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BE BECANAEELBEIT BT L, EREREER T AN DDE S AR B XS ARETH D, HERBDTA
M EBELDNYTWERNZWT EICNZ, BEEMECEGRRE CEENBIRIMAEHAIC < W, MRI THSNRREZRHHEN
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EETANA (nsular lobe epilepsy) Tk < & 5N 25 ERKRER
[clE, RELIDIEAIFT, BEZHRDELIEYVILE D REE
FEORBERCABEREZET 2REZAIRET2HEL, B
Ry NI =N URREGREICE DERTE (BES) X
EZRIRET2HENH 2. FIBEDEHEIF, MENICID
DICK WIEERDTeHIETADAMIERERBEINTLE 1D,
RIEEPEEZOREEREEEDNLDTE T ENZ NI,
—ATHREDBEIL, FIBEETCAMALEEEZISNYTL, &
BREEFMER T TWSIEIZH DY, FBHREEGHE
BREFEEERTH DD, BETAIAICHENLGRERTHD
ENDM SO I 5L, BEFRERFRIROM, KWHE
{E213, RIRFAE D19 73 & SIRIGFIEEIRIC BRI 2 Bx a8
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BOBEGEIRTT 2D, ZORRICITE IC SERIRDTTREMEICH
BUBLSRBEITILNENH S,

EETALAOHMBE EMWIES ANME (stereo-
electroencephalography, LU SEEG & B&EE) OEXISUTIDEEL
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IRADZENTREICR T ET, VILEDT RHERICAE
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BIEOIS5BIEERDBMN>TVWD, DED, BETCADA
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%2, RISRERCRIERRISRERIC DRI 2K PRIFEK 258D 2
ENEL, BAEE (RIE~RER) CRREULCEEZRHS
CERHETHZY?, BRETRISNBMEEEDSIFE
B0 Y 2 ZREERCEIER Y b T—0 ZRMRU IR
RTH3. VINEDRAHBERIMNET Z25EOMKREZHE
REBKETIRA S EIFELL., DFD, BETADAICER
MRER ERORATR 37 <, MEDTADAIBICHRZEY
3. BECRBULRKNE IRDOEREERPARBERRED
BRERDPEFRTHREEROZLWERSEBREREZEY S
EFITIE, FIEEXREE - REREDICER LMK TRIEENR
ZBWZ EDHB (Fig. N9, 2D L SI5EH, EIBERH E
BRTHNIE, CUBMKEENRZIBWVWI ENBETADA
DFBEFEICED. —A7T, B UVERZOMBH T NIEORETE
ThADAMRIEEBES C&ICiRb. e, EFTTE (BES)
RIFEE2ET2HRICIE, BMUWESERO7—F 777 K TH
ERFBOR DHIFHD EERIBENE V9929 FEHERIC 5 L
FT9 2AREIE EIRZERCTVWSIEZRERT ZRE - 17
&, WMALAMEDRESES) OIIH®, BERT TH ISR
WROFUIEE) HHENB EDBROFNDD [CIRB &
PE 2929

MRI

EEMREEFER (focal cortical dysplasia, T FCD & B&
i) (Fig. 1), EE, NEFE, FELI/UA—IX (LEE
E, ML MEREICLIBEARE) REDRENRSNDZ T
EHNH 292 FHEFICRNIE, FEEBMEREDOF Tk FCD
DEENFEHEL, FRICRVWTEBRIRDEEY YA -V X
MEZW, 2L, BWZEH > TCRBIFNIESIAEINARVE
EOESEBTZEIZEMY (Fg. 1), 2<EBZZORBWE
FHEL RN,

PET
HRIERRKORERHZ HDREZRETH D, ['°F] fluorodeoxy
glucose (FDG) %AW\ fc FDG-PET A RLAEZ NWE L 3 58

DI < WFCD O#HIT&RILDY, Fie, ERFELRGENS FH
M CERM S IIAEICRAT 2EERBEBRNEONZZEHH
30T, MEICRITTIREDO—2THD. L, HFEEHE
fEiE (RISEZE, AUSRZE, HRE, AERE) ZBARLENGE
BEEZZELRED, GEEBORENDILEO—ATEEICIIESR
MHENEI DT BZIEHHZ2DTEENDETHD. D
D, PET DFFR DA NS HERMBERZERm I 2 cldTE
BW, BIZIE AIEE (H2VIIHEE) CEEOmMAICER
BNEN > TWRIBE, &5 SHRERIRERDATEEENS L
OHZEHRIT D EETERND, BERIRTH > CHAIEE
PHBEDODEREEDANDIEDT—ANE L LBV BZED
—HICRB LI NSBEEE (FCD) FHRTEREREEhTW
BZENKLKHD (Fig. 1), HMOBRKT—5 Z2SRURBH SR
DRUVEEICFKFE T D& (= “second look”) NEETH 52,

3
l'l\

E BRI ICINZ BRI ZAEBROEEICIE PET/MRI &
SEBIERATHS (Fig. 1) 272, MR TREHD R X % WEF]
ICHWTIE, PET EBEHEZENICL TESHNEBEBE LD,
BEENBCEORTRIC PET 252Nk L CYIREEEZRE L2
DI 2ZENLLH 5.

SPECT

“mTc-ethylene cysteinate dimer (ECD) ¥%mTc-hexamethyl
propyleneamine oxime (HMPAQO) % FA\\fo F/ERF D A ik 58l
(=FAERF SPECT) H S BERKD AR Z XTI 2B
ENME5NS I ENH 9202 i - BRIERAEELTE,
FERF SPECT & FAERIXHEA SPECT DEDERD 5 R Fo MR
EFRiE%E MR LICEREDE TERERT S SISCOM (Subtraction
Ictal SPECT Co-registered to MRI) Mk < BW\WS1 2492029 fz
12U, 3 UBRMERE (B MEHINDERRSY, #
ECIEREE, ZheEHEMIMEEEINLD, EREBEERR
NMESNBN D TBIEHH D927, PET EREKKIC, f1D
RIRERZEE A THRENICRIRYT 2RENH 5.

EEEE (magnetoencephalography, LUF MEG & R&:EC)
KRR D FIREIRZREIC Y F T ABREBUNEL D E, Bt
IMEL BB SIEEEIICED > TR DHBERNERE
FEFMEIN S PMBIIMANIFES SMBEAEBRNRET 2. %
EETHRUTVWIONRETHZDICH U, BIFICHESHIS%E
LU TVWBDH MEG TH 2P, BHRERIIEEREICAED >
TEEAEICHRAIELLEIIZhTED, MEANERIIRER
BlcxtUTEEABICTHNSD. EXEM SRIBEOMBICIE Al
CoER THISN2BERBEMNH D, EBROMNDAMEICH
Mo ThUZETLSIC, BEICHRBD OBIZNFEET 5300,
MEG TIRZA 22 ENTEZDIE, BERICK U TEBEARDHES
BAICBR5N 20 2Dz, MEG IZiNEX D HRERDR
BTEULBISEEICRKIRUTWEO3) g (SIRR D —FiC
HBIL TRET 2726, BFRHBICRDIFEFHERZIC LR
BHN0N, R ERBDINEWR - & - REGEDLEXRDR
RAEBOEZEEZFRVWEWSTENSG S, Ak, HEEE
EULTITSHBABIC1EIRDEERRETH 5.
ERICHT2EREOAME RS (Bl 2E525L, —R,
MEG TR ZIRZICK WESICRZSNMH LN, LH
U, BETADLAICEWVWTE MEG OBRMNRIN TS5,
BEFFBAEBETIIRS, ADBALEENSKD, HhDEE
PHOVREAERIZE L TWBT28, MEG TIRZ 52 ABEDEES
0%, &fc, RS LDHBREORRRZHDHDD, E
KOFEE2LFIFRVEWVND MEG OFJENZEVNLTWE EE
A5N5. FKiC, BELROARENEZXFT 28 NRIEHRN PET
TH R SPECT THRR MEGH5B5NZZEHH D2,

. SEEG—EBETANAZRRILWVWHICER
IAREZE—
128 SEEG HRELRDH ?

BRI, BETANARUIFURRIBEETANA, HIE
ETADA, BEEETADAEDERDREICRD, FFHZEN
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Fig. 1 A 25-year-old right-handed male with insular lobe epilepsy.

He started to experience brief episodes of left facial pain at the age of 20. His pain was like “being stabbed with an ice pick” around the left
perinasal area and adjacent cheek, then it was followed by dysesthesias in the left limbs. He occasionally had syncopal episodes following these
sensations. Long-term video-EEG monitoring revealed that each seizure onset was characterized by a sudden prolongation of R-R intervals
concomitant with a change in background EEG activity (reflecting vigilance change due to a left perinasal tingling sensation), immediately followed
by asystole and then facial grimacing due to the above-described painful somatosensory symptoms. (A) Ictal scalp EEG with asystole. The red
bidirectional arrow indicates a prolonged R-R interval, which was immediately followed by asystole for 8 seconds. The EEG merely showed
awakening with aura (i.e., the left perinasal tingling sensation) and then artifacts due to facial grimacing reflecting pain. (B) Brain MR images
showing a subtle FLAIR-hyperintensity (indicated by the dotted circles) in the right posterior insula. (C) A ["®F]-fluorodeoxyglucose PET showing a
small hypometabolism corresponding to the insular lesion on MRI. Reprinted from Seizure, Vol. 91, Hagiwara et al., Ictal asystole as a
manifestation of pure insular epilepsy, p192-195., Copyright (2021) (DOI: 10.1016/j.seizure.2021.06.026)'", with permission from Elsevier.
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Fig. 2 SEEG-recorded ictal asystole in the same patient.

(A) SEEG electrode positions. (B) Ictal SEEG with asystole. The ALG of the right insula showed gradual acceleration of rhythm (arrow with a letter
a’) and then further acceleration developing into pre-ictal bursts (arrow with a letter ‘b’), which rapidly transitioned into low-voltage fast
discharges (LVFDs) in the ALG and PLG (arrow with a letter ‘c’) (these two electrodes are highlighted with a red rectangle). There was a subtle
contralateral propagation to the left insula, in particular in its ventral portion (arrow with a letter ‘d’). The blue inverted arrowhead indicates the
ictal onset with prolongation of R-R intervals (see the red dotted arow) immediately preceding asystole. Note that the patient already had a
cardiac pacemaker at the time of SEEG recording, and thus the asystole was compensated by the ventricular pacing (indicated by the letters ‘p’).
The behavioral change due to the pain sensation occurred at the timepoint with the red inverted arrowhead. Abbreviations: ACC, anterior
cingulate cortex; ALG, anterior long gyrus; Amy, amygdala; ASG, anterior short gyrus; FO, frontal operculum; Lins, left insula; MSG, middle short
gyrus; PCC, posterior cingulate cortex; PLG, posterior long gyrus; PO, parietal operculum; PSG, posterior short gyrus; T.lat, lateral temporal
cortex; TO, temporal operculum; TPJ, temporo-parietal junction. Reprinted from Seizure, Vol. 91, Hagiwara et al., Ictal asystole as a manifestation
of pure insular epilepsy, p192-195., Copyright (2021) (DOI: 10.1016/j.seizure.2021.06.026)"", with permission from Elsevier.
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BoOTcODFEBICAZRAEATHD, BETCANADEENE
HHINZRELQENE B oe. Z2LUTGAE, BETADA
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OfiRHHENHSNBWABEBETADAVEEETADA
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Thhh, BEEETADA

(BSleep-related hyperkinetic (hypermotor) epilepsy (SHE)

CYVIREERENVEREERE (FCD, BIRRMERER L)

—AT, BEANOBEMBEOLEUENZWVDIE, HEETA
NATH2ZZ ELERRBEY, BE - AEIHSHENIRE
THEE - B - BRIREREN A TE 2BA TH B0, DED,
EERREREZTSEN TEEECERZBEZNELT 55
EPBEE URWERICHRNTEENICEZ . Bic, BEREL
FENH > THEBELHRDOREERDDHEELH D28, MRIFT
BOHNS BERIROIEMEERA LU TLEDRVWL S ITER
NRETH B,

BEICHIT I EBEBBUDOERA
BMBEEMMIEEEDE Z THINEVWS bIFTIERL, =
BUCEmBBZEE L CHDERETEDN, 1~2 AOBIET
2FEEBETEDFEBE /NI REHTIERW (Fg.2). %
EEMROIGIBMEE (hEE & OFEIER - BEENES) IEERN
DOEHIIC L > TERD I EEBRE LI LT, BYRIMIICES
LRI NIERERBESEEZRRLTLES. RERE - ARE
BEREZT 25EICEBEBENVERILITSEMNT (7 -
- gEE) THB FORTHEMIEAAEEETCANLAE
OO LESEREZZLNLT 019299 BIEE S DFUDE
MBWEALTH B0, DED, WEMNE>ED LR WRITEE
ThADATIRCOEMIICEMBEZ RN T 2HENHD. —F
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221019 (AMEREEROBEICIIBESE B - #RE) &HE
BRE CRAEREE) [CBET 2299 BREREEOBGIE
RICEEXTEAE ZNICHET 2HEEAZENANEETH
20019204 ZOMOBEERICDOVWTE, BREERTIEER
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E~RIEEFZEICDY, KE/MREER TRIEELR FICHLES
EFE) 1221949 FIERERTEEERERZEDVILE D RBEBA
EBICHEBRIRETT 5494, pIEEOEAIOHNFEIEICESL
TWBBEIFERERNZ UL, TSI RFHEEITEL OB
BIE (BEE) EREETZIENEZND 2L, BRIER
MERRIAT DREL T TIRERL, BER~BIENSEIAT D H
ETHEHTTE BER) FEREET DI EAH DI040
TEEEMZRD ICRERRBENG S EHZLwWe~0 g
BIAD SHE TlF, BSEFBEORE - NEERMESERTY R
7INTLES LY, BRATEHENZ LW ENZ W,
EERBOTFREMEZBEICEE L TLEDLRVWEL S FRIDE
THBH290  HIFRE & OFEIZM - HENEE X EERN DI
IC&BEVWAHD, BERESOREIEIERIERSE - AUEAE -
AIEREICEEL LT, BERIORKEGESHIE - HEE
B - FHREICEEL LIV (Fig. 3,4)90. Enazhid
EEEROFHIC KL > TEERNOEMBBBELAE HET D2E
MHB2ENWSZETHB.

EEANDBMBBAEICIE, orthogonal (RIRBFICEE) &
oblique (FIRBFICFIT) DZD2DF 7O—FhH 3 (Fig. 2)%,
IS SAERZE > CEEICRATIHETHD, BEITEL
ERICIAEVWE 2205 BEDHEICATRERRD B> TRIAY 28,
EBTH2. 2FD, BELAEBZRAKICH YT VITBIC
IEIED, BEDY YT VI 2 TEBRITELTICIEEREN
Auwsnd, LtiRkocE<, BEOEINSTHRENEID
53%32¢&, LRUIREET 2RAEINGREI D EzERT D
&, BEEADYYTU VT UDODORERL Y Y TU VIS
RENH D, FDfcs, LIEUIK orthogonal & oblique Z ffF
T3, REEABEEINBELFICEBLTWRDN, Fhed
AETICEEN > THAHL TWBONZHEIEICT D &iF, 4
FUABOEHE 7 7O—FOIEA%RDD ETEETH D,
BE, —DOOBEIZIFICRE U NS RRERBEEDEED
HDH, BETCADNADIREEZERIESHERIITESLET
BRBMEBEE MM ZRENH D (Fig. 2). Fiz, EOD
EEANRBITEET 57, HREERCMBIREDERL, S
FHEDNBAETHEWVEANTIEIRAIOESEICEET 2HENH
51)52).

REBICEELRRELT, BELRRIIZEN - #ENESZNL
THEMBBERHICEEANGET 2 ENZ VW ecHD, fER
ZRIUMBIREFEN SEICEND (HEEDH D) NEE
ICHBMEZBELRITNIE, BELROERZEMETI L
[FTERW,

HFDOBROBRER

& R ICIEIRIBER  (ow voltage fast activity) # 2 2BEH
ZL\HV195050~%0) B DIRIRRD SR D L 574, EiRIEER
BERBRBENY—VEZETDHEEHH D99, BRKERED
HEPRBNE(LEZEBURBNSHZET INEN G . RIER
WORBEND—DDE, ZhH—HMICRBLTWEZEHBL
<BRWzH®, BRSBWKSICEEICHZIDETHD. M
BRAIIC & > TESERERIEVWD B B1c60), REIZHMEE
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Fig. 3 Examples of insulo-frontomesial propagation pathways objectified by a directed connectivity index (cDCI) (see Hagiwara et al., 20175% for
clinical and methodological details).

In accordance with the structural-functional connections (see Part. 1 for details), seizures involving the anterior region of the insula tend to

propagate towards the anterior frontomesial/cingulate regions (e.g., orbitofrontal, prefrontal, anterior cingulate regions), whereas those originating

from the posterior region of the insula propagate preferentially towards the posterior frontomesial/cingulate regions (e.g., pre-SMA/SMA).

Reprinted and modified from Clinical Neurophysiology, Vol. 128, Hagiwara et al., How can we explain the frontal presentation of insular lobe

epilepsy? The impact of non-linear analysis of insular seizures, p780-791., Copyright (2017) (DOI: 10.1016/j.clinph.2017.01.022)%9, with
permission from Elsevier.
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Fig. 4 Anexample of sleep-related hyperkinetic (hypermotor) epilepsy (SHE) of insular lobe onset.

17-year-old male with epilepsy onset at age 9. (A) His seizures presented with tonic-dystonic contraction and elevation of the right arm and leg.
Brief grimacing suggesting aversive sensation was observed before the motor symptoms. He could have paresthesia in the right limbs during rare
daytime seizures. SEEG demonstrated ictal discharges in the middle and posterior short gyri of the left insula and adjacent medial operculum (the
yellow contacts), and then propagation to the SMA and midcingulate region. Direct stimulation of the insulo-opercular region reproduced a
habitual seizure. Although brain MRI was normal, FDG-PET disclosed left peri-sylvian hypometabolism (B, the dotted circle). He remained seizure-
free for 9 months after radiofrequency-thermocoagulation using the insular contacts, and has been completely seizure-free for more than 3 years
after the insulo-opercular corticectomy (C). Fragmented specimens precluded a reliable histological diagnosis, but the interictal SEEG (semi-
continuous spiking) suggested cortical dysplasia type 2. INS, insula; OP, operculum. Reproduced with permission of the licensor through
PLSclear: Hagiwara et al., Insular-Origin Seizures with a Hypermotor Presentation. In: Nguyen D, Isnard J, Kahane P, eds. Insular Epilepsies.
Cambridge University Press; 2022:118-133 (doi:10.1017/9781108772396.012)%. Copyright © Cambridge University Press 2022. All rights
reserved.

BEPRMHIRS | 2024 | 64585 545



feb b&b‘b#ﬂm@‘%é:ctb\. AR /\L\74)L9—’E%L\%
EARIRIBERE DD DD 12 < <722 D TRV,

REAREIRIEK

SEEG [CHWTIF, VIBREEFH & 558 - EENEEE OAIERR
DIEEZENE ULIREREBEIFRIBIL T TIEE L, RIERRAT
BOHERD - ICRIEFREABRZBMAICIT > TVNBH9, ﬁ
ENMERETIET Y TV INRA TR (BBEER L TULAR
WEFTOIBRIIESNBWNWT &) MHEEE L TEICHERES
28, RBICEDFERINLER - RIERDBRICE UIRKE
ERUMNE SN ERERT 52 & TRIERBERTH S Z & DI
EZBHERTVSE®Y  CORERNBEIRIBORBROEBREIC
& D EEOHEERBECRIEERDBES MR > 2 Z &1 Part 1
THRANED TH D, RBD/INTA—=FICDWTIE, BEDES
fcZ2DEmERAWLNE (bipolar) + Z48{E (biphasic) R
zHAW, OSBEKENL - VR GREBSERE 50 Hz, /YL RIE 0.5
~1 I UM, FIEEE 0.5~5mA, RIBUSHIRRE 3~8 7)) @
BRI N L VR GREBSEE 1 Hz, /XJLRIE0.5~3 S UF,
FIBGRE 0.5~4 mA, FEBHRHGERE 20~60 ) O Z D&
MFTNBED® DIFREBRE S OHET Y EV T2RICAL
5159 QIEBE® FCD [CH T2 RIEFRY, ESEAET v
EYJICAVWSN 3% BEBRIBORMTIIREAZHERT D
ENBBHN0, FEBITNSBRIFBEN S IZ AT EITFT
WK ESIELTWBHEESHD (Bl 1 0.2mA D5 0.4 mA K
g}) 7)20)_

IV. BETADMADARIEE

1940~50 FD Penfield S DICERRIIFZRIC & D, RISEZEVIER
BICBEICHENEET EANHZ L, BEEIETZ &
BISEZERIE S B0 LIEHERNFR I D 2 enanb, fl
BETANADTIBFERIREICIIBEOESNHZEEZS
N3LS5IChEo 0 ZORGICEDE, AIBEETRRICS
EICHENERET ZEMICH L TEEDEBMTIRNRAS K
fo00 UL, HROFMiREZL Eax—UicRETE, Al
BEVIRICEEDYIREBMNUCIBEEEHER (EICHHE)
NE<, BASHRFRUEBNREREBI o120, BEA
DEREREERDEZIEICHR>TUEST. 2L, %
DOWEEFHFLCTO &, RIEEVIRRICEEICETT 2MED
SEE - RIBE FROBICITEDOEEND > e 2 ENDH 35,
Ffe, BFNEFICE > THIIBAICIE, BEDYRET >
BEBEETDOED S IEHICHERTFELARI > EHDH
%50 RWERAZRT 2000 &, Isnard 5% SEEG TEBZERHA
DREEERBICIRZ T EICED, BETADADEEEHIE
I Nd I ElLBmo e, 20k, BETANADEREHR
BHISEATEDIX Part 1 TRR/TCED TH B,

E - RETOVIRTR, F@ROGEICLDBRELERE
KICBEZEC D ATV, BUFIKTRIEBEEOIRVH
B3 ABHEDEZL IEF—BELD, KENGBEEEET &
MNED > BEDERD H Do, MOEDFEMICH N THE
INPIL. UhUBREDEFRBROERICKD, REFEFH

Surgical strategy in insular epilepsy

g (RIEEMRE76.9%) ZERL, M OEHEREEINZ
ZTEMNTEZMRLETETWNS (FEFIEK 44 &, XK
BRERERICEBNRIE 46 (91%) : >EEBREIL 14
(2.3%), KFEBIF 0B (0%)) 29 BEDAYFF VAT
&, RIEBERBETH 66.3%, KEMNBREHERIE 7.8% (55&E
BIFREE 5%, SEEE1.4%) CHESNTVEY, YIRREEHE I
EBELITTHRIAETNEENZ EAMHEDY R INEESC
%, SEEG Z{T5BIEMEZ+RICT>TU VT L, VIkRE
BEZEEICEDDRENS .

FIEEYIRRTIC D 2 TR E UTIE, BALD VAR EGREM
PL—H=FTL—yarhBHOSNTNES) N5 (EE
BEEDPAHHEY AVMEWT &, ZOHHEEFNEES TR
DIBULITWP T W &, FBEFMORICZEINERE UTER
328, BEDX Uy hHHZ90 BERNICRE LN G
FAERRBEEN K VB TH %5,

V. #hEE

HHPIRFMESR TADAICEWNT, BICESZHTICTESAMN
BEDEETDHUWEFTIE, Z<OEFATEETALAR
ERIICE S CTEEICEERET 2HENH D, (IEE - §IEE - B
JBE - #EEOMDOEICH T TARLAEEEEZE X TV ek
RIGBEZTED, “EB5DE” THLIEERXEOILEBREEZ DR
K&k ofe, BFS SEEG DRELRERMEATWSH, BET
ADAIEDWT O+DRIBENHIFE R E S ZWT & @Y AR AR
BEOERNDEERPTHD I EEFRBLRTNIERS
AN

X m

1) Jobst BC, Gonzalez-Martinez J, Isnard J, et al. The insula and its
epilepsies. Epilepsy Curr 2019;19:11-21.

2) lIsnard J, Hagiwara K, Montavont A, et al. Semiology of insular
lobe seizures. Rev Neurol (Paris) 2019;175:144-149.

3) Martineau L, Nguyen D, Isnard J. Clinical presentation of insulo-
opercular epilepsy in adults. In: Nguyen D, Isnard J, Kahane P,
editors. Insular Epilepsies. Cambridge: Cambridge University
Press; 2022. p. 67-81.

4) Obaid S, Zerouali Y, Nguyen DK. Insular epilepsy: semiology
and noninvasive investigations. J Clin Neurophysiol 2017;34:
315-323.

5) Hagiwara K, Gibbs S, Rheims S, et al. Insular-origin seizures with
a hypermotor presentation. In: Nguyen D, Isnard J, Kahane P,
editors. Insular Epilepsies. Cambridge: Cambridge University
Press; 2022. p. 118-133.

6) Isnard J, Magnin M, Jung J, et al. Does the insula tell our brain
that we are in pain? Pain 2011;152:946-951.

7) Montavont A, Mauguiere F, Mazzola L, et al. On the origin of
painful somatosensory seizures. Neurology 2015;84:594-601.

8) Montavont A, Mazzola L, Demarquay G, et al. Are painful
seizures specific to insular epilepsy? In: Nguyen D, Isnard J,
Kahane P, editors. Insular Epilepsies. Cambridge: Cambridge
University Press; 2022. p. 98-109.

9) Hagiwara K, Garcia-Larrea L, Tremblay L, et al. Pain behavior
without pain sensation: an epileptic syndrome of “symbolism for

546 BEPRMHIRS | 2024 | 6458 5



Surgical strategy in insular epilepsy

pain”? Pain 2020;161:502-508.

10) Catenoix H, Mauguiere F, Guénot M, et al. Recording the insula
during ictal asystole. Int J Cardiol 2013;169:28-e30.

11) Hagiwara K, Okadome T, Mukaino T, et al. Ictal asystole as a
manifestation of pure insular epilepsy. Seizure 2021;91:192-195.

12) Tran TP, Truong VT, Wik M, et al. Different localizations
underlying cortical gelastic epilepsy: case series and review of
literature. Epilepsy Behav 2014;35:34-41.

13) Mirandola L, Cantalupo G, d'Orsi G, et al. Ictal semiology of
gelastic seizures. Epilepsy Behav 2023;140:109025.

14) Picard F, Craig AD. Ecstatic epileptic seizures: a potential
window on the neural basis for human self-awareness. Epilepsy
Behav 2009;16:539-546.

15) Picard F. State of belief, subjective certainty and bliss as a
product of cortical dysfunction. Cortex 2013;49:2494-2500.

16) Picard F, Scavarda D, Bartolomei F. Induction of a sense of
bliss by electrical stimulation of the anterior insula. Cortex
2013;49:2935-2937.

17) Kwan P, Arzimanoglou A, Berg AT, et al. Definition of drug
resistant epilepsy: consensus proposal by the ad hoc Task Force
of the ILAE Commission on Therapeutic Strategies. Epilepsia
2010;51:1069-1077.

18) Isnard J, Guénot M, Sindou M, et al. Clinical manifestations of
insular lobe seizures: a stereo-electroencephalographic study.
Epilepsia 2004;45:1079-1090.

19) Mazzola L, Mauguiere F, Isnard J. Electrical stimulations of the
human insula: their contribution to the ictal semiology of insular
seizures. J Clin Neurophysiol 2017;34:307-314.

20) Mazzola L, Isnard J, Peyron R, et al. Stimulation of the human
cortex and the experience of pain: Wilder Penfield’s observations
revisited. Brain 2012;135:631-640.

21) Rosenow F, Luders H. Presurgical evaluation of epilepsy. Brain
2001;124:1683-1700.

22) Jehi L. The epileptogenic zone: concept and definition. Epilepsy
Curr 2018;18:12-16.

23) Pana R, Martineau L, Mohamed I, et al. Noninvasive electro-

physiological investigations in insular epilepsy. In: Nguyen D,

Isnard J, Kahane P, editors. Insular Epilepsies. Cambridge:

Cambridge University Press; 2022. p. 141-162.

Gibbs SA, Proserpio P, Francione S, et al. Seizure duration and

latency of hypermotor manifestations distinguish frontal from

extrafrontal onset in sleep-related hypermotor epilepsy. Epilepsia
2018;59:¢130-e134.

Chevrier MC, Bard C, Guilbert F, et al. Structural abnormalities in

patients with insular/peri-insular epilepsy: spectrum, frequency,

24

~

25

=

and pharmacoresistance. AJNR Am J Neuroradiol 2013;34:

2152-2156.

Bouthillier A, Nguyen DK. Epilepsy surgeries requiring an

operculoinsular cortectomy: operative technique and results.

Neurosurgery 2017;81:602-612.

27) Chassoux F, Soucy J-P. PET and SPECT in insular epilepsy. In:
Nguyen D, Isnard J, Kahane P, editors. Insular Epilepsies.
Cambridge: Cambridge University Press; 2022. p. 179-193.

28) Toth M, Barsi P, Toth Z, et al. The role of hybrid FDG-PET/MRI on
decision-making in presurgical evaluation of drug-resistant
epilepsy. BMC Neurol 2021;21:363.

29) Sala-Padro J, Fong M, Rahman Z, et al. A study of perfusion

26

)

3
l'l\

changes with Insula Epilepsy using SPECT. Seizure 2019;69:
44-50.

30) Hagiwara K, Tobimatsu S. [Principles and clinical applications of
magnetoencephalography]. Fukuoka Igaku Zasshi 2010;101:
135-141.

31) Kharkar S, Knowlton R. Magnetoencephalography in the
presurgical evaluation of epilepsy. Epilepsy Behav 2015;46:
19-26.

32) Mohamed IS, Gibbs SA, Robert M, et al. The utility of
magnetoencephalography in the presurgical evaluation of
refractory insular epilepsy. Epilepsia 2013;54:1950-1959.

33) YuT, Ni D, Zhang X, et al. The role of magnetoencephalography
in the presurgical evaluation of patients with MRI-negative
operculo-insular epilepsy. Seizure 2018;61:104-110.

34) Bancaud J. Apport de Iexploration fonctionnelle par voie
stéréotaxique a la chirurgie de I'épilepsie. Neurochirurgie 1959;
5:5-112.

35) Bancaud J,

stéréoencéphalographie dans I'épilepsie. Informations neuro-

physio-pathologiques apportées par linvestigation fonctionnelle

stéréotaxique. Paris: Masson; 1965. p. 321.

Talairach J, Bancaud J. Stereotaxic approach to epilepsy.

Methodology of anatomo-functional stereotaxic investigations.

Progr Neurol Surg 1973;5:297-354.

Talairach J, Bancaud J, Szikla G, et al. Approche nouvelle de la

neurochirurgie de [I'épilepsie. Méthodologie stéréotaxique et

résultats thérapeutiques. Neurochirurgie 1974;20:1-240.

Kahane P, Landré E, Minotti L, et al. The Bancaud and Talairach

view on the epileptogenic zone: a working hypothesis. Epileptic

Disord 2006;8:516-S26.

39) Bartolomei F, Lagarde S, Wendling F, et al. Defining

epileptogenic networks: contribution of SEEG and signal

analysis. Epilepsia 2017;58:1131-1147.

Ryvlin P, Picard F. Invasive investigation of insular epilepsy:

indications and preplanning. In: Nguyen D, Isnard J, Kahane P,

editors. Insular Epilepsies. Cambridge: Cambridge University

Press; 2022. p. 203-210.

41) Barba C, Rheims S, Minotti L, et al. Temporal plus epilepsy is a

Talairach J, Bonis A, et al. La

36

=

37

~

38

=

40

=

major determinant of temporal lobe surgery failures. Brain
2016;139:444-451.

42) Penfield W, Faulk ME. The insula; further observations on its
function. Brain 1955;78:445-470.

43) Isnard J, Guénot M, Ostrowsky K, et al. The role of the insular
cortex in temporal lobe epilepsy. Ann Neurol 2000;48:614-623.

44) Mazzola L, Isnard J, Mauguiere F. Somatosensory and pain
responses to stimulation of the second somatosensory area (Sll)
in humans. A comparison with Sl and insular responses. Cereb
Cortex 2006;16:960-968.

45) Mazzola L, Royet JP, Catenoix H, et al. Gustatory and olfactory
responses to stimulation of the human insula. Ann Neurol
2017;82:360-370.

46) Mazzola L, Lopez C, Faillenot |, et al. Vestibular responses to
direct stimulation of the human insular cortex. Ann Neurol
2014;76:609-619.

47) Beniczky S, Tatum WO, Blumenfeld H, et al. Seizure semiology:
ILAE glossary of terms and their significance. Epileptic Disord
2022;24:447-495.

BEPRMHIRS | 2024 | 64585 547




48) Ryvlin P, Minotti L, Demarquay G, et al. Nocturnal hypermotor
seizures, suggesting frontal lobe epilepsy, can originate in the
insula. Epilepsia 2006;47:755-765.

Proserpio P, Cossu M, Francione S, et al. Insular-opercular
seizures manifesting with sleep-related paroxysmal motor
behaviors: a stereo-EEG study. Epilepsia 2011;52:1781-1791.
Hagiwara K, Jung J, Bouet R, et al. How can we explain the

49

Ny

50

=

frontal presentation of insular lobe epilepsy? The impact of non-
linear analysis of insular seizures. Clin Neurophysiol 2017;
128:780-791.

51) Hagiwara K, Isnard J. Comment on: “Ictal semiology of epileptic

~

seizures with insulo-opercular genesis”-clinical challenges in
differentiating insulo-opercular from other origin seizures. J
Neurol 2022;269:5151-5152.

52) Unnwongse K, Jehi L, Bulacio J, et al. Contralateral insular

involvement producing false lateralizing signs in bitemporal

epilepsy: a stereo-encephalography case report. Seizure 2012;

21:816-819.

Lagarde S, Buzori S, Trebuchon A, et al. The repertoire of

seizure onset patterns in human focal epilepsies: determinants

and prognostic values. Epilepsia 2019;60:85-95.

54) Ryvlin P, Picard F. Invasive investigation of insular cortex
epilepsy. J Clin Neurophysiol 2017;34:328-332.

55) Levy A, Yen Tran TP, Boucher O, et al. Operculo-insular epilepsy:
scalp and intracranial electroencephalographic findings. J Clin
Neurophysiol 2017;34:438-447.

56) Di Giacomo R, Uribe-San-Martin R, Mai R, et al. Stereo-EEG
ictal/interictal patterns and underlying pathologies. Seizure 2019;
72:54-60.

57) Frauscher B, von Ellenrieder N, Zelmann R, et al. Atlas of the
normal intracranial electroencephalogram: neurophysiological

53

oy

awake activity in different cortical areas. Brain 2018;141:

Surgical strategy in insular epilepsy

1130-1144.

58) lIsnard J, Taussig D, Bartolomei F, et al. French guidelines on
stereoelectroencephalography (SEEG). Neurophysiol Clin 2018;
48:5-13.

59) Trébuchon A, Chauvel P. Electrical Stimulation for seizure
induction and functional mapping in stereoelectroencepha-
lography. J Clin Neurophysiol 2016;33:511-521.

60) Guillaume J, Mazars G. Technique de résection de l'insula dans
les épilepsies insulaires. Rev Neurol (Paris) 1949;81:900-903.

61) Silfvenius H, Gloor P, Rasmussen T. Evaluation of insular ablation

in surgical treatment of temporal lobe epilepsy. Epilepsia

1964,5:307-320.

Bouthillier A, Weil AG, Martineau L, et al. Operculoinsular

cortectomy for refractory epilepsy. Part 1: Is it effective? J

Neurosurg 2019:1-10.

Bouthillier A, Weil AG, Martineau L, et al. Operculoinsular

cortectomy for refractory epilepsy. Part 2: Is it safe? J Neurosurg

2019:1-11.

Obaid S, Chen JS, Ibrahim GM, et al. Predictors of outcomes

after surgery for medically intractable insular epilepsy: a

systematic review and individual participant data meta-analysis.

Epilepsia Open 2023;8:12-31.

Bourdillon P, Devaux B, Job-Chapron AS, et al. SEEG-guided

radiofrequency thermocoagulation. Neurophysiol Clin 2018;48:

59-64.

66) Vetkas A, Germann J, Boutet A, et al. Laser interstitial thermal
therapy for the treatment of insular lesions: a systematic review.
Front Neurol 2023;13:1024075.

67) Mullatti N, Landre E, Mellerio C, et al. Stereotactic thermo-
coagulation for insular epilepsy: lessons from successes and
failures. Epilepsia 2019;60:1565-1579.

62

~

63

=

64

~

65

=

*Corresponding author : FJFifi—
BEILERRETADA - TWHAEZYF— (T 814-0001

HiEE  BETADNAICDODWTEERANFH S EEFEZE5 X TT S o/ Jean Isnard 554 (Hospices Civils de Lyon, Neurological Hospital,
Department of Functional Neurology and Epileptology, Lyon, France) |CRHEL £7.
COl: EFCARXICEHEL, HRINE COVREICHZEE, Bl HEEVWIndEED XA

mEMERMTERERXEEE 3-6-45)

548 BEPRMHIRS | 2024 | 6458 5



Surgical strategy in insular epilepsy

Insular lobe epilepsy. Part 2: presurgical evaluation & surgical interventions with stereo-
electroencephalography

Koichi Hagiwara, M.D., Ph.D.

Epilepsy and Sleep Center, Fukuoka Sanno Hospital

Abstract: Identification of insular lobe epilepsy (ILE) presents a major clinical challenge in the diagnosis and treatment of
drug-resistant focal epilepsies. ILE has diverse clinical presentations due to the multifaceted functions of the insula.
Surface EEG findings do not provide straightforward information to predict this deeply-situated origin of seizures; they are
even misleading, masquerading as those of other focal epilepsies, such as temporal and frontal ones. Non-invasive
imagings may disclose insular abnormalities, but extra-insular abnormalities can coexist or even stand out. Careful reading
and a second-look guided by other clinical information are crucial in order not to miss subtle insulo-opercular
abnormalities. Furthermore, a possible insular origin of seizures should be considered in MRI-negative frontal/temporal/
parietal epilepsies. Therefore, exploration/exclusion of insular-origin seizures is necessary for a great majority of surgical
candidates. As for the stereo-electroencephalography, considered as the gold standard method for intra-cranial EEG
investigations with suspicion of ILE, planning of electrode positions/trajectories require sufficient knowledge of the
functional localization and anatomo-functional connectivity of the insula. Dense sampling within the insula is required in
patients with probable ILE, because the seizure-onset zone can be restricted to a single insular gyrus or even a part of it. It
is also crucial to explore extra-insular regions on the basis of non-invasive investigation results while considering their
anatomo-functional relationships with the insula. From a surgical perspective, differentiating seizures strictly confined to the
insula from those extending to the opercula is of particular importance. Pure insular seizures can be treated with less
invasive measures, such as radiofrequency thermocoagulation. To conclude, close attention must be paid to the possibility
of ILE throughout the diagnostic workup. The precise identification/exclusion of ILE is a prerequisite to provide appropriate
and effective surgical treatment in pharmaco-resistant focal epilepsies.

Key words: insular lobe epilepsy, pharmaco-resistant, anatomo-electro-clinical correlation,

stereo-electroencephalography (SEEG), surgery
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