgery in Japan :

Expanding Treatment Options and Challenges of Underutilization

Naoki IKEGAYA

Department of Neurosurgery, Graduate School of Medicine, Yokohama City University

YCU Epilepsy Center, Yokohama City University Hospital

Approximately one-third of people with epilepsy have drug-resistant seizures. For these
patients, epilepsy surgery is a well-established treatment. Surgical intervention not only amer-
iolates seizures but has also been shown to improve a range of epilepsy-related comorbidities,
including neuropsychiatric symptoms, behavioral issue, social difficulties, and certain cogni-
tive impairments. Despite robust evidence, epilepsy surgery remains underutilized both in
Japan and worldwide.

This article first provides an overview of the standard surgical procedures and summarizes
the evidence supporting their efficacy. It then introduces newer surgical approaches that have
become increasingly prevalent in recent years, such as stereo—electroencephalography
(SEEG) and deep brain stimulation (DBS), highlighting their contributions to the evolution
of epilepsy surgery. These technological and conceptual advancements have expanded surgical
indications, increased therapeutic options, promoted individualized treatment strategies, and
facilitated a shift toward less invasive interventions.

Epilepsy surgery is recognized as a standard treatment for drug-resistant epilepsy and
should be considered proactively at an early stage for appropriate candidates. A clear under-
standing of recent progress and future perspectives is essential for integrating surgical treat-
ment into routine clinical practice. By enhancing awareness and utilization of epilepsy surgery,

more patients with drug-resistant epilepsy may benefit from effective and timely treatment.

Author’s abstract

Keywords Epilepsy, Epilepsy surgery, Resection, Neuromodulation, stereo-electroencepha-
lography
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