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NemumeranaHuedanua, accoummpoBaHHas
c hapMmakope3uCTEeHTHOM 3NUIIEeNCUEN U peaKom
MONEeKyNApHOo-reHeTu4YecKom anbrepaumen B reHe CPAG6:
KJIMHUYECKMN crniyuyam

I.A. Mypsaesa'™, JI.A. CuroBckan'*, K.A. Cyarsirosa?, JI.JI. Cabanunena’,
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*CI16 I'BY3 «lopoockas Mapuunckas 6onvruyay
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AHHOTauus

lemumeranaHuedanua (FTM3) oTHOCUTCS K KpalHe pPeaKuM BPOXAEHHBIM ManbopMauusM KOPTUKANBHOTO pasBuTHS,
k rpynne mTOR-natui, 1 MOXET ObITb Pe3ynNbTaToOM PasnnyHbIX reHETUYECKIX HapyLueHnid. OQHUM 13 OCHOBHbIX KNUHUYe-
CKUX NPOSIBNEHN SBNSETCA PapMaKkope3nCTEHTHas anunencus, TpebytoLlas XMpyprinieckoro neveHus.

Onucanue cnyvasn. Manbumk 4 net nocTynun B HEMPOXMPYPruieckoe OTAENEHNE C NPUCTYNaMK YacTbIX reHepanu3oBaH-
HbIX TOHWUKO-KITOHNYECKIX CYLOPOr N PE3NCTEHTHOCTBIO K MPOBOAMMOM NPOTUBO3NWUNENTUYECKON Tepanuu; Takke oTMeva-
nach 3agepxka peyeBoro pas3suTis. Mo AaHHLIM MarHUTHO-PE30HAHCHON ToMOrpadu BbiSIBNEHa NpaBOCTOPOHHAS [TMO.
BbinonHeHa cTepeoTakcuyeckas nasepHas QMCKOHHEKLMS OOLUMPHOM KOPTMKAINbHON OMCMasuu B NpaBon NobHol aone
rofloBHOrO Mo3ra. 10 4aHHbIM FMCTOMOTMYECKOro UCCNEeA0BaHMS BbISIBNIEHbI MOPEOMNOrMyeckme npuaHakm okanbHoON Kop-
TukanbHon aucnnasumn (OKM) Ilb. B TeueHne 14 gHein HabntoaeHust B CTauMoHape nocrne onepauun Cyoopor He oTMeye-
Ho. lNonHo3k30MHOe cekBeHmpoBaHue [HK nokasano Hanuuue reteposnrotHoro coctosHust _000008.10'G 68419028del /
633del, pGlu212LysfsTers B reHe CPAG.

O6cyxaeHne. OcobeHHocTbio criyyas aensietcs TMO ¢ mopdonornyeckon kaptuHon KL Ilb Tvna, accounmpoBaHHas
C HE ONMCaHHbIM paHee reTepo3NroTHLIM COCTOSIHMEM B 6 3k30He reHa CPAG. YkaszaHHas accouualus No3BONSeT paciuum-
puTb NpeacTaeneHns 06 nameHeHun aktusauum nyt PI3K/AKT/mTOR kak Knio4eBoro 3seHa B NaToreHe3e BpOXAEHHOM
aHoMarnuu KopTUKarnbHOro pasBuUTHS.

KntoueBble cnosa: mTOR-natus; MansgopMaLm KOpTUKanbHOMO pasBuTus; curHanbHbin myTb PI3K/AKT/mTOR; 6annoH-
Hble KNeTKW; AMCMOPCHbIE HEMPOHDI; NOMHOSK30MHOE CEKBEHNPOBaHHE

Py6puku MeSH:

TEMUMETANSHLEEPANNA — AMATHOCTUKA

TEMUMETANSHLEPANNA - AMATHOCTUYECKOE N3OBEPAXEHUE

TEMUMETANSHLE®ANNA - XUPYPTUA

CTEPEOTAKCWYECKME TEXHUKIN

Ona uutupoBaHus: Mypsaesa [.A., Cutosckas [.A., CyntbiroBa KA., CabanumeBa [.0., Kucenesa M.A., Bepbuu-
ki O.I1., 3abpoackas H0.M. I'emumeranaHuedanus, accounmpoBaHHasi ¢ hapMaKkope3UCTEHTHON AMUNENCUENR U PeaKoi
MONEKYNSPHO-TEHETUYECKON anbTepaumen B reHe CPAB: knuHuueckuin cnyvain. CeueHoBekuin BecTHUK. 2022; 13 (2): 4-11.
https://doi.org/10.47093/2218-7332.2022.13.2.4-11
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Hemimegalencephaly associated with drug-resistant
epilepsy and a rare molecular genetic alteration
in the CPAG gene: a clinical case
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Abstract

Hemimegalencephaly (HME) is one of the extremely rare congenital malformations of cortical development (MCD). It belongs
to the MCD group of mTOR-related pathologies and can be the result of various genetic disorders. One of the main clinical
manifestations of HME is drug-resistant epilepsy requiring surgical treatment.

Case report. This article describes a clinical case of HME in a 4-year-old boy with frequent generalized tonic-clonic seizures
and drug-resistant epilepsy; also, he had speech development delay. MRI revealed a HME of the right frontal lobe. Stereotaxic
laser disconnection of the large cortical dysplasia in the right frontal lobe of the brain was performed. Morphological features
of focal cortical dysplasia type lIb (FCD IIb) were reported. No seizures were observed in the hospital follow up after the
operation for 14 days. The whole exome DNA sequencing showed the presence of a heterozygous state _000008.10"G
68419028del / 633del, pGlu212LysfsTers of the CPAG gene.

Discussion. Afeature of the case is the identified association of HME, morphologically represented by FCD lIb, with a previously
unknown heterozygous state in the 6th exon of the CPA6 gene. This association allows to expand our understanding of changes
in the activation of PI3K/AKT/mTOR pathway as a key link in the pathogenesis of congenital anomaly of cortical development.

Keywords: mTOR-related pathology; malformations of cortical development; signaling pathway PI3K/AKT/mTOR; balloon
cells; dysmorphic neurons; whole exome sequencing
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Cnu1cok cokpaLLeHuiA:

mTOR - mammalian target of rapamycin, MuLeHb panamu-
Li'Ha MNEKOMUTaKOLLMX

M3 - remumeranaHuedanms

T'emumeramunedanus (I'M3) oTHOCHTCS K pelIKUM
BPOXKJIEHHBIM Malib(OpMallisiM KOPTUKAJIbHOTO pa3BH-
THUS ¥ XapaKTepU3yeTcsl YHUIAaTepalbHbIM YBEINICHUEM
pa3mepa Moyapus roJOBHOTO MO3Ta C apXUTEKTYpHON
U KJIETOYHOW NHCIIIa3uel, 3aTparuBaroleid HeHpoHab-
HBIC U [JIHAJIbHBIC dJIeMeHTHI [ 1, 2].

CoBpeMeHHBIH B3I Ha MpUirHbI pa3sutis [ M3, co-
craBisiroieil Bcero 1% 0T Bcex MOPOKOB KOPTHKAIBHOTO
pas3BuTHs U 0OHapyxxuBaemoii y 0,2% neteit, cTpajaromumx
SMMJICTICUEH, OCHOBBIBAETCSI HA JAHHBIX TMCTOIATOJIOTHU
U MOJNEKYJIAPHO-TeHETUYeCKUX Haxonkax. OCHOBHBIMH
MaTOreHeTHYeCKUMU MexaHn3MaMu (opmuposanus [ MD
CUUTAIOTCS HapyLIeHUs HEeWpOHAIbHON MUrpanuu, aug-
(hepeHIIMPOBKY 1 Mpofudepalii B COUETaHUH C abTepa-
mueil reHoB curHaneHoro mytd PI3K/AKT/mTOR. Tak,
JKcTiepTaMi MeKIyHapOJHOM MPOTUBOAIMICITHYECKON
JUTH BBEJECH TEPMUH «MaIb(OpPMALUM KOPTUKAIBHOTO
pazeutusg, mTOR-natum» (mammalian target of rapamy-
cin, MUIIIEHb panaMUIHA MIIEKOITUTAIOMINX), BKIIFOYAIO-
muif B cedst IMD, (hokabHbIC KOPTHKAIBHBIE AUCILIA3UU
(@K M) u Tybepo3HsIii ckiiepos [1, 3, 4].

CaMbIM YacThIM KIMHHYECKUM IposeieHneM MO
SBJISIFOTCSL  CYHOPOXKHBIE SIHU30AbI, ONMHUCAHA 3aJCepXK-
Ka HEPBHO-TICHXMYECKOTO PAa3BUTHSA, T€MUAHOIICHS,
OJTHOCTOPOHHSISI JBUTATEIbHAs HEJOCTAaTOYHOCTh [4].
Kak u mpu MHOTMX Ipyrux mopokax (OpMHpPOBaHUS

MPT - marHMTHO-pe3oHaHCHas Tomorpadus
OK[] - dhokanbHble KOpTUKanbHbIE AUCNIA3NK
OP3 - (hapmakopesncTeHTHas anunencus
O3l - anekTposHuedanorpadus

TOJIOBHOTO Mo3ra, snunencus npu I'MD xapakrepusy-
ercs (apmakope3sucteHTHocThio (PPDJ), uto Tpebyer
XUPYPrUYECKOTO JICUCHUSI SHIICHTOTEHHBIX O0YaroB,
00BIYHO B 00BEMe TeMuchepoToMuu. MiMerorces: JaHHbIC
0 COXpaHEHWHU INPHCTYIOB, a TaK)Ke KOTHUTHBHBIX Ha-
pyILIEHHUH MOCIe MPOBEICHHOTO ONEPAaTHBHOTO BMeEIIa-
TEJNbCTBA, YTO 00yCIaBINBAET HEOOXOIUMOCTD JabHEM-
IIET0 U3YYEHHUS] TeHETUYECKUX, NMAaTO(PU3NOIOTHIECKUX
U CTPYKTYPHBIX U3MEHEHUI IIpYU JaHHOH 11aTOJIOTUU.

XapakrepHble npusHaku I['MD ycTaHaBIUBalOT-
Cs 10 JAaHHBIM MAarHUTHO-PE30HAHCHOM ToMorpaduu
(MPT): oTMeuaeTcst yBelnUUIECHUE OHOM reMuchepsl ro-
JIOBHOTO MO3ra, Ae(hopMaIisl >KeIyI0uKoB, H3MECHEHHE
Oeroro BemiecTBa ¢ IepHUAIME B CTOPOHY KOHTpana-
TepalbHON TeMHuC(hEephl, YBEIUIEHHE pa3Mepa U CTHpa-
HHEe 00po3x B MopakeHHOM monymapud. Ilo gaHHBIM
anekrposHuedanorpadpun (I3I7), Kak MpaBHUIIO, peru-
CTPUPYIOT CEPHIO UPPETYSIPHBIX MATTEPHOB, Hanboee
3aMETHBIMH U3 KOTOPBIX SBIISIFOTCS TOPMOXKEHMS W/HITH
TeMHU-THIICApPUTMUSI.

Mpbl mpeacTaBisieM KIMHAYECKUH ciydall peOeHka
getbIpex jetr ¢ PO, obycnoenennoit [MD, ¢ nepBeM
B OTEUECTBCHHOW IHUTEpaType OOHApyKEHHEM pEeIKoit
MOJIEKYJIIpHO-TeHeTHUYecKol anprepanuu B rene CPAG,
pacnosioxeHHoH B jJokyce 8q13.2 IIMHHOrO mjeya BOCh-
MOM XpOMOCOMBI.
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ONMUCAHUE CITYYAA

29.08.22 B HEHpOXUPYpPrHUECKOE OTAEIEHHE MOCTY-
MWJI MaJIBYMK 4 JIET ¢ MPUCTYIaMU T'€HEePaTu30BaHHBIX
TOHUKO-KJIOHUYECKUX CYIOPOr AIUTEIBHOCTHIO 10 1,5—
2 MHUHYT C MOCJeIyIoniei c1abocThio 0koiao 30 MUHYT.
[Ipuctynsl Bo3HUKaU 1-2 pa3a B JeHb B TEUEHHE JIBYX
MOCJICAOBATEIbHBIX JHEH, MOCIe Yero B TEUEHUE Tpex
JIHEeW oTMeuascs Mepuoj] MokKos. Takke OTMeyalluch
penkue opodapuHreanbHble aBTOMAaTU3MBbIL: 3—4 IPUCTY-
1a B MECHIIL.

Ponuiicss ot mepBoil GepeMEHHOCTH, CPOUYHBIX PO-
JIOB, IPOTEKABIIUX 0€3 OCIoKHEHUH. B nepuHaransHOM
U TIOCTHATaJbHOM MEPHUOJaX MPU3HAKOB HEBPOJIOTHYE-
CKHX pacCcTpoicTB He oTMeuanock. CeMeiHbIi aHaMHE3
HE OTSTOIIEH.

C onHOrO rosia oTMeuasach 3a/1ep>Kka HEpBHO-TICUXHU-
YECKOTO Pa3BUTHA, OECIIOKOMHBIN COH, B BO3pAcTe JBYX
JIeT BIIEpBbIE HAOIIOAAJICS MIPUCTYT OpodaprUHreanbHbIX
ABTOMAaTU3MOB, K KOTOPBIM NPUCOEAMHUINCH TOHHUKO-
KIIOHUYECKUE TIPUCTYIIBI C AalibHEHIel yTpaToil co3Ha-
HUS UIMTENbHOCTHIO 10 10-20 cexyHn u yactoToi 1-2
paza B "Henento. Co ciioB marepu ObuTO TIpoBesieHo DOT,
MPT, 1 HEBPOJIOTOM YCTaHOBIJIECH AUATHO3: CTPYKTypHas
¢doxanpnas snunencus, G40.8. Ilpuauman Banbmpoe-
Byto kucioty (600 mr/cyTt) 6e3 OTUETIIMBOTO KIMHUYE-
ckoro 3Qdexra, yepe3 aBe HeHeNU K Tepanmuu ObLI J0-
Oamnen neerupareram 500 mr/cyT, Ha hOHE KOTOPOTO,
CO CJIOB MaTepH, KOJIMYECTBO MPUCTYIIOB YBEIHUUUIOCH.
JleBeTupatieram ObUI 3aMEHEH Ha MepaMIiaHel 4 MI/CyT,
KOTOPBIX NPOJOIHKAJ MPUHUMATh B KOMOMHAITUY C BaJlb-
mpoeBoit kucnoroit 600 wmr/cyr. KomOuHMpoBaHHas
Tepamnusl MPOBOAWIACH B TEUEHHE JBYX JIET, HE UMela
MOJIOKUTETBHOTO 3(dexra, BbIpaKEeHHOCTb, YacTOTa
U TPOAOJDKUTEIBHOCTh MPHUCTYNOB IMOCTENEHHO MPo-
rpecCcUpoBaIH.

Ha MoMeHT nocTyIuieHus: CO3HaHHUE SICHOE, OPUEH-
TUPOBaH B NpocTpaHCTBe. HeBpomorunyeckuii craryc:
YepermHO-MO3IOBbIE HEPBBI, JABUraTelbHas U YyBCTBU-
TenbHas cdepa 6e3 MaToNIOruu, MEHUHI€ANbHBIX CHMII-
TOMOB HET; Ta30Bble (PyHKUUHU coXpaHHbI. OTMeuaeTcs
3aziep)Kka peueBoro pa3BuTHs. 11o ocTanbHBIM OpraHam
U cuctemMaM — 6e3 ocobenHocreil. [lokazaTenu KIMHU-
YECKOro U OMOXMMHUYECKOTO aHaJH30B KPOBH, OOIIETO
aHaJlu3a MOYM HAXOJWIUCh B Mpenenax pedepeHCHBIX
3HaueHui. g nposeneHus 0OCIEIOBaHUS U JIEUCHUS
y ponuTenedl manMeHTa ObUIO MOJIYYeHO HUH(POPMUPO-
BaHHOE JJOOPOBOJIBHOE COINIACHE.

ITo manapiM MPT B JIOOHOW M OCTPOBKOBOMW JIOJISIX
0O0JBIIOr0 MO3Ta CIIpaBa BU3yaJIM3UPOBaHA 30HA Hapy-
LIEeHUA KOPTUKAIBHOTO Pa3BUTHUS B BUJE CIIIAXKEHHOCTH
060p037, PE3KOTO YTOJIIEHUS U3BUINH, OTMEYEHa «CMa-
3aHHOCTBY» KOPTUKO-MeIyJUIIpHOTo mnepexona (puc. 1A,
IB). Curnan B pexumax T2-BU u Flair noseimen
OT KOPBI ¥ CyOKOPTHUKAJIBHOTO OEJIOro BEIIeCTBa.

IIpu BeImONHEHUH BHUAEO-DII-MOHUTOPUHTA TIPO-
M3BE/ICHA 3allUCh Ha MPOTSKEHUH MIEPUOJO0B aKTUBHOTO
U TaCCUBHOTO OOAPCTBOBaHUS, a TaKXKe B COCTOSHUU

HENMPOXUPYPIA

(hU3HOIOTrHYECKOTO HOYHOIO CHAa B TeYEHHE 7 CYTOK.
buosnexTpuyueckas akKTUBHOCTb TOJIOBHOTO MO3Ta pe-
TUCTpUpOBaJiach TO 19 CKanbMOBBIM OTBEIEHUSM,
ycraHoBlieHHBIM 1o cucteme «10-20%». BwisBieno
HaJU4M€ WHTEPMUTTUPYIOLIETO PErMOHAIBHOIO 3a-
MeUleHHd (OHOBOW AKTUBHOCTH, JIOKAJIM30BAHHOTO
B NpaBoil JTOOHO-BUCOYHOH OOJACTH, BKJIIOYAIOLIEe
B CBOIO CTPYKTYpPY MHTEPHUKTAJIBHYIO 3MUIEOTHHOPM-
HYIO0 aKTUBHOCTb HU3KOTO MHJEKCA, MPEACTABICHHYIO
MEePUOANYECKUMHU OJUHOYHBIMU U CIPYNIUPOBAHHBIMU
paspsgamMi KOMILJIEKCOB «OCTpas-MeAJIeHHasi BOJHAY,
«CTIaK-BOJIHAY.

Kpome Toro, perucTpupoBanoch HalH4yUe PEIKUX
MOTUMOP(HBIX CIPYIITUPOBAHHBIX Pa3psAA0B KOMILIEK-
COB «CHaiK-BOoJIHAY, uMelomux Auddy3HbIH Xapakrep
C JIEBOCTOPOHHHUM JIMOO MPaBOCTOPOHHUM Ipeodiana-
HUEM BBIPQXEHHOCTH. 3a(UKCHUPOBAHO 5 HUKTAIbHBIX
SMU30/I0B C T€HEPATM30BAaHHBIMU TOHUKO-KIOHHUYECKHU-
MU cynoporamu (puc. 2A). aunuanbHas 30Ha MPUCTY-
ma o gaHHeM DO ObUTa JTOKATM30BaHA B OJTHOM CITy-
yae — B IIpaBoii T0OHOI 00acTH, B YeThIpex ciayyasx —
B IIPaBOil TI0OHO-BUCOYHOM 001acTH.

Koncunuym B cocrtaBe HEBpoJiora, HEHpOXupypra,
Bpadya-peHTreHoIora YCTaHOBWII JUArHO3: CTPYKTypHast
(okanpHas snuiencus, ¢GapMakope3UCTEeHTHOE Teue-
aue (G40.8). IIpaBocTopoHHssI TeMuMeraimdHIedanvs
(Q04.5).

B cBs3u ¢ (apMakope3uCTEeHTHBIM TeUeHHEM 3a00-
JeBaHUA W HaJdudueM Mop(dosiorudeckoro cyodcrpara
MIPUHATO PELICHUE O TPOBEIESHUH OIIEPaTUBHOIO BMeEIlIa-
TEeJbCTBA.

31.08.22 mnamueHty Obla BBIOJHEHAa CTEpEOTaK-
CUYecKas JiazepHas AMCKOHHEKUHUS OOLIMPHOW KOpTH-
KaJIbHOW IUCIUIA3UU B MPaBOM JJOOHOH [10Ji€ TOJIOBHOTO
Mo3ra ¢ npeaBapuTensHbiM MPT-23I -kapTupoBanueM
U 1o UHTpaonepannoHHeIM MPT-koHTpOMIEM.

ITo pe3ynbratam MOP(}OIOrHUECKOrO HUCCIeq0Ba-
HUA U3 30HBI SIWIENITUYECKOTO oyara HaOIIoAaloch
YTOJILEHUE KOPBI, OB 0OHApYXKEHBI HAPYLIECHUS LIU-
TOAPXUTEKTOHUKH HEOKOPTEKCa C HapyLIEHUEM rekca-
JaMUHAPHOU CTPYKTYpPHI B BUAE PaAUaIbHON U TAHTE€H-
HuagbHOM AuciaMuHanuu (puc. 3A). BeisBiensl MHO-
rOYMCIIEHHbIE TUCMOpP(HbIE HEHPOHBI: YBEIMYEHHBIX
pa3MepoB, ¢ KpYIHBIMU SIApaMU, ¢ TUIIEPTPOPUPOBaH-
HBIMH U YTOJIIEHHBIMU OTPOCTKAMHU, CO «CIIEKAHUEM»
U nepuMeMOpaHo3HOI arperanueii cyocranuuu Huccns
(puc. 3B), a Taxoke 6aJUIOHHBIE KJIETKH ¢ OOMIIBHOM cTe-
KJIOBUJHOMW omajecuupyrouieil nuromniazMoil, 6e3 cyo-
craniuu Huccnsa (puc. 3C). KanbuHarsl 1 MEKPOCKO-
MUYECKHUE TETEPOTONUU OTCYTCTBYIOT. 1o pe3ynsratam
MMMYHOTUCTOXUMHYECKOTO HCCIEI0BaHus (aHTHUTe-
na ¢upmel DAKO, [lanusa, cuctema BH3yaJu3aluu
EnVision) B uuromnasmMe JucMopdHBIX HEHPOHOB BBI-
SIBJICHO IOBBIIIEHHOE HAKOIUIEHHE HeHpo(duIaMeHTOB
(puc. 3B), a B uuTomiazMe OaJNIOHHBIX KJIETOK SPKOE
OKpallliBaHUE C DIHAJIbHBIM (QUOPHIISIPHBIM KHUCIIBIM
6enxom (puc. 3C).
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o onepauuu / Before surgery

PUC. 1. MaruurtHo-pe3oHaHcHas ToMorpadust FOJIOBHOr0 Mo3ra 10 1 nocie onepauud. T: 5,0 mu. L: 23,2 Mm. 30Ha H3MEHEHHO-

T'O0 CUrHaJia ykasaHa JKEJITON CTpeHKOﬁ.

FIG. 1. Magnetic Resonance Imaging of the brain before and after surgery. T: 5.0 mm. L: 23.2 mm. Zone of the changed signal

is indicated by the yellow arrow.

[Tpu xouTponmsHOK MPT ronosHoro mo3ra (puc. 1C,
1D) B 30HE CTEpEeOTaKCHYECKON Ja3epHON NEeCTpyK-
MM SMWIENTONEHHBIX 09aroB reMaroM HeT. B j100HOM,
OCTPOBKOBOM TOJIAX CIIpaBa (MPEeUMYIIECTBEHHO B H3Me-
HEHHON KOPTHUKAIBHOH IMJIACTHHKE M CyOKOPTHKAIHHOM
0eJoM BemecTBe), KOJIEHEe U MEePEeIHNX OTAEeNax CTBOJA
MO30JIUCTOTO TEJNa MEJKUE MOCICONepalluoOHHbIe Odari
UIIEMHHY C TEMOPPArnIeCKUMH BKITIOUCHUSMH.

[To manHBIM BuAEO0-DDI-MOHHTOpHUHTA OTMEYANaCh
HEKOTOpast MOJIOKUTENbHAS TUHAMIKA B BUIIE PEIYKIUU
T GY3HOH pa3psTHON aKTHMBHOCTH. 3a BpeMs MpeObI-
BaHUS B CTAIlMOHApE IIOCJE ONepanuu — B TeueHune 14
THEH — 3MN300B CYAOpOT HEe OBLIO.

BEIoTHEHO MOTHOZK30MHOE CEKBEHHPOBAHHE IE3-
okcupubonykiaennoBoi kuciotsl (JJHK), BeraencHHO#
u3 Onomarepuana mnepupepuyecKkord KpOoBH, Ha HalU-
gue Bapuanta _000008.10°"G 68419028del / 633del,
pGlu212LysfsTers B rene CPA6. Ilo pe3ynpraraM CHK-
BeHca ObLI OOHApy)KeH paHee He ONMUCAHHBIN BapHaHT
TETePO3UTOTHOTO COCTOSIHUS B 6-M dk30HEe Tena CPAG.

OBCYXOEHUE

OOHapyXeHHast y TalHUeHTa MOJICKYISIPHO-TeHe-
Trueckas anpreparnus B reHe CPA6, pacmomoskeHHOM
B nokyce 8q13.2 quHHOTO TIeYa BOCKMOUM XPOMOCOMBI
(OMIM 609562), 00bI9HO IPUBOAUT K PA3BUTHIO OJHOTO
13 BOCBMHU BO3MOXKHBIX TUIIOB CEMEHHON BUCOUHOU MU~
JIETICUM 5-TO THUNA € ayTOCOMHO-JIOMHHAHTHBIM TUIIOM
HacnenoBanus. M3BectHo, uto reH CPA6 oTBeTCTBEH
3a CHHTE3 3H3MMa KapOokcumencuaasbl A6 (OTHOCHTCS
K mojaceMelcTBy A/B MeramrokapOonentugaz M14),
KoTOpBId pacineruisieT C-KOHIEBbIe THAPOPOOHBIC aMu-
HOKHCJIOTBI U3 MENTHUIOB, CBS3bIBAsACH C BHEKJIETOYHBIM
MaTpPUKCOM.

Myranuu B rene CPA6 Obutn omucansl eme B 1996
rony C. bepkoBuk m 00HApYKHBAIOTCS TPU ayTOCOM-
HO-PEICCCUBHBIX (eOPMIBHBIX CYIOpOTaxX, FOBCHUIIb-
HOM MHOKIIOHMYECKOH sruiencun. Psg aBTOpoB 00b-
enuastor MeramdHIedanuo, @K/ n 'MD B xauecTBe
AQHaTOMUYECKUX MOJMHOKECTB €IMHOTO MOPOKa pa3Bu-
TUS KOPBI C NEPEMEHHON 3KCIPECCUBHOCTBIO U CEPUU
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HENMPOXUPYPIA
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PUC. 2. Pesynprarsr Bugeo-2O21 -MmoruTopunra. MHumansHas 30Ha MpUCTyIa ObUIa JIOKAIM30BaHa B IPaBOii JIOOHON 00macTH.
30Ha U3MEHEHUH yKa3aHa CuHel cTpenikoil. OObsSCHEHUS B TEKCTE.
FIG. 2. Video-EEG monitoring results. The initial zone of the attack was located in the right frontal lobe. Zone of the changes is

indicated by the blue arrow. Explanations in the text.

MIEPEKPHIBAIONINXCS (PEHOTUIIOB, CBS3aHHBIX C aKTHBA-
nueit myta PI3K/AKT/mTOR. Ecte nanHble, 4To maro-
reradsie BapuanTel MTOR wame Becero csizanbl ¢ DK/,
Torna kak maroreHHbie BapuaHTel PIK3CA wamie BcTpe-
yatorcs ipu TMD [1].

VY Hamero mamueHTa TeTepPO3UTOTHOE COCTOSHIHE
B 6-M 3k30He reHa CPA6 acconmmpoBaHO ¢ pa3BUTHEM
I'MD u mopdonornyeckoit kaprunod ®KJI IIb Twuma,
YTO paHee He ObLIO OMKMCAHO.

B mocnennee BpeMs MOTYEPKHUBACTCS, YTO MO3aHU-
veie BapuanTel RHEB (Ras romonor) u moBbIlIeHHAs
akTuBHOCTF MTOR BBIABIAIOTCS B IHCIUIACTHYCCKHUX
TKaHsIX, IUCMOP(HBIX HEHpOHaX U OAJUTOHHBIX KIETKaX.
OKJI u 'MD npencrapiistor co00ii KOHTUHYYM 3a0oJie-
BaHMIA, TP TOM pa3Mep MOPOKa, CTENECHb TUCIDIA3HU
TOJIOBHOTO MO3Ta TPSIMO KOPPEIHPYET C HArpy3Koil co-
MaTHYeCKOTO BapraHTa MyTauun. IHTepecHo, 4To MyTa-
uu PIK3CA 0OBIYHO acCOMUPYIOTCS C HE3HAYUTEIb-
HBIM yBEJIMYECHUEM HEHPOHOB, TorAa Kak myTanuu AKT3
CBSI3aHBI C PE3KO YBEIWYCHHBIM pa3MepoM HEHPOHOB.
B HeKoTOpBIX MyOMMKanusaX OTMEYaliCh MOBHIIICHHBIC

ypoBHH (hochoprpoBaHHOTO pUOOCOMHOTO Oeka S6
Kak B HEHpOHAX, TaK U B aCTPOIIUTAX BO BCEX CIydasx
I'MD u ®K]I II Trma, He3aBUCUMO OT HAJIMYUS WU OT-
CYTCTBUS OOHapy»)eHHbIX MyTanuil mytn PI3K/AKT [2,
3]. B cBs3u ¢ 3TUM psiJi aBTOPOB TPEATATaOT paccMa-
TpuBath WHruOUTOpHl MTOR, Takue Kak 3BEPOIUMYC,
B KauecTBE IOTCHIHAIBHBIX TapreTHBHIX IPErapaToB
B nedeHnn [ MD, Tak Kak 3Ta rpynmna npenaparoB yxKe
peKoMeHIoBaHa [y JiedeHus nanueHTos ¢ TC.

HeoOxommMo OTMETHUTH, UYTO MHOTOYHCIICHHEIC
cenektuBHbie wHTHOMTOPHI PI3K m AKT HaxomsaTcs
Ha CTAAWU KIMHUYCCKUX WCTBITAHUHA IUIS JIEUCHUS I1a-
IIICHTOB CO 3JI0KAYECTBCHHBIMH OIYXOJISIMU Pa3INIHBIX
JIOKANU3AIH, TO3TOMY MOXHO HPEAIIONIOKUTh HX I0-
TEHIMATBLHYI0 3(PPEKTHBHOCTh MPH JCUYCHUN SIHJICTI-
cuil, cBsizaHHbIX ¢ aktuBanmed myta PI3K/AKT/mTOR
B criekTpe koHTuHyymMa MKP, mockonsky HelpomnaTtono-
THYecKHe (PCHOTUITBI KOMIUIEKCa TyOSpO3HOTO CKIIEpO-
3a, cuaapomoB mytanmun PTEN u 'MD umeror MHOTO
00111ero, BKIFOYas TUCIAMHUHAIINAIO KOPBI, IINTOMETAJIHIO
U TucMOphUI0 HEHPOHOB.
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A

PUC. 3. PeSyJ'ILTaTLI TUCTOJIOTUYCCKOI'O UCCIICIOBAHUA.

A. B obnactu 'MD 3HauMTENEHOE PAaCIIMPEHUE KOPHI, CONPOBOXKIAIONICeCcs] HapyIICHHEeM apXUTeKTOHHKH. OKpacka reMaToOKCHU-

JIMHOM | 303uHOM, X200.

B. JTucmopdHsiit HelipoH. OKkpacka réeMaTOKCHINHOM M 303MHOM, HakoruieHne HeHpo(hHIaMeHTOB, HMMYHOTHCTOXHMHYECKOES

uccienoBanue, xX600.

C. bamnonnas kiretka. OKpacka reMaTOKCHIMHOM M S03HHOM, TITHAIBHBIM (DHOPHIIISPHBIM KHCIIBIM O€IIKOM, IMMYHOTHCTOXUMH-

yeckoe ucciaenosanne, xX600.
FIG. 3. Histological examination results.

A. In the HME area, there is a significant expansion of the cortex, accompanied by a violation of the architectonics. Hematoxylin

and Eosin Staining, x200.

B. Dysmorphic neuron. Hematoxylin and Eosin Staining, Accumulation of neurofilaments, immunohistochemical stain, x600.
C. Ballon cell. Hematoxylin and Eosin Staining, Glial fibrillary acidic protein (GFAP), immunohistochemical stain, x600.

Ha ceroans ocHOBHbIM MeTonoMm jeueHus OPO
npu 'MD ocraeTcs Xupypruyeckoe BMeIaTeIbCTBO —
(yHKIIMOHAIBHAS TEeMHC()EPOTOMUS, KOTOpas KyIH-
pyert npuctymsl y 65—-85% manueHToB B 3aBUCHMOCTH
0T marojoruueckoro cybcrpara [5]. [Ipu aTOM KOTHU-
THUBHEIE PE3yIbTaThl OOBIYHO XYK€, U B HCCICIOBAHUN
Global Pediatric Epilepsy Surgery Registry cpemu
45 nereii mocne remucheporomMun okoio 43% ume-
JU cpelHee WU ci1aboe YMCTBEHHOE pa3BUTHE, 26%
MOIJIM TOBOPUTH COOTBETCTBEHHO BO3pAacTy, JIHIIb
21% wumen yoOBIETBOPUTENbHBIE HAaBBIKU YTEHHS.
Bornee OmarompusTHBIC KOTHUTHBHBIE M JHMHTBHCTH-
YecKHe MCXOABl HAOIONANCh MPU PE3CKINH MPaBo-
ro MOJymapus U Ipu Ooree Mo3gHEH MaHU(ECTalnN
snuiencuu [4].

B wuccienosanum Ahsan N. V. Moosa npu 6-1eT-
HEM IOCJICONePaMOHHOM HaOmoaeHnn 115 manueHToB
b y 56% manueHToB He HaOMIONANoCh CYyAOPOKHBIX

MIPUTIAIKOB, TIpH 3TOM Yy 17% HaOIr0maIich MOTOPHBIC
HapylIeHus: (HEBO3MOXXHOCTh CaMOCTOSTEIbHO Iepe-
nmBuratees), 30% uMenn HapymeHus peuan, 58% marm-
EHTOB cTapiie 6 JIeT He o0Jlafalii HaBbIKAMH YTCHUS,
UMb 5% ManMeHToB MMOCEIAIA OOBIYHEIE IIKOJIBI, BCE
OCTaJIbHBIC HYXJIAJIHCh B 0CO00M yxone [6, 7].

VYV Hamrero mnarpeHta B OMmkaieM mocieornepa-
[IMOHHOM TIEPUOJIE 3MHU30J0B CYIOPOT HE OTMEYAIOCh.
HeobOxomumo nanpHelIree HaOIFOICHHE ¢ OTICHKOM KaK He-
BPOJIOTMIECKON KaPTHUHBI, TAK U TICHXWYECKOTO PA3BHUTHSL.

3AKINKOYEHUE

I'MD — penkuii BpoxxAeHHbII NOPOK Pa3BUTHS I'O-
JIOBHOT'O MO3ra, accouuupoBanHblii ¢ PO u 3anepx-
KOU MCUXMUYECKOTO pa3BUTHUI. XUPYpPruyeckoe jieye-
HHE B 00beMe TeMIC(EepOTOMUH OCTAETCS IPHUOPUTET-
HBIM U1 KyMIHpOBaHUA smiuienicui. OOHapyKeHHas
accounanua I'MD u OPD c anbrepanueili B rese
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CPA6 no3BOJIsIeT pacliuTh NMpencTaBiIeHus 00 u3Me-
Henuu aktuBanuu nytu PI3K/AKT/mTOR kak kito-
YEBOro 3B€Ha B NATOTE€HE3€ BPOXKIACHHOW aHOMAalIUu

BKIIAQl ABTOPOB

JI.A. Myp3aeBa BHeclIa OCHOBHOI BKJIaJ B pa3pabOTKy KOHIEII-
UM CTaTbH, MOATOTOBHMJIA TEKCT U COIYIACHA IPHHATH Ha ceOs
OTBETCTBEHHOCTh 33 BCE ACHEKTHl KIMHUYECKOTO HAOIIONCHHS.
J.A. CuroBckas BHecCIa CyIIECTBEHHBIH BKJIQJ B pa3pabOTKy
KOHIENIUY CTaThH, B HAIUCAHUE CTaThH, IIOATOTOBUIIA TEKCT, UI-
moctparuBHei Marepuan. K.A. Cynrsirosa, [1.J]. CabGanunesa,
M.A. Kucenesa, O.I1. BepOunxuii nprHAMaNu akTHBHOE yIacTHe
B NPOBEICHUU HUCCIECJOBAaHUN NAallUEHTa, IIOArOTOBKE Marepua-
JIOB ¥ ONMCaHUK KIMHUYeckoro Habmonenus. K0.M. 3abpoxnckas
BHECJIa 3HAUUTENBHBIC NIPABKU B CTaTblO, PEAAKTUPOBANa TEKCT.
Bce aBropsl yTBepauIIu OKOHUATENBHYIO BEPCHIO CTaThH.
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Optimization of intraoperative ultrasound navigation
during focal cortical dysplasia surgery: a case report
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Abstract

Intraoperative ultrasound (IUS) is known to be an effective method for neuronavigation during surgical treatment of intractable
seizures caused by focal cortical dysplasia (FCD). However, the 2-dimensional (2D) IUS has poor image quality and low
spatial resolution. We describe via a case report how Ultrasound integrated Brainlab (BL) — Navigation software was used to
optimize 2D 1US and thereby reduce these challenges.

Case report: We present a case report of a 22-year-old female patient with a long-standing history of seizures. The patient
was treated with more than two anti-epileptic drugs without any clinical efficacy. In 2022 she was diagnosed with temporal
lobe FCD. We performed a temporal lobe lesionectomy using optimized IUS BL-Navigation that provided enhanced
3-dimensional (3D) images.

Discussion: The extent of resection of the underlying FCD lesion is a key factor in determining whether a patient achieves
meaningful seizure freedom after surgery. While the 2D IUS offers admirable characteristics that have been used as an aid
during surgery, it is our view that IUS enhanced 3D BL-Navigation offers better appreciation of FCD lesions and therefore
improves the extent of resection.

Keywords: drug-resistant epilepsy; neuronavigation; 2D ultrasound navigation; 3D ultrasound navigation; microsurgical
technology
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OnTMMM3auma MHTpaonepauuoHHOM YIbTPa3BYKOBOM
HaBUrauum npm oneparuBHOM fie4YyeHM o4Yarosom
KOPTUKaNIbHOM AUCNNIAa3UM: KIIMHUYEeCKMMU cnyYyan
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AHHOTaUuMSa

VHTpaonepaLumoHHoe ynbTpa3BykoBOE UCCNeaoBaHUe SBNAETCS 3PQEKTUBHbIM METOLOM HEMPOHABUraLMK NPU XMpYprit-
YEeCKOM NeYEHNUN PE3UCTEHTHBIX K Tepaniy Cyaopor y NaLMeHTOB ¢ poKanbHOM kopTukaneHom aucnnasuen (PKI). OgHako
ABymMepHoe Y3 umeeT HU3Koe KayecTBO WM30BpaeHUs U NMPOCTPAHCTBEHHOE paspelueHue. MpeacTaBneH KNUHUYECKMI
cnyyan onepaTusHoro neveHus OK[ ¢ npumeHeHuem nporpammHoro obecneverus Brainlab (BL)-Navigation, uHterpupo-
BaHHOTO C YIbTPa3ByKOM.

Onucanue cnyyas. [peacTaBneH KIMHUYECKUA Cnyyvain 22-neTHen NauneHTKU ¢ 4nTeNbHbIM aHaMHE30M Cyaopor. Jleve-
Hue Bonee YeM ABYMS NPOTMBOSNMINENTUYECKUMI NpenapaTamm Hbino HeaddekTnaHbIM. B 2022 rogy ycTaHOBMEH AnarHos
OK[] BucouHol gonu. Mol BbINOMHUNW yaaneHne nopaxeHHOoro y4actka BUCOMHOW JOMK C UCMOMNb30BaHMEM ONTUMU3UPO-
BaHHoro Y3/ ¢ BL, no3sonsioLLero nony4mTb ynydileHHsle TpexmepHble (3D) nzobpaxerus.

006cyxaeHne. ObbeM pesekuum Npu onepatuHoM neveHun OKJ — knoveBol hakTop ahdPEKTUBHOCTM NEYeHns npu-
CTYNnoB anunencun. HecmoTps Ha To YTO ABYMepHOoe Y3W LuMpoko 1cnornb3yeTes B NpakTuke M 0bnagaeT npuemnembiMu
XapakTepucTukamm, Ha Haw B3rnag, Y3W ¢ BL nossonset nyuie oueHnts 06bem OKI u, cnegosatensHo, TOUHee onpeae-
NUTb 06BEM Pe3eKLmm.

KntoyeBble cnoBa: (hapMakopesncTeHTHas anunencus; HeipoHasuraums; 2D ynbTpa3ssykosast Hasuraumst; 3D ynbTpassy-
KOBasi HaBUraLysi; MUKPOXMUPYPriyeckas TeXHomorms
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List of abbreviations
FCD - focal cortical dysplasia
IUS - intraoperative ultrasound

Focal cortical dysplasia (FCD) is a common cause of
seizures in adults and is known to be the main cause of
focal intractable epilepsy in children, accounting for up
to 50% of cases in paediatric epilepsy surgery. Attaining
adequate seizure control with consequent chance for
normal cognitive development are the goals of surgical
intervention in the management of refractory epilepsy
with underlying histological evidence of cortical
dysplasia [1-3]. However, one the necessities required
during the surgical resection of the offending lesion is the
ability to distinguish clearly between the atypical tissue
and normal brain. These tissues are hardly differentiated
from one another. Intraoperative neuronavigation is
therefore essential not only to discriminate between
abnormal and normal tissue but also ascertain lesion
dimensions and identify vital neurovascular structures.

Intraoperative ultrasound (IUS) is an imaging modality
that has been purported to efficiently circumvent these
challenges. The ability to acquire real-time images at any
stage of the procedure while counteracting the element
of brain shift are palpable benefits of using IUS [4-8]. It
is also quicker to perform than other imaging navigation
modalities. Institutions are also spared from huge
budgetary constraints as it is considerably economically
cost effective [9, 10].

Despite the overwhelming advantages of using
IUS, it is not without flaws. The two-dimensional (2D)
IUS systems have poor image quality, lack of spatial
resolution and dynamic range. Additionally, due to the
steep learning curve, many neurosurgeons are usually
unable to confidently read 2D IUS views. IUS artifacts
at the bottom of the resection cavity make it difficult
in visualizing lesion bounders which in turn results in
insufficient visualization of lesion residue.

Here-in, we discuss the technical nuances via a
case of intractable epilepsy secondary to FCD type II
of enhancing 2D IUS navigation by integrating (co-
registering) it with pre-operative magnetic resonance
imaging (MRI) in Brainlab (BL) navigation (Brainlab
Digital O.R. Brainlab AG, Germany) to archive 3D
IUS views. BL a form of frameless stereotactic surgery
provides intraoperative guidance in real-time. This
greatly improves precision needed to archive safe but
adequate resection of intra axial lesions.

CASE REPORT

A 22-year-old female presented early 2022 to our
institution (Federal Centre of Neurosurgery, Tyumen,
Russia) with a long-standing history of bilateral tonic-
clonic focal onset epileptic seizures twice a week. Over
the course of her condition, she was placed on more than

BL - Brainlab
MRI — magnetic resonance imaging
EEG - electroencephalogram

two anti-epileptic drugs: Lamotrigine (200 mg BD PO),
Carbamazepine (400 mg BD PO) Topiramate (100 mg
BD PO), Levetiracetam (750 mg BD PO), Oxcarbazepine
(600 mg BD PO) without meaningful seizure relief. Her
neonatal, developmental, past medical, and surgical
histories were unremarkable.

The patient underwent a full range of pre-surgical
examination by a team of epilepsy specialists:
neurosurgeons, neuro-epileptologists, neuropsychiatrists,
neurologists, speech therapists and neuro-radiologists
according to current clinical guidelines.

Preoperative evaluation

Electroencephalogram

Long-term video -electroencephalogram (EEG)
monitoring (8 days) using 64 scalp electrodes (10-10)
was used to record epileptiform activity. Epileptiform
activity during the interictal phase, were detected
in the form of periodic single and grouped series of
spike-wave discharges localized in the right posterior
temporal region emanating from leads T6 and TPS.
During the ictal phase (left sided head tilt, a deviation
of the mouth to the left, with subsequent generalized
tonic-clonic convulsions) the epileptiform activity
emanated from TP8 origin. Ultimately, the right
posterior temporal area TP8 was identified as the
seizure onset zone (I.1).

Magnetic resonance imaging

Pre-operative 1.5Tesla MRI (Epilepsy Protocol)
was used. On FLAIR, an intra-axial lesion (2.9 x1.9
cm) was depicted in the posterior sections of the right
temporal lobe, on the border of the middle and inferior
temporal gyri, typical of cortical dysplasia (characteristic
thickening of the cortex, blurring of the contours of the
gray-white mater junction, as well as with the presence of
a typical trans mantle dysplasia. These findings provided
correlation between the lesion defined in the MRI
examination, seizure semiology and EEG monitorization
to demonstrate the association between the epileptic
focus and the lesion.

Diagnosis

The diagnosis was made by a panel of neurosurgeons,
neuroepileptologists, neuropsychiatrists, neurologists,
speech therapists, and neuroradiologists: Structural focal
epilepsy. Bilateral tonic-clonic focal onset epileptic
seizures. Drug-resistant form. FCD of the right frontal
lobe (ICD-10 G40.2).

The decision was made to perform right temporal
lobe lesionectomy using optimized IUS with BL as
neuronavigaton.
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FIG. 1. Location of the epileptogenic zone on the electroencephalogram. A — location of the epileptogenic zone in the right
temporal lobe (the blue arrow). B1, B2 — the zone during the ictal period was represented on the electroencephalogram by periodic
single and grouped spike-wave discharges, localized in the right posterior temporal region — in lead TPS.

PUC. 1. Jlokanu3amums SMUIeNTOreHHON 30HbI Ha 3JIeKTpOdHIedanorpaMme. A — JIOKaIU3alus SMUICITOreHHON 30HbI B MPaBOM
BUCOYHOM oOsactu (cuHsAs cTpenka). Bl, B2 — 30Ha ukTanpHOro nepuoja Ha 31eKTposHIedarorpaMMe, IPpeACTaBIeHHAs Hepy-
OZINYECKUMHU OJIMHOYHBIMU M CTPYNITHPOBAHHBIMY B CEPHUU pa3psaaMu CIaiK-BOJH, JIOKATN30BaHbIX B MPAaBO 3aHEH BHCOYHON

obnactu B oTBeieHuM TP8.

Integrated 2D
Brainlab

We used Two-dimensional (2D) FlexFocus 800 IUS
(BK Medical, Denmark) as frameless neuronavigation
(Figure 2C). A craniotomy localizer (Craniotomy 8862)
was attached to a Linear-type convex transducer IUS
probe (29%10 mm, 3.8—10 MHz). The localizer was used

intraoperative ultrasound with

to affix the ultrasonic transducers in a pre-set location
(Figure 2E). The patient’s MRI (Epilepsy protocol) was
then uploaded onto the BL navigation system Thereafter,
the IUS was connected to the BL station and images
were merged using the ultrasound BL program. Live 2D
ultrasound images were then overlaid on preoperative
MRI patient data to enable for precise correlation of
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FIG. 2. Intraoperative set up.

A. Patient positioned and fixed on Mayfield clamps.
B. Neurosurgeon position.

C. 2D intraoperative ultrasound monitor.

D. Brainlab double screen with 3D images.

E. Ultrasound transducer (Craniotomy 8862) with Brainlab neuronavigation imaging.

PUC. 2. Bux oniepaiinoHHON BO BpeMst IPOLEAYPHL.

A. TlonoxeHne marnyeHTa Ha OIIEPalMOHHOM CTOJE ¢ (puKcamue romoBsl B ckobe Mayfield.

B. Tlonoxenue Helipoxupypra.

C. MosnnTop mist 2D-MHTpaonepaioHHOTO YIETPa3ByKOBOTO H300paskeHHIS.

D. /IBoiiHoif 3kpaH Brainlab ¢ 3D-n300paxeHnsMu.

E. VYnberpa3sykopoii garynk (Craniotomy 8862) ¢ HelipoHaBUTallMOHHBIMK MeTKaMH Brainlab.

the intraoperative status of the lesion. After which, the
volumetric dataset was accessible for 3D navigation in
any reconstructed view. Ultrasound data was visualized
with better quality images (920x1080 pixels) using BL
IUS software in 3D (Figure 2D). The reconstructed 3D
images could be reviewed in real time in coronal, sagittal
and axial planes.

Surgical procedure

Integrated 2D intraoperative ultrasound plus the
3D Brainlab

The lead surgeon was Professor Albert Akramovich
Sufianov. The 2D plus the 3D BL ultrasound scanner
was used as a navigation to determine the location of the
pathological focus, the structure and echogenicity of the
pathological tissue in relation to the surrounding normal
brain (Figures 3A, B1, B2, C). Elements of brain shift,
lesion size and residue, were looked out for during the
procedure clearly identified and evaluated. Microsurgical
removal of epileptogenic tissue was performed following
the boundaries of the lesion (Figure 3D).

Post-Operative evaluation

Early post-operative MRI images were conducted to
ascertain the extent of resection and lesion residue (Figure
3E1, 3E2). MRI findings showed gross total resection of
the lesion. Histological findings were consistent with
FCD type 1Ib (G40.2) (Figure 4).

Post-operative  follow-up was conducted by
neurologist, neuro-epileptogist and neurosurgeons on

the 1%, 3%, and 6" month. The patient remained seizure-
free at a 6-month follow-up (Engel I) while being
maintained on a single antiepileptic drug: oxcarbazepine
(600 mg BD PO).

DISCUSSION

An important clinical issue is the current inability to
effectively treat many patients with refractory epilepsy
caused by FCD. The main task during epilepsy surgery
is to safely resect the lesion while preserving meaningful
neurological faculties in the patient. The statistically
significant predictor of post-operative seizure freedom
is the completeness of resection. One commonly
encountered explanation for incomplete resection is the
inaccurate localization of the diseased tissue which is
exacerbated by brain shifting that may occur at numerous
stages during surgery, from the opening of dura mater,
as tissue is resected and potentially throughout surgery.
This is even more critical in patients with FCD as the
extent of resection greatly influences postsurgical seizure
outcome [11].

The use of IUS as a navigational tool in epilepsy
surgery has greatly increased over the past decade
[12, 13]. This has led to the development of improved
and optimized solutions to the TUS images acquired
during surgery. It is our opinion that the integrated 2D
IUS and ultrasound installed BL systems using pre-
operative MRI gives better appreciation of the lesion
dimensions in the axial, coronal and sagittal planes
3D views, which can improve the extent of resection
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FIG. 3. Integrated 2D intraoperative ultrasound plus the 3D Brainlab.
A. TUS image of hyperechoic FCD lesion with transmantal displasia extending to close proxmity to the ventricle (blue arrow).
B1, B2, C. Axial and Coronal preoperative MRI (yellow arrows) intergrated with Brainlab showing an optimised view of FCD

lesion (blue arrow).

D. IUS image depicting total resection of the FCD lesion (blue arrow).

E1, E2. Post operative MRI in Axial and Coronal views of the operative cavities (yellow arrows).

Notes. FCD — focal cortical dysplasia, IUS — intraoperative ultrasound, BL — Brainlab, MRI — magnetic resonance imaging.
PUC. 3. NurerpupoBanHoe HHTpaomepaonHoe 2D-ynsTpa3BykoBoe uccrnenoBanue mioc 3D Brainlab.

A. Y3-nzo0paxenue runepaxoreHHoro ydactka ®KJ[ ¢ TpaHcMaHTHITHOHM qucIIa3ued, MPOCTHpAIOIIEHCs M0 HapaBlICHHIO

K KeJIyJouKy (roiy0as CTpelka).

B1, B2, C. AxcuanbHast 1 KOpOHapHas MPOEKLUH Ha MIPpeAoNnepalMoHHbIX CHUMKaX MPT (okenTble CTpenky), MHTErPUPOBaHHBIX
C HeHPOHABUIALIMOHHBIMU H300paskeHusMU Brainlab, naronue ontumuzupoBanHoe nzodpaxenne OKJI (romydas crpenka).

D. ¥V3-u3obpaxenue, nokaspipatomiee nonuyo pesexiuto O@KJI (romybas crpenka).

El, E2. [Tocneonepanuonnas MPT B akcnalibHOW ¥ KOPOHAJILHOW MPOEKLIUU ONIEPHUPYEMBIX MOIOCTEH (GKENTHIE CTPEIIKH).

and the post-operative outcomes. This makes image
interpretation easier because one may utilize the MRI
image to better understand the US image and the
general layout of the operating room.

Additionally, theuseofultrasoundnavigationsoftware
with BL systems integration enables the scanning and
reconstruction of 3D ultrasound data noticeably faster
than with intraoperative MRI, and this allows that the
surgery is quicker and more efficient; this means that
the surgical workflow is practically uninterrupted [14,
15]. In a study carried out at their institution, Sacino
et al. investigated the use of intraoperative MRI and
found that it increased the length of the procedure by
1.5 to 3 hours. The main elements that contributed to
the need for more operating time included the patient’s

preparation, transportation, performing MRI, and
return as well as the re-sterilization and re-gowning of
the patient, nurses, and surgeon while returning in the
operating room.

Irrespective of the user’s level of IUS modality
expertise, the BL automated view layouts are designed
for ultrasound interpretation, making it easier to analyse
ultrasound data, and thus even with minimum experience,
junior surgeons can localize FCD lesions. We have been
using IUS and IUS with BL systems integration at our
centre for over 10 years and over 8 years, respectively.
The lengthy learning curve of the initial phase can be
significantly reduced with the usage of IUS with BL
systems integration. Even though we observed the
easy facility for the least experienced surgeons, blood
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FIG. 4. Histological findings.

A. Macroscopic dysplastic cortical sample submited for hystopathology (FCD II).
B. Histological features FCD. IHC with vimentin in Balloon cells. Magnification x400.

PUC. 4. Tucronoruueckas XapakTepUCTHKA.

A. MaKpOCKOHI/I'{eCKI/Iﬁ 06p3.3€H ,Z[I/ICHJ'IB.CTI/I'—IGCKOﬁ KOpPBI I'OJIOBHOI'O MO3ra, OTHpaBHeHHLIfI Ha THCTOIATOJIOTHYCCKOC UCCIICI0-

Banue (OK/ II).

b. I/IMMyHOFI/ICTOXI/IMI/I'-IGCKOG OKpaliuBaHNC BUMCHTUHOM B 0aJUTOHHBIX KJIeTKaX. YBeaunueHuex400.

products, and oedema can make residue interpretation a
challenge.

The clinical postoperative outcome was not directly
impacted by only using BL combined with IUS. However,
the authors believe that the positive postoperative result
was most likely influenced by the usage of TUS [16].
These results are equivalent to those attained when even
more expensive neuronavigation tools (IMRI and ICT)
are used.
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Age- and sex-related dynamics of structural and
functional motor behaviour interactions in striatum
neurons in rats

Varvara A. Kudryavtseva, Aleksandra V. Moiseeva, Svetlana G. Mukhamedova,
Gennadii A. Piavchenko™, Sergey L. Kuznetsov
Sechenov First Moscow State Medical University (Sechenov University)
8/2, Trubetskaya str., Moscow, 119991, Russia

Abstract

Aim. To study the age-related dynamics of structural and functional interactions of striatal neurons in the implementation of
acts of motor behaviour in rats of both sexes.

Materials and methods. The study was carried out on 36 Wistar rats of both sexes aged 2, 7 and 16 months (n = 6 per
group). In animals of all groups, locomotor activity was determined using a Laboras device (Metris, the Netherlands) for
15 minutes, after which the brain was sampled to determine the number and size of neurons in the striatum. The median and
interquartile range of the index of motor activity and the number of neurons were determined, and to study the relationship
between these indicators, a correlation and regression analysis was performed with the construction of linear and polynomial
trends, and the coefficient of determination R? was calculated.

Results. The size of neurons did not change significantly with age in the rats of both sexes. The number of neurons differed
statistically in the rats of different sexes in all age groups. In male rats, the maximum number of neurons was noted at the
age of 7 months with a decrease to 16 months. In female rats, the maximum number of neurons was recorded at the age of
2 months with a further decrease to 7 and 16 months. According to the regression analysis, a linear strong relationship (R? =
0.80 for males, R? = 0.79 for females) was established between the number of neurons in the striatum and motor activity in
2-month-old animals. At the age of 7 and 16 months the relationship is non-linear.

Conclusion. The number of neurons in the striatum is subject to sex and age dynamics, while their size remains unchanged
from 2 to 16 months. For animals of both sexes, a decrease in the role of the striatum in providing motor activity in the
process of growing up was noted. This relationship reaches its maximum in 2-month-old rats and then decreases.
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Bo3pacTHaa AMHaAMMKA CTPYKTYPHO-(PYHKLUMOHANBbHbIX
B3aMOAEeMCTBMM HEMPOHOB CTpuatyMa B peanu3aumm akToB
ABUraTenbHOro noseaeHMs y Kpbic oboero nona

B.A. Kynpsisuesa, A.B. Mouceena, C.I. Myxamenosa, [.A. [IbsBuenko™, C.JI. Ky3uemos
@I'AOY BO «llepsbiii Mockosckuil 20cy0apcmeeHtblil MeOUYUHCKUL YHUBGepCUmem
umenu .M. Ceuenoga» Munzopasa Poccuu (Ceuenosckuii yHugepcumem)
ya. Tpybeykas, 0. 8, cmp. 2, 2. Mockea, 119991, Poccus

AHHOTaUMS

Llenb. /3yunTb BO3pacTHYO AMHAMUKY CTPYKTYPHO-(PYHKLMOHANLHBIX B3aUMOLENCTBUA HEMPOHOB CTPUaTyMa B peanuaa-
LjM aKTOB ABUraTeNbLHOMo NoBeAeHNs y KpbiC 060ero nona.

Matepuansb! u meToabl. iccnegosanue npoeefeHo Ha 36 kpbicax nuHu Wistar o6oero nona sospactom 2, 7 1 16 me-
csueB (n = 6 B rpynne). Y XMBOTHbIX BCEX rpynn onpeensnu ABuraTeNibHyl0 akTUBHOCTbL C NoMoLpto npubopa Laboras
(Metris, HugepnaHgbl) B Te4eHne 15 MUH., mocrne Yero OCyLecTBsAN 3abop Mo3ra C Lienblo onpeaeneHns Konuyectaa
1 pa3mMepoB HeMpOHOB B CTpuaTyme. Onpegensnu MeauaHy U UHTEPKBapPTUIbHbIA pas3Max nokasatens gBuraTenbHoN ak-
TMBHOCTM U KOMNYECTBA HEMPOHOB; ANS U3YYEHMUS CBA3W 3TUX NoKa3aTenen NPOBOAUIN KOPPENSALMOHHBIN U PErPECCUOHHBIN
aHanu3 ¢ NoCTPOEHNEM NINHENHBIX U NOIMHOMUATBHBIX TPEHAOB, BbIYMCAANCS KOAMULNEHT AeTepMUHaLIN R?.
PesynbTatbl. Pasavepbl HENPOHOB C BO3PACTOM 3HAUMMO HE M3MEHSNUCh Y Kpbic 060€ero nona. Y1cno HeMpoHOB CTaTUCT-
YeCKM OTNMYaNOCh Y KPbIC PasHOro nosia BO BCEX BO3PACTHBIX rpynnax. Y KpbIC-CaMLOB MakcyManbHOe Y1CHO HENPOHOB
OTMEYEHO B BO3pacTe 7 MeC. CO CHIKeHneM K 16 Mec. Y KpbIC-CaMOK MakcManbHOe YnCo HEMPOHOB 3aperncTpUpoBaHo
B BO3pacTe 2 Mec. C AarnbHENLM CHIKEHNEM K 7 1 16 Mec. 10 AaHHbIM PErpeCCMOHHOIO aHanuaa yCTaHOBIEeHa NuHeHas
cunbHast ¢essb (R? = 0,80 ans camuos, R? = 0,79 ans camok) MeXay KOnM4eCTBOM HEMPOHOB B CTpUATyMe 1 ABUraTenbHOMN
aKTMBHOCTBIO Y 2-MeCSYHbIX XUBOTHbIX. B Bo3pacTe 7 1 16 Mec. CBA3b UMEET HENMHENHbIN XapakTep.

3akntouyeHue. KonmyecTBo HEMPOHOB B CTPUATyMe NOABEPKEHO MOOBOM M BO3PACTHOM AMHAMMKE, B TO BPEMS KaK WX pas-
Mep 0CTaeTcs HeM3MeHHbIM ¢ 2 4o 16 mec. [Ins KUBOTHbIX 060€ro nosia 0TMEYEHO CHIMKEHWE ponu cTpuaTtyma B obecne-
YeHUW ABUraTenbHON akTUBHOCTY B NPOLIECCE B3POCNEHUS. JTa CBA3b MaKCUMasbHa Y 2-MeCSUHbIX KpbIC W B JanbHeALeM
CHKaeTCs.

KntoueBble cnoBa: ABuraternbHbIe akTbl; CTpUaTyM; MOPGOYHKLMOHAMNbHLIE B3aMMOAECTBIS; MOBEAEHUECKNE peaKLmy;
BO3pacTHas Heipomopdonorus
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MONOCATOE TENO — AHATOMUA N TUCTONOMNA

MONOCATOE TENO - ®13N0ON0rA

OBUTATENIbHAA AKTUBHOCTb — ®3MON0IrnA

HEWPOHbI — ®310NOrNA

MONOBbLIE ®AKTOPHI
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Has OMHaMUKa CTPYKTYPHO-(hYHKLMOHAMbHBIX B3aMMOLENCTBMN HEMPOHOB CTpuaTyma B peanus3auun akToB ABura-
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During ontogenesis in rats, the development of
behavioural mechanisms changes significantly because
of age and brain structure. Rats of different age and sex
groups exhibit a different histological structure of the
brain, thus largely determining the manifestations of
the behavioural activity [1].

The striatum is a structural union of subcortical
brain formations comprising the caudate nucleus and
putamen of lentiform nucleus, which are responsible for
the oldest psychomotor functions. It is interesting that
the cortical structures of the brain coordinate complex
motor acts though their evolutionary formation is more
recent [2].

Ratios between morphological, functional, and
quantitative parameters for basal ganglia (striatum)
determine the mechanisms of cortical and subcortical
involvement into locomotor activity during ontogenesis
in rats (comparing with previous studies of motor
cortex). The analysis of these mechanisms would allow
for the evaluation of the dynamics of behavioural
reactions in rats of different age and sex. The approach
seems to be effective if we use rat models to look
through evolutionary issues of the development of
brain structures.

The study aims to evaluate the dynamics of structural
and functional interactions for striatum neurons in motor
behaviour in rats of both sexes of different age groups.

MATERIALS AND METHODS

Animals

Our experimental study is conducted with 36 Wistar
rats: 18 males and 18 females, divided into 6 groups (6
rats in any group) by ages of 2, 7, and 16 months [3].
We have selected the animals of the corresponding age
that represent three age categories: young, grown and old
rats. The animals were received from the Andreevka site
of Scientific Center for Biomedical Technologies of the
Federal Medical and Biological Agency, Russia. The study
was approved by our local ethical committee at Sechenov
University (Protocol No. 03—19, February 13, 2019).

We followed the rules of EU Directive for
the Protection of the Vertebrate Animals used for
Experimental and other Scientific Purposes 86/609 /
EES and ethical principles'.

Each group of the six rats was placed in a separate
standard polycarbonate cage of 16 300 cm?, and all
included steel lattice covers with a section for feeding,
steel label holders, and plastic drinkers with tips.
The animals received feeding by a certified balanced
granular feed for rodents (Ltd Laboratorkorm, Russia)
ad libitum. They also received filtered tap water
ad libitum in standard autoclaved drinking bottles with
steel tips. Special rooms for laboratory animal keeping
allowed us to control environmental conditions (20—
26 °C, relative humidity of 30-70 %). The rooms had
a 12-hour lighting cycle while filtration rate of the room
air volume was equal to 10 times per hour.

Behavioural activity of rats

Assessment of motor activity acts was carried out
with a Laboras (Metris, Netherlands) device, which is
a non-invasive system to automatically recognize and
analyse the behavioural reactions of laboratory animals
such as movement, immobility, vertical standing,
grooming, drinking, eating, and locomotion [4]. As a
result, the quantity and duration of these actions are
recorded. Our study measured the motor activity for 15
minutes.

Morphological study of the cerebral cortex

After recording the behavioural reactions, the
animals were euthanized in a gas chamber to remove the
brain. Fixation of brain in Carnoy’s liquid and section
staining was carried out according to the approach we
have recently described [5].

The calculation of the nerve cell quantity and
size was performed by an Axiolab microscope with
an installed Axiocam camera and AxiOVision image
formation system (Carl Zeiss, Germany). The evaluation
of nerve cell content in the striatum of rats included a
registration of nerve cell quantity and vertical size by
methods of morphometric analysis for different ages
and sexes [6, 7, 8]. Two brain sections of every animal
were made, while 12 fields of vision for each were
processed. We identified the structures with the help of
the G. Paxinos & C. Watson atlas [9].

Statistical analysis

Assessment of motor activity and calculation of
nerve cell quantity and size were carried out for each
of the 6 groups. The normal nature of distribution was

! https://ec.europa.eu/environment/chemicals/lab_animals/legislation_en.htm (date of access: 17.03.2020).
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evaluated by the Kolmogorov—Smirnov test. The data
are represented as medians and interquartile range
(25th, 75th percentile). Comparison of the groups
involved Mann—Whitney U-test.

The relations of the parameters were studied by
correlation dependence. We calculated correlation and
determination factors, while relation force was evaluated
by Cheddok scale. The coefficient of determination was
calculated to confirm the correspondence of the model
to the values of obtained data. General tendencies in the
dynamics of parameters were calculated by regression
analysis with a trend drawing (linear and polynomial)
[4]. We evaluated data about nerve cell quantity in
the striatum (12 averaged values) and motor activity
analysis (2 records from any animal).

For statistical data processing, we used Microsoft
Excel software (Microsoft, USA) and Origin Pro
(Origin-Lab Corporation, USA).

RESULTS

Morphological features of the striatum

Brain sections (cresyl violet Nissl staining) of ventral
portions in basal ganglia include many transverse
nerve fibres (turned caudally) with some clusters of
neurons among them. The cells are usually round with
a light colour of the cytoplasm; their processes are not
contrasted well. The maximal nerve cell content is
found at 7 months in males and gradually decreases in
older individuals. The number of neurons in females
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increases earlier but slightly decreases after that.
Brain sections of 7-month-old rats show an increase
of pyramidal nerve cell quantity where the cytoplasm
contains basophilic granules. The striatum experiences
an age-dependent decrease of total nerve cell number
(Fig. 1).

Values of quantitative and dimensional parameters
for striatal neurons in rats of different age and
sex groups show the dynamics of basal ganglia
development during the ontogenesis. According to our
data, nerve cell size remains the same in any sex and
age group.

The data (in the table) indicate the heterogeneity
of striatal neuron number for rats of different age and
sex groups. The nerve cell content of basal ganglia in
2-month-old rats is various with a slight decrease at the
age of 7 months in females. while in males of the same
age, there was an increase of nerve cell number. By
16 months, a general decrease is typical for nerve cell
number in both sexes.

Motor activity

The recording of motor activity allowed to describe
the locomotor behaviour of rats, as well as to compare
the data with nerve cell number in brain areas that
are responsible for the regulation of the behaviour
(especially striatum).

The study revealed 7-month-old males to exhibit a
maximal mobility while the minimal one was typical for
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FIG. 1. The striatum fragments in rats for both sexes and different age groups. Cresyl violet stain, oc. 20, obj. 40.
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Table. Nerve cell quantity and size in rat striatum for both sexes of different age groups
Tabnuya. KonnyecTBo U paamepbl HEWPOHOB CTPUATYMa KpPbIC 0060€ro nomna B pa3HbIX BO3pacTHbIX rpynnax

Nerve cell quantity / KonuuecTBo HeWpoHOB  pvalue/ Nerve cell size, ym / Pasmep HeipoHOB, MKM  p value /
Age, months /
Bo3 3 3HaueHue a 3Hauenue
pacT, Mecsubl

(n=18) (n=18) p (n=18) (n=18) p

2 43 (41; 45) 62 (59; 64) <0,05 9(9; 10) 9(8; 11) n.s.

7 61 (58; 65) 53 (50; 56) <0,05 9(8;12) 9(8; 11) n.s.

16 52 (51; 53) 42 (41;44) <0,05 10 (9; 11) 11 (10; 11) n.s.

p value / 3HaueHue p <0.05 <0.05 n.s. n.s.

Note: n.s. — not significant.
MpumeyaHme: n.s. — not significant (He 3HauMmo)

16-month-old animals of both sexes. A similar pattern
was found for average nerve cell number: the lowest
value was registered in 2-month-old rats whilst highest
was special for 7-month-old animals. In 16-month-old
rats it decreased to become comparable with values in
young rats.

Correlation between motor activity and nerve

cell quantity in the striatum

To evaluate the locomotor activity of rats, we used
the results of mobility recording. The correlation of
this parameter with nerve cell number in the striatum is
shown further (Fig. 2). The rats of both sexes expose a
strong positive correlation at the age of 2 months, at 7
months it decreases, and reaches minimal values at 16
months.

The regression analysis demonstrated the strongest
correlation between the content of neurons in the basal
ganglia and motor activity in 2-month-old rats of each
sex. The parameters also have a remarkable correlation
in 7-month-old animals, while in 16-month-old rats
such a phenomenon is not so popular with a U-shaped
graph (Fig. 2).

DISCUSSION

Our data illustrate the changing influence of
morphological and quantitative striatal parameters on
animal behaviour between ages and sexes [10—13].

The basal ganglia of the brain are heterogeneous
by their molecular content and functional role. These
subcortical structures are involved in motor functions,
decision-making, training, motivation, behaviour, and
memory [10, 14].

The striatum functions as a primary impulse-
generating centre of basal ganglia. It consists mainly of
projective gamma-aminobutyric acid (GABA) nerve
cells or medial spinous neurons. They are divided
into two populations with separate final projective
tracts, which are opposite to modulate the output
structures of basal ganglia. The striatum also includes
some number of interneurons, including cholinergic
interneurons [15, 16].

The striatum receives the input data from the
cerebral cortex and thalamus, sending it via the
thalamus by associative and projective tracts back to
the cortex and subcortical structures. Striatal region
re-joins glutamatergic input with impulse of dopamine
neurons from the midbrain to determine the vital role
of the striatum in education and decision-making [17].

The motor cortex is a key structure of the frontal
brain, and is responsible for motor skill education,
voluntary motor activity, motor acts planning, and
muscle memory [18-20]. The implementation of these
specific functions is due to a remarkable plasticity, as
well as to the tight links with other areas of the brain
[21, 22]. In particular, morpho-anatomical structures
of the motor cortex involve a neural network between
motor cortex, premotor cortex, sensor regions of
neocortex, and basal ganglia in rats [23, 24]. These
relations between the cortex and basal ganglia in motor
actions have been examined in a number of studies.

The basal ganglia are closely related to neocortex
(especially motor cortex) via oligosynaptic loops. The
signal ways of these loops mainly converge in motor
areas of the frontal cortex and are mainly divided at
the subcortical level. It means that there may be a
functional relationship between striatum and motor
cortex in motor functions [24].

The motor cortex and striatum in motor function and
behaviour of rats are described by numerous studies.
Mechanisms of links between these parts of the brain
are also important besides the role of structures in the
regulation of activity [25, 26]. It is considered that
basal ganglia (BG) together with other subcortical
structures (BG-subcortical pathway) are responsible for
stereotypical movements and innate forms of behaviour
in rats [19]. There are more and more facts about the
role of striatum in the regulation of behaviour, for
example, the influence of basal ganglia in motor acts
of rats by trial-and-error training [11, 19] has been
proved. Acquired motor skills (their formation and
implementation) is under the control of the motor
cortex, which carries out its control system through
the thalamus (due to thalamocortical ways) [27-29].
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FIG. 2. Length of locomotor reactions and nerve cell quantity in the striatum of rats of both sexes in different age groups.
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Note. R? — coefficient of determination.
Mpumeyarme. R? — koathULMEHT AeTepMUHALIM.

There is also data about the role of the striatum in the
development of various motor disorders associated
with Parkinson disease [30, 31].

Many studies tried to identify the correlation between
the number of neurons in the motor cortex and striatum
and motor activity in rats of different age groups. Our
previous study showed the presence of structural-
functional connections between the motor cortex and
motor activity, which was, however, more expressed
in adult animals. At the same time, we may assume
the principal role of the striatum in motor behaviour
in young animals [32]. Most articles are devoted to
the study of rats from birth to adolescence, since the
greatest changes in their behaviour are observed in this
period. Mengler et al. indicates that the brain of rats
experiences a rapid growth during the first months after
birth [33]. This is confirmed by a statistical assessment
with the construction of a growth curve. Moreover,
after 2 months of postnatal development, the volume
of the brain does not change significantly. Analysing
the volumetric graphs of the cortex and basal ganglia in
the study, we can conclude that they show a significant
increase from 3 weeks to l-month, continuous
growth from 1 month to 2 months, and the absence
of significant changes from 2 months to 3 months. In
the striatum, the time-dependent development scale in
DWI (diffuse-weighted image) apparently corresponds

to myelinization, which is visualized by histological
study when identifying fibre bundles in nervous tissue
sections stained with cresyl violetand BGII [33]. Despite
the active use of immunohistochemical methods in the
nervous system, classical neuromorphology remains a
relevant approach to study the structures of the central
nervous system [34].

Most researchers agree that the cortex and
basal ganglia during the postnatal development of
rats together determine behaviour in different age
periods [23, 33]. The motor cortex of the brain in
rats is influenced not only by peripheral afferents
and prefrontal associative regions, but also by basal
ganglia. The assessment of the level of these ascending
influences (basal ganglia and cortex) requires tests in
different age groups such as motor tests of balance,
navigation in labyrinths, punching, as well as the
study of the sexual behaviour of rats (during puberty
at the age of 6—7 months) [35].

According to the study results, the regulation of
motor activity in many brain regions is principally
due to the nerve cell number in subcortical structures
(striatum) of young animals (2 months). At the same
time, there is an age-dependent increase of positive
correlation between locomotor activity and the number
of neurons in the structures of the cerebral cortex [18,
20, 21, 24]. This confirms our previous data about the
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role of the motor cortex in motor behaviour in rats
during ontogenesis for different sexes [32].

CONCLUSION

The number of neurons in the striatum is sex- and
age-related, while their size remains unchanged for the
studied life points. For animals of both sexes, an age-
dependent decrease of striatal role in motor activity
is noted. This parameter is maximal in 2-month-old
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[00:00] We present a clinical case of stereotactic
biopsy and laser ablation of a ganglioglioma using a
thulium laser [1, 2].

[00:07] The patient is an 11-year-old girl, presented
with complaints of ambulatory epileptic seizures with
impaired awareness, followed by post-seizure amnesia.
In average, the patient has 8 seizures lasting 2—3 minutes
per day.

The first attack, without any triggering factors,
occurred at the age of 10 years old. Thereafter, similar
stereotypical seizures occurred daily about 8 times
a day. Currently, the patient is taking carbramazepine
200 mg/day (100 + 100).

[00:38] Transcranial video EEG
(electroencephalogram) monitoring revealed interictal
epileptiform activity in the right frontotemporal
region [3].

[00:48] In the medial temporal pole parts of the right
temporal lobe, there is a small area of hyperintense signal
in T2 and Flair modes (red arrow). After the intravenous
injection of contrast agent, a moderate accumulation
area is detected in the structure of the above zone with a
circular shape, up to 8 mm in diameter, extending to the
contour of the cortical plate (red arrows) [4].

[01:14] Diagnosis: Mass lesion in the medial
temporal lobe on the right. Structural focal epilepsy.
Focal motor epileptic seizures with impaired awareness.
Drug-resistant form. The following surgical procedure
is planned: Stereotactic biopsy and laser ablation of a
ganglioglioma using a thulium laser.

[01:39] The patient is positioned on the operating
table with the head rotated to the left with its rigid fixation
in a Mayfield clamp. After registering the patient in the
neuronavigation system, the projection of the entry point
of the trajectory of the upcoming stereotactic biopsy and
laser ablation is mapped.

[02:01] We use the BrainLab VarioGuide as a
frameless stereotactic system. After positioning it along
all axes, according to the previously planned trajectory, a
soft tissue incision is performed.

[02:25] A 2-mm trephination hole is made.

The video can be found here:
https://youtu.be/Q oCjJUzm-k
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[02:36] A biopsy needle is then placed to the target
point of the previously planned trajectory under the
control of the neuronavigation system.

[03:37] A stereotactic biopsy is taken.

[03:42] The material for morphological study is
collected all around the area of interest by turning the
biopsy needle by 90 degrees after each successful
sampling. This means that 4 samples of surgical material
are taken for morphological examination.

[03:59] A titanium anchor screw is then screwed into
the trephination hole, which serves as a ‘guide’ for the
subsequent laser insertion.

[04:18] The correct path of the anchor screw is
checked with the neuronavigation system. The required
laser fibre insertion length is calculated, which in this
case, is 54 mm, and it is immediately measured on the
laser fibre. Then the stopper is set.

[04:33] Intraoperative MRI (magnetic resonance
imaging) is performed after the stereotactic biopsy to
rule out haemorrhagic complications (red arrow points to
the biopsy area), and upon receiving satisfactory results,
the laser is placed along the trajectory through the anchor
screw (red arrows).

[04:47] A second MRI scan is performed to check
that the laser trajectory is correct, after which we proceed
to laser ablation. In this case, we have used a low-power
mode of 5W with a total energy of 22 J/cm? and an
ablation time of 4 seconds.

[05:12] Control MRI after laser ablation is performed
to monitor the ablation area and prevent any complications
early on. In this case, we see sufficient ablation area and
no complications (red arrows points to the ablation area).
The surgical procedure ends here, the anchor screw is
unscrewed, and the postoperative wound is sutured with
one cutaneous suture.

[05:34] The morphological examination has revealed
a glioneuronal tumor with increased proliferative activity,
which corresponds to a Grade I ganglioglioma [5].

The post-operative follow-up period is now
18 months. Complete freedom from epileptic seizures
has been achieved (class I on the Engel Scale) [6].

BKINAQ ABTOPOB

A.A. CypuaHoB BBIIOTHWI XUPYPTUUECKYIO ONEPALUIO, OMMCAH-
HyI0O B IIPEICTAaBICHHOM KIMHHYECKOM BHAEOCIy4ae, BHEC OC-
HOBHOH BKJIQJ| B KOHLICMIMIO ¥ JM3aiH, a TAKXKE PYKOBOIMI IPO-
HeccoM Harnmcanus M penaktuposanus crarbu. M.C. Ilensrun u
P.A. Cy¢duanoB yuactBoBany B pa3paboTKe KOHIEILIUH U JU3aiiHA
CTarbH, MOJTOTOBKE MAaTEPHAJIOB, HANMCAHUU M PEAAKTHPOBAHUH
TEKCTa, a TAKKe MOJITOTOBKE MIUTIOCTPAIMii U BUieo. Bee aBTopsI
07100pUIIM OKOHYATEIIHBIA BAPUAHT CTAThH U TOTOBBI B3Th HA ce0sl
OTBETCTBEHHOCTb 33 BCE aCIEKThI MPE/ICTABICHHOM IMyOIHKaIHHL.
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Letter to the Editor Regarding “Stereotactic biopsy
and laser ablation of the ganglioglioma using a thulium
laser: a video case report”

Roy T. Daniel
Lausanne University Hospital (CHUV), CH-1011 Lausanne, Switzerland
University of Lausanne (UNIL), CH-1015 Lausanne, Switzerland

To the Editor

With a great interest I've reviewed clinical video-article “Stereotactic Biopsy and Laser Ablation of the Ganglioglioma Using
a Thulium Laser”, published by Professor A. Sufianov et al. in Sechenov Medical Journal [1]. In my view, it represents the
most rapidly developing area of minimally invasive epilepsy surgery today [2-4]. The combination of frameless stereotactic
technology using a surgical thulium laser and intraoperative MR monitoring demonstrated in this clinical video case study can
be considered one of the most successful surgical strategies for minimally invasive surgical treatment of low-grade malignant
brain tumors associated with epilepsy [5, 6]. The authors describe the technology of the surgical intervention step by step
in an accessible manner, which is certainly of great practical value for neurosurgeons involved in the surgical treatment of

epilepsy.

For citation: Daniel R.T. Letter to the Editor Regarding “Stereotactic biopsy and laser ablation of the ganglioglioma using
a thulium laser: a video case report”. Sechenov Medical Journal. 2022; 13(2): 34-34. https://doi.org/10.47093/2218-
7332.2022.13.2.34-34
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OT3bIB CTATbM
«CoBpeMeHHbIN B3rnag Ha rpyaHoe BCKapMnuBaHMe:
3aINMAEeMMONOrua U ero 3Ha4eHuve Ana 3QopoBbA MaTepm
M pebeHka ¢ no3numm obLEeCTBEHHOro 300pOBbA
(no marepmanam “cepum nNo rpyaHOMYy BCKapMnuBaHuio”
XypHana “JlaHuet”)»

OnsauutnpoBanus: OT3bIB cTaTbi « COBPEMEHHBIV B3N Ha rpyAHOE BCKapMIMBAHME: SNOEMIUOMNOrMS U ero 3Ha4eHne Ans
300p0Bbs MaTepu 1 pebeHka ¢ No3nLmit 06LLECTBEHHOMO 300POBLS (N0 MaTepuanam “cepuu no rpyaHoMY BCKapMMBaHWKO”
xypHana “faHuet”)». CeyeHockuit BecTHUK. 2022; 13(2): 35-35. https://doi.org/10.47093/2218-7332.2022.13.2.35-35

Retraction of the article
“The modern approach to breastfeeding: epidemiology
and its importance for moternal and child wellbeing
from the public health prospective (A Review of the
Lancet Breastfeeding Series)™

For citation: Retraction of the article “The modern approach to breastfeeding: epidemiology and its importance for moternal
and child wellbeing from the public health prospective (A Review of the Lancet Breastfeeding Series)”. Sechenov Medical
Journal. 2022; 13(2): 35-35. https://doi.org/10.47093/2218-7332.2022.13.2.35-35

Petpakuuns ctatbn «COBpEMEHHbIN B3rNs4 Ha rpyaHOe BCKapMIMBaHUE: 3MUGEMMONIOTAS U ero 3HayeHne 4ns 30opoBbst
maTepn 1 pebeHka C Mo3vUMn OBLLECTBEHHOTO 340pOBbS (MO MaTepuanam ‘cepuu No TPyAHOMY BCKapMIMBaHMI”
xypHana “Maxuet”)» (A6onbsH J1.B., Hosukosa C.B.), onybnukoBaHHow B xypHane «CeyeHoBCKui BeCTHUK». 2017; 1(27):
41-49. https://www.sechenov.ru/upload/iblock/025/170380_sechenovskij_vestnik_1_27_2017_for-sait.pdf, odopmneHa
no MHWLMAaTUBE pedakuum B CBA3M C HannyueM aybnvpytollen nybnmkauum: «nuaemMmmnonorust rpyaHOro BCKapMIMBaHUS,
€ro 3Ha4YeHne Anis 300pOBbS MaTepy 1 pebeHka, Grarononyyns 1 yCTonumMBOro pa3suTis obLlecTBa: 0630p COBPEMEHHBIX
JaHHbIx» (AbonbsH J1.B., Nlebepesa Y.M, CrenaHos K.M., Hosukoea C.B.), onybnukoBaHHO! B XypHane «AkyTcKuii

MeguumHekui xypHan». 2017; 3(59): 107-112. https://www.elibrary.ru/item.asp?id=29899693

Cornacue aBTOpOB Ha PETPaKLIO NOMy4EHO.

! Hanmcanue 3arofioBKa MPUBEIEHO 110 MaTepuaity, OnyOIMKOBaHHOMY B xypHaie «CeueHOBCKuit BecTHUK». 2017; 1(27): 41-49.
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OT3bIB CTaTbMm
«3apaua: acpchekTueBHO n 6e30NacHO CHU3UTb
apTtepuanbHoe pasneHue. Kak aTo cgenartb
pauMoHaribHO U COBPeMeHHO?»

Ona umtupoBaHua: OT3biB cTatbi «3agava: 3ekTMBHO M 6e30MacHO CHM3MTL apTepuanbHoe gasneHue. Kak ato
caenatb paunoHanbHO M coBpeMeHHO?». CeveHoBckuin BecTHuk. 2022; 13(2): 36-36. https://doi.org/10.47093/2218-
7332.2022.13.2.36-36

Retraction of the article
“An objective: to lower blood pressure effectively and
safely. How to do it in a rational and modern way?”

For citation: Retraction of the article “An objective: to lower blood pressure effectively and safely. How to do it in a rational
and modern way?”. Sechenov Medical Journal. 2022; 13(2): 36-36. https://doi.org/10.47093/2218-7332.2022.13.2.36-36

Petpakuus ctatbn «3apava: ahekTMBHO 1 6€30MacHO CHU3UTL apTepuanbHoe AaBneHune. Kak ato caenath paumoHanbHo
n cospemenHo?» (Opanosa O.B., Makcumos M.J1.), onybnukoBaHHoM B XypHane «CeyeHoBCkui BecTHUK». 2013; 1(11):
47-54. https://www.sechenov.ru/upload/iblock/fcf/350313_sechenovskij_vestnik_1_11_2013_maket.pdf, odopmnena no
WHULMaTUBE pedakLmMv B CBA3M C HanuumeMm gybnupyrowen nybnukaumum: «besonacHas rnoTeH3nBHas Tepanis: CHKEHNe
AL vnn koHTponb?» (Epmonaesa A.C., ipanosa O.B., Makcumos M.J1.), onybnukoBaHHoM B xypHane «Pycckuit Meanumn-

ckuin KypHan». 2014; 4(22): 293-297. https://elibrary.rufitem.asp?id=21846267

MakcumoB M.J1. He cornaceH ¢ peTpakLuen cTaTbMm.
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OT3bIB CTATbM
«buocdapmaueBTnueckasa knaccudpuukaumsa
NeKapCcTBEeHHbIX BelwecTB»

Onsa uutnposanma: OT3biB cTaThi «BuothapmalleBTUYecKas Knaccugukalms nekapcTBeHHbIX BelecTBy. CevyeHOBCKMI
BeCTHUK. 2022; 13(2): 37-37. https://doi.org/10.47093/2218-7332.2022.13.2.37-37

Retraction of the article
“The biopharmaceutical classification of medicinal
substances”

For citation: Retraction of the article “The biopharmaceutical classification of medicinal substances”. Sechenov Medical
Journal. 2022; 13(2): 37-37. https://doi.org/10.47093/2218-7332.2022.13.2.37-37

Petpakuwnsa ctatbn «buodapmavieBTyeckas knaccuukaums nekapcteeHHbix Bewectsy (Pamerckas .B., Woxun U.E.,
Kynuany 10.1.), onybnukoBaHHo# B XypHane «CeuveHockuit BeCTHUK». 2011; 1-2: 57-59. https://www.sechenov.ru/
upload/iblock/0c1/pmnwcjv07qrgvuwbsb4aofzx6o3gae5bv/Sechenovskii_-vestnik_1_2_2011_R.pdf, ocopmneHa no wuHu-
UnaTtuee pefakumu B CBA3N C Hanuunem gybnupyowen nybnvkaumm: «Knaccudukalmm nekapcTBEHHbIX BELLECTB N0 UX
BuodapmaLestuyeckum csoncteam — BKC M BDDCS» (Pamenckas I.B., WoxuH W.E., Kynunny 10.1.), onybnukoBaHHoM
B XypHane «BecTHuk BopoHexckoro rocygapcTBeHHOro yHmusepcutetan. 2012; 1: 212-215. https://www.elibrary.ru/item.
asp?id=17781487

lMNosiBnexne gybnupytoLen nybnmkaLmm cBA3aHO C TEXHUYECKON OLUMBKON CO CTOPOHbI PeaaKLuu.

Cornacue aBTOpOB Ha PETPaKLVIO NOMy4EHO.
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OT3bIB CTaTbhm
«CBupeTenbLCTBO LUMPKYNALUMM BUpyCca MMMyHoaedcdhvumutTa
yenoBeka I-ro runa (BUY-1) Ha ceBepe EBponbl
B ApeBHocCTU. NMNaneoanMaeMmMoNorMyecKum aHanm3a»

Ona untnpoBaHua: OT3biB cTaTbk «CBUOETENBCTBO UMPKYNAUMM BUpyca MMMyHodedmumuTa yenoseka I-ro Tuna (BUY-
1) Ha ceBepe EBponbl B apeBHOCTW. Maneoanuaemmonornyeckuin aHanuay. CeyeHoBCkuin BecTHUK. 2022; 13(2): 38-38.
https://doi.org/10.47093/2218-7332.2022.13.2.38-38

Retraction of the article
“Evidence of ancient HIV-1 transmission in the Northern
Europe. Palaeoepidemiological analysis”

For citation: Retraction of the article “Evidence of ancient HIV-1 transmission in the Northern Europe. Palaeoepidemiologi-
cal analysis”. Sechenov Medical Journal. 2022; 13(2): 38-38. https://doi.org/10.47093/2218-7332.2022.13.2.38-38

PeTtpakums ctatbn «CBUAETENLCTBO LMPKYNALMK BUpYCca MMMyHoAeduLmMTa Yenoseka |-ro Tuna (BUY-1) Ha cesepe EBpo-
Mbl B ApeBHOCTU. Naneoanuaemuonornyeckuin aHanusy (Ceprues B.I1.), onybnunkoBaHHOM B xypHane « Ce4eHOBCKuiA BECT-
HuK». 2013; 4(14): 31-38. https://www.sechenov.ru/upload/iblock/925/c3tp1cjzvycleggm3vw089kta188v3h/Sechenovskii_-
vestnik_4_2013_R.pdf, ohopmneHa no nHmumaTee peLakuum B CBA3M C Hanuumem aybnupytowein nybnvkaumm: «fvnotesa
0 BHeahpyKaHCKOM NPOUCXOXAEHUM BUpYyca MMMyHogeduuuTa Yenoseka 1-ro tuna (BWY-1)» (Ceprues B.IM.), onybnuko-
BaHHOW B xypHane «KypHan uHdpextonoruny. 2012; 4: 97-104. https://www.elibrary.ru/item.asp?id=18765497

ABTOp HE OTBETWI Ha NOBTOPHbIE 3aMNpoChl peaakuun no nosoay peTpakunn CTaTbu.
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OT3bIB CTAThM
«MpoTuBOpeuMaMBHAA XMMMOTEPANUA 3XUHOKOKKO3a
nevyeHm»

Ana untuposanus: OT3biB cTaTbi «[1POTUBOPELMANBHAS XUMUOTEPANUS SXMHOKOKKO3a NeyeHn». Ce4eHOBCKMIA BECTHUK.
2022; 13(2): 39-39. https://doi.org/10.47093/2218-7332.2022.13.2.39-39

Retraction of the article
“Anti-relapse chemotherapy in liver echinococcosis”

For citation: Retraction of the article “Anti-relapse chemotherapy in liver echinococcosis”. Sechenov Medical Journal. 2022;
13(2): 39-39. https://doi.org/10.47093/2218-7332.2022.13.2.39-39

Petpakuns cratbn «[poTMBOpELMANBHAS XMMUOTEPANNS SXMHOKOKKO3a neyeHn» (YepHoycos A.®., MykaHtaes T.E.,
Bbiuyxanun [1.B., Meskun B.B., HypyTauHos P.M.), ony6nukoBaHHo# B xypHane « CeueHOBCKI BECTHUKY . 2016; 4(26): 58-63.
https://www.sechenov.ru/upload/iblock/726/161241_sechenovskij_vestnik_4_26_for-sait.pdf, ocbopmneHa no uHuumaTuse
peaakuuy B CBA3N C Hanuuuem aybnupytowen nybnukauum: «MpoTMBopeunanBHas XMMmoTepanmst SXMHOKOKKO3a NeyeHmy
(YepHoycoB A.®., MykaHTaes T.E.), onybnmkoBaHHOM B XypHane «BecTHuk xupyprudeckoit ractposHteponorumy. 2016; 4:

31-36. https://elibrary.ru/item.asp?id=28356219

ABTOpbI He OTBETUIM Ha MOBTOPHbIE 3aNpOChl peaakLymm No MOBOLY PETpaKLUn CTaTby.
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OT3bIB CTaTbhm
«KnuHuyeckum cnyvyam: BUpYyCHbIA aHUedanuT»

Onsa uutnposanus: OT3bIB cTaTbn «KNUHUYECKUI CRyval: BUPYCHBIN SHUedanuT». CeyeHoBCkuin BeCTHUK. 2022; 13(2):
40-40. https://doi.org/10.47093/2218-7332.2022.13.2.40-40

Retraction of the article
“A clinical case: virus encephalitis”

For citation: Retraction of the article “A clinical case: virus encephalitis”. Sechenov Medical Journal. 2022; 13(2): 40-40.
https://doi.org/10.47093/2218-7332.2022.13.2.40-40

Petpakums ctatbi «KnuHudeckuin cnyyait: BupycHbii aHuedanut» (Lasnosckas O.A.), onybnnkoBaHHoM B xypHane «Ce-
yeHoBCKM BecTHUKy». 2013; 3(13): 48-53. https://www.sechenov.ru/upload/iblock/888/sechenovskij_vestnik_3_13_2013_
maket_itog.pdf, odopmneHa no uHMUMaTMBE pepakuMM B CBA3W C Hamuumem Aybnupytowen nybnukauyun: «BupycHbin
SHUedannT, accoLMPOBaHHbIA C LIUTOMEranoBMpycoM 1 BUPYCOM MPOCTOro reprneca 1 Tuna y XeHwwuHbl 46 neT» (LWas-
nosckas O.A.), onyb6nukoBaHHO B XypHane «BeCTHUK AnMaTUHCKOrO rocyaapCTBEHHOIO MHCTUTYTA YCOBEPLLIEHCTBOBAHMS
Bpaueit». 2013; S3. https://elibrary.ru/item.asp?id=27146973

ABTOp HE OTBETMNA Ha NMOBTOPHbIE 3aMnpoChl peaakuuun no nosoay peTpakunn CTaTbu.
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