JTOITOJTHEHHAA
PEAJIBHOCTD B
HENPOXNPYPI'I

OcHoBHoOW nNpobnemoit
WHTErpaumm TEXHONOr NI
[LOMOJIHEHHOW peanbHOCTU
B XMPYPrMYECKY0 NPaKTUKyY
ocTaeTcs obecrnevyeHve
TOYHOr0 COBMELLEHUSA
BUPTYaJIbHbIX MJAHOBbIX
LaHHbIX C GU3nYeckon
aHaTOMMEN NauMeHTa.

B paHHOM cTaTbe
npeacTaB/ieHbl pe3yabTaThbl
nccnepoBaHus, Lesbio
KOTOPOro siBfiifiacb
CpaBHUTENIbHAs OLEHKa
TPEX METOAOB perncTpaumnm
3D-Moaenen No OTHOLLEHUIO
K rosI0Be MaLlMeHTa.

KoHoBanos A.H. u coasT.
CoBMelleHue ronorpapuye-
CKOM MoAenun 1 peajsibHOro
ob6beKTa npu HelipoHaBura-
LMY METOZ0M AOMOJIHEHHOM
peanbHocTu (AR): aHanus
TOYHOCTU TPEX METOAOB.
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*ypHan nocCBsILLEH W3IOMEHUIO pe3ynsTaToB COBpe-
MEHHbIX Hay4YHbIX UCCiea0BaHUA B 061aCT HepoXu-
pypruun, HEBpONOrnn, NyYeBOI AMArHOCTUKM M aHecTe-
3nonormn-peaHnmMaTonormn. VI3,u,aH|/|e OpueHTUpOBaHO
Ha MPaKTUKYKOLWMX Bpayen, HayuyHblX COTPYAHUKOB,
npeno.u.aBaTeneVl MeaANUUNHCKUX BY30B U PE3NJEHTOB,
cTpeManxeca 6b|Tb B Kypce nocneagHux ,D,OCTI/I)KEHI/IIZ
B 0671aCTU KJIMHUYECKUX HEVNPOHAYK.

MaBHbIA peaakTop

P3aeB [xamunb AdeT ornbl, 4.M.H., npodeccop, rnas-
Hblh Bpay PIBY «depepanbHbll LLEHTP HENPOXUpPYp-
rmn» MwuH3apaBa Poccuu; 3aBepylowmnini Kabenpon
Helipoxupyprun ®re0y BO «HoBocubupckuii rocy-
LapCTBEHHbIN MeANUMHCKUIA YHUBEPCUTET» MuH3sapa-
Ba Poccuu; npodeccop Kadeapbl HertpoHayk ®IrE0Y BO
«HOBOCMBMPCKMIA TOCYAapCTBEHHbIA YHUBEPCUTET»
(HoBocubupck, Poccus)

3aMecTUTeNb raBHOro pejaKkTopa

LWHAKMH NaBen MleHHagbeBUY, 4.M.H., npodeccop, 3a-
BeAyLWMA Kabeppow TpaBMaTonornu, opToneauu
n Herpoxupyprum ®reoy BO «KpacHospckuii rocy-
LapCTBEHHbIA MEAULMHCKUA YHUBEPCUTET UMEHW NPO-
¢deccopa B.®. BonHo-AceHeukoro» MwuH3gpaBa Poc-
cun (KpacHospck, Poccus)

PepakTop

Moicak NaavHa MBaHOBHA, KaHANAAT MEAULIMHCKUX
HayK, Bpay-HeBposor OIrbY «depepanbHbli LEHTP
Henpoxmpyprum» MuHsapaBa Poccuu; poueHT Kade-
Apbl HeilpoHayKk ®FBOY BO «HoBocubUpCcKuin rocyaap-
CTBEHHbII YHUBEPCUTET»; AOLLEHT Kadeapbl Henpoxu-
pypruv ®rs0Y BO «HoBocuBUpCKMIA rocynapCTBEHHbIN
MeAULIMHCKUIA yHUBepcuTeT» MuH3apasa Poccum (HoBo-
cmbupck, Poccus)

OTBETCTBEHHbIV CeKpeTapb

MawkoB AHTOH AneKkceeBn4, MeJULMHCKUIA NCUXON0r
OIreY «®depepaibHblil LLEHTP HENpoxupyprum» MuH-
3apaBa Poccuu; cTtapwuii npenogasaTtenb Kadenpol
Helipoxupyprun ®re0y BO «HoBocubupckuii rocy-
LapCTBEHHbIN MeANUMHCKUIA YHUBEPCUTET» MuH3sapa-
Ba Poccuu; cTapwimii npenogaBaTenb Kadeapbl CUCTEM
cbopa u 06paboTku gaHHbIx PrEOY BO «HoBoCUBMp-
CKUA roCyAapCTBEHHbLIA TEXHUYECKUIA YHUBEPCUTET»
(HoBocubupck, Poccus)



PepaKkunoHHada Kosineruns

CnaBuH KoHcTaHTMH BnagumupoBu4, npo-
deccop, 3aBeayowuii Kapeaponm cTepeoTak-
CNYECKOM N QYHKLMOHANBHOW HEAPOXMPYPrum
NnnuHoWcKoro yHueepcuTeTa; 6biBWKMIA npe-
31AeHT AMepuKaHCKoro obuiecTBa CTepeoTak-
CNYECKOM N GYHKLMOHANBHOW HENPOXUPYPIriu;
BMLLE-NPe3nAeHT BceMupHoro obuiectBa cre-
pPEeOTaKCMYECKON U GYHKUMOHANbHOW HEWpOXu-
pypruu; npesnaeHT MexayHapoAHoro coobuie-
cTBa Helipomoaynsiuum (Ymkaro, CLUA)

TkaueB Bsa4yecnaB BanepbeBud, [.M.H, JOLEHT,
npodeccop Kadeapbl HEBPONOTUM U HENPOXU-
pyprun ®re0y BO «KybaHcKuii rocyaapCTBEH-
Hbli MEANLUWNHCKUA yHuBepcuTeT» MuH3apaBa
Poccum (KpacHopaap, Poccus)

WHAKnMH MMMaBen [eHHagbeBUY, [.M.H., MpoO-
¢deccop, 3aBeaywwmn Kadbeapoli TpaBMaToNO-
rmu, optoneaumm n Herpoxmpyprum ®reoy BO
«KpacHospckui rocynapCTBEHHbIN mMeaun-
LUMHCKUA YHMBEpPCUTET WMeHM npodeccopa
B.®. BoliHO-AceHeLKOro» MuH3apaBa Poccuu;
rNaBHbIN Helpoxmpypr KpacHosipckoro Kpas
(KpacHosipck, Poccus)

Kyweno Hpun BagumoBud, A.M.H., npodec-
Cop, BeAYLLNIA HayuHbIA cOTpyaHUK OrAY «Ha-
LMOHaNbHbLIA  MeAWLMHCKUA unccnepoBaTenb-
CKUI LUEHTP HEMPOXUPYPrUn UMEHU aKaLeMuKa
H.H. BypaeHKko»; uneH EBponeickoi u Bcemnp-
HOW accoumaumm Henpoxupyproe (MocKBa,
Poccus)

Monyraes KoHcTaHTUH AneKcaHAPOBWY, [.M.H.,
npodeccop, 3aBeaywwmin Kabeapor aHecTesn-
0N0rMn-peaHmMMaLum M UHTEHCUBHON Tepanuu
MeanKo-61M0oNOrMYeckoro yHMBEpCUTETA WH-
HoBaLM M HenpepblBHOro obpasoBaHua Orey
«lfocypapCTBEHHbIA HayuHblA LeHTp Poccuin-
Ckoi depepaunn - degepanbHbll MeAULUH-
CKUN BUODU3NYECKMIA LEeHTP nMeHU A.W. Byp-
HassaHa» ®MBA Poccum (Mockea, Poccus)

[NawbaH Bnaanmup Mpuropbesud, 4.M.H., NMpo-
¢deccop Kadeppbl Henpoxupyprum ®reQy BO
«Poccninckmin yHuBepcuteTr MeauuMHb MUH-
3apaBa Poccuu; BeayLMii HayuYHbIA COTPYAHUK
OTAENEHNA HEOTNONHOW Helnpoxupyprum Nby3
r. MockBbl «HayuyHO-uccnepgoBaTenbCKUA WH-
CTUTYT CKOopoW nomowm um. H.B. CkandocoB-
CKoro [lenaptaMeHTa 3apaBooxpaHeHus r. Mo-
ckBbI» (MocKBa, Poccus)

JleBueHKo Oner BanepbeBud, A4.M.H., npodec-
cop PAH, npopeKTop, 3aBeaylownin kKapeapon
Henpoxupyprun ®reQyY BO «POCCUACKUIA YHU-

BEpPCUTET MeAULMHbI» MuH3sgpasa Poccun (Mo-
CKBa, Poccun)

AxuHaxunxapse Pesas CeMeHOBWY, [.M.H., MPO-
¢deccop radenpol Helipoxmpyprum ®rs0y Ano
«Poccuiickaa rocynapcTBeHas MeAuUMHCKas
akajeMusi nocnepunioMHoro o6pasoBaHua»
MuH3ppaBa Poccuu; pyKOBOAUTENb OTAEJIEHUA
Helipoxupyprum FBY3 MO «MOCKOBCKUA 06-
NIAaCTHON HayuHO-UCCNenoBaTeNbCKUN  KAUHU-
YECKUI UHCTUTYT uMeHn M.®. BnaguMnpcKoro»,
rNaBHbIN BHELWTATHLIA CNeunannucT nNo Hempo-
XUpyprunm MuHUCTEepCTBa 34paBOOXpaHeHus
MocKoBcKoW obnacTtu (MockBa, Poccus)

OwopoB AHApeV BacunbeBuy, [.M.H., Bpay aHe-
CTe3MoN0r-peaHnMaTonor oTaena aHecTesno-
JlorunM-peaHnMaumn U MHTEHCUBHOW Tepanuu
®OrAyY «HaumnoHanbHbIA MeANLUHCKUIA nccnepo-
BaTeJIbCKUI LEHTP HEMPOXUPYPrUN UMEHU aKa-
aemuka H.H. BypaeHko» (Mocksa, Poccus)

CemeHoB AnekcaHap BanepbeBuud, 4.M.H., CTap-
WWA HayUYHbIA COTPYAHWUK HAyUYHO-KJINHUYECKO-
ro otaena Hernpoxumpyprum OrbHY «UpKyTCKUi
HayuHbI LEHTP XUPYPrum u TPaBMaTOaOrnn;
JLOLeHT Kadenpbl TpaBMaTtonornu, oproneauu
n Henpoxupyprum WpKYTCKOW roCcynapCTBEH-
HOM MeaMLWHCKOM akafeMum nocneannioMHoro
obpasoBaHua — dpuanana ®reoy ANO «Poccuii-
CKas rocynapcTBeHas MeAuUMWHCKas akaaemus
nocseannsoMHoro obpasoBaHua» MuH3apaBa
Poccuu (MpRyTCK, Poccus)

WUcaeea HaTanbsa BuKTOpOBHA, A.M.H., MNpO-
deccop, Bpauy-HEBPOJION, [NlaBHbIA BHeLWTaT-
HblA HeBposor MwuHUCTepcTBa 3ApaBooOXpa-
HeHuss KpacHOAPCKOro Kpas; AOLEHT Kadeapsl
HEpPBHbIX 60/ie3HE C KypcOM MeAULMUHCKOWM
peabuantaumm MHCTUTYTa MNOCNEAUNIOMHOIO
obpasoBaHua ®rb0Y BO «KpacCHOAPCKWUA ro-
CYLapCTBEHHbIA MEAUUUHCKUA  YHUBEpPCUTET
nmeHn npodeccopa B.P. BoinHo-AceHeLKOro»
MuH3apaBa Poccun (KpacHosipck, Poccus)

PyneHko lNaBen leHHapbeBW4, KaHAuAAT Me-
ANLUNHCKNX HayK, Bpay-HenpoxXmpypr Hempoxu-
pyprudyeckoro otaeneHuns N2 1 KIFbY3 «Kpaesas
KNWHMYecKas 6oabHnLa» (KpacHosapck, Poccus)

MuwmnHoB Cepren BanepbeBud, KaHamMaaT mMe-
ANUMHCKMX HayK, Bpay-HEMpoXupypr, Hayaib-
HMK Hay4yHO-MccneaoBaTeNbCKOro oTaena npo-
€KTHOW M MHHOBALMOHHOWM aesaTenbHoCcTn OIBEHY
«HoBOCMBUPCKUIA HayuyHO-UCCNEA0BaTENbCKUIA
WHCTUTYT TpaBMaToNOrnM U OpTONeANnN UMEHU
A.71. UmBbsaHa» MuH3sgpaBa Poccum (HoBocu-
6upck, Poccus)
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Mowcak lanvHa WBaHOBHAa, KaHAauaaT Meau-
LMHCKMX HayK, Bpay-HeBposor @PreY «ode-
LepanbHbIl  LEHTp Henpoxupyprum» MuH3-
ApaBa Poccuu; poueHT Kadeppbl HempoHayk
®re0y BO «HoBocubUpcKuii rocynapcTBeH-
Hbli YHUBEPCUTET»; AOLEHT Kadeapbl Henpo-
xupyprun ®re0yY BO «HoBocubupckuii rocy-
LAapCTBEHHbIA  MEAUUMHCKUIA  YHUBEpPCUTET»
MuH3apasa Poccun (HoBocmbupck, Poccus)

WcarynsaH 3munb [laBnaoBud, KaHanpat Meaun-
LMHCKMX HayK, CTapluii HayuHbIl COTPYAHUK,
Helnpoxupypr-anronor ®rAy «HauwoHanbHbIN
MeAULMHCKUN UCCNefOoBaTENbCKUIA LLEHTP Hel-
POXUpYprun UMeHn akagemuka H.H. BypaeHKo;
OCHOBaTeNb M npe3naeHT HaumMoHanbHoOro o6-
Lectsa Helpomoaynsauum B Poccum — noapas-
peneHns MexayHapoAHOW accoumaumnm no Hem-
poMoaynaumun; Buue-npesnaeHT Accoumnaumu
WHTEPBEHLMOHHOIO NeveHuns 6onm Poccuun; Bu-
Lue-npesnaeHT MexpernmoHaabHOM accoumaunm
cneumanncToB nNo GYHKUMOHANbHOMW U CTEpeo-
TaKcuuecKkol Helipoxupyprum (Mocksa, Poccus)

dunnmoHoBa EneHa AHapeeBHa, 3aBejytoLas
OTAENIeHMEM Iy4YeBOM AMarHOCTUKN OIBY «®de-
LepanbHbI LLEeHTP HEUpoOXupyprum» MuHsapa-
Ba Poccun (HoBocunbupck, Poccus)

AraeB PacumMm, Bpau-Helipoxupypr Appro Hos-
pital (Bary, AsepbalinkaH)

PepaKumMoHHbIV cOoBET

Wannep Kapn, MD, npodeccop, 3aBeayio-
WMin kadeapor Hempoxmpyprum MeamuUMHCKO-
ro ueHTpa YHuBepcuteta HeHeBbl; Npe3naeHT
doHpaa EBponerncKon accounaunm Henpoxu-
pypruyeckux coobLLeCTB); UneH pefakLUNOHHbIX
M KOHCYNbTaTMBHbIX COBETOB XypHanoB Acta
Neurochirurgica, Neurochirurgie, Neurosurgi-
cal Review, Neurosurgery, World Neurosurgery
(*eHeBa, LBeliLapus)

Faposso J[Je6opa, MD, Bpauy-HelpoxXupypr,
uneH WTanbsiHCKOro obuiecTtBa Helpoxupyp-
ruuw; uneH Komuteta no xmpyprum nepudepu-
YeCKUx HepBOB BcemupHoli depepaumn Hen-
pOXMPYpPruyecknx o6ecTB; BULLE-NPE3NAEHT
O6buiectBa HenpoxupyproB 06beanHEHHbIX
Apabckux IMUpaToB; UneH cekumn nepudepu-
YECKMX HEPBOB, YJieH KoOMUTeTa Mo rnobanb-
HOW N FyMaHUTapHON Heupoxupyprum EBpo-
nerncKkor accoumaumnm HeupoxXnupypruyeckmx
obulecTB; npeaceaaTeNib KOMUTETA MO XUPYP-
rmn nepudepunyecknx HepsoB BcemupHon de-
Aepauun Helpoxupypruveckmnx obuects (Ma-
nepmo, Utanus)
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CuHpay Mapk, MD, PhD, npodeccop, 0anH u3 oc-
HoBaTenen MexayHapoaHOM — accoumaumu
no wusydyeHuo 6o0nuK; npesnaeHT BceMupHo-
ro obuiecTBa CTepeoTakCUYeCKon U GyHKUMO-
HanbHOW Helpoxupypruv (JInoH, dpaHuns)

Xopau Mop:xraH, MD, npodeccop xupypruu,
KOAMPEKTOP padMOXMpPYpPruyeckoro LeHTpa
Gamma Knife umeHn Oxoyun n Tobu TaHeHbayM
B rocnutasie Toronto Western; accoummpoBaH-
HbIA YneH VIHCTUTYTa MeANLMHCKMX Hayk Meau-
LMHCKOro dakrynbTeTa YHuBepcuteta TOPOHTO
(TopoHTo, KaHaaa)

Cape Bypak, MD, npodeccop Hempoxmpyprumu
MepununHCKOro ueHTpa YHuBepcuteta [OKy3
Snnonb (M3mup, Typuns)

Pacynuu Jlykac, MD, PhD, npodeccop Meau-
LuMHCKoro daKkynbTeTa YHuBepcuteta benrpaaa;
PYKOBOAUTENb OTAENEHUS XMPYprum nepude-
PUYECKUX HEPBOB, OYHKLMOHANbHOW Henpo-
XUPYPrUmn U XUpyprum nedeHns 60nm KAnHUKK
HENPOXUPYPrMN YHUBEPCUTETCKOIO KAWHUYE-
CKoro ueHTpa Cepbun (Benrpaa, Cepbus)

JlasapeB Banepuii AnekcaHApOBMY, [A.M.H.,
npodeccop, npopeccop Kapeapbl HEMPOXUPYP-
rmn Orboy AMNO «Poccuiickasd MeauuUMHCKas
aKkaZeMusi HenpepbiBHOrO npodeccnoHanbHo-
ro obpasoBaHua» MuHsapaBa Poccun (MocKBa,
Poccus)

3yeB AHApen AneKcaHApOBUY, [.M.H., 3aBefy-
IoWMA LLeHTpOM HeNpOXMpypruun, 3aBenyownii
HENPOXMPYPrUUYECKUM OTAENEHUEM, 3aBeaylo-
Wwmn kapeapor Henpoxupyprum ®reyY «Haumo-
HaNbHbIA MEANKO-XUPYPTUUYECKU LEHTP NMEHN
H.W. NMuporoea» MuH3apaBa Poccum (MockBa,
Poccus)

Kpaseu JleoHng AkoBneBuny, A.M.H., npodeccop,
FNaBHbIN HayUHbI COTPYAHWK Fpynnbl MUKPO-
HENPOXUPYPIrUM  YHUBEPCUTETCKON  KJANHUKU
Ore0y BO «lprBOMKCKUI NCCnefoBaTeNbCKUN
MeAULUWHCKNUIA yHuBepcuteT» MuH3gpasa Poc-
CUK; rNaBHbIA  Henpoxupypr TpUBONXKCKO-
ro denepanbHoro okpyra (HusHuit Hosropoga,
Poccus)

MpoTononoB Anekcen BnagnMmpoBud, A.M.H.,
npodeccop, pektop ®re0y BO «KpacHosipCKkuii
rocyfapCTBEHHbIA MEeAUUWHCKUA YyHUBEPCUTET
nmeHn npodeccopa B.®. BoinHO-AcCeHeLKOro»
MuH3apaBa Poccun (KpacHosipck, Poccus)

MpoKoneHKo CeMeH BnagumMupoBu4, [.M.H.,
npodeccop, Bpa4y-HEBPOJON, TNaBHbIA BHe-



WTATHLIA cneunanucT-peabunutonor KpacHo-
SIPCKOro Kpas; Hay4yHbIl pyKOBOAMTENb HanpaB-
JIEHUsI HEBPOJIOrMM U Helpopeabunutauum,
3aBeayloWKniA Kadeapoi HepBHbIX 6onesHeld
®re0yY BO «KpaCHOAPCKUA rocyaapCTBEHHbIN
MEANUMHCKUA YHMBEPCUTET WMeHW npodec-
copa B.®. BouHo-fIceHeuKkoro» MwuH3apasa
Poccun; HayuHbli pPyKOBOAUTENb CAYXObl He-
BpOJOrMN N Helipopeabunntaumm Orey «ode-
AepanbHbll CUBMPCKUIA HayYHO-KNAMHUUECKMIA
LueHTp» ®MBA Poccun (KpacHosipck, Poccus)

FpuuaH Anekcen WMBaHOBMY, A.M.H., npodec-
cop, 3aBeaywWMin Kadeapon aHECTE3N0N0run
U peaHumaTonorum MHCTUTYyTa nocneannniom-
Horo obpasoBaHust ®rE0Y BO «KpacHosapcKuii
rocyAapCTBEHHbI MEeAULWHCKUNA YyHUBEPCUTET
nmeHn npodeccopa B.®. BoinHo-AcCeHeLKOro»
MuH3apaBa Poccuu; Buue-npesnaeHtT depepa-
LMW @aHEeCTe310/I0r0B M peaHMMaToI0roB; rnas-
Hblli BHELUTATHbIA aHeCTe3nonor-peaHmMMaTonor
KpacHosipckoro Kpasi 1 Cubupckoro dpeanepanb-
HOro OKpyra; aumpexkTop ueHTposB CEEA, OLA,
EDAIC part I ESAIC (KpacHospck, Poccus)

KanvHuues Anekcenh [eHHagbeBW4, [A.M.H.,
npodeccop Kadeapbl HEBPONOTUM U HENPOXU-
pyprun ®re0y BO «OMCKMin rocyaapCTBEHHbIN
MeAVULUWHCKUIN yHuBepcuteT» MuH3gpasa Poc-
cum (OMcK, Poccus)

[NopoBcKkux NanuHa HuKkonaeBHa, A.M.H., Mpo-
¢deccop Kadenpbl HEBPOJIOrMUM U HENPOXUPYP-

rmn ®re0yY BO «OMCKUiA rocyfapCTBEHHbIN Me-
AWNUMHCKMA yHuBepcuTeT» MuH3sapasa Poccun
(OMck, Poccus)

BbikoB KOpun HUKonaeBwuy, A.M.H., npodeccop,
3aBeAylOWKniA Kadeapoi HepBHbIX 6onesHeld
®re0Y BO «MpKYTCKWA roCcynapCTBEHHbIA Me-
ANUMHCKMA yHuUBepcuTeT» MuH3apasa Poccun
(MipryTCK, Poccus)

BanTtuHrep Bnagumup ®@PpaHueBuY, A.M.H.,
npodeccop, 3acNyKeHHblA Bpay PP, npesu-
feHT AHO «HayuyHo-uccnepoBaTeNbCKUA WH-
CTUTYT MUKPOXUPYPrUn»; rNaBHbIA BHewTaT-
HblA MAaCTUYECKUA XxXupypr J[enaptaMeHTa
3/lpaBoOXpaHeHns TOMCKO 061acTu; rnaBHbIiA
peaakTop XypHana «Bonpocbl peKoHCTPYK-
TUBHOW M naacTuyeckon xupyprum» (TOMCK,
Poccus)

XykoBa HaTtanbs lpuropbeBHa, A.M.H., MpoO-
deccop Kadenpbl HEBPOJIOIrMM U HENPOXMPYP-
run ®re0y BO «CnbMpCKMiA rocyaapCTBEHHbI
MeAULUWHCKUIN yHuBepcuTeT» MuH3gpasa Poc-
cumn (ToMck, Poccusn)

3axapoBa Hatanbs EBreHbeBHa, A.M.H., Mpo-
¢deccop PAH, BeayWMiA HayUHbIA COTPYAHUK OT-
LeNeHns PEeHTreHOBCKUX W paAnOU30TOMHbLIX
MEeTOAO0B AMarHOCTUKN OIAY «HaunoHanbHbIN
MEAVULMHCKUIN UCCNefoBaTENbCKUMA LLEHTP Hel-
POXUpYprun MMeHn akageMmmka H.H. bypaeHKo»
(Mockea, Poccus)

Bnaropapum 000 «CnanHMeanKe» n 1n4Ho Mmnxamna Hukonaesumua MNonnykcosa
3@ NOMOLLb B U34aHUWN XKypHana.
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OT peaakuunmn

OOpalieHue 1J1aBHoro pejakTopa

My6oKoyBaaeMble Konneru! loporue yntatenm!

Bbl AeprKnTe B pyKax NMepBblii HOMEP Kyp-
Hana «CubHenpo». Naes cospgaHus KypHa-
na Cubupckoit accoumaumm Hehpoxmpypros
poavnacb He BYepa, a MPUMEPHO TOraa Xxe,
Koraa 6bl0 opraHM3oBaHo caMo npodeccu-
OHanbHOoe coobulecTBo, 06beaMHslOWEE CU-
BMpPCKMUX HEWpPOXUpPYpProB. 3TN cobbITUS Mpo-
ncxoamnm oceHbto 2014 ropa, HO yXe Toraa
6bII0 MOHSATHO, UTO NMPOEKT CO3A4aHMUA HOBOIO
HEMPOXMPYPrnYecKoro nepuoanvyeckoro wus-
AaHMs HacTONbKO MacwTabeH, OTBETCTBEHEH
N rnyboK, YTo ANs ero peannsaumm notpebo-
BasoOCb OKONO AecATU neT. B TeueHue aTol ae-
Kaabl CubupcKas accoumalns HelipoXnupypros
3aHANa AOCTOMHOE MeCTO B POCCUICKON Heu-
poxupyprun. CnbHeinpo okpenna, ctana ys-
HaBaeMOWN Ha POCCUINCKMX U MEXAYHAPOAHbIX
HEeMpPOXMPYpPruyecknx niowankax. B obuiem
CMbUpPCKMEe Henpoxmpypru ctanum NosHonpas-
HbIMW YNeHaMn MeXAYHapOAHON HENpPOXMpyp-
rmyeckon cembun. CospgaBas HOBbLIA HEWPOXU-
PYPrUYECKUIA KYPHaN, Mbl, UleHbl peaarkuuu,
CO3HaeM, KaKas BblCOKass OTBETCTBEHHOCTb
JIEXUT Ha HawuxX naeyax. Mbl MPUNOXKKM BCe
ycunus, ytobbl HOBOE M3JaHMe CTajio UHTe-

12 CubHeiipo. 2025. Tom 1, Homep 1

pPeCHbIM AN HEMPOXMPYProB, HEBPOJIOrOB, Ny-
UeBbIX AMArHOCTOB M CMELNANMUCTOB LUMPOKOrO
npoduns, VHTEPECYLWUXCA MeAULNHCKUMNU
HelipoHayKaMu. HOBbIA XypHan, No Hawemy
npeAcTaBAEHUIO, — 3TO MecTo, rae obcyxaa-
IOTCS MAEW U OTKPbITUS, BOSHUKAKOT AUCKYCCUN
Mo CaMbiM aKTyasibHbIM BOMPOCaM COBPEMEH-
HOWN HENpOXMpPYypruu.

Hawa crneunanbHOCTb CJIOXHA: 3TO He Mpo-
cTo obnacTb MeaAUUMHbI — 3TO BonbLIOW naacT
MeAULUMHCKUX 3HaHWUIA Ha CTblKe BbiCOYaMLLMX
TEXHONOrn, rnyboKoro MOHWMaHUs HelpoHa-
YK 1 6€3rpaHMYHOro CTPEMNIEHUs MOMOYb na-
uMeHTy. Kaxabli U3 Hac, NOCBATUBLLMX CBOHO
W3Hb HEMPOXMPYPrK, CTAJIKUBAETCS C OYEHb
HEeNpPOCTbIMM CUTYaUUMU B OMEPaLMOHHbIX,
601bHNYHBIX ManaTax u nabopatopusix No Bce-
My Mupy. Hawa uenb — caenatb AOCTUMKEHMA
aBTOPOB KypHana «CUBHeNpo» BUAUMBIMU
W AOCTYNMHbIMU Ans Koaner. OnbIT Kaxaoro
13 aBTOPOB *ypHana MOXEeT CTaTb AOCTOAHMEM
BCEro npodeccrmoHanbHoro coobuiecTsa.

Mebl 6yaeM cTpeMUTbCS Ny6anMKoBaTh paboThl
BbICOKOIO YPOBHSA — TaKoro, KOTOPOMY A0JIKHa
COOTBETCTBOBaTb HeMpoxupyprus B ntoboii
TOuKke Mupa. lMpouecc peLeH3nMpoBaHua cTa-
Teil ponkeH obecneunBaTb AOCTUMKEHME 3TOM
BbICOKOW MAaHKW. MoHMMas LLEeHHOCTb Ballero
BPEMEHM, UeHbl peAaKkuun nocTapaktTcs Co-
6ntofaTb pa3yMHbI 6anaHc Mexay TpeboBaHU-
SIMU KauecTBa M 6bICTPOThI NybAnKaumii. Takke
6yAyT nNpeanpuHATLI YCUAUS ANS paclUMpeHus
BO3MOMHOCTW OTKPBITOrO AOCTYMA K KJIKOUEBbLIM
MaTepuanam, 4tobbl 3HAHUS pacnpoCTpaHs-
JINCb BbICTpEeE.

[Joporve aBTopbl M uyutaTenun! Mbl OTKpbI-
Tbl ANS BalUX WCCIEeA0BAHUNA, KJIUMHUUYECKUX
c/ilyyaeB, 0630p0OB INTEPATYPbl U MHEHUIA. AK-
TUBHOCTb aBTOPOB — 3TO ¥WU3Hb XypHana. MNpu-
rnawaem Bac He TOJIbKO UNTaTb, HO U AeNNTbCA
CBOVM UHTEPECHbLIM OMbITOM.

enato BaM MNJOAOTBOPHOrO UTEHWS, CUJ,
TeprneHus, ACHOCTN yMa, XJlalHOKPOBKS YyBCTB,
BAOXHOBEHMSA AN HOBbIX OTKPBITUIA U, Kak BCEr-
[la, yCrexoB B BalLeM HeJIerkoM, HO TaKOM BarK-
HOM TpyAe Ha 6aro nauMeHToB.

Alea iacta est. Electio facta est. Factum est
consilium.

C yBamceHuUeM U Nnpu3HameJsibHoCmaio,
Mrcamunb P3aeB



Editorial

[IpuBeTcTBenHoe c1oB0 K.B. CiraBuna

KnvHuyecKass npakTuKa, wuccnepoBaTesb-
CKasa [AesiTeNbHOCTb U — 0C0BEeHHO — mpouecc
nNpodeccuoHaNbHOro O0b6yUEHUsI HYKAQTCA
B MOCTOSAHHOW BO3MOXHOCTU A€AUTLCA HAaYUHOM
nHbopMaumnen. B HepanekoM MpPoOLLJIOM TaKas
MHGopMaums 6bia AoCTynHa uyepes yyebHu-
K1, MOHOrpaduun 1, KOHEYHO e, MeAULINHCKME
}ypHanbl. N xoTs celiyac nopaensiowee 60/b-
WMHCTBO MHPOpMaLMM AOCTaBAsSeTCA A0 yMTa-
Tenen yepes NHTEPHET-HOCUTENN N SKPaHbl MO-
HUTOPOB, POJib NPOPECCUOHANBHBIX KYPHANO0B
0CTaeTCs 3HAUYNTENbHOW U KpaiHe BaXHOW.

[leno TyT He TOJIbKO B BO3MOMHOCTU MONY-
unTb Haumbosiee OOBLEKTMBHYIO HaAyuHYlO WH-
dopMaunio no TeMe onybJMKOBAHHOW CTaTby,
HO 1 B CyTM pPeAaKUMOHHOro npouecca, KoTo-
pblii BKNOUaeT B cebsi 1 aeTanbHOE paccMoTpe-
HWe NpeACTaBNEHHbIX AaHHbIX, U UX MHTeprpe-
Taumio.

Bonee 30 neT Hasaa, B Hayane 1995 roaa,
Mocie HEeCKONbKUX neT paboTbl MOMOLLHMKOM
rMaBHOrO pefakTopa B OAHOM M3 KPYMHENRLWMX
MEXAYHApPOAHbIX HENPOXUPYPrUYECKUX HKyp-
HafoB, S HaNWcan CcTaTblo 0 MUPe NybAnKaumii
M Hayan ee C YNOMUHAHWS MaJioOM3BECTHOrO
daKTa, UTO COBETCKUN HENPOXUPYPrUudecKuii
WypHan («Bonpocbl HEWpOXUpYpPrum»), Ko-
TOpbIA Hauan uspaBatbcsd B 1936 roay, 6bin,
noanyin, nepBbiM MEAULMHCKUM XKYpHanoM,
MOJIHOCTbIO MOCBSALLEHHbIM Hallehn ¢ BaMu A0-
BOJIbHO Y3KOI cneumansHocTU. CyTb MOEN CTa-
TbW, OAHAKO, bblNa B TOM, UTO CEpbe3Has pasHu-
La B KayeCTBEe HayuHbIX CTaTel, NOCTyNaBLUMX
K HaM M3 pasHblX YacTel cBeTa, HUKOMM obpa-
30M He OTpaaja OTCYTCTBME pasHULbl B MPO-
dbeccrmoHanbHOM ypOBHE CO34aloWMX 3TU CTa-
TbW HEMPOXUPYPIOB.

C Tex nop, N0 c4YacTbl, MHOrOe W3MEHU-
nocb. LWMPOKMIA AOCTYN K BCEMUPHOW HayyHOW
uTepaType, MNOBbilWeHUne WHGOPMaALNOHHOWN
rPaMOTHOCTM M 3HaHWE MHOCTPAHHbIX SA3bIKOB
HecpaBHEHHO MOBbLICUAN YPOBEHb Ny6AnKaLMIA
M3 pa3BUTbIX M pPa3BMBAOLMXCA CTpaH, U OA-
HUMW 13 Pe3yanbTaTOB TaKOro Nporpecca cTaam
HEOXUWAAHHbIA (M, Ha NepBbIA B3rnsm, ypes-
MEPHbIA) POCT KOAMW4YecTBa cTaTell W, Hapsaay
C 3TWM, MOCTOSSHHO pacTywuii bapbep K npu-
HATUI0O 3TUX CTaTell B YBaXaeMble KYPHasbl.
Ha ceroaHsWHWIA AeHb CaMble M3BECTHble Me-
OVUMHCKME YpHaibl C TOPAOCTbI pacCKasbl-
BalOT 0 95%-M ypoBHe 0TKa30B Ha paccMoTpe-
HMe MpUCbINAeMbIX cTaTeid, a B BonblIMHCTBE
TPaANLMOHHBIX }YPHa0B LIAHCbl HA NPUHATHE
cTaTen ocTaroTcsa Huxe 50 %.

BbIX0A0B TYT HECKOJIbKO, U Y KaxKAoro ectb
CBOM MpeuMmywiecTBa W HepocTaTku. 0OAHO
M3 pelleHnii COCTOUT B CO3A4aHUM [ECATKOB
HW3KOKAUEeCTBEHHbIX, TaK Ha3blBAEMbIX «XMLL-
HUYECKUX», KYpPHaNoB, KoTopble 6epyT 60/b-
lIMe AeHbrM 3a NPUHATUE CTaTel U NpU 3TOM
NponycKalT NoCpeACcTBEHHbIE — @ NMOPOIN U OT-
KPOBEHHO N0OXMe — CTaTbW B NOrOHe 3a Npubbl-
JIblO, TEM CaMbIM MOHMMKas NPecTu Nyb6anKkaumnii
N AoBepue K 06bEKTUBHOCTU pefakUMOHHOr0
npotecca.

Lpyroe, ropasao 6onee npuBnekaTenbHOE,
HO 6onee TPYAOEMKOE M 3HAUMTENIbHO MeHee
npubbINbHOE peLlEHWE 3aK/iloyaeTcs B co3Ada-
HWUM HOBBIX }XYpPHaNoB, OTBEYAIOLLMX Ha BMOJIHE
onpeaefieHHble 3anpochl U HyXAbl. B 3Ty KaTe-
rOpM0 MOMHO OTHECTM HOBbIE KYpHahbl, MO-
CBSILLEHHbIE BbICOKOCNEUNPUMUYHBIM Npodeccu-
OHaflbHBIM 0bnacTsM uanM ¢GoKycupytowmecs
Ha pernoHasbHOM HamnpaBNeHUW, TaK UAN UHa-
ye oTpaatLLMe pacTyLmMiA MHTEPEC KaK cpean
aBTOPOB, TaK U CPEeAU ayaAUTOpUU UuTaTenen.
Cospatowimecs npu 3TOM peAakLMOHHbIA COBET
1 pefakLMOHHas KONNerna cTaBaT nepea cobol
YeTKMe Lenn no pasBuUTUO MHOOPMaLMOHHOIO
06MeHa B AlaHHbIX YCNIOBUSIX U NOAAEPHKMBAIOT
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OT peaakuunmn

MaKCMMaJZlbHO BO3MOXHbl€ YPOBHMU 06'bEKTI/IB—
HOCTU, BHUMaHNA K AeTandM U — CaMoe rnaB-
HO€ — KayecCTBa MNpPUHUMaeMbIX K ny6n|/|+(au,|/||/|
cTaTen.

B 37Ol cBA3M co3gaHue MypHasa «Cub-

Helpo» B KaKOW-TO CTeneHW 3MBNeMaTUYHO;
3Ta MHUUMaTMBa NPaBOMEPHO OTpaXaeT OrpoM-
HblA Nporpecc B obnactv obbeMa M KauecTBa
HEMPOXUPYPruyeckom npakTuKK, Habnwoaae-
Mbii B Cnbupun 3a nocnegHmne 10-15 net. Cos-
faBaeMbIil }ypHan obelwaeT cTaTbh piarMaHoM
WHHOBALMA 1 NnatGopMon AN KJAMHUYECKMX
N UCCneaoBaTeNbCKMX paboT He TONIbKO ANA Ha-
LWNX CUBUPCKMX KONNER, HO U AN BCEMUPHOMO
Helipoxupypruyeckoro coobuiecTBa. Mpamoe
yuacTne CnbupcKoii accoumaumm Helpoxmpyp-
rOB M CTaBLMNX TPAANLMOHHBIMU KOHbEpeHLNi
N 3acegaHunini CMBHENpo rapaHTUPYOT LINPO-
KWIA CNEeKTp 0b6CyKAaeMbIX TEM N BbICOKUIA YpO-
BEHb NyBAMKYyEMbIX COOBLLEHWNIA N 0630POB.

9 yBepeH, uto GOpMMPOBaHME HOBOIO MpPo-

GeccMoHanbHOro HempoXMpPYpPruyeckoro Kyp-

14

CunbHelipo. 2025. Tom 1, HoMep 1

Hana 6yaeT 3aMeuaTefibHbIM U AOArOXAAHHbLIM
NojapKkoM ANns «co3paTenen» u «notpebute-
ety HeMpoXMpypruyeckmux nybamkaumia. N, npu-
HMMas BO BHMMaHue reorpaduyecKkme npocTopsbl
Cunbupu, Kotopble 6yayT OTpaxeHbl B HOBOM
XypHane, 1 He COMHeBaloCb, YTo «CnbHepo»
CTaHeT AO0CTOMHbIM WU aBTOPUTETHbIM UCTOYHU-
KOM 3HaHWIA, 1 XOouy noenaTtb 60/bLIOMY Kopa-
65110 — 60/1bLIOE NNaBaHbe!

KoHcmaHmuH CnaBuH,

Mpogheccop Kaghedpsrl Helipoxupypauu
MnnuHolickoeo yHuBepcumema (Yukaeo, CLLUA),
MouemHnili npogpeccop ®rAY «HayuoHabHbIl
MeOuUUHCKUl uccaedoBamenbCKUll UeHmp
Helipoxupypeauu UMeHU akadeMuKa

H.H. BypOeHKo» MuH30paBa Poccuu
Mpe3udeHm MexwcdyHapodHo20 obujecmsa
Helipomodynsyuu

SKc-Mpe3udeHm BceMupHo2o obujecmsa
cmepeomaxkcu4yeckoli u oyHKUUOHabHOU
Helipoxupypauu



Editorial

[IpuBeTcTBEHHOE CI0BO JIyKaca Pacyaimnua

YBaxkaeMble Konnerun n apysbs!

Ona MeHst 6osblias NpuUBUNErns U 4YecTb
06paTUTbC K BaM MO CAyvyal 3anycKa Kyp-
Hana «CubHelpo». 3TO HauuHaHue ABASETCH
He TO/NbKO CBUAETENIbCTBOM aKaAeMUUYECKO
CWUAibl Ballero coobuiecTBa, HO U OTPaXKEHUEM
Ballero BUAEHUS ByAyLLErO HENPOXUPYPIUN.

OT nMeHn Cepbckoro obuiecTBa Helpoxu-
pyproB Mbl HanpaB/sieM HallX CaMble TeMJble
MoMKenaHuUa U UCKPEHHME NO3APaB/IEHUS C 3TUM
BEJIMKOJIENHBLIM COBBLITUEM.

MycTb 3TOT KypHan npeBpaTUTCA B Ha-
LEXHbIA  LEHTP HEeWpOXUPYPruyecknx 3Ha-
HUA 1 BeaylLylO NAoWaAKy Ans obMeHa MHe-
HUSIMKM B obnacTu Helpoxupyprum B Cubupwm
1 3a ee nNpegenamu.

C Heu3MeHHOLU npu3HameabHOCMbHO
u menJibiMu npogeccuUoHalbHbIMU
nowcenaHusMUu,

npogheccop Jlykac Pacynuu,
Mpe3udeHm Cepbckoeo obuwiecmaa
HelipoxupypaoB

Dear colleagues and friends!

It is my great privilege and honor to address
you on the occasion of the launch of the Sib-
neuro. This endeavor is not only a testament
to the academic strength of your community
but also a reflection of your vision for the fu-
ture of neurosurgery.

On behalf of the Serbian Neurosurgical So-
ciety, we send our warmest regards and sin-
cere congratulations to this great effort.

May this journal evolve into a trusted hub
of neurosurgical knowledge and a leading fo-
rum for sharing neurosurgical insight in Siberia
and beyond.

With lasting appreciation

and warm professional regards,

Prof. Dr Lukas Rasulic,

President

of the Serbian Neurosurgical Society (SNSS)
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Use of radiofrequency lesioning in neurosurgery

Konstantin V. Slavin™
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Abstract

Radiofrequency (RF) lesioning is a precise and established destructive technique in functional neurosur-
gery for treating chronic pain, movement disorders, and other conditions. This paper reviews its history,
technical evolution, and key applications such as trigeminal gangliolysis, cordotomy, and deep brain
lesioning. Despite being irreversible and less commonly practiced today due to the rise of neuromodula-
tion, RF lesioning offers significant advantages like predictability, minimal invasiveness, and cost-effec-
tiveness, making it a valuable option for specific patients, particularly in oncology pain care.
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[IpuMeHenne MeToAa pagrodacTOTHOU JeCTPYKIINI
B HEPOXUPYPIrUn

CnasuH K.B.~
YHuBepcuteT UnnuHoiica, yn. YacT-XappucoH, 1200, Yukaro, UnnuHoiic, CLUA, 60607

Pesiome

PaanouacToTHas (PY) AecTpyKLMA — 3TO TOUHas 1 0TpaboTaHHas MeTOAMKA B GYHKLMOHANbHOM HEAPOXN-
pypruu ans neyeHns XpoHu4YecKkoi 6oaun, ABUraTebHbIX PaCCTPONCTB M Apyrux 3aboneBaHuii. B ctatbe
paccMaTpuBaloTCa ee UCTOPUA, TEXHWYECKOe pa3BUTME M OCHOBHbIE NMOKasaHUsA K NPUMEHEHUIO, BKO-
yas raHranoans TPOMHNUYHOIO HepBa, KOPAOTOMUIO U AECTPYKLUMIO TNYHOKMX CTPYKTYp Mo3ra. HecMoTpst
Ha HeobpaTUMOCTb 3P dEKTa N CHUKEHME NONYASPHOCTU C pa3BUTUEM HEpoMoaynaummn, PY-aecTpykumsa
oCTaeTCsl LLeHHOoN onumen 6narogaps npeackasyeMocTu, Maloil UHBa3MBHOCTU M 3KOHOMUYHOCTU, 0CO-
6eHHO AN19 MALMEHTOB C OHKOJNOTNYeCKoW 60bi0.

KnouyeBble CJIOBa: pafvoyacToTHas AECTPYKUMS, GYHKUMOHaNbHAsA Henpoxmpyprus, 60b, anunencus,
Tpemop

Ans untupoBaHus: CnasuH K.B. MpuMeHeHre MeToLa PaAnoyacTOTHOW AECTPYKLMN B HERPOXUPYPIUK..
CubHelipo. 2025;1(1):16-25. https://doi.org/10.64265/sibneuro-2025-1-1-16-25

KOHPNUKT nHTepecoB: CnasuH K.B. ABNSIETCA YUIEHOM peAaKUUMOHHON Konnernn )RypHana «CubHelipo»
c 2025 1., HO He yyacTBOBaJl B NPOLLECCE BbIHECEHUS PELUEHUs O MPUHATUM CTaTbl K nybamkaumm. Cta-
Tbsl NPOLU/IA NPUHATYIO B XKypHase npouenypy peueHsnpoBaHus. 06 UHbIX KOHGANKTax UHTepPeCcoB aBTop
He coobuwan.

durHaHcMpoBaHue. ViccnefoBaHve NpoBeAeHO 6e3 NpuBAeYeHUs Kakon-nmbo GMHaHCOBON NOAAEPKKA.
Wcnonb3osaHue UWN. MNpu HanucaHuy cTaTbl TEXHOJOMMN NCKYCCTBEHHOIO MHTENNEKTA HE UCNONb30Ba-
NnChb.

JlocTynHOCTb A@HHbIX. BCce gaHHble, MCMNOb30BaHHbIE MPW HANUCAHWUM 3TON CTaTbW, HAXOAATCA B MEXAY-
HapoAHbIx 6a3ax HayuHbIX Ny6ANKaLWiA U [OCTYMHBI ANS U3YYEHUS.

NocTtynuna: 03.06.2025
MpuHsaTa K neyaTtun: 12.08.2025
Ony6nukosaHa: 15.10.2025
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Introduction

In general, there are two ways to change
the activity of neural tissue - destruction
and modulation; the latter one changes activity
of nervous system in a reversible way, as seen
in cases of electrical stimulation and chemi-
cal modulation, and the former one eliminates
pathological activity by irreversible damage
of the neural structures, in effect removing,
disconnecting or otherwise silencing abnormal
neurons. Both of these general approaches
are widely used in the field of functional neuro-
surgery, the subspecialty of neurosurgery that
deals with treatment of so-called functional
disorders, a broad category of neurological
conditions that includes chronic pain, move-
ment disorders, epilepsy and psychiatric dis-
orders.

Although recently surgical neuromodula-
tion has become a standard of care in multiple
functional neurosurgical domains, destructive
interventions remain widely used for many
established indications. They range from me-
chanical disconnections (such as neurotomy/
neurectomy, transections of nerve roots, spi-
nal cord and brain) and chemical destructions
(phenol, glycerol, alcohol, etc.) to thermal le-
sions (with extreme cold as in cryodestruction
or heat as in thermocoagulation) and focused
radiation (with photons as in radiosurgery
and brachytherapy or with sonic waves as in fo-
cused ultrasound). Each of these approach-
es has its own unique advantages and disad-
vantages; some have long history and remain
relatively popular, others were introduced
relatively recently and remain experimental,
whereas some others have been almost com-
pletely abandoned.

Among many destructive modalities, radio-
frequency (RF) thermocoagulation stands out
as a time-tested neurosurgical approach
that is used whenever there is a need for pre-
cise and clearly defined area of destruction
tissue within confines of the nervous system,
be that a ganglion, the spinal cord or the brain.
This white paper covers brief history of use
of RF lesioning in neurosurgery, its main appli-
cations and technical aspects of relevant pro-
cedures.

History of radiofrequency lesioning
in neurosurgery

The use of electrical lesioning in neurosur-
gical interventions was initially based on appli-
cation of direct electrical current through met-
al electrodes with uninsulated tip that were
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inserted into the desired part of the spinal cord
or brain during open or stereotactic surgical in-
tervention. In 1964 Sean Mullan and co-work-
ers in Chicago suggested using unipolar anodal
electrolytic lesion of the spinal cord for a pur-
pose of pain relief instead of previously used
radioactive strontium needle; the lesion
was made with a 0.25 mm thick (10 mils) elec-
trode made of iridium, iridium-platinum alloy
or platinum-clad tungsten with 1 mm unin-
sulated tip [1]. Once this electrode is insert-
ed into the spinothalamic tract at C,-C, level
through a needle under radiographic control
and electrostimulation confirms proper elec-
trode placement, a lesion is made with applica-
tion of 1-2 mA anodic current for 2-10 minutes.

Although considered an improvement com-
pared to previously used radioactive stron-
tium needle, this approach, however, was hard
to reproduce, mainly due to unpredictable tis-
sue response to the electrical current, a sig-
nificant variability in clinical effect, and wide
range of recommended lesioning parame-
ters. The direct current lesion has been as-
sociated with electrolysis, tissue polarization
and gas formation, each of which phenome-
na are to be avoided in dealing with the ner-
vous system. To mitigate this, Hugh Rosomoff
from Pittsburgh in 1965 suggested using RF
current to create thermal lesion in the spi-
nal cord using a 0.5 mm (0.02 in) stainless
steel electrode with 2 mm uninsulated tip [2].
This electrode was then connected to a com-
mercially available RF generator allowing
the surgeon to create a lesion of predictable
size as the combination of the specific electrode
and RF generator can be calibrated in animal
tissue prior to the clinical use. In the original
report, the electrode was expected to pro-
duce 5 mm ellipsoid after 30 seconds expo-
sure. Before that, in 1960, a similar approach
was suggested by Fritz Mundinger of Freiburg
for stereotactic brain surgery, but the ar-
ticle describing it was published in German
and did not receive proper attention [3].

The next two developments aimed at im-
proved safety of the procedure brought neuro-
surgical RF lesioning to its current level. First
was the introduction of impedance measure-
ments suggested by Phil Gildenberg in ear-
ly 1969 [4]; second - addition of thermocouple
for the electrode tip temperature monitoring
by Allan Levin and Eric Cosman in 1980 [5].
These innovations allowed surgeons to de-
termine location of the electrode tip based
on different tissue properties (impedance
measurements allow one not only to differen-
tiate cerebrospinal fluid, white matter and gray

Sibneuro. 2025. Vol. 1, number 1 17



CnaBuH K.B.

MpumMeHeHne MeToaa paaAnoyYacTOTHOM AECTPYKLUUN B HEMPOXUPYPrinm

matter, but also follow changes in the tissue
conductivity during the lesioning procedure)
and continuously measure the lesion tempera-
ture thereby increasing accuracy and safety.

Even more important is the ability to per-
form test stimulation through the lesion-
ing electrode prior to RF thermocoagulation.
Electrical stimulation at different frequen-
cies produces different physiological effects
(sensory and motor) indicating exact position
of the electrode tip related to somatotopic or-
ganization of the nervous system. Evaluation
of stimulation thresholds suggests proximi-
ty of important pathways that should be pre-
served in order to maintain patient function-
ality. Such physiological testing is considered
standard for all RF lesioning applications,
particularly those that are done with the pa-
tient awake where the feedback can be taken
into consideration for electrode placement
and repositioning.

Since the targets of neurosurgical lesion-
ing happen to be of different size and in very
different anatomical locations, each neuro-
surgical RF intervention uses dedicated elec-
trodes that vary by diameter, shape, length
of the electrode itself and its uninsulated
tip, requiring diverse access tools specifical-
ly designed for each target. Many of these RF
electrodes carry the names of either proce-
dures themselves or those who introduced
and/or popularized the specific procedures
and technical nuances.

Common radiofrequency lesioning
interventions

The most common neurosurgical RF ap-
plications are described below (Tables 1, 2).
Some historical RF procedures, such as hy-
pophysectomy and spinal ganglionectomy,
have been abandoned over the years, while

Table 1. Common neurosurgical indications for RF lesioning. Source: created by the author
Tabnuua 1. Hanbonee uacTble HENPOXMPYPruyeckue TMoKasaHus AN PaAMouyacTOTHOW AecTpyKuuu. WCTOUHMK:

COCTaB/NEHO aBTOPOM

Indication Target

Trigeminal neuralgia Gasserian ganglion

Procedure name

Trigeminal RF gangliolysis

Unilateral cancer pain

Lateral spinothalamic tract

Cordotomy

Bilateral cancer pain

Paleospinothalamic tract

Midline myelotomy

Brachial/lumbar plexus avulsion

DREZ of spinal cord

DREZ myelotomy

Trigeminal deafferentation pain

Trigeminal nucleus caudalis

Trigeminal tractotomy/caudalis DREZ

Ventral intermedius nucleus

Essential tremor/parkinsonian tremor of thalamus

VIM thalamotomy

Parkinson disease/dyskinesias/
dystonia

Globus pallidus pars interna

GPi pallidotomy

Intractable epilepsy

Anterior nucleus of thalamus

Anterior thalamotomy

Obsessive compulsive disorder/
medically refractory depression

Anterior limb of internal capsule

Capsulotomy

Obsessive compulsive disorder/
medically refractory depression/
diffuse caner pain

Cingulum / cingulate gyrus

Cingulotomy

Note: DREZ - dorsal root entry zone; GPi - globus pallidus pars interna
MNpumeuaHue: DREZ - 3aaHAs KopelkoBas 30Ha Bxoaa (dorsal root entry zone); GPi — BHyTpeHHWIA CErMeHT baesHoro

wapa (globus pallidus pars interna)

Table 2. Common RF electrode configurations. Source: created by the author

Tabnuua 2. PacnpocTpaHeHHble KOHQUIypaLMM PaANOYACTOTHBIX 3/1EKTPOAO0B. ICTOUHMK: COCTaBNEHO aBTOPOM

Procedure Tip length (mm) Tip diameter (mm) Additional feature(s)

Gasserian gangliolysis 10 0.5 Straight and curved tip configurations (blunt)

Cordotomy 2 0.25 Straight and angled tips (sharp)

DREZ myelotomy 2 0.25 Insulated Teflon shoulder; sharp tip

Caudalis DREZ 12and 2 0.25 Right apgle bend; insulated Teflon shoulder;
sharp tip

Thalamotomy/pallidotomy 1-3 1-1.8 Blunt tip

Cingulotomy 5-10 1-1.8 Blunt tip
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others, such as spinal rhizotomy and sym-
pathectomy, transitioned from neurosurgery
practice to the field of interventional pain man-
agement that is manned by anesthesiologists
and physiatrists. Of this list, the older gener-
ations of functional neurosurgeons are famil-
iar with each listed procedure and indication,
but recent graduates of neurosurgical residen-
cies are likely to be well familiar only with tri-
geminal RF gangliolysis, whereas other RF pro-
cedures targeting structures of the spinal cord
and brain would be taught during dedicated
functional neurosurgery fellowships.

Radiofrequency trigeminal
gangliolysis

Trigeminal ganglion is the target of neuro-
surgical interventions in treatment of trigem-
inal neuralgia. Although the preferred modal-
ity for otherwise healthy patients with typical
trigeminal neuralgia is considered microvas-
cular decompression (MVD), there are many
destructive surgeries that are equally effective
and widely used [6]. These include RF thermo-
coagulation, glycerol gangliolysis, balloon com-
pression and stereotactic radiosurgery. In gen-
eral, destructive procedures are reserved
for pain recurrences after MVD, or as an initial
intervention for those who are not medically fit
to withstand open surgery or those who have
so-called symptomatic trigeminal neuralgia
(as in multiple sclerosis), when MVD is not ex-
pected to be effective.

Of all destructive trigeminal interventions,
RF gangliolysis is by far most selective and al-
lows the surgeon to focus lesioning on specif-
ic parts of the Gasserian ganglion that supply
the affected part of the face. The surgery in-
volves insertion of the cannula into the Meck-
el’s cave through foramen ovale using Hartel
technique. The anatomical landmarks are very
reliable and the procedure is routinely done
under fluoroscopic guidance. The patient is se-
dated during the cannula insertion and during
the actual lesioning process but is kept awake
for physiological testing prior to and after
the lesioning to determine sufficiency of the in-
tervention in terms of development of numb-
ness and disappearance of trigger zones.

There are two RF electrodes that are used
for trigeminal thermocoagulation: a straight
(usually referred to as TIC electrode) [7]
and a curved one (usually referred to as TEW
electrode after its inventor, John Tew of May-
field Clinic in Cincinnati) [8].

Straight (TIC) electrode is usually insert-
ed through one of several dedicated cannu-
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las that have different length of uninsulated
tip (2, 5, 7 and 10 mm long). This uninsulated
tip is positioned within the Gasserian gangli-
on and the exact position is checked with in-
traoperative X-ray and confirmed by electrical
stimulation that elicits paresthesias in the cor-
responding part of the patient’s face. Once
the desired area of face (corresponding to first,
second or third branch of the trigeminal nerve)
is covered with paresthesias, the RF energy
is delivered in order to heat up the ganglion.
The tip temperature is raised gradually until
the desired level (usually > 70 °C and < 90 °C)
is reached, and then the desired temperature
is maintained for 60-120 seconds. The exact
recommended settings vary based on sur-
geon’s preference; in our practice we use
74 °C for 90 seconds. The anatomical arrange-
ment of the sensory fibers within Gasserian
ganglion is such that the fibers of the third
branch are reached first, the second - next,
and the first — last, so the electrode may be
advanced or withdrawn based on the patient’s
description of paresthesias. Once the lesioning
is completed, the sensory testing is performed
in order to determine disappearance of trigger
zones and a loss of sharp/dull discrimination
that tends to correlate with pain relief. Higher
temperatures and longer duration of lesioning
tend to result in higher incidence of permanent
and complete facial numbness that is some-
times associated with severe pain, so called
anesthesia dolorosa. Therefore, the conven-
tional wisdom dictates a preference in keeping
temperature and lesion duration lower.

An alternative curved electrode is the more
commonly used (it is preferred electrode
in our practice) — here the cannula is insulated
completely and the flexible electrode tip is pro-
truding from the cannula lumen into the gangli-
on itself. By aiming the curvature in different di-
rections, it is possible to position the electrode
tip in all three branches without moving the can-
nula. The same kit includes a straight electrode
in addition to the curved one - with fully insu-
lated cannula this straight electrode protrudes
by 1 cm to create lesion in the Gasserian gangli-
on along the trajectory of insertion.

The proper position of the electrode is mon-
itored with intraoperative fluoroscopy, imped-
ance measurements and electrical stimulation;
the sufficiency of the lesioning is determined
by sensory examination after each lesion.
Once the desired effects (pain relief and par-
tial sensory loss) are achieved, the electrode
and the cannula are withdrawn.

The clinical effect of trigeminal RF thermoco-
agulation is based on the difference in thermal
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sensitivity of different nerve fibers — the pain
transmitting fibers are smaller and more sen-
sitive to heat with lower threshold for de-
struction compared to larger fibers that pro-
vide deep cutaneous sensation and supply
motor innervation. This difference allows one
to achieve pain relief without creating complete
numbness thereby avoiding the risk of keratitis,
loss of corneal reflex and anesthesia dolorosa.
The partial sensory loss needed for lasting pain
relief can be achieved without creating weak-
ness in the muscles of mastication that are
supplied by motor portion of the trigeminal
nerve. In addition to this, the somatotopic or-
ganization of the fibers in the retrogasserian
part of the ganglion permits selective destruc-
tion of only those pathways that correspond
to the area of pain; this makes RF thermod-
estruction the most selective percutaneous
procedure among all others (glycerol, balloon
compression and radiosurgery).

Radiofrequency cordotomy

The concept of selective interruption
of pain-transmitting pathways within the spi-
nal cord was introduced more than 100 years
ago after an observation of complete insen-
sitivity to pain in an otherwise functional
patient who had tuberculosis related gran-
ulomas in the spinal cord. Since the lateral
spinothalamic tract that carries somatic pain
signals from contralateral side of the body
is located in the anterolateral quadrant
of the spinal cord, the original approach
to the cordotomy was to surgically transect
the cord with surgical scalpel or the special-
ly designed cutting instrument (the cordo-
tome). Such intervention that requires sur-
gical exposure of the spinal cord at cervical
or upper thoracic level - the open cordoto-
my - is still rarely performed for specific indi-
cations, but the preferred option for the last
50 years has been percutaneous cordotomy,
where the lesion of the spinothalamic tract
is performed through a needle under radio-
graphic guidance. The earlier techniques
of cordotomy that involved radioactive nee-
dles and anodic currents have been complete-
ly abandoned in favor of RF thermocoagula-
tion, and special cordotomy RF electrodes
have been developed to create reproducible
lesions the spinothalamic tract [5].

The cordotomy is indicated for treatment
of medically refractory unilateral pain in pa-
tients with relatively short life expectancy.
Most often, it is being considered as an op-
tion in patients with cancer pain when
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the malignant process or anti-neoplastic
therapy (such as radiation treatment) in-
volve the lumbar or brachial plexus, or cause
severe pain by direct invasion of the pelvis,
leg, chest wall or arm. In patients with more
than 6-month life expectancy surgical treat-
ment of pain is usually focusing on intra-
thecal drug delivery, but for those with ex-
pected survival shorter than 3-6 months
a destructive option such as cordotomy
is a preferred approach due to its low inva-
siveness, predictable outcomes, acceptable
risk of complications, low cost and no need
in general anesthesia.

The procedure of percutaneous RF cordot-
omy is done with the patient awake and in su-
pine position. The lesioning is usually done
at the upper cervical level and the special
17 Ga needle is inserted in horizontal plane
2 cm inferior to the tip of mastoid process.
It is recommended to administer intrathecal
contrast dye within an hour prior to the proce-
dure, usually through a lumbar or contralateral
cervical puncture, in order to outline the con-
tours of the spinal cord on radiographic im-
ages. Once the needle for cordotomy reaches
the spinal canal, it is advanced toward the spi-
nal cord anterior to the dentate ligament aim-
ing at the anterolateral quadrant of the cord
few millimeters anterior to the cord’'s equa-
tor. Before the surface of the cord is reached,
the patient may experience sharp pain
in the neck due to penetration of the dura
and irritation of the cervical nerve roots; con-
tact with the cord itself, just like the brain,
is painless. The cordotomy electrode is very
thin (0.25 mm in diameter) and has sharp un-
insulated 2 mm tip; the kit usually includes
electrodes with straight and slightly curved
tips. The electrode is advanced through
the needle and the impedance is monitored
during the advancement process. Impedance
increases significantly when the electrode tip
penetrates the spinal cord and remains high
when the electrode is advanced for another
3 mm so the part of its insulated shaft is locat-
ed inside the cord and protects more superfi-
cial pathways located lateral to the spinotha-
lamic tract.

The somatotopic organization of the spi-
nothalamic tract allows one to pinpoint
the fibers that correspond to sacral, lum-
bar, thoracic and cervical dermatomes. Here
the electrical stimulation is used to elicit par-
esthesias in the body part that is affected
by pain; due to early crossing of the sensory
fibers in the spinal cord, the spinothalamic
tract carries information from contralateral



part of the body. Once the patient describes
sensation of pins and needles or a warm water
flowing over the painful region, the electrode
position is considered adequate for the RF cor-
dotomy.

The RF lesion is done with tip temperature
of 80 °C for 30 seconds; the lesion is usually
painless as the white matter tracts do not have
painful sensation receptors in them. Once
the lesion is completed, the patient is asked
to report the level of his/her pain - the pain
improvement or disappearance indicates
that the lesion is adequate. Neurological ex-
amination is performed to check for presence
of sensory loss in the area of pain and the rest
of contralateral body half as well any other
neurological symptoms including weakness
in the ipsilateral extremities. The RF lesion-
ing parameters vary across different centers,
but the general approach remains the same.

In the past, RF cordotomy was performed
under radiographic guidance using regular
cervical radiographs or C-arm fluoroscopy.
This was changed to primarily CT-guidance
after the technique was introduced by Yucel
Kanpolat in the early 1990s [9]; the special-
ly designed “Kanpolat cordotomy” electrode
was introduced in 1996 [10].

CT-guided RF cordotomy remains widely
recognized pain-relieving intervention for uni-
lateral cancer-related pain. It is not routinely
used for patients with non-malignant nature
of pain due to relatively high recurrence rate
over time; short life expectancy of cancer
pain patients makes them excellent candi-
dates for this minimally-invasive interven-
tion that does not require general anesthesia
and results in immediate pain relief with associ-
ated improvement on quality of life. RF cordot-
omy is not recommended in patients with bilat-
eral pain due to a concern about respiratory
complications with bilateral procedures.

Radiofrequency dorsal root entry
zone myelotomy

Dorsal root entry zone (DREZ) is the sub-
strate for pain relieving interventions based
on its role in pain generation: in patients
with complete loss of the sensory input (de-
afferentation), nociceptive interneurons
in the substantia gelatinosa and Lissauer’s
tract (both are located within DREZ) be-
come hyperactive and are thought to be re-
sponsible for development of the severe
and medically refractory neuropathic pain.
The original description of so-called DREZot-
omy was published by Marc Sindou of Lyon
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for treatment of spasticity and pain [11],
but subsequent modification and popular-
ization of the procedure by Blaine Nashold
of Duke University [12] resulted in universal
recognition of DREZ myelotomy (frequent-
ly referred to in US as Nashold procedure)
as preferred approach to treatment of local-
ized deafferentation pain.

Currently, DREZ myelotomy is used pri-
marily for severe pain related to avulsion
of the nervous plexus - in cervical region
for brachial plexus avulsion and in thora-
co-lumbar region for lumbar plexus avulsion.
It also works for the end-zone pain related
to spinal cord injury, but is considered inef-
fective for post-herpetic neuralgia and distal
(post-ganglionic) nerve injuries. The myeloto-
my itself can be done with various instruments,
including scalpel, bipolar coagulation, laser
beam, focused ultrasound, but the most com-
monly used approach utilized RF thermoco-
agulation that is performed through an open
surgery that involves laminectomy (or hemi-
laminectomy) and microsurgical exposure
of the spinal cord.

RF lesioning in DREZ myelotomy requires
a specially designed electrode that has sharp-
enedtip (to penetrate spinal cord) with 0.25 mm
diameter and 2 mm length, with an embedded
thermocouple as well as shouldered insulation
that prevents overpenetration of the tissue
[13]. The procedure is done with a series of RF
lesions with 75 °C tip temperature and 30 sec-
onds duration performed 2 mm apart from
each other along the line of DREZ as visualized
under the surgical microscope.

Caudalis dorsal root entry
zone radiofrequency lesioning/
radiofrequency trigeminal
tractotomy-nucleotomy

A variation of DREZ myelotomy was sug-
gested for targeting the trigeminal nucleus
caudalis that is located in the uppermost seg-
ment of the spinal cord, just below the brain-
stem, under the vertebral levels of C, and C,.
The concept of selective destruction of the nu-
cleus caudalis was introduced in 1938
by Olof Sjoqvist of Stockholm for treatment
of severe facial pain [14], but deep location
of the nucleus and proximity of multiple im-
portant structures prevented wide acceptance
of this intervention.

RF trigeminal tractotomy, frequently re-
ferred to as nucleus caudalis DREZ, has been
advocated as less invasive and overall safer
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intervention compared to open tractotomy
of Sjoqvist and is used for most refractory
forms of facial pain, especially caused by facial
deafferentation, such as anesthesia dolorosa,
and cancer in the head and face region.

Since the target for trigeminal tractotomy
is located under the more superficial dorsal
spinocerebellar tract, the RF electrode had
to be modified specifically for this applica-
tion with addition of 1 mm of insulation be-
tween 2 mm electrode tip (0.25 mm diameter)
and the shouldered Teflon insulation (0.6 mm
diameter) [15]. This was done primarily to re-
duce the incidence of post-procedural ataxia.
For ergonomic reason, the subsequent mod-
ification of this electrode had a right-angle
bend few millimeters away from the tip to per-
mit holding the electrode handle perpendicu-
lar to the surgical plane. The electrode itself
was made in two configurations, with 2 mm
uninsulated tip for RF lesion between the obex
of the fourth ventricle and the C, level,
and with 1.2 mm uninsulated tip for the nar-
rower part of the nucleus caudalis between
C, and C, vertebral levels [16]. The RF le-
sions with these electrodes are recommended
to be performed at 1 mm intervals with 75 °C
tip temperature and 15 seconds duration.

As an alternative to the caudalis DREZ pro-
cedure, Kanpolat suggested using CT-guidance
to perform percutaneous trigeminal tractoto-
my [17]. For this, a needle is inserted into oc-
ciput-C, interspace from posterior direction
with the patient positioned prone in the CT
scanner. The electrode is inserted into the tri-
geminal nucleus and intraoperative electrical
stimulation is used to confirm proper electrode
position. Similar to percutaneous RF cordoto-
my, the procedure is performed with the patient
awake and a myelographic contrast dye is inject-
ed into intrathecal space prior to the procedure
in order to define the contours of the spinal cord
below the craniocervical junction. The guiding
cannula is inserted via parasagittal approach
about 1 cm away from midline; the RF electrode
is advanced into the spinal cord while observing
continuous impedance reading. Impedance val-
ues increase from about 400 Ohm in the cere-
brospinal fluid to about 1000 Ohm when the cord
is entered. Following electrical stimulation with
low (2-5 Hz) and high (50-100 Hz) frequencies
to determine sensory and motor responses
and CT confirmation of the electrode location
in the posterolateral segment of the cord, an RF
lesion is created with 70-80 °C for 60 seconds.
A single lesion is usually sufficient to achieve de-
sired clinical effect. In case of pain recurrence,
the procedure may be repeated.
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Radiofrequency thalamotomy/
pallidotomy/capsulotomy/
cingulotomy

Stereotactic lesioning of different cere-
bral structures has been used for treatment
of chronic functional neurological disorders
since 1940s. Techniques of lesioning evolved
over time from mechanical excision (topec-
tomy) to chemical destruction to focused
radiation with implanted radioactive seeds
and, eventually, to RF thermocoagulation. Prior
to the introduction of deep brain stimulation
(DBS), RF lesioning was considered standard
and accepted treatment of essential tremor (RF
thalamotomy), Parkinson disease and dystonia
(RF pallidotomy); it was also used for treatment
of severe depression and obsessive-compul-
sive disorder (RF capsulotomy and cinguloto-
my). As the matter of fact, the entire premise
of DBS was born out of clinical use of elec-
trical stimulation delivered through RF elec-
trodes prior to the lesioning as correct loca-
tion of the electrodes was usually conformed
by temporary suppression of symptoms [18].

RF electrodes used for intracranial le-
sioning have standard length so they can be
fit into a stereotactic frame that is aimed
at the lesioning target. These electrodes
are rigid, cylindrical in shape and have blunt
tip to minimize brain injury and risk of hemor-
rhage. The length varies between 19 and 30 cm
(25 cm is the most common length), diam-
eter — between 1 and 1.8 mm (21 to 16 Ga),
and the uninsulated tip length of 1 to 10 mm.
The reason so many different sizes exist is that
different neurosurgeons were trained in differ-
ent places and in different decades and there-
fore have different preferences. Most practic-
es would have several electrodes of the same
configuration except for the length of uninsu-
lated tip as this may be needed to create proper
size lesion in selected intracranial target.

The size of the tip of RF electrode determines
the size of the lesion as much as the tempera-
ture and duration of lesioning [19]. For tha-
lamic and pallidal targets the desired lesion
is 3 mm in diameter or less with the height
of 5-6 mm along the chosen trajectory; there-
fore, a 1-3 mm electrode tip is preferred
for RF thalamotomy and pallidotomy. Capsu-
lar and cingulate targets, on the other hand,
are larger; for RF capsulotomy and cinguloto-
my one would use 5 mm or 10 mm electrode
tips.

RF lesioning targets are chosen based on in-
dividual clinical presentation. The list of targets
is long and includes different thalamic nuclei,



pallidum, subthalamic area, the fields of Forel,
anterior limb of the internal capsule, amygdala,
cingulum and cingulate gyrus, etc. In general,
the targets for lesioning coincide with targets
for DBS, but there are some important nuanc-
es — mainly the risk of complications - that ei-
ther prevent lesioning or make DBS not feasible.

In case of essential tremor or tremor-dom-
inant Parkinson disease, the target of choice
is the ventral intermediate nucleus of the thala-
mus (VIM) [20]. For advanced Parkinson disease
and especially for levodopa-induced dyskine-
sias, the ventroposterior segment of the globus
pallidus pars interna (GPi) is the preferred le-
sioning target [21]. Same GPi location is used
for treatment of dystonia [22]. Anterior limb
of the internal capsule [23] and supracallo-
sal cingulate [24, 25] targets have been used
for treatment of severe depression and obses-
sive-compulsive disorder. The anterior nucleus
of the thalamus has been a target for RF lesion-
ing in intractable epilepsy [26].

The coordinates of the target are calculat-
ed based on widely known anatomical atlases
and defined relative to standard stereotactic
landmarks that were established even before
three-dimensional imaging (such as computed
tomography and magnetic resonance imag-
ing) was invented. The original investigations
and clinical series used cerebral ventriculog-
raphy and stereotactic X-rays in orthogonal
planes to evaluate the anatomy of deep cere-
bral structures; due to this the universal carte-
sian system of coordinates calculates target lo-
cation in all three planes relative to the anterior
and posterior commissures, the thalamic height
and the width of the third ventricle. Currently,
computer software is routinely used for ste-
reotactic calculations, and the coordinates
are derived not only from the atlases but also
from direct visualization of target locations
on frame-based or frameless imaging studies.

Once the coordinates are finalized
and the stereotactic system of choice (frame-
based or frameless) is locked and loaded,
the physiological confirmation can be obtained
through microelectrode recording and/or with
intraoperative test stimulation. RF probes
may be used for such stimulation; usually
a low frequency stimulation is used for test-
ing the proximity of motor and visual path-
ways whereas sensory testing is accomplished
by a high frequency stimulation. Since the ma-
jority of surgeries for movement disorders
(with the exception of generalized dystonia
and pediatric patients) are done with the pa-
tient awake, the patients are asked to de-
scribe presence and location of paresthesias,
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changes in the tone of extremities and fluidity
of movements, as well as any visual phenomena
in response to test stimulation in order to de-
fine best location for RF lesioning. Similarly,
the duration of lesioning itself and the number
of lesions are dictated by the degree of symp-
tomatic improvement. This may be easily no-
ticeable as in cases of tremor and somewhat
less straightforward in cases of focal dystonia.
RF lesions are performed with 75-80 °C
for 60 seconds in VIM thalamotomy and with
80-85 °C for 60-90 seconds for GPi pallidot-
omy. For RF anterior thalamotomy, two lesions
are created on each side with 70 °C for 70 sec-
onds. For RF cingulotomy, bilateral lesions
are performed at 85-90 °C and 90 seconds
with two or three lesions next to each oth-
er on each side. For RF anterior capsulotomy,
lesions with 75 °C for 90 seconds are made
on both sides. Usually, a control imaging
is performed post-operatively to rule out hem-
orrhage and confirm location of RF lesions.

Radiofrequency lesioning
equipment

Since RF lesioning was an integral part
of functional neurosurgical practice, for many
years there were many vendors of RF electrodes
and generators. In the United States, the leader
of the field was Radionics, Inc from Burlington,
Massachusetts that was founded by Bernard
Cosman in 1938 and released first commer-
cial RF generator in 1952. For several decades
it offered a comprehensive list of most elec-
trode configurations, vast majority of which
were reusable. Following acquisition of Radi-
onics by Tyco in 2000 and subsequent trans-
fer to Integra in 2005, the interest to RF equip-
ment was lost and the technology was acquired
by a newly formed company Cosman Medical
that in essence inherited all Radionics custom-
ers and loyal followers. In 2016, Cosman Medi-
cal was acquired by Boston Scientific.

In Canada, the leader of RF equipment
has been Diros Technology, Inc located
in the Greater Toronto area. Diros line of RF
products features OWL generators and variety
of RF electrodes, both disposable and reusable
ones. The first OWL RF generator came out
in 1969; since that time OWL RF equipment
has been used for most neurosurgical indica-
tions and was featured in many scientific pub-
lications.

In Europe, RF generators have been manu-
factured by Elekta (Sweden) and Leibinger-Fisher
(Germany), both of which have also been making
and selling stereotactic surgical equipment (Lek-
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sell and Zamorano-Dujovny (ZD), respectively).
It appears that Leksell Neuro Generator (Elek-
ta) and Neuro N50 Lesion Generator (Stryker/
Leibinger) are not currently sold in the US.

Neurotherm (acquired by St. Jude Medical
and subsequently Abbott), Avanos Pain (former
Baylis Medical, acquired by Kimberly-Clark/
Halyard/Avanos Pain Management), Synerget-
ics (acquired by Stryker) and Smith+Nephew
also make RF generators, but Abbott/Neuro-
therm NT2000iX RF generator, Avanos/Halyard
Pain Management RF generator and Stryker
MultiGen 2 RF generator are designed exclu-
sively for non-neurosurgical pain applications,
and Smith+Nephew Electrothermal system
has RF applications for arthroscopic use.

Conclusions

Radiofrequency thermocoagulation is an es-
tablished neurosurgical modality that has many
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time-tested applications in surgical treatment
of chronic pain, movement disorders, epilepsy
and psychiatric conditions. High selectivity, re-
producible and predictable lesion size, relatively
low invasiveness, as well as decades of clinical
experience make RF lesioning an attractive op-
tion for a multitude of applications. Lack of im-
plants, ability to perform majority of procedures
without general anesthesia, lower procedural
costs are important benefits of RF lesioning.
Disadvantages of this approach include irrevers-
ibility of its effect, lack of adjustability and test-
ability (as seen in case of electrical neuromodu-
lation), as well as marked decline in the number
of centers that are competent and comfortable
offering RF lesioning to their patients. Recent
renaissance of interest in targeted destruc-
tive interventions brought up a significant in-
crease in educational offerings on this topic;
all this may result in steady growth of amount
of RF lesioning procedures all over the world.

1. Mullan S, Hekmatpanah J, Dobben G, Beckman F. Percutaneous, intramedullary cordotomy utilizing
the unipolar anodal electrolytic lesion. J Neurosurg. 1965; 22: 548-553. https://doi.org/10.3171/

jns.1965.22.6.0548

2. Rosomoff HL, Brown CJ, Sheptak P. Percutaneous radiofrequency cervical cordotomy: Technique.
J Neurosurg. 1965; 23: 639-644. https://doi.org/10.3171/jns.1965.23.6.0639

3. Gildenberg PL, Zanes C, Flitter M, Lin PM, Lautsch EV, Truex RC. Impedance measuring device
for detection of penetration of the spinal cord in anterior percutaneous cervical cordotomy. Techni-
cal note. J Neurosurg. 1969; 30: 87-92. https://doi.org/10.3171/jns.1969.30.1.0087

4. Mundinger F, Riechert T, Gabriel E. [Studies on the physical and technical bases of high-frequency
coagulation with controlled dosage in stereotactic brain surgery]. Zentralbl Chir. 1960; 85: 1051-

1063. (In German).

5. Levin AB, Cosman ER. Thermocouple-monitored cordotomy electrode. Technical note. J Neurosurg.
1980; 53: 266-268. https://doi.org/10.3171/jns.1980.53.2.0266

6. Slavin KV, Nersesyan H, Colpan ME, Munawar N. Current algorithm for the surgical treatment of fa-
cial pain. Head Face Med. 2007; 3: 30. https://doi.org/10.1186/1746-160X-3-30

7. Sweet WH, Wepsic JG. Controlled thermocoagulation of trigeminal ganglion and rootlets for dif-
ferential destruction of pain fibers. 1. Trigeminal neuralgia. J Neurosurg. 1974; 40: 143-156.

https://doi.org/10.3171/jns.1974.40.2.0143

8. Tobler WD, Tew JM Jr, Cosman E, Keller JT, Quallen B. Improved outcome in the treatment of trigem-
inal neuralgia by percutaneous stereotactic rhizotomy with a new, curved tip electrode. Neurosur-
gery. 1983; 12: 313-317. https://doi.org/10.1227/00006123-198303000-00011

9. Kanpolat Y, Deda H, Akyar S, Bilgi¢ S. CT-guided percutaneous cordotomy. Acta Neurochir Suppl
(Wien). 1989; 46: 67-68. https://doi.org/10.1007/978-3-7091-9029-6_16

10. Kanpolat Y, Cosman ER. Special radiofrequency electrode system for comput-
ed tomography-guided pain-relieving procedures. Neurosurgery. 1996; 38: 600-603.
https://doi.org/10.1097/00006123-199603000-00040

11. Sindou M, Quoex C, Baleydier C. Fiber organization at the posterior spinal cord-rootlet junction
in man. J Comp Neurol. 1974; 153: 15-26. https://doi.org/10.1002/cne.901530103

12. Nashold BS Jr, Ostdahl RH. Dorsal root entry zone lesions for pain relief. J Neurosurg. 1979; 51: 59-

69. https://doi.org/10.1002/cne.901530103

13. Cosman ER, Nashold BS, Ovelman-Levitt J. Theoretical aspects of radiofrequency lesions in the dor-
sal root entry zone. Neurosurgery. 1984; 15: 945-950.

14. Sjoqvist O. Studies on pain conduction in the trigeminal nerve: A contribution of the surgical treat-
ment of facial pain. Acta Psychiat Scand [Suppl]. 1938; 17: 1-139.

15. Young JN, Nashold BS Jr, Cosman ER. A new insulated caudalis nucleus DREZ electrode. Technical
note. J Neurosurg. 1989; 70: 283-284. https://doi.org/10.3171/jns.1989.70.2.0283

16. Nashold BS Jr, el-Naggar AO, Ovelmen-Levitt J, Abdul-Hak M. A new design of radiofrequency lesion
electrodes for use in the caudalis nucleus DREZ operation. Technical note. J Neurosurg. 1994;
80(6): 1116-1120. https://doi.org/10.3171/jns.1994.80.6.1116

17. Kanpolaty, Deda H, Akyar S, Caglar S, Bilgi¢ S. CT-guided trigeminal tractotomy. Acta Neurochir
(Wien). 1989; 100: 112-114. https://doi.org/10.1007/BF01403596

18. Gardner J. A history of deep brain stimulation: Technological innovation and the role of clinical
assessment tools. Soc Stud Sci. 2013; 43: 707-728. https://doi.org/10.1177/0306312713483678

CunbHelipo. 2025. Tom 1, HoMep 1

24



https://doi.org/10.3171/jns.1965.22.6.0548
https://doi.org/10.3171/jns.1965.22.6.0548

Slavin K.V.
Use of radiofrequency lesioning in neurosurgery

19. Hirabayashi H, Hariz MI, Wardell K, Blomstedt P. Impact of parameters of radiofrequency coagula-
tion on volume of stereotactic lesion in pallidotomy and thalamotomy. Stereotact Funct Neurosurg.
2012; 90: 307-315. https://doi.org/10.1159/000338249

20. Tomlinson FH, Jack CR Jr, Kelly PJ. Sequential magnetic resonance imaging following ste-
reotactic radiofrequency ventralis lateralis thalamotomy. J Neurosurg. 1991; 74: 579-584.
https://doi.org/10.3171/jns.1991.74.4.0579

21. Mandybur G, Morenski J, Kuniyoshi S, Iacono RP. Comparison of MRI and ventriculographic
target acquisition for posteroventral pallidotomy. Stereotact Funct Neurosurg. 1995; 65: 54-59.
https://doi.org/10.1159/000098897.

22. Lozano AM, Kumar R, Gross RE, Giladi N, Hutchison WD, Dostrovsky JO, et al. Globus pal-
lidus internus pallidotomy for generalized dystonia. Mov Disord. 1997; 12: 865-870.
https://doi.org/10.1002/mds.870120606

23. Christmas D, Eljamel MS, Butler S, Hazari H, MacVicar R, Steele JD, et al. Long term outcome of ther-
mal anterior capsulotomy for chronic, treatment refractory depression. J Neurol Neurosurg Psychia-
try. 2011; 82: 594-600. https://doi.org/10.1136/jnnp.2010.217901

24. Richter EO, Davis KD, Hamani C, Hutchison WD, Dostrovsky JO, Lozano AM. Cingulo-
tomy for psychiatric disease: Microelectrode guidance, a callosal reference system
for documenting lesion location, and clinical results. Neurosurgery. 2004; 54: 622-630.
https://doi.org/10.1227/01.neu.0000108644.42992.95

25. Spangler WJ, Cosgrove GR, Ballantine HT Jr, Cassem EH, Rauch SL, Nierenberg A, et al. Magnetic
resonance image-guided stereotactic cingulotomy for intractable psychiatric disease. Neurosur-
gery. 1996; 38: 1071-1078.

26. Sitnikov AR, Grigoryan YA, Mishnyakova LP. [Bilateral radiofrequency anterior thalamotomy in intrac-
table epilepsy patients]. Burdenko’s Journal of Neurosurgery. 2016; 80(3): 25-34.
https://doi.org/10.17116/neiro201680325-34

Information about the author / CBegeHus 06 aBTOpE

Konstantin V. Slavin - Professor, Head of the Department CnaBuvH KOHCTaHTUH Bnagmmuposud — npodeccop,

of Stereotactic and Functional Neurosurgery, University 3aBejyloLWmnii kKapenpor cTepeoTakCuYeckom n GyHKLmM-
of Illinois; ORCID: https://orcid.org/ 0000-0002-7946- OHaNbHOW Helpoxupyprumn VInMHOMCKOro yHuBepcute-
8639; e-mail: kslavin@uic.edu Ta; ORCID: https://orcid.org/ 0000-0002-7946-8639;

e-mail: kslavin@uic.edu

& Corresponding author / ABTOp, OTBETCTBEHHbII 3@ MEPENUCKY

Sibneuro. 2025. Vol. 1, number 1 25


https://orcid.org/ 0000-0002-7946-8639
https://orcid.org/ 0000-0002-7946-8639
https://orcid.org/ 0000-0002-7946-8639

KoHoBanoB A.H., AptembeB A.A., Oknwes [.H., 3nnasa W.W., iBaHoB B.M., CMupHoB A.HO. n ap.
CoBMelLeHMe ronorpadrueckon Moaenu n peanbHoro o6beKkTa Npu HeMpoHaBMraLnum MeToAOM AOMOJIHEHHOA. ..

https://doi.org/10.64265/sibneuro-2025-1-1-26-36

‘ '.) Check for updates ‘

[Q)ov 20 |

OpurnHanbHble uccnepoBanus / Original research

CoBMeleHne roorpapuieckoi Mojae/ I 1 peaabHOoro
00'beKTa IPU HENPOHABUT AU METOJOM JOITOTHEHHON
peaabHocTH (AR): aHa/ 113 TOUHOCTH TPEX METOI0B

KoHoBanos A.H."2™, Aptembes A.A.!, Okuwes [.H.!, 3nunasa LU.LL.", UBaHOB B.M.3, CMupHoB A.10.3,
KHsizeB A.B.4, CTpenkos C.B.5

'®rAY «HaunoHanbHbIi MEAULMHCKUIA UCCNENOBATENbCKUMA LLEHTP HEWPOXUPYPIrUM UMEHU aKajeMuKa
H.H. BypaeHko» Munsapasa Poccun, 4-a TBepckas-AMckas yn., 4. 16, Mocksa, Poccuiickas ®epepaums,
125047

2OrAOY BO MepBbiii MOCKOBCKMUIN FOCYAAPCTBEHHBI MEAULMHCKUIA yHUBepcuTeT umeHun .M. CeuyeHoBa
MuH3apaBa Poccuu (CeveHOBCKMIA YHuBepcuTeT), yn. Tpybeukas, 4. 8, cTp. 2, MockBa, Poccuiickas
depepauns, 119991

SOFAOY BO  «CaHKT-MeTepbyprckuii - nonMTexHU4Yeckuit  yHuepcuteT  [leTpa  BenuKkoro,
yn. MNonutexHudeckas, 4. 29, CaHkt-MNetepbypr, Poccuiickas ®eaepauus, 195251

4000 «HaucTtaHaapT-aucTpubyums», yn. Bepeiickas, a. 29, ctp. 33, aTax 3, KoM. 5, MockBa, Poccuiickas
depepauns, 121357

5000 «Mepxutan», yn. JincuuyaHckas, 6, nut. A, noM. 14-H, koM. 2, CaHKT-leTepbypr, Poccuiickas
depepauns, 197342

Pesiome

BBeaeHue. TexXHOOrMM A0NONHEHHOW peanbHocTH (AR, augmented reality), no3BonsilOT XMpypry Hakna-
AbIBaTb TPEXMEpPHble BUPTyasibHble MOAENUN Ha peaibHble 06bEKThI, yayullas Bu3yanusaumnio u obneryas
BbINOJIHEHME CJIOXHbIX onepaunii. OCHOBHOW 3aAayei UCnonb3oBaHUsA AR B XUPYPruu aBASETCS TOUHOe
COBMeLLeHNe BUPTYanbHOM MOAENN C peanbHOM aHaTOMMeNn naumeHTa, YTo NMO3BONAET XMPYPry BUAETb
KNl0UEeBble aHAaTOMUYECKME CTPYKTYPbl B BUAE MPOEKLNN Ha Teae AN BHYTPU HEro.

MaTtepuanbl n MeToabl. Mpy BbINOJHEHUN UCCAefoBaHUs 6blin ncnonbsoBaHbl HMD (head-mounted
display) ouku Microsoft Hololens 2 1 nporpamMMHoe obecneueHune «Meaxuntan» ana AR-Hasuraumn. B cta-
Tbe NpeacTaBfieHbl pe3ynbTaTbhl TEXHUYECKOro CpaBHEHUA Tpex MeToAoB coBMelleHus AR 3D-mopenen
C ronoBoOW NauMeHTa: COBMELLEHNE MO KpaHNOMETPUUYECKUM TOUYKaM, ncnosb3osaHne QR-koaa n 3D-ne-
YaTHOW paMKK, a TaKKe NPMMeHeHne 3apaHee 3anporpaMMUpoBaHHbIX ToueK ¢ 3D-yKkasKol. MpoBeaeHa
OLLeHKa TOYHOCTM perncTpaLmm onopHbix Touek yepes nokasatenu FRE (fiducial registration error) n Bpe-
MEHW BbINOJIHEHWA A9 KaXKA0ro MeToAa, YTO MO3BOJM0 ONPeAennTb UX NpenuMyLLecTBa U OrpaHuYeHus.
Pesynbtatbl. CpegHee 3HaveHne FRE npu coBMeLLeHUN NO KpaHMOMeTpuyeckum Toukam — 1,1 + 0,3 cm,
npu ucnonb3oBaHmn QR-kopa n 3D-HaneyataHHoOM pamMku — 0,4 + 0,3 cM, Npy NPUMEHEHUN 3apaHee 3anpo-
rpamMMMpoOBaHHbIX Touek 1 3D-yKkasku — 0,7 = 0,6 cM. BpeMmsi npoBeeHMs COBMELLEHNS B CPeHEM COCTaBU-
N0 180,5 1 100 c COOTBETCTBEHHO. BbIsSIBJIEHO, UTO METOA C UCNOb30BaHNEM QR-Koaa n 3D-paMKku obnaga-
eT Hanbosblue TOYHOCTbIO, UTO ieNaeT ero NPeAnoUTUTENbHbBIM A8 60NbWNHCTBA KNMHUYECKUX CUTYaLMIA.
3aknoueHue. Kaxablii METOL MEET CBOU CUbHbIE U Clabble CTOPOHbI, Y BbIGOP 3aBUCUT OT KMHUUYECKOM
cuTyaumu, 4oCTynHOro obopynoBaHus n TpebyemMoii TouHOCTU. UHTerpaums AR-TeXHONOMMIA C Xupypruye-
CKMMU MeToAaMu noBbiaeT 6€30MacHOCTb U TOYHOCTb ONEePaTUBHbIX BMELIATENbCTB.

KnioueBble c/OBa: A0MONHEHHAs peanbHOCTb (AR), HEMPOXUPYPrusi, METOAbI COBMELLEHUS, KpaHUOME-
Tpuyeckume Toukmn, QR-koa, 3D-neuaTh, HoloLens 2, nHTpaonepauMoHHas HaBuraums, HelipoHaBurauus,
TOYHOCTb COBMELLEHUSA

Ana umtupoBaHusa: KoHosasnos A.H., AptembeB A.A., Okuwes A.H., 3nnasa LWW.W., NiBaHoB B.M., CMup-
HoB A.H0., KHA3eB A.B., CTpenkoB C.B. CoBMelleHMe rosiorpapuyeckoin Mogenn u peasbHOro obbeKkTa
npu HelpoHaBWrauun MeTOAOM LONOJIHEHHOW peanbHoCcTU (AR): aHann3 TOYHOCTU Tpex MeToAoB. Cub-
Helipo. 2025; 1(1): 26-36. https://doi.org/10.64265/sibneuro-2025-1-1-26-36
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Abstract

Introduction. Augmented reality (AR) technologies allow a surgeon to overlay three-dimensional
virtual models onto real objects, enhancing visualization and facilitating the performance of complex
surgeries. The primary objective of using AR in surgery is the precise alignment of the virtual model
with the patient’s real anatomy, enabling the surgeon to see key anatomical structures as a projection
onto or inside the body.

Materials and methods. The study utilized Microsoft Hololens 2 HMD (head-mounted display) glasses
and the “Medgital” software for AR navigation. This article presents the results of a technical comparison
of three methods for aligning AR 3D models with a patient’s head: alignment using craniometric points,
the use of a QR code and a 3D printed frame and the application of pre-programmed points with a 3D
pointer. The accuracy of fiducial point registration was assessed using the fiducial registration error
(FRE) metric, and the execution time was measured for each method, allowing for the determination
of their advantages and limitations.

Results. The mean FRE for alignment using craniometric points was 1.1 + 0.3 cm, for the method using
a QR code and a 3D printed frame it was 0.4 + 0.3 cm, and for the method using pre-programmed
points and a 3D pointer it was 0.7 = 0.6 cm. The average alignment time was 180, 5, and 100 seconds,
respectively. It was found that the method using the QR code and the 3D frame offered the highest
accuracy, making it preferable for most clinical situations.

Conclusion. Each method has its own strengths and weaknesses; the choice depends on the clinical
situation, available equipment, and required accuracy. The integration of AR technologies with surgical
techniques improves the safety and precision of operative interventions.

Keywords: augmented reality (AR), neurosurgery, alignment methods, craniometric points, QR code,
3D printing, HoloLens 2, intraoperative navigation, neuronavigation, alignment accuracy
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BBencnue

HononHeHHass (AR, augmented reality)
n cMewaHHas (MR, mixed reality) peanbHoCTb
CTaHOBATCA BCe 6onee BoCcTpeboBaHHLIMU TEX-
HOJMOrMsSIMM B XMpypruu, obecrneumBasi BblCO-
KYI0 TOYHOCTb M MHOOPMATMBHOCTb B MpoLec-
Ce NPOoBeAEHUSI XMPYPrMYECKNX BMeLIaTeNnbCTB
[1, 2]. 2T TexHonoruM NO3BOASAKT XUPYPry
HakNagbiBaTb TPEXMepHble BUPTyalJibHble MO-
AenV Ha peafibHble 06bEKTbl, yaydlwas Bu3ya-
NMsaumio 1 obneryas NoOHWUMaHWe U BbIMOJHE-
HME CNOXHbIX onepauuni. B Heupoxupypruu,
roe TpebyeTcs BblCOKAs TOUYHOCTb MaHMNynsi-
LM, ncnosb3oBaHue AR cTaHOBUTCS 0COBEHHO
BaHbIM, MOCKONbKY AarKe Hebonblive OTKAOo-
HEHUS MOryT NMPMBECTU K CEpbe3HbIM nocies-
cTBuam [3].

OcHoBHOM 3apaveirt Npu ucnonbzosaHum AR
B XUPYPruu ABASETCSA TOUHOE COBMELLLEeHNE BUP-
TyaJbHOW MOAENnN C peaNibHOW aHaToMuen na-
LUMeHTa. 3TO MO3BOJIIET XUPYPry BUAETH KO-
yeBble aHaTOMMUUECKME CTPYKTYpbl, TaKkMe KaK
KPOBEHOCHbIE COCYAbl, HEPBbl WAM OMyXO0/w,
B BUAE NPOEKLUN Ha Tesie AN BHYTPU Hero [4,
5]. CoBMelLeHNe Moaenei Cc peanbHbIMU 06b-
€KTaMN He TONbKO YAyyllaeT BU3yannsauuio,
HO W crnocobcTByeT 6osee 6€30MacHbIM MaHu-
nyasaumMaM 3a cyeT obaeryeHunst NOHMMaHMs Npo-
CTPAHCTBEHHOIO PacnonoXeHna CTPYKTyp [6].

OaHVMM U3 METOAO0B, AaKTUBHO UCCAELYEMbIX
A0S LOCTUXEHUS TOYHOIO COBMELLEHMS, ABNSET-
CSl UICMOJIb30BaHME KPaHNOMETPUUYECKNX TOUYEK —
AHATOMMYECKUX OPUEHTUPOB Ha MOBEPXHOCTU
roN0Bbl NaUMEHTA, TAKUX Kak bperma, HasuoH,
ctedaHnoH 1 apyrue. 3ToT MeTon obecneuu-
BaeT BbICOKYIO TOYHOCTb, MOCKOJIbKY 3TU TOYKU
JIerko AOCTYMHbI M MOryT 6biTb TOYHO M3Me-
peHbl. MpeuMMyLLECTBO MeTOoAa 3akaouaeTcs
B €ro npsiMoOM UCMOJIb30BaHUN aHAaTOMUYECKMX
OPVEHTMPOB MauuWeHTa, YTO MO3BOASET TOYHO
COOTHECTU BMPTYyasnbHYI0 MOAENb C peabHbIMU
JaHHbIMW. OfHaAKO ero HefOCTaTKOM ABASETCSH
TO, YTO MPOLECC HANOMKEHUA 3aBUCUT OT TOuY-
HOro onpeaeneHnst TOYEK BPYUHYIO, UTO MOXET
YBEJINUMTb BPEMS NOATOTOBKM U AONYCTUTb BO3-
MOHOCTb Ye/I0BEUECKOW owunbku [7].

AnbTEepHaTUBHBIA MEeTOA COBMELLEHUS OcC-
HOBaH Ha mcnonb3oBaHMn QR-kopos n 3D-ne-
YaTHbIX PaMOK. 3TOT MeTOZ MPUBJIEK BHUMaHMe
bnarofaps AOCTUMHEHMSIM B obnacTtu 3D-neva-
TU 1 KOMMbioTepHO ToMorpadum (KT). PamKa
¢ QR-KonOM QUKCUpyeTCs Ha ronoBe MauueH-
Ta U BKAOUYaeTca B AaHHble KT. 3To nossons-
€T TOYHO COBMecCcTuTb 3D-mMoAenb C aHaToOMu-
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UECKMMM [aHHbIMW MaUMEHTaA U OTCNEXMBATb
NoJIOXEHWNE roJioBbl B peasibHOM BpeMeHu. MNpe-
MMYLLLECTBO 3TOr0 METOAa 3aK/lo4yaeTcs B aBTO-
MaTM3auMn nNpouecca COBMELLEHNS U BO3MOXK-
HOCTU OTCJIEXMBAHUSA [AaKe MNPU M3MEHEHUN
MOJIOMKEHNS TOJIOBbI MAaLMWEHTa, YTO 0COBEHHO
NoJIE3HO B AMHAMUUECKUX YCNOBUSX Onepaumun.
TeM He MeHee, MeTOA, TPEBYET NCMOJIb30BAHUS
LONOJIHNTENIbHOro BbinonHeHus KT ronosbl na-
LUMEHTY U BO3HMKAeET HeobxoAMMOCTb MUCMOJb-
30BaHUA camoin 3D-neyaTHOW paMKu, 4YTO MO-
eT YCNIOXKHUTb NpoLecc NoaAroToBku [8].

TpeTuin MeToh, KOTOPbIA TaKxe 3acay-
MBAET BHUMaAHWUS, OCHOBAH Ha MCMNOJb30-
BaHMWN 3apaHee 3anporpaMMUpPOBaAHHbLIX TO-
yeK M 3D-yKasku. I3TOT NOAXOA MNO3BOJSET
XUPYPry MWHTEPAKTUBHO pacCTaBisiTb METKU
B MPOCTpaHCTBe C nomouwblo AR-ycTponcTsa,
Takoro Kak LWAeM BUPTyaJbHON peanbHo-
ctm (HMD, head-mounted display) Microsoft
HoloLens 2 (Microsoft Corp., CLUA). Nocne
YCTAHOBKK To4yek 3D-Mopenb aBTOMaTUMUYECKU
NpUBSA3bIBAETCH K HUM, UTO obecneymBaeT Bbi-
COKYI0 TOYHOCTb COBMeELLEHMS. 3TOT MeToA
OT/INYAETCH TEM, UTO OH He TpebyeT 3apaHee
NOArOTOBJ/IEHHbIX OPUEHTUPOB, TAaKNUX Kak Kpa-
HUOMETPUUECKME TOUKN Unn QR-Koabl, U MOXKET
6bITb HACTPOEH XUPYProM HENocpeacTBEHHO
BO BpeMs onepaumn. OCHOBHOE NpenMyLLeCTBO
[LaHHOTO METOo/a 3aK/II0UaeTcs B ero rubkocTu
W MHTEPAKTUBHOCTU, OJIHAKO OH TpebyeT 6osee
C/IOMHOWN HaCTPOWKU U AOMOJIHATENbHOIO 060-
pyaOBaHUs B BuAe HOYTOyKa, TOUKM gocTyna
Wi-Fi (poyTepa) U CUHXPOHU3NPOBAHHOIO NOA-
KJOUEHMSA OYKOB 1 KOMNbOTEpa K ogHoMYy Wi-Fi
coeanHenuto [9].

B TO BpeMA KaK KawAablii U3 3TUX MEeTOA0B
MMeeT CBOW MpPeuMyLlecTBa U HeAOCTaTKK, Cy-
ecTeyeT 06uas noTpebHOCTh B pa3paboTke
60n€ee 6bICTPbIX U TOUHBIX METOI0B COBMELLLEHUS
BUPTYaJibHbIX MOAENEl C aHaTOMMEN NaUMeHTa.
WccnepoBaHna rnokasbiBatoT, UTo AR-TexHOJsI0-
rMW MOryT 3HAUMTENIbHO MOBBLICUTb TOYHOCTb
XUPYPrnuYyecKMX BMELLATENLCTB U YAyUYLIUTb
KNNMHMYECKME pesynbTaTbl. Hanpumep, ncnonb-
30BaHMe AR No3BOJINNO COKPaTUTb BPEMS One-
paunii U CHU3UTb PUCK MOBPEXRAEHNS KPUTHUE-
CKUX aHaTOMUYeCKnx cTpyKTyp [10].

TakuM 06pasoM, LEeNbio AaHHOW CTaTby SB-
NINETCS CPaBHEHME TPeEX METOA0B COBMELLLEHUS
3D-mopenen, BbINONHEHHbIX C UCNOJIb30BAHUEM
METOA0B AO0MNOJIHEHHOW peanbHOCTK, C FTOJI0BOW
naumeHTa ¢ ucnosibzosaHneMm HMD AR-HaBura-
UMN 1 OLEHKA NMPUMEHEHUA B KOHTEKCTE HEM-
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PuUCyHOK 1. iccnenoBaHne TOUHOCTM COBMELLEHMS MOAeNN AR-METOLOM pacyeTa OWnbKM perucTpaLum onopHbIX TOYEK
(FRE, fiducial registration error) Ha ¢paHTOMe, UMUTUPYIOLLEM FONIOBY NauueHTa: A — MeTOo/, HaJloKeHWs MOAENUN No Kpa-
HUOMETPUYECKMM TOUKaM; b — MeToa HanoXxeHna MoAenn c ucnonb3osaHnem QR-kopa; B — coBMeLleHMe No TOYKaM C uc-
nosib3oBaHveM 3D-ykasku n AR-cTaHuuu. ICTOYHMK: COCTaBNEeHO aBTOpamu

Figure 1. Study of AR model alignment accuracy using the FRE (Fiducial Registration Error) calculation method

on a phantom simulating a patient’s head: A - model overlay method using craniometric points; B — model overlay method
using a QR code; C - point-based registration using a 3D pointer and an AR station.. Source: created by the authors

POXUPYpPruyecKknx onepauunii. 3To nccneposa-
HVe NMOMOXET onpeaennTb ONTUMabHbIA MeTo/
ANnA pa3nnyHbIX KNIMHNYECKUX CUueHapueB.

MarepuaJbl 1 METO/IbI

[ns nccnenoBaHUs TOUHOCTU COBMELLEHUS
AR 3D-Mopenein C rofioBon naumeHTa Mbl UC-
Mofib30Bann TpW pasinuuHbix MeToaa (Pucy-
HOK 1): 1) coBMelleHVEe MO KpaHMOMeTpuye-
CKMM TOYKaM; 2) COBMELLEHME C MOMOLLbLIO
QR-Kkoaa 1 3D-HaneyaTaHHOW pamKkuy; 3) coBMe-
LleHVe MO 3apaHee 3anporpaMMMpPOBaHHbLIM
TOYKaM C ncrnoabsoBaHneM 3D-yKasku. Kaxablin
M3 3TMX MeToAOB 6blN MpPOTEecTMpOBaH C UC-
MoJib30BaHMEM cneunanbHo paspaboTaHHOro
daHTOMa ronoBbl MauWeHTa, HameyaTaHHOro
Ha 3D-npuHTEpe, KOTOPbLIA MO3BOAAA TOYHO
MOZENIMPOBaTh peasibHyt0 aHaTOMUIO U YCNOBUSA
XUPYPruyecKoro BMeLlaTenbCTBa.

®aHTOM ron0BbI NaUMeHTa 6blN N3roTOBJEH
C MCNonb30BaHMeM TexHonorum 3D-neyatn Me-
TOAOM MOCNOKHOrO HanoxeHus (FDM, fused
deposition modeling) Ha ocHOBe AaHHbIX KOM-
nbloTepHoli Tomorpadun (KT) peanbHoro naum-
eHTa. na cospgaHua ¢aHTOMa UCMOJIb30BaJICH
MeAVULUWHCKNIA 3D-NpUHTEP, KOTOPLIA NO3BOAUA
TOYHO BOCMPOU3BECTU aHAaTOMUYECKME CTPYK-
Typbl FONI0BbI, BKAKOYAs KOCTK yepena, MArkme
TKaHW, a TaKXe KJInUeBble aHaTOMUYeCKue
OpPUEHTUPLI, TaKMe Kak KpaHMOMEeTpuuecKue
TOUKM (Bperma, HasnoH, cTedpaHNOH, Hapy HKHbIl
C/lyXoBOW npoxon). MaTepuanom Ans neyatu

6bln BblbpaH naacTUK, UMUTUMPYIOLWMKIA NNOT-
HOCTb U GU3MUECKME CBOWCTBA UYENIOBEYECKON
KOCTWU. BarHOW 0CcobeHHOCTbIO 6blN10 Hanu-
Uume BO3MOMHOCTW KpenneHus MeTOK U paMKu
QR-KOAA@ Ha MOBEPXHOCTb FOJIOBLI, YTO Aena-
10 ero MpUroAHbIM AN TeCTUPOBaHUA BCEX
Tpex MeToAOB coBMelleHus. Kpome Toro, bna-
rogaps cerMeHtauum aaHHbix KT Ha ¢aHTOMe
6blNM HAHECEHbI TOUHbIE METKU AN NoCAeayio-
LLLero UCnosb30BaHMUs UX B KAUECTBE KOHTPOJIb-
HbIX TOUEK B NMPOLLECCE COBMELLEHUS BUPTYasb-
HbIX MOZENEN C peanbHO NOBEPXHOCTLIO.

MeTop 1: HanoX»eHne Moaenu
no KpaHMOMEeTpPU4eCKUM TOYKaM

MepBbli MeTOA, UCNONb3YEMbIA ANA TeCTu-
poBaHMWsA, OCHOBLIBANCA Ha COBMELLEHUU BUp-
TyafbHOW MOAENMN C MOBEPXHOCTbIO TOJIOBbI
nauveHTa 4yepes KPaHMOMETPUUECKUE TOUKM
(PucyHok 2). Ha ¢daHTOMe roJsioBbl nauueHTa
6blNM BblAENEHBI CReAYIOWME KAOUEBbLIE aHa-
TOMUYECKNE OPUEHTUPLI: bperMa (Toyka Ha ne-
peceyeHnn KOpPOHapHOro W CcaruTTasbHOro
WBOB yepena), Ha3MoH (TOUKa nepeceyeHus
HOCOBbIX KOCTEW C IO6HOI KOCTbIO), cTEDAHUNOH
(TOuka MepeceyeHMs KOPOHAPHOro LWWBa C BU-
COYHOW NnHKeNR), Tapryc (Hapy*HbI CyXOBOWA
NMPOXOA), @ TaKXKe HECKOJIbKO APYruX TOUEK, U3-
BECTHbIX KaK OCHOBHble KpaHWOMeTpUYeckue
OPUEHTUPLI ANS XMPYPrUYECKUX NpoLeayp.

Mepes HauyanoM Mpouecca COBMELLEHUS
Ha GpaHTOMe BPYYHY!O 6bIIM OTMEUYEHbI 3TU TOU-
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PuUcyHOK 2. CoBMeLleHne 3D-MOAENM C FOIOBOV NaUMeHTa No KPaHNOMETPUUECKMM TOUKaM: A — CXeMaTMUeCKoe n3obpa-
}eHue; b — KIMHUYECKUI NpUMep NauneHTa ¢ GOKaNbHON KOPTUKaNbHOW AMUCMNA3neil TEMEHHON 40N (KpacCHbIA UBET),
6enble NonynpospayHblie chepbl COOTBETCTBYHOT PacCTaBNEHHbIM KPAHNOMETPUUECKMM TOUKaM, BM3yaausnpoBaHa no-
BEPXHOCTb MO/yLIAPWIA FTOJIOBHOTO MO3ra ($1OoIeTOBbIN LBET). ICTOYHUK: COCTaB/IEHO aBTOPOM

Figure 2. Alignment of a 3D model with the patient’s head using craniometric points: A — schematic representation;
B - clinical example of a patient with focal cortical dysplasia of the parietal lobe (shown in red). White translucent
spheres correspond to the placed craniometric points. The surface of the cerebral hemispheres is visualized (purple).

Source: created by the authors

KW C NMomouwblo LMGPOBOro U3MEPUTENBHOIO
WHCTPYMEHTa U MUIIMMETPOBOI ByMaru B Tpex
nnockocTax (X, y, z). 3ateM AR-04YKK, UCMOJIb3Y-
eMble B 3KCMEPMMEHTE, 0TObparKanu BMpTyab-
Hyto 3D-Mozenb rofioBbl, KOTOpas COAeprana
3apaHee CerMeHTMPOBaHHbIe CTPYKTYPbl yepe-
na, MArKWUX TKaHel 1 OCHOBHbIX @aHAaTOMMYECKUX
opueHTUpoB. CoBMeLLEHNE MOAENN C MOBEPX-
HOCTblO FOJIOBbl paHTOMa MPOBOAMNOCL Bpyu-
HYl0, NYTEM HaNOXeEHMA BUPTYasbHbIX KpaHWo-
METPUYECKUX TOUYEK Ha peasibHble OPUEHTUPHI,
OTMEUEeHHbIe Ha paHTOMe.

B npouecce COBMeLWEHUs OLEHMBaNACh
TOYHOCTb MNO3ULMOHMPOBAHNS Yepes NokasaTe-
NN OWKMBKKM perncTpaunmn onopHblix Touek (FRE,
fiducial registration error). FRE unaMmepsinacb
KaKk cpeflHee OTKJOHEHME KOOPAMHAT KpaHuo-
METPUYECKUX TOUEK Ha BUPTYyasbHON MoAeNM
OT WX peafibHblX aHaloroB Ha MOBEPXHOCTU
¢daHTOMa - Bcero 5 Touek (PUcyHoK 1). s Kax-
A0r0 N3MEPEHUst BbIMONHSANOCH TPY NMOBTOPHbIX
COBMELLEHNS, NOC/E Yero AaHHble aHann3npo-
BaJIMCb A5 OLLEHKM CpeaHen oWmnbKu.

MeTtoa 2: QR-Kkoa 1 3D-HanevyaTaHHas
paMKa

Bo BTOpOM MeToAe MCnojb3oBafiacb Creun-
anbHaa 3D-HaneuyaTaHHas paMKa ¢ QR-Koaom,
KOoTopas Kpenunacb Ha rososy ¢aHTOMa Ans OT-
CNeXUBaHNS MOJIOXKEHUS U COBMELLEHUS BUP-
TyaJibHOM MOAEeNn C peanbHOW MOBEPXHOCTLH.
PaMKa 6blna paspaboTaHa TakuM 06pasoM, uTo-
6bl PMKCMPOBATLCS Ha FOJIOBE 3@ HAPYMKHbIE Cy-
XOBblE MPOXOAbl M HA3MOH, YTO 0becneunsano
ee CTabuibHOE MOJIOMEHNE OTHOCUTEsIbHO OC-
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HOBHbIX aHaTOMUYECKUX CTPYKTYp roaoBsbl. QR-
KOA, HaHECEHHbIA Ha paMKy, CAYXKUN MapKepoMm
ona AR-0O4YKOB, UTO MO3BOJIANIO TOYHO OTCNEXKMU-
BaTb ee NoJioreHne B NpocTpaHcTee (PUCYHOK 3).

Mpouecc coBMelleHna HaumMHanca ¢ KT-cka-
HMpPOBaHMS ronoBbl GaHTOMa C YCTaHOBJIEH-
HOW Ha Hee paMKoW. MonyyeHHble aaHHble KT
MCNONb30BaNUCL ANA MOCTPOEHUS CEerMeHTu-
poBaHHOIM 3D-Moaenn rofioBbl, BKAKOYAKOLLEN
KOCTU yepena, MArkme TKaHM U MHTpakpaHunanb-
Hble CTPYKTypbl. 3aTeM cepua DICOM (Digital
Imaging and Communications in Medicine) KT
C paMKol COBMeLLlaeTcs B nporpamMme C noJjo-
*eHneM QR-Koaa B npocTpaHcTBe. [ocne 3Toro
AR-04KKM, ucnonbsys QR-Koa Ha paMKe, aBTO-
MaTUYECKU COBMeLany BUPTYasbHYO MOAEeNb
C peajsbHOM NOBEPXHOCTbI ¢aHToMa. Bnaro-
fapsi 9TOMYy METOAY MOMHO 6blN0 OTCNEHM-
BaTb MOJIO¥EHWE rONOBLI B peanbHOM BPEMEHN,
YTO OCOBEHHO MOJIE3HO B CUTyauusix, Koraa
NauneHT MOMeT U3MEHSATb CBOE MOJIOMEeHMNe
BO BpeMs onepauunu.

MeTop 3: TOYKM C UCMOJIb30BAHUEM
3D-yKasku u AR-cTaHummn

TpeTuini MeToA COBMELLEHMS OCHOBbIBAJCSH
Ha MCNOJib30BaHWM 3apaHee 3anporpammmpo-
BaHHbIX KJKOUYEBLIX TOYEK, KOTOpble yCTaHaB-
AnBanncb C nomouwblo 3D-yKasku. AR-0uKn,
MCMo/sb3yeMble B 3KCNEpPUMEHTe, OTCliexuBa-
JIN MONOXEHME YKa3KM B peanbHOM BPEMEHMU
M NO3BOJIASIN XUPYPry WAM onepaTopy UHTep-
aKTMBHO PacCTaBAATb TOUKU Ha MOBEPXHOCTU
daHTOMa. ITU TOYKM 3aTEM WCMNOb30BaNCh
ONA aBTOMATMYECKOro «NpUTArMBaHUA» BUP-
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PucyHok 3. CoBMeleHune 3D-mMoaenu ¢ ncnonb3oeaHmem QR-koga n 3D-HanevyaTtaHHON paMKu: A — cxeMaTUYeCKoe U30-
6pa)+(eHV|e; B — KNMHNYecKni npuMep naumeHTa C onyxoJsbk roJIOBHOro Mo3ra, BuaAHa npoexkuunsa 06beMHOM mMozenu ony-
Xonn (3€J'IEHbIl7I LI,BET), NMMPpaMNUAHOro TpakKkTa ()Ke}'lTbII7I LI,BET) N KOHBEKCUTANIbHOM BEHbl, BI'Ia,EI,aIOLLlEI7I B BerHVII7I carunT-
TasbHbIV CUHYC (CUHWIA LBET). ICTOUHMK: COCTaBNEHO aBTOPOM

Figure 3. Alignment of a 3D model using a QR code and a 3D-printed frame: A — schematic representation; B — clinical
example of a patient with a brain tumor. The projection of the volumetric model of the tumor (green), the pyramidal tract
(yellow) and a convexital vein draining into the superior sagittal sinus (blue) are visible. Source: created by the authors

PucyHok 4. CoBmeLlLeHune 3D-moaenn no 3apaHee 3anporpaMMmMpoBaHHbIM TOYKaM, pacCTaB/eHHbIM C NOMOLLbIo 3D-yKas-
Ku: A — cxeMaTunuyeckoe usobpaskeHune; b — KAMHUUECKUI NpUMep, 3Tan paccTaB/ieHMsa ToUYeK nNpu nomMouwm 3D-yKasku.
MICTOUHUK: cOCTaBNeHO aBTOPOM

Figure 4. Alignment of a 3D model using pre-programmed points placed with a 3D pointer: A — schematic representation;

B - clinical example. The stage of placing points using a 3D pointer. Source: created by the authors

TyanbHOW 3D-MoAenn ronoBbl K peanbHOW MNo-
BepxHOCTU (PUCYHOK 4).

MNepen HayasoOM 3KCNepuMeHTa B MNpUIO-
EeHUW BblNM 3anporpaMMUpPOBaHbl KloUYeBble
TOYKM, COOTBETCTBYHOLLME OCHOBHbLIM aHaTo-
MUYECKUM OpueHTMpam ronosbl. C NOMOLLbIO
3D-yKasku onepatop BpPYYHYHD paccTasBiasn
3TV TOYKM Ha daHTOMe, Npu 3TOM AR-OUKM OT-
CNeXuBanu MNojoXeHWe yKasKM U HaknajbiBa-
N BUPTYanbHble METKU Ha peasibHYylo noBepx-
HOCTb. [ocne ycTaHOBKM BCex ToueK 3D-Moaenb
aBTOMaTMYeCKM CcoBMelanacb C (aHTOMOM,
yTo 06EecneyYMBano BbICOKYID TOYHOCTb COBMe-
weHnsa. TOYHOCTb COBMELLEHUSA OueHMBanachb
yepe3 nokasatenn FRE aHanorMyHo Apyrum
MeToAaM.

3TOT MeTOA OT/IUaNCS BbICOKON MMOBKOCTbIO,
TaK Kak He TpeboBas 3apaHee NOArOTOBAEHHbIX
GU3NUYECKMX OPUEHTMPOB, TaKMX KaK KpaHuo-
MeTpuyeckme Toukm nnm QR-koabl. Onepatop
MO CaMOCTOATENbHO Bbl6MpaTh M paccTaBnATh
TOUKMW B 3aBMCMMOCTU OT KAWHWUYECKOW CUTya-
UMM unmn notpebHocTel akcnepnMeHTa. OAHaKo
MeToZ TpeboBan 60/iee CNOMKHON HACTPOMNKM
W AOMONHUTENBHOro 060pYAOBAHMS, YTO MOFNO
yBeNMUMBaTL BPEMS NOATOTOBKMU.

[na TouHOro onpeaeneHns NPoCTPaHCTBEH-
HOro nosoxeHus (X, Yy, Z) Kaxaoih KpaHuoMe-
TPUUYECKOI TOUKM Ha paHTOMe MCMONb30Banach
cleaytollas MeToamKa.

PaHTOM KeCcTKo QUKCMpoBanca B CTaH-
[apTHOM aHaTOMUYECKOM NonoKeHun (GpaHk-
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bypTCKas ropusoHTaNb) OTHOCUTENLHO Tpex
B3aUMHO MNEpPMneHAUKYASPHbIX  MJOCKOCTEN.
JIncTbl MUAAUMETPOBOW ByMarn pasmeLwanuch
BAONb KaA0W N3 TPEX OCHOBHbIX MJIOCKOCTEN
(caruTTanbHOl, KOPOHapHOW K aKkcuanbHon/
rOPU30HTaNbHON), 06pasyloLWNX CUCTEMY KO-
opavHaT. byMara HajeXHO Kpenuaacb K He-
NOABUMKHbLIM NOACTaBKaM UM CTEHKAM Kopoba,
B KOTOpoM ¢ukcupoBancs ¢paHTtoM. C nomo-
Wbio aHanMsa BUAEO- M (HOTOM306parKeHUI
HaNIOMEHHbIX BUPTYaJibHbIX MOAENen Ha pe-
afbHbIi 06BLEKT onepaTop paccyMTbiBan Mno-
JNIOMEHME KaXAOoN KPpaHWOMETPUUECKON TOUKMU
Ha 3Tu Tpu naockocTu: KoopauHata X (Bepx-
He-HUKHAS, KpaHWOKayaanbHas) onpeaens-
Jlacb NO NMPOEKUMN TOYKU HA FOPU3OHTAbHYHO
NA0OCKOCTb (FOPU30OHTaNbHas MUINIMMETPOBKA).
KoopauHaTta Y (nepeaHe-3afHss) onpenens-
Jlacb MO MPOEKUMU TOYKU Ha CaruTTasbHylo
NaockocTb (BepTUMKanbHas MUANMMETPOBKA).
KoopauHata Z (MeavonatepasibHas) onpeje-
Nianack MO MPOEKLUUM TOUKM Ha KOPOHApPHYHO
naockocTb (BepTUKanbHas MUANMMETPOBKA).
MonoxKeHne NPOEKLMN TOUKM Ha KaxKAoW Mio-
CKOCTU GMKCMPOBANOCH NO CETKE MUIUMETPO-
BOW ByMaru ¢ TOYHOCTbIO A0 1 MM. 3HAUEHUs X,
Y, Z ANS KaXA0M TOYKU 3aMnCbiBaNCh BPYYHYIO.
KoopauHatbl (x’a”, ya”, z’a’"), nofyyeHHble
C NOMOLLBIO CUCTEMbI MUNJIMMETPOBOI ByMaru
M UMGPOBOro U3MEPUTENBHOIO UHCTPYMEHTA,
CUNTANINCh «KPEaJIbHbIMU» UIN KUCTUHHBIMUX»
KOOpAMHATaMM KPaHUOMETPUUYECKUX TOYEeK
Ha MOBEPXHOCTU ¢aHTOMa. ITOT Habop AaH-
HbIX CJIYWA 3TaNOHOM AN MNOCAeAYIoLLeNn
oueHKn FRE. OnepaTtop ¢ noMowbio AR-04YKOB
coBMellan BupTyasbHyto 3D-Moaenb ronoBbl
(copeprallyto CBOM BUPTYyasibHble KpaHMOMe-
TPUYECKMEe TOUYKM C KoopauHaTamm XA, y"A”,
Z"A”) ¢ baHTOMOM, HaKflaabiBasi BUPTYabHble
TOYKN Ha peanbHble OAHWM U3 TPeX MeToA0B
(PucyHoOK 1). Insi OUEHKN TOYHOCTU KaKaoro
M3 Tpex MeTOAOB COBMELLEHMUS Mbl UCMONb-
30Basn nokasatenu FRE. FRE onpepensanacb
KaK cpeAaHee OTKJIOHEHWe BUPTYaJibHbIX KOOP-
AVHAT OMOPHbIX TOYEK (KpaHWOMETPUYECKMX
opueHTupoB, QR-koaa WM 3apaHee paccTas-
JIEHHbIX TOYEK) OT peasibHbiX AaHHbIX, U3Me-
peHHbIX Ha daHToMe.

Mocne coBMelleHUs ANS KaxKAoh u3
(5 TOUYEK) KpAaHMOMETPUUYECKMUX TOUEK BbIUMCASA-
nacb FRE no ¢opmyne:

FREA - _\/((X!!AYY _ Xnan)z +
+(ynAn _ ynan)z + (ZnAn _ Z”a”)z),

*n*

rae: x"A”, y"A”, 2”A” — KooOpAMHaTbl BUPTYyab-

HOW TOUKK B cnucteme AR nocsie COBMELLLEHUS;
x"a"”, y”a”, z"'a"”’ — «peaNibHble» KOOpPAMHa-

Tbl COOTBETCTBYIOLLEN TOUYKM Ha dpaHTOMe, No-
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JIYUEHHbIE C MOMOLLbIO MUINMMETPOBOI ByMaru
(aTanon).

3aTeM paccuymnTbiBanoCb CpeHee 3HayeHue
FRE onsa Bcex TOYeEK:

FRE = 1/n x 3 _(i = 1)" x FRE,.

Kaxabln MeTon 6bi1 NpOTECTUPOBAH Ha OA-
HOM N TOM XKe (baHTOMe roNnoBbl MauUUMeHTa.
Ons Kaxaoro Metoga NpPOBOAMSIUCL TPWU MO-
BTOPHbIX U3MEPEHUS, MOCJE UETO BbIYUCAAIOCH
CpenHee 3HaUeHNE OLMOKN U OTKJIOHEHUI. TaK-
e B X04€e 3KCNepnMeHTa yuYnTbiBasloCb BpeEMA,
3aTpayvyeHHOoe Ha noAroToBKY W BbINOJIHEHUE
COBMELLEHUS, U OLEeHMBanocb yaobcTBO ucC-
NnoNb30BaHNA KaxXaoro Metoaa B YCJIO0BUAX,
VMUTUPYIOLLUX peasibHylo OnepaunoHHyo cpe-
ny. TakuM 06pa3oM, AaHHble SKCMNEPUMEHTHI NO-
3BOJININ OUEHUTb HE TOJIbKO TOYHOCTb KaXa0ro
n3 MeToaoB, HO U BpeMA COoBMeLlleHNAa Moaenn
C peasbHbIM 06BEKTOM.

Pesyabrarsl

MoKasaTefnieM OLEHKU TouHOCTU Bbina FRE.
KpoMe TOro, yumTbiBanocb BpeMsi, Heobxoau-
MOe AJiA BbIMOJMHEHMWS KaMaoro u3 MeTonoB
coBMellleHUsi. Bce nonydvyeHHble pesynbTaThbl
npueeaeHsbl B Tabaunue 1 n rpaduyeckn — Ha pu-
CYHKe 5.

Mpu ncnosb3oBaHUM MeToAa COBMELLEeHUs
Nno KPaHMOMETPUMUYECKUM TOUKaM CpefHee 3Ha-
yeHne FRE cocTtaBuno 1,1 CM C OTKJIOHEHUEM
0,3 cM, UTO CBUAETENBCTBYET O AOCTAaTOYHO
BbICOKOM YPOBHE TOUYHOCTU. Bpems, 3aTpaveH-
HOE Ha NPOBEeAEHME COBMELLEHMS, BbII0 CaMbIM
60/blWIMM Cpean Tpex MeToAOB W COCTaBMAO
B cpeaHeM 180 c. 310 06bsICHSAETCS Heobxoam-
MOCTbIO PYYHOrO MOMCKA U HaNOMEHUS TOUEK
Ha daHTOMe, UTO yBeaMuMBano obluiee BpeMs
npoueaypsl.

[laHHbIA MeToA noKasasl OTHOCUTENbHO Bbl-
COKYI0 TOYHOCTb MPU WCMONb30BAHUN KpaHU-
OMETPUYECKMX OPMEHTUPOB, OAHAKO CaMylo
HW3KYI0 Cpean Tpex MeToAoB. TaKxKe ANig 3TOro
MEeTOLa MaKCMMajibHO Bblpa)keHa owwubka na-
pannakca BBUAY TOro, YTO COBMeELLLeHNE Npounc-
XOAWT 3a cyeT noJsib3oBatend HMD-rapHuUTypsbl.
3TO NPMBOAUT K TOMY, UTO BU3yasibHO AR-MO-
[eNlb HaKkNaAblBaeTCs Ha KpaHWOMEeTpUYeckue
TOUKM C OAHOrO yrna o63opa v B ABYX MNOCKO-
cTax (HanpuMmep, X M y), 4TO YacTo NpPUBOAUT
K CMELLEeHMIO MOJIOEHNS B TpeTbel MJOCKO-
cTn (Hanpumep, z). MMaBHbLIM NPENMYLLECTBOM
[aHHOro MeToAa SBASIETCA ero npocToTa u To,
UTO OH MOMKET BbITb MCMOJIb30BAH B SKCTPEHHbIX
CUTYyaumsix Unn B 06CToATENbCTBAX OFrpaHMYEH-
HbIX TEXHUYECKUX BO3MOMHOCTEN. OH obnaaa-
€T AOCTAaTOYHOM TOYHOCTbIO ANS BbIMOJHEHUS
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Tabauua 1. CpaBHEHME TOYHOCTU Y BPEMEHW COBMELLEHMNS METOAOB. ICTOYHMK: COCTABAEHO aBTOPOM
Table 1. Comparison of the accuracy and registration time of the methods. Source: created by the authors

MeToabl Tpe6oBaHus

HanoxeHue moaenu

FRE (cpeaHee

Bpems coBMeLeHus (C
OTKJIOHEeHue, CM) P i ©

HMD-rapHutypa 1,1+0,3 180 £ 15
Nno KpaHMOMETPUYECKUM TOUKaM
_ _ HMD-rapHutypa + 3D-paMka 5+10
QR-KoA 1 3D-HaneqaTaHHas ¢ QR-KoaoM + KT ronosbl 0,4+0,3 (+ BpeMsa Ha BbINoJHEHME

paMka N
C PaMKoi1 40 onepaumm

KT ronoBbl ¢ QR-paMKoit)

3D-yKa3Ka M nporpaMMUpoBaHHbIe
TOYKM

HMD-rapHutypa + AR-cTaHuusa
(HoyTbyK) + Wi-Fi Touka (poyTtep) 0,7 = 0,6
+ QR-Koa (onuMoHaNbHO)

100 £ 12

pPa3sMeTKU nepes onepaunen npu 60abLLINHCTBE
HENPOXMPYPrMYeCKMX BMeLlaTeNbCTB, UTO Ae-
NaeT AaHHbIA MeTOL YHMBEPCaNbHbIM N pe3epB-
HbIM.

MeToa ¢ ucnonb3soBaHneM QR-koaa un 3D-Ha-
neyaTaHHOW paMKM MOKasan Haunydwue pe-
3ynbTaThl MO TOYHOCTU COBMeLLeHMs. CpeaHsiee
3HauveHune FRE coctaBuno 0,4 CM C OTKJIOHEHUN-
eM 0,3 cM. 2T0 roBOPMUT O BbICOKOW TOUYHOCTM
N HageXHoCTn MeToAaa.

BpeMsi, 3aTpaueHHOE Ha COBMELLLEHUE, BbIIO
TaKKe A0CTaTOUYHO KOPOTKUM — 5 ¢, HO BbIs1o He-
06xoauMo BbiNoJHeHWE KT-uccnepoBaHus na-
umeHTa ¢ QR-paMKoi, UTO 3aHMMaeT B CpeAHEM
30 MUH n TpebyeT onpeaeneHHONn NOTUCTUKM
BbIMOJIHEHNS UCCNeAoBaHUA. ABTOMaTusauus
npouecca HaJioKeHUs U BO3MOMHOCTb OTCAe-
XUBAHUSA NOJIOKEHNS FOJIOBbI B peajbHOM Bpe-
MEHU 3HAYNTESIbHO CHMU3WIN BEPOATHOCTb OLLN-
60K 1 yNpoCTM/IM NPOLIECC COBMELLEHMSA. MeToa,
OKasaJics 0COBEHHO MOJIE3HBIM B CUTyauUMaX,
KOrAa MONOMEeHMe TO0NI0Bbl MOMET MEHATbCSH
BO BpeMmsl onepauun. Mbl pekoMeHAyeM 3TOT
MeTo4 ANf NNAaHOBbIX HENpPOXUpPYypPruyecKkmnx
BMeLWlaTeNbCTB. MeToa MOMEeT 6blTb UCMOJ/b30-
BaH M B 3KCTPEHHbIX CUTyauMsAX Mpu ycaoBumn

poctyna K KT ans BbINOJHEHUA Uccen0BaHns
¢ QR-pamkoi.

TpeTuin MeToA, OCHOBAHHbLIN Ha WCMNOAb30-
BaHWM 3apaHee 3anporpaMmMMUpOBaHHbIX TOUYEK
1 3D-yKasKu, NoKkasan CpeaHIo TOYHOCTb Cpe-
aun Tpex metogos. FRE coctasuna 0,7 cMm c oT-
KnoHeHnem 0,6 cM. Bpems coBMelLeHUs OKasa-
JIOCb npoMexyTouHbiM — 100 c.

3TOT MeToh NpeacTaBuil A0CTAaTOYHO Bbl-
COKYI0 TOYHOCTb U TMBKOCTb B BbIbOpE TOUEK
ONA COBMELEeHUs, 4YTO AenaeT ero nojesHbiM
B YCNOBUAX, KOrga HeT BO3MOMHOCTW 3apa-
Hee onpeaennTb aHaTOMUUYECKUEe OpUEeHTUpHI
nnn ucnonb3zosatb cepuio DICOM KT pnsa co-
BMeuweHna moaenn ¢ QR-koaom. Takme cu-
Tyauum MOryT BO3HMKaTb Npu onepauunsax
B MOJIOMEHMWN JiEeXa Ha MMBOTE Yy MaUMEHTOB
C KpaHWanbHOW NaToNorMen Mam y naumeHToB
CO CNMWHasbHOWN MaTosiormein nwboi nokanunsa-
umn. OpHako TpebyeTcs HacTpoiKka obopyao-
BaHMA Ans paboTbl ¢ 3D-yKa3KoW, UTo MOMKeT
3aTPYAHATb €ro UCNOJIb30BaHNE B SKCTPEHHbIX
cnayyaax. ITOT MeToA SBASAeTCH KOMMpPOMUCC-
HbIM, MMEKLWMM AO0CTAaTOUHYH TOYHOCTb, Bpe-
Msi COBMELLEHMs, U 0bnagaet 60abWIUM Mpeun-
MYLLECTBOM BBUAY HanMuusi 0CobbiXx QYHKLINIA,

PUCyHOK 5. CpaBHeHMe METOL0B COBMELLLEHWS MO nokasaTensm FRE 1 BpeMeHU coBMelLeHus. MpuMeyaHme: 1 — KpaHu-
OMeTpUYEeCcKMe ToukK; 2 — QR-Koa 1 3D-HaneyaTaHHas pamka; 3 — 3D-yKaska U NporpaMM1poBaHHbIE TOUKN VICTOUHWK:

COCTaBJIeHO aBTOpamMu

Figure 5. Comparison of registration methods by FRE and registration time. 1 - craniometric points; 2 — QR code
and 3D-printed frame; 3 — 3D pointer and pre-programmed points. Source: created by the authors
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TaKUX KaKk oTcnexuBaHue AR-MHCTpyMeHTOB
CO CBETOOMTUYECKUMM MapKepamu, cOoBMeLlle-
HMEe HEeCKOJbKMX cepuit DICOM-u306parkeHuii
OLHOMOMEHTHO, BbICOKas MNPOM3BOAUTEJIb-
HOCTb 3a cuyeT 06paboTku 3D-u306parkeHul
Ha AR-cTaHuUMK (KOMMbIOTEPE C MNPOrpamMMHbIM
obecneyeHNeM AN HACTPOUKKU U TPaHCASLUK
B HMD-rapHuTypy). 3TO TaK*Ke OTKPbIBAET pPAL
NepcnekTUB AN AafbHenwero paclimpeHus
dyHKUMOHana AR-HaBuraumm.

Oocy:Kaenue

Ncnonb3oBaHne TeXHONOrM  AOMOJHEH-
HO peanbHOCTU B HEWPOXUPYPrumM OTKPbLIIO
HOBble TOPM30HTbl AJIS MOBBIWEHWUS TOUYHOCTHU
onepauun n ynyylleHns KIMHUYECKUX UCXOA0B.
B paMKax Hawero mccienoBaHus Mbl paccMo-
Tpenu TpWU PasnnYHbIX MeToAa COBMeLLeHus
AR 3D-Mopenen c ronoBoK nauneHTa, KaxKabli
13 KoTopbiXx 06fiagaeT CBOMMU MpeUMMyLLECTBa-
MW 1 OrpaHUYeHUsaIMU. TN METOAbI — COBMeLLLe-
HMWE MO KPaHMOMETPUYECKUM TOYKaM, UCMOJb-
30BaHne QR-koga n 3D-HaneyaTaHHOW paMKMu,
MCMOJIb30BaHWE 3apaHee 3anporpaMMUpOBaH-
HbIX TOYEK C UCMOJIb30BaHMeM 3D-yKaskm — Npo-
LEMOHCTPUPOBANN pasHble YPOBHU TOYHOCTU
1 ynobcTBa NPUMEHEHUS, UTO BaXKHO YUYMTbIBATb
npu Bbibope NoaxoAa B 3aBUCMMOCTU OT KOH-
KPETHOW KAMHUYECKON CUTyaumu.

MeToA COBMeELLEHMS N0 KpaHMOMeTpuue-
CKUM TOYKaM, BKJIOUAKOWMIA Takne OpPUEHTU-
pbl, Kak 6perma, HasuMoH W cTepaHWOH, Mpo-
LEMOHCTPUPOBAN BbICOKYK TOYHOCTb B MaaHe
pervcTpaunm onopHbix Touyek (FRE). OaHaKko
PyYHOW XxapakTep npouecca W ero 3aBUCKU-
MOCTb OT YeN0OBEeYeCKoro ¢pakTopa OKasbiBalOT
3HauuUTeNbHOE BJIMSIHWME Ha obluiee BpPeMs Bbl-
NMONHEHMA N MOryT MPUBECTU K HenpeaHame-
PEHHbIM oWwKWbKaM. ITOT MeTon TpebyeT Bpe-
MEHW ANS TOYHOro OMpefesieHns U YCTaHOBKMU
KPaHMOMETPUUYECKUX OPUEHTMPOB, UYTO MOXKET
YCJIOXHATb €ro NpMMeHeHne B yCNOBUSX, Tpe-
ByloLWwmMX 6bICTPON HAaCTPOMKMW.

CornacHo uccnegosanuio JW. Yoon un co-
aBT., WCMO/Jb30BaHWE KPaHMOMETPUUYECKUX
TOUEK B HEMNpOXMpyprum [OKa3ano CBOK 3¢-
GEeKTMBHOCTb MNpU  MPOBEAEHUW HaBUTrauuu
N COBMELLEHUS aHAaTOMUYECKUX CTPYKTYp, OA-
HaKO WX TOYHOCTb MOXeT BapbMpOBaTb B 3a-
BUCMMOCTU OT TOYHOCTU MX uMAEHTUdUKaLUK
Ha NOBEepXHOCTU naumeHTa [11]. TeM He Me-
Hee, MCNO/Jb30BaHME  KPaHWOMETPUYECKMX
TOUEK MPOAO/KAET OCTaBaTbCA aKTyalibHbIM,
0C06EeHHO B TeX CayyasX, Korha HeBO3MOXHO
NPUMEHUTb APYrMe MeToAbl, TaKMe Kak NCMOoJb-
30BaHMe QR-KoAoOB uau 3apaHee 3anporpam-
MWPOBaHHbLIX TOYEK. Hanpumep, B onepauusx,
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rae AOCTyn K APYrMM CTPYKTypam orpaHuueH,
[laHHbIA METOZ, MOXeT obecrneunTb 40CTAaTOYHO
BbICOKY TOYHOCTb MPU YCNOBUN TLLATENLHOIO
BbIMOJHEHMS. BaXXHO OTMETUTb, YTO AJA MOBbI-
LLUEHWNSI TOYHOCTM AAHHOI0 MeTOAA HEOBX0AMMbI
60see aBTOMAaTU3MpPOBaAHHbIE MOAXOAbl K UAEH-
TUPUKALMKN N HAJTOKEHUIO KPAHNOMETPUUECKUX
TOUEK, UTO MOXET COKpaTUTb BpeMs MOAroTOB-
KM M1 MUHUMW3UPOBATb PUCK OLUNBOK.

MeTon COBMeELLEHUA C MCMOJIb3OBAHUEM
QR-Kopa n 3D-HaneyaTaHHOW paMKW MoKasan
Niydwine pesynbtaThl MO TOYHOCTU U BPEMEHU
BbiMOSHeHUs. CpeaHsee 3HavyeHue FRE cocTa-
Buno 0,4 CM, UTO 3HAUMTENIbHO HUXKe MO cpaB-
HEHWIO C APYrMMK MeToAaMW. DTO NOATBEPHKAA-
etca wuccneposaHmamm H. Wang wn coasr,,
KOTOpble NoKasanu, YTO UCNONb30BaHNE BHELL-
HUX METOK, TaKmx Kak QR-KoAbl, NO3BOASET A0-
CTWYb BBLICOKOW TOYHOCTM B peasbHOM Bpeme-
HU MPU BbINOJHEHUN CAOMHBIX XUPYPrnYeCcKmx
BMewaTtensCcTB [7]. B 4ononHeHue K 3TOMy aB-
TOoMaTtusauusa npouecca COBMELLEHUA MO3BO-
NiieT MMHUMU3MPOBATb YEIOBEYECKUA QaKTop,
yYTO 0COBEHHO Ba*KHO Npu paboTe C NOABUKHbI-
MU CTPYKTYpaMu, TaKUMU KaK rosaoBa nauueHTa.

B HaweM uccnepoBaHUM BpeMs Ha COBMe-
LleHMe No 3TOMy MeToAy COCTaBuiO BCero 5 ¢,
yTO AeNaeT ero Hambonee 3PPEKTMBHBIM Cpe-
AN pacCMOTPEHHbIX MeToA0B, eCAn MOAesNb 3a-
paHee NOAroToB/ieHa. 3T0 0CO6EHHO Mosie3HO
B YCNOBUSIX, FAe BpeMS ABAAETCA KPUTUUECKUM
baKTopoM, Hanpumep, NpPU 3KCTPEHHbIX XU-
pypruyeckmx BMellaTenbcTBax. BO3MOMKHOCTb
OTCNEXUBAHUSA MOJIOKEHUSA TONOBbLI MauMeHTa
B peaibHOM BPEMEHU Takke obecrneunmBaeT A0-
NONIHUTENbHYIO FTMBKOCTb, TaK KaK AaxKe Npu ns-
MEHEHMN TMOJIOKEHUA TOJ0Bbl COBMELLEHMNE
OCTaeTCs TOUYHbIM.

WccnepoBsaHus, npoeaeHHblie N. Mahmoud
N COaBT., Tak¥e MNOoATBepXAalT, YTO UCMOJb-
30BaHMe AR c MeTKamMn Ha ocHoBe QR-KoaoB
ABnseTca 3QPeKTUBHbIM CPeACTBOM ANS BU-
3yaNnbHOW HaBUraumMm U KOHTPOASA MONOXKEHUS
aHAaTOMUMYECKUX CTPYKTYp B npocTpaHcTee [3].
Kpome Toro, fiaHHbIN MeToA MOXET NPUMEHSATb-
CSl HE TONIbKO B HEMPOXUPYPruKn, HO N B APYrnx
XUpYypruvecknx obnacTsx, TakMX KaKk opTone-
AMA 1 naacTuyecKas Xupyprus, rae To4yHoe
COBMellleHNe SBNAETCA KaueBbiM (GaKTOPOM
ANSA yCnewHoro ncxoaa onepauuu.

HecMOTps Ha BLICOKYID TOYHOCTb U 3pdek-
TUBHOCTb MeToAa C Ucnonb3oBaHneMm QR-Koaos,
CYLLECTBYIOT HEKOTOpble OrpaHW4yeHus, KOoTo-
pble chneayeT yuuTbiBaTb. Bo-nepBbix, Heob-
XOAMMOCTb MCMOJIb30BaHUA AOMOJHUTESNIbHbIX
YCTPOWCTB, Takux Kak 3D HaneuyaTaHHaa pam-
Ka, MOMeT YCNOXHATbL NOAMOTOBKY K onepauuu,
0C06€eHHO B yCoBUSIX, Fae AoCcTyn K 3D-nevaTu
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orpaHuyeH. Bo-BTOpbIX, BO3MOXHblI CUTYyaLUN,
KOrAa paMKa MOMEeT cMmewatbcs uam apedop-
MUPOBATLCA, UTO NMOTPEBYeT MOBTOPHONW Kanu-
6poBKK. OaHaKo, yunTbiBash 0bWKWiA pesynbTar,
JaHHbIA MeTojh OCTaeTcsa npeanoyYTUTebHbIM
AN GONbLUMHCTBA KJAWMHUUYECKUX CUTYyauuid,
roe TpebyeTcsl BbICOKOTOUHOE COBMELLEHME.

TpeTnin MeToA4 COBMELLEHUs, OCHOBAaHHbIN
Ha WCMo/Jb30BaHMM 3apaHee 3anporpamMumpo-
BaHHbIX TOUeK 1 3D-yKasKun, noKasaa pesynbraThl,
conocTtaBumble ¢ MeTogoM QR-KoAoB, HO C He-
KOTOPbIMW Ba*KHbIMW oTanumsaMn. CpeaHee 3Ha-
yeHne FRE coctasBuno 0,7 CM, UTO HaxoAUTCSH
Ha CpefHEeM YpPOBHE MO CPaBHEHUIO C APYrMMU
mMeTogamu. OAHaAKO BpeMs BbIMOJHEHUS COBMe-
LLLEHMS OKa3a/10Cb HECKOJIbKO BbIlLE — B CPEHEM
100 c. 370 0bbSACHSAETCA TEM, UTO NMpOLIECC Tpe-
byeT npeABapuTesibHOW HaCTPOKM UM paccTa-
HOBKW TOYEK C NOMOLLbIO 3D-yKasKu, Uto yBean-
umBaeT 0b6Lllee BpeMs NpoLeaypbl.

OcHOBHOE NpenMyLLecTBO AaHHOro MeToaa
3aKkJovaeTca B ero rmbkoct. OnepaTop MOMKeT
CaMOCTOSATE/IbHO BbIGBUPATh M MPOrpPamMMmUpo-
BaTb TOUKN ANA COBMELLEHUSA, UTO NO3BONSET
ajanTupoBaTb METOA MOA KOHKPETHYI Kau-
HUYECKyl0 cuTyauumwo. Hanpumep, B cCayuva-
AX, KOrga HEeBO3MOMHO MCMoab3oBaTb QR-Ko-
Abl VAW KpaHMOMETpUUYECKMe TOUKU, MeToa
C 3D-yKa3Koi MOXeT npefoCTaBUTb BbICOKYHO
TOUHOCTb 6€e3 HeobxoaMMOCTM B [AOMOJIHM-
TeNIbHbIX PU3nYecknx opmeHTupax. Niccneposa-
Hua I. Kuhlemann n coaBT. nokasanu, 4To uUc-
no/sib30BaHMe MNOA06HbIX YKA30K B COUETaHUU
C AR-TexHONOrmMsaMn ro3BoJsiSeT AOCTUYbL Bbl-
COKOM TOYHOCTK NpWU onepaumsx n He MewaeTt
Xoay BMelLaTenbcTea [12].

OAHaKo AaHHbIA METoA TaKXe MMeeT CBOM
orpaHuyeHuns. Bo-nepBblX, CNOXHOCTb Ha-
CTPOMKM U HeobXxoAMMOCTb WCMOJIb30BAHUS
AOMOJHUTENbHbIX YCTPOWCTB MOryT 3aTpya-
HUTb €ro BHeApPeHME B PYTUHHYIO KIMHUYECKYIO
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HertocpeacTBeHHbIE U OTAAI€HHBIE PE3YIbTAThI
MUKPOXUPYPIUUYECKOr0 JIedeHI I NallieHTOB
C aHEBpU3MAaMH 33 1Hell HIKHEN MO3;KeIKOBOU apTepun
B OCTPOU CTAIUU Cy0apaxHOUIAIbHOI0 KPOBON3 I SAHISA

Msenecuann A.N." S, Isknuaxkmxagse P.C."2, Monskos A.B.', 3aiiues A.[l.", lepkay M.U.",
Fapunaraes B.C.', CyntaHoB P.A.', A6aynnaeB A.H.', KacbimoB M.Y.!

TBY3 MO «MOCKOBCKUiA 061aCTHOW HayYHO-UCCNEeAOBATENbCKUIA KNMHUYECKUMIA UHCTUTYT UM. M.®. Bna-
LVMMUPCKOro», yi. LenkuHa, a. 61/2, r. Mockea, Poccuiickas ®epepauus, 129110

20re0Y ANO «Poccuitickas MeAULMHCKas akageMus HenpepbiBHONO NPodeccnoHanbHoro 0bpasoBaHna»
MwuHsapasa Poccun, yn. bappukagHas, a4.2/1, ctp.1, r. MockBa, Poccuiickas ®epepauus, 125993

Pesiome

BBeaeHue. AHEBPU3MbI 3aiHEN HUNKHER MO3euKkoBol apTepun (3HMA) coctaBnstoT okono 0,36-4,5 %
OT BCeX MHTPaKpaHuanbHbiX aHeBpu3M. YacToTa pa3pbiBa gocturaet 77-88 %, puCK NOBTOPHOI0O pa3pbl-
Ba — 71-78 %. B HacTosLLee BpeMsi MUKPOXUPYPrUYecKne n sHA0BACKYASiPHbIE METOAbI ieYeHUs ABAAIOT-
€A KOHKYpuUpytowmmmn. O4HaKo HeCMOTPS Ha CBOW MpeuMyLLecTBa, A IHAOBACKYIAPHbIX BMELWATENbCTB
npu pasopBaBLUMXCA aHeBPM3Max XxapakTepeH psj HeaocTaTkoB. COrnacHoO COBPEMEHHbIM MPOTOKOAAM,
MEeToA0M Bblbopa BbiKOUEHNS aHeBpM3M 3HMA 13 KpOBOTOKa B OCTPOM nepuoae cybapaxHouAanbHOro
KpoBousnusiHus (CAK) sBnsieTCs MUKPOXUPYPruyeckoe KAnnmpoBaHume.

Llenb nccneposanms. OLeHNTb HEMOCPEACTBEHHbIE W OTAANIEHHbIE PE3YNbTaThl, @ TAKKe KaUeCTBO KU3HU
1 BO3BpAT K TPYAY NOCJIe MUKPOXUPYPrMUYECKOrO IeYeHs aHeBPN3M 3aAHEN HUKHEN MO3KEUKOBOW apTe-
pun B 0CTpOM nepuose cybapaxHonaanbHOro KPOBOU3AUSAHUS.

MaTepunanbl 1 MeToAbl. B peTpocnekTUBHOE uccaefoBaHne BKAOYEHO 32 nauueHTa, onepupoBaHHbIX
B ocTpoM nepuoae CAK B FbY3 MO «MoCKOBCKMIA 061aCTHOW HayYHO-UCCeA0BaTENbCKUN KINHNYECKUI
MHCTUTYT UM. M.®. BragmMMupcKkoro» ¢ uioHs 2019 . no aekabpb 2024 1.

Pe3synbTaTbl. Y NauMeHTOB, NOCTYNMBLUMX B CTAaLLMOHAP B KOMNEHCMPOBAHHOM cocTosHMM (13-15 6annos
no wkane koMbl MNasro (LWKI), cteneHn 1 1 2 no wkane XaHTa — Xecca), Nocjie NpOBEAEHHOr0 ieueHus
oTMeyvanu 6aaronpusiTHblE KIMHUYECKNE MCXOoAbl (CpeaHuiA 6ann no WwKane ncxonos Masro (LWAT) - 7,4).
Cpeav AeKoMMneHCMpPOoBaHHbIX NaumeHToB (9-12 6annos no LWKI, cTteneHun 3 1 4 no wkane XaHTa — Xecca)
TaKKe oTMeyanun 61aronpusTHbIE KANHUYECKNE UCXOAbI (CpeaHunit 6ann no WWI - 6,9). JleTaNbHOCTb CO-
ctaBuna 6,2 % (n = 2).

PacnpepaeneHne nNauMeHTOB MO pesyfbTaTaM OLEHKM Npoduns 340poBbs MO ONpocHUKY EQ-5D-3L (Eu-
roQol 5 Dimensions 3 Levels): nonHoe BoccTaHoBneHne — 15 (55,7 %), xopollee BOCCTaHOB/IEHNE —
7 (25,9 %), npoumne naumeHTbl — 5 (18,5 %). Mo pesynbratam CyObEKTUBHON OLLEHKMN COCTOSIHUS 340POBbS
nauneHTaMm cpeaHee 3HauyeHue cocTtaBuio 79,8 = 12,9 6anna. BepHyaucb K TPYAOBOI AeATENIbHOCTU
20 (74,1 %) nauneHTOB.

3akaoueHne. MUKpoxmpyprmyeckoe neyeHne aHeBpusM 3HMA aBasetcs 6e3onacHbIM U 3G EKTUBHBIM
MeToAoM C 61aronpuATHBIMU HENOCPEACTBEHHBIMU U OTAAJNIEHHbIMK pe3ynbTaTaMu. Xopoluee KayecTBo
KU3HWU 1 BO3BPAT K TPYAY OTMeueHbl 6onee yueM y 74 % naumeHToB.

KnioueBble cyioBa: aHeBPM3Ma rOJIOBHOTO MO3ra, MUKPOXMPYPrus, 3afHsAs HUMKHSAS MO3KEUYKOoBas apTe-
pus, cybapaxHouaanbHOEe KPOBOU3NUSHUE

Ans umtuposaHus: NBenecnann AW, AxuHaxnxaase P.C., Monskos A.B., 3aiiueB A.[., epkay M.W., laa-
»unaraes B.C., CyntaHoB P.A., Abaynnaes A.H., KacbiMoB M.Y. HenocpeAcCTBEHHbIE U OTAANEHHbIE pe3y/b-
TaTbl MUKPOXUPYPTrUYECKOro NeYeHNs MauMeHTOB C aHEBPM3MaMu 3aHEN HUKHEN MO3KEUKOBOW apTepun
B OCTpOIi cTaaAnn cybapaxHOUAaNbHOrO KpOBOU3ANAHUSA. CubHelipo. 2025; 1(1): 37-46. https://doi.org/
10.64265/sibneuro-2025-1-1-37-46
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KOHOAMKT MHTepecoB. JKnHAKMXaa3€e P.C. ABASETCS UNeHOM peAakUVOHHOM KoNernn KypHana «Cnb-
Heipo» ¢ 2025 T, HO HE y4aCTBOBAJ B NPOLECCE BbIHECEHUS PELLEHUS O MPUHATUM CTATbU K My6aMKauuu.
06 VHbIX KOHVKTaX MHTEPECOB aBTOPbI HE 3aRBASIN.

duHaHcMpoBaHue. VccnefoBaHne NPoBeAEHO 6e3 NPUBJIEYEHNS KaKON-T1MB0 CMOHCOPCKON NOALEPMHKN.

Wcnonb3oeaHue WW. Mpu HanucaHUy CTaTby TEXHONOMUU UCKYCCTBEHHOIO UHTE/NEKTA HE UCMONb30Ba-
JINCh.

JOCTYNMHOCTb AaHHbIX. [JaHHbIE, MOATBEPKAAIOLLME PE3YNLTAThl 3TOFO UCCAEA0BAHNS, MOKHO NONYUNTD
y aBTOpa, OTBETCTBEHHOMO 3a NEPENUCKY, MO PasyMHOMY 3anpocy.

nysnMKaLl,VIOHHaﬂ 3TUKa. Bce nauneHTbl noagnucanu I/IH¢0pMI/IpoBaHHoe cornacue Ha ydyacTtue B nccne-
AOBaHUN.
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Immediate and long-term outcomes of microsurgical
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Abstract

Introduction. Aneurysms of the posterior inferior cerebellar artery (PICA) account for approximately
0.36-4.5 % of all intracranial aneurysms. The rupture rate reaches 77-88 %, and the risk of re-
rupture is 71-78 %. Currently, microsurgical and endovascular treatment methods are competing.
However, despite their advantages, endovascular interventions for ruptured aneurysms have a number
of drawbacks. According to modern protocols, the treatment of choice for excluding PICA aneurysms
from the circulation in the acute period of subarachnoid hemorrhage (SAH) is microsurgical clipping.
The aim of this study. To evaluate the immediate and long-term outcomes, as well as the quality of life and
return to work after microsurgical treatment of PICA aneurysms in the acute stage of SAH.

Materials and methods. A retrospective study included 32 patients operated on in the acute stage
of SAH at the Moscow Regional Research and Clinical Institute from June 2019 to December 2024.
Results. Patients admitted to the hospital in a compensated state (13-15 points on the Glasgow Coma
Scale (GCS), Grade 1 and 2 on the Hunt — Hess scale) showed favorable clinical outcomes after treatment
(mean Glasgow Outcome Scale (GOS) score — 7.4). Favorable clinical outcomes were also noted among
decompensated patients (9-12 points on the GCS, Grade 3 and 4 on the Hunt - Hess scale) (mean GOS
score - 6.9). Mortality was 6.2 % (n = 2). Distribution of patients according to the EQ-5D-3L health
questionnaire: full recovery — 15 (55.7 %), good recovery — 7 (25.9 %), other patients - 5 (18.5 %).
According to the patients’ subjective assessment of their health status, the mean value was 79.8 +
12.9 points. Twenty patients (74.1 %) returned to work.

Conclusion. Microsurgical treatment of PICA aneurysms is a safe and effective method with favorable
immediate and long-term outcomes. Good quality of life and return to work were observed in more than
74% of patients.

Keywords: brain aneurysm, microsurgery, posterior inferior cerebellar artery, subarachnoid hemor-
rhage
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BBeaenne

CornacHo JsMTepaTypHbIM AaHHbIM, pac-
NPOCTPAaHEHHOCTb aHEBPU3M 3aAHEN HUMKHEN
MO3euKkoBoi apTtepum (3HMA) cpeam Bcex
WHTpPaKpaHWalibHbIX aHEeBpPM3M  COCTaBAsieT
oT 0,36 o 4,5 % [1-4]. AHeBpW3Mbl AAHHOW
JIOKaMs3aumy Jalie BCTPEYAlTCA Y MEeHLUUH
B Bo3pacTe 0T 44 no 51 roga — B 50-74 % cny-
yaesB [5, 6]. YacToTa pa3pbiBoB aHeBpu3M 3HMA
coctaBnsieT oT 77 no 88 % [4, 7-9]. PaspbiB
aHeBpu3sM 3HMA 4yacTo CONPOBOMAAETCH BEH-
TPUKYASIpPHbIM KpoBousnusHuem (B8 70-100 %
C/lyyaeB), KOTOPOE MOMET MPUBECTU K KNMHU-
YECKM 3HAUYMMOW OKKJIO3MOHHOW ruapoueda-
nnun [10-12]. CNOXHOCTb JIeYEHUS aAHEBPMU3M
3HMA obycnoBneHa rayboKMM U Y3KUM MU-
KPOXMPYPrMUYECKMM  KOPUAOPOM, 6M30CTbIO
K CTBOJIY FOJIOBHOIO MO3ra v KayaanbHOW rpyn-
e yepenHo-Mo3roBbix HepeoB (UMH).

MUKpPOXMPYPruyeckoe JieyeHne aHeBpu3M
3HMA B ocTpoM nepuoge cybapaxHoupasb-
HOoro KpoBousnusHua (CAK) sasnsetca 6e30-
nacHbiM 1 3QPEKTUBHBLIM, @ TaKXKe cuMTaeTcs
MEeTOAOM BblbOpa, COrMacHO HaUMOHaNbHbIM
KNMHUYECKMM PEKOMEHAALUUsAM U AaHHbIM 3apy-
6exHol nutepatypbl [13-16]. MuKpoxupypru-
YeCKoe KAMNupoBaHue MO3BOJSET MOJIHOCTbIO
BbIKJIOYNTb AHEBPU3MY M3 KpOBOOOpaLLeHUs
N MMHUMUW3NPOBATb PUCK MOBTOPHOrO paspbiBa.
C Apyron CTOpPOHbI, 3HAOBACKYNSIPHbIE METOAbI
JIeUeHUs1 MeHee MHBA3MBHbI, OAHAKo nx spdek-
TUBHOCTb B OCTPOM nepuoae cybapaxHounaanb-
HOFO KpPOBOWU3JINSIHUS OFpaHMueHa, 0cobeHHOo
B C/lyuyasix, koraa Tpebyetcs caHauus 6asanb-
HbIX LMCTEPH U CrTYCTKOB KPOBU U3 4-T0 Keny-
LOuUKa.

eab uccie10BaHuA

OueHKa HenocpeaCTBEHHbIX N OTAANEHHbIX
pe3ynbTaToB, @ TaKXe KauyecTBa *MU3HU U BO3-
BpaTa K TpyAy nNoOCJie MUKPOXUPYPrUyYeCcKoro
NleYeHnss aHEBPU3M 3a4HEN HUMHEN MO3MKEUYKOo-
BOW apTepuu B OCTPOM nepuoae cybapaxHou-
AanbHOI0 KPOBOU3NINAHUS.

MarepuaJbl 1 METO/IbI

MpeactaBneH peTpPOCNEKTUBHbLIA aHanus
32 naumeHToB, KOTopble Bbiv OnepupoBaHbl
B ocTpoMm nepuoge CAK BcneacTeue paspbl-
Ba aHeBpusm 3HMA B F'bY3 MO «MoCKOBCKMUN
06/1aCTHON HayyHO-MUCCNEAOBaTENbCKUN KNK-
HUYECKUIN UHCTUTYT M. M.®. BrnaguMnpcroro»
C uioHs 2019 r. no aekabpb 2024 r. CpeaHuit
BO3pacT NaunmeHToB cocTtaBun 52,2 = 16,4 roaa,
npeobnapanm nuua KeHckoro nona (71,9 %
BCEX NALMEHTOB).

BbinonHsn KJIMHUKO-HEBPOIOrNYECKYI0
OLIEHKY COCTOSIHUS MauuneHToB. NS 06beKkTUB-
HOrO onpefefieHns A0ONepaLMoOHHOro cratyca
NPUMEHSAN WKany KoMbl Masro (LWKIK) n wkany
XaHTa - Xecca (Hunt — Hess).

BceM naumeHTaM C WHTpakpaHuWalbHbIMU
aHeBpM3MaMy NPOBOAWMIM KOMMbIOTEPHYIO TO-
morpaduio (KT) u KT-aHruorpaduio. C npume-
HeHveM 3D-peKOHCTpyKUMM paspabaTbiBanm
ONTUManbHbLIA XUPYPrUYECKUN KOpUaop, yuu-
TbIBAOLWMWIA MHAMBUAYANbHBIE a@aHaTOMUYeCcKue
0C06eHHOCTM MaumeHTa. [AuMarHocTuKka BbiNOJ-
HsAlacb Ha Tomorpadax Toshiba Aquilion PRIME
(160 cpesos; Toshiba, dnoHuns) u Siemens
Somatom Sensation (64 cpesa; Siemens, lepma-
Hus). [lo- 1 nocneonepauMoHHas OLLEHKa BKJO-
yasa TpPM acrekTa aHaTOMUYECKOro aHanusa:
HaTMBHblE N306paKeHUsi, KOCTHYIO aHaTOMUIO
N XapaKTepPUCTUKN COCYANCTON aHaTOMUN.

C uenbo NPOrHO30B W aHanusa CTeneHu
Bblpa*KEHHOCTM cybapaxHOMAAsbHOMO U BEH-
TPUKYNAPHOrO KPOBOU3NUAHUIA UCMOJIb30BaN
cnepyrolme WKanbl: ANA OLEHKM CTENEHU Bbl-
paxeHHocTn CAK ucnonbzoBanu wkrany Fisher,
ONns oueHKn MaccueHocTn CAK — wkany Hijdra,
ONS OLEHKN CTEerneHu BbIPaXeHHOCTU BEHTPU-
KYJIIPHOIO KPOBOU3NUAHMA — WKany Graeb.

Bce maumeHTbl 6bIM NpoonepupoBaHbl MU-
KPOXUPYPrnuyecKn B yJbTpapaHHME U paHHue
cpoku nocne CAK (6-24 u) (PucyHok 1).

HenocpeacTBeHHble  pesynbTaThl  Jede-
HMUA OLLeHWBAJM Ha MOMEHT BbIMUCKM Nauu-
eHToB. OTaaneHHble pe3ynbTaTbl OLLEHWBAIU
yepes 6 MecsALeB NOCae onepauuu.
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PucyHoK 1. KomnbloTepHas Tomorpadus u KT-aurnorpadus: A, b, B — keHwuHa 73 neT, aHeBpU3Ma yCcTbA NeBOI 3aAHEN
HUMKHEN MO3KeUYKoBOW apTepuun, MaccuBHoe cybapaxHompanbHoe kpoBousnusHue; I, 4, E - )keHwmHa 37 neT, aHeBpu3Ma
YCTbsl MpaBoli 3aiHEN HUXKHEN MO3KEUYKOBOWN apTepuu, cybapaxHouaanbHoe KpoBousnusaHue, ruapouedanus; XK, 3, N -
MYyX4nHa 56 neT, aHeBpM3Ma yCTbsA NEBON 3aAHEN HUMKHEN MO3XKEUYKOBON apTepun, KpoBb B IV enyaouke. VICTOUHUK:
CoCTaB/eHO aBTOpaMu

Figure 1. Computed tomography and Computed tomography angiography scans: A, B, C — A 73-year-old female with an
aneurysm at the origin of the left posterior inferior cerebellar artery and massive subarachnoid hemorrhage; D, E, F -
a 37-year-old female with an aneurysm at the origin of the right posterior inferior cerebellar artery. Subarachnoid hemor-
rhage, hydrocephalus; G, H, I - a 56-year-old male with an aneurysm at the origin of the left posterior inferior cerebellar
artery and blood in the IV ventricle. Source: created by the authors

LN OUEHKU KJIMHUYECKMX MUCXOAOB y Ma- MNONb3YyeTCs ANA OUEHKM CnocobHOCTU nauu-
LMEHTOB MPUMEHANUCb [ABE CcheuuMannsv- eHTa K caMoobCiyXMBaHUIO U BbINOJAHEHUIO
pOBaHHblE LWKaNbl: pacluMpeHHas LWKala MnoBCEeAHEBHbIX 3a4a4y. MRS BKaouaeT B cebs
ncxonoB Masro (WWIM) v mMoamduumpoBaH- ceMb ypoBHelh — oT O (NonHoe oTcyTCTBUE
Has WKana PaHkuHa (MRS, modified Rankin  cumnToMoB) A0 6 (CMEPTB).
scale). PacwupeHHas LIWI nosBonsdeT oue- K 61aronpuaTHbIM KJWMHUYECKUM MUCXOAAM
HUTb GYHKUWOHANbHOE COCTOSIHME MauMeH- Mocfie NPOBEAEHHOrO JieYeHUss OTHOCUAU NOJ-
TOB MO BOCbMM KaTeropuMsM — OT MOJIHOFO HOE BOCCTAHOBJ/IEHME MALMEHTA, a TaKKe yMme-
BoccTaHoBneHus (LUNT 8) no cmeptu (LWUNT 1).  peHHyo nHBanuamsaumio (= 6 6annos no LU,
MoanduumpoBaHHas wWKana P3HKMHA wuc- < 3 6annos no mRS).
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ONs OUEHKM KauyecTBa KW3HW MaLUMEHTOB
ncnosib3oBanan onpocHMk EQ-5D-3L (EuroQol
5 Dimensions 3 Levels), BKknwouawowmnin ase
YaCTW: OLEHKY Mpoouns 340pOBbsS MO MATU
napamMetpaM ot 1 o 3 6annoB un cybbek-
TUBHYIO OLEHKY COCTOSIHUS 340pOBbs Na-
LUMEHTOM MO BW3YyaJibHO-aHANOroBOW LIKane
ot 0 ao 100 6annos. MNpoduab 340pOBbLA Na-
LUMEHTOB OLEHWBaAM MO CleaylolWmMM napa-
MeTpaM: MOABWMKHOCTb, yxo4 3a coboli, no-
BCEJHEBHas AeSATeNbHOCTb, 60ab/anckoMpopT,
Tpesora/aenpeccus. OUEHKY NpoBOAUAN B OT-
JaneHHOM nepuoae y 27 BbIMBLLMX NALNEHTOB
yepes 6 MecsALEeB OT MOMEHTA BbIMUCKN.

Mo pesynbTaTaM OLEHKU Npoduns 340po-
BbAl MALMWEHTOB PasAENMAN Ha TpWU Fpynmbl:
noJiHoe BocCcTaHoBsieHMe (1 6ann no KarKaomy
napaMeTpy); XOpollee BOCCTaHoBiAeHue (OT-
KJOHEHME TONbKO No 1 mapameTpy, He 6onee
1 6anna), a TakKke npoune naumeHTbl (OTKIOHE-
Hue 6osiee ueM no 1 napameTpy Uan 6onee uem
Ha 1 6ann). PesynbTaTbl CyObEeKTUBHOWM OLLEHKN
COCTOSIHMUSA 340POBbsl MauUMeHTaMU MpeacTaB-
NNV B BUZE CPEJIHErO 3HAUEHUS.

PesyabTarbl HCCAEI0BaAHUS

MaumeHTbl 6blM pasaesieHbl MO CTEMEHM
TA¥ECTNU COCTOAHUA C mcrnonb3oBaHuem LLUKIM
1 WwKanbl XaHTa — Xecca (Tabauua 1).

Mo naHHbIM KT-aHrnorpadun, cpeaHunii pas-
Mep aHeBpu3M cocTtaBmn 5,5+ 2,5 MM, npun atom
87,5 % aHeBpM3M MMenn MeLloTyaTyo Gopmy,
a 12,5 % - ¢y3ndpopmHyio.

PacnpepeneHne nauveHTOB MO CTEMEHU THA-
¥EeCTU KPOBOU3AUSIHUA NO WKane Fisher 6bin0
cneaywwmm: I cteneHb —y 6 (18,7 %) nauunex-
ToB; IV cTeneHb -y 26 (81,3 %). PacnpeaeneHue
naumeHToOB MO CTeneHu BblparKeHHoOCTM CAK

no wkane Hijdra: 0-9 6annos-y 17 (53,1 %) na-
umneHToB; 10-19 6annos — y 10 (31,3 %);
20-30 6annoB — y 5 (15,6 %) nauueHTOB.
PacnpeneneHve nauMeHTOB MO CTENEHU Bbipa-
EHHOCTU BEHTPUKYNSPHOIrO KPOBOM3INSHUS
no wkane Graeb: 1-3 6anna -y 7 (38,5 %) na-
umeHToB; 4-6 6annoB — y 15 (46,9 %) naum-
eHToB; 7 6annoB — y 4 (12,5 %) naumeHTOB.
Y 17 (53,1 %) nauMeHTOB BbiABJIEHA OKKO3U-
OHHasa ruapouedanus.

HapyHbIil BEHTPUKYASPHbLIN ApeHaxK ycTa-
HaBauBann 6 (18,7 %) nauueHTaMm No caeny-
IOWMM MOKasaTensM: Hanauume ruapouedanmm
no AaHHbIM KT ronoBHoro Mosra; 12 6annos
M Huxe no WWKI Ha MOMEeHT NoCTynJeHuns; npo-
rpeccupytollee yxyalleHue HeBPOJOrMUYECKOT 0
cTaTyca.

icnonb3oBanu cnepyowme Xupypruyeckme
OOCTYMbl: pPacClUMPEHHbI pPeTPOCUIMOBUAHbIN
poctyn ansa 26 (81,3 %) NauUWEHTOB C NMPOKCU-
MajibHbIMM aHEBPU3MAMW; CPEAUHHbIN CYyHOK-
uMnuTanbHbIA goctyn — ans 6 (18,7 %) naum-
€HTOB C AUCTaNibHbIMK aHeBpn3Mamm 3HMA [16].

BbiMMCKY B CPEAHEM  OCYLLECTBASIN
Ha 11,6 £ 4,9 cyTku. lMpoaHanM3MpoBaTb Ka-
TaMHe3 yaanocb y 29 (90,6 %) nauneHTOB.

Y nmaumeHToB, MOCTYNUBLUUX B CTauUMOHap
B KOMMNEHCMpPOBaHHOM cocTosiHuM (13-15 6an-
noe no LWKI, cteneHn 1 1 2 no wkane XaH-
Ta - Xecca), nocne NpPOBEAEHHOr0 NeyeHus
oTMeuYanu 6naronpusiTHble OTAANEHHbIE KJU-
Huueckune nucxoabl (Tabnuua 2). CpegHuin bann
no WWNr - 6,6 £ 0,6, no MRS - 2,3 £ 0,6.

Cpean nauMeHTOB B [JEKOMMEHCUPOBaH-
HOM cocTosHMK (9-12 6annoB no LWKI, cTe-
neHn 3 u 4 no wkane XaHtTa — Xecca) TaKse
oTMeuYanu 6naronpusiTHble OTAANEHHbIE KJU-
Huueckune ncxoabl (Tabnuua 2). CpegHuin bann
no LWWNT coctaBun 5,4 £ 0,7, nomRS -3,3 £ 1,2.

Ta6bauua 1. PacnpeaeneHune NnaunMeHToB Mo YPOBHIO CO3HAHMUSA M MO TAMKECTM COCTOSAHMSA Ha MOMEHT NocTynaeHus. ictou-

HWK: COCTaB/1eHO aBTOpaMun

Table 1. Distribution of patients by level of consciousness and severity of condition at admission. Source: created by

the authors

Llikana Kombl Masro n % Likana XaHta-Xecca n %

15 14 43,8 % 1 4 12,5 %
13-14 8 25 % 2 10 31,3 %
11-12 28,1 % 3 17 531 %
8-10 1 31 % 4 1 3,1 %

Tabnuua 2. CprKTypa OTAaNIEHHbIX NCXOAO0B NocCae NpoBeAEeHHOro nevYeHna y naunmeHToB, NOCTynnBLWKX B CTauMoHap
B KOMNEHCUPOBAHHOM U JEKOMMNEHCUPOBAHHOM COCTOAHUN. ICTOYHMK: COCTaBJIEHO aBTOpamMun

Table 2. Structure of long-term outcomes after treatment in patients admitted in compensated and decompensated

states. Source: created by the authors

MauneHTbl C KOMNEHCUPOBAHHbIM COCTOAHNEM

OueHka no Wnr n OueHkanomRS n

MauuneHTbl C 46KOMNEHCUPOBAHHbIM COCTOAHMEM
OueHka no Wnr n OueHka no mRS n

> 6 bannoB 13 > 3 6annos 13

> 6 6annoB 11 > 3 6annoB 11

< 5 6annos 1 < 4 6annos 1

< 5 6annos 4 < 4 6annos 4
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Bblgensannm Tpu rpynnbl  nocneonepauu-
OHHbIX OCNOMHEHWIA: HEBPOJOrnYecKkue, co-
MaTUYECKUE, XUPYPruveckme. B cTpyKType
HEBPOJIOFMUECKUX OCNOMHEHUIA Lepebpanb-
HbI aHrMocnasm Habmogaan y 3 (9,3 %) na-
LMEeHTOB, AUCOYHKUMIO SANLEBOrO HepBa -
y 1 (3,1 %), anchyHKUMIO KayaanabHOW rpynnbl
YUYMH - y 8 (25 %), HOCsILLYlO TPaH3UTOPHbIN
XapakTep. B CTpyKType COMaTMUYecKux oc-
JIOMHEHWI Pa3BUTUE MHEBMOHUM OTMeYanu
y 2 (6,2 %) nauMeHTOB, TPOM60O3bl BEH HUXK-
HUX KOHeuyHocTelh — y 2 (6,2 %), yponmHdeK-
umio — y 1 (3,1 %). N3 uncna xnupypruyeckux
OCJ/IOMHEHU ¥y 1 maumneHTa 6blna 3apuKcupo-
BaHa HasajibHas JINKBOpes, KoTopas perpec-
cvpoBafa Ha GOHe Hapy»XHOro NtoMbasbHOro
ApPEHNPOBaHUS.

BEeHTPUKYNONEPUTOHEANbHbIA  LIYHT  UM-
NniaaHTUPOBaAWU B pasHble CPOKM MocTreMoppa-
rnyeckoro nepuoaa B 3 (9,4 %) HabnogeHMAX.

OTaaneHHble peHTreHorpapuueckne pe-
3y/nbTaTbl OLEHMBAAN 4yepe3 6 MecsiLeB Mo-
cne onepauun y 29 nauyumeHtoB. ToTanb-
HOCTb BbIKJIIOYEHUS AHEBPU3M OLLIEHWBAIU
No AaHHbIM MYNbTUCMUPANbHOA KOMMbIOTEpP-
HOW TOoMorpadumm c aHruvorpadpuen. Paau-
KaJibHO€ BbIKJIIOYEHWNE aHEBPU3MbI BbISIBJEHO
y 28 (96,6 %) nauueHTtoB. B 1 (3,4 %) cny-
yae oTMeYanocb cyb6TOoTaNbHOE BbIKNOUYEHUE
C KOHTpacTMpoBaHMEM 4acTu wenkn. Cnay-
YaeB peKkaHa/iu3auuMM aHeBpU3M He Habto-
panu.

OueHKa OTAANEHHbIX pe3ynbTaToB
yepe3s 6 MecsaueB MNoKasaja, YTo 60/bLINH-
cTBO (82,8 %) nauneHToB UMenu bnaronpu-
ATHble OTAaJiIeHHble ucxoabl N0 MRS n WAT.
OaHako 10,3 % nauneHTOB OCTaNUCb C yMe-
PEHHbIM UMW BblpaXKEHHbIM HEBPONOrUYECKUM
aednumMTOM, UTO NoTpeboBaso AOMONHUTENb-
HOli peabunutaumn. JleTanbHOCTb B OTAANEH-
HOM nepuoje coctasuna 6,9 %.

Ha ¢oHe peabunnutaunmoHHOrO JieueHus
OTMeYaNnu ynydyweHue COCTOSHUA Y nauuneH-
TOB C 6naronpuaTHbIMU HEMOCPEACTBEHHbLIMU
ncxopamMm B BMAE MOJIHOFO BOCCTAaHOBAEHWUS.
Yncno nauMeHTOB C HEYAOBETBOPUTESbHbIMU
HenocpeACTBEHHbIMU UCX0AAMU B OTAANEHHOM
nepuvoae He YBENYMUNOCh.

PacnpeneneHve nauMeHTOB No pe3yasbTaTam
OLLeHKM Npodunsa 340poBbs NO ONPOCHUKY EQ-
5D-3L npeacTaBleHO CAeaylLluM obpasoMm:
nonHoe BoccTtaHoBneHue — 15 (55,7 %) naum-
€HTOB, Xopollee BoccTaHoBAeHNe — 7 (25,8 %),
npouue naumeHTbl — 5 (18,5 %). CpeaHee 3Haue-
HMe CyObEKTUBHOW OLLEHKM COCTOSIHMSA 340pO-
Bbs MauMeHTaMu cocTtasuno 79,8 + 12,9 6an-
na. BepHynucb K TpynOBOW [EATE/IbHOCTU
20 (74,1 %) naumneHTOB.
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MUKpPOXMPYPruyeckoe JieyeHne aHeBpu3M
3HMA B ocTpom nepuoge CAK ocTaeTca MeTo-
oM Bbibopa 6iarofaps XopoLwnM KIMHUYECKUM
N PEHTFeHONOrMYeCcKnM pesynbrataM. JHAOBa-
CKy/sipHble MeToabl 06ecneymBatoT NoJHOE Bbl-
KAwuyeHne aHeBpu3Mbl B 51,1-88,9 % cnyuaes
C PMCKOM peKaHanmsauun ao 23,3 %, AeMOH-
CTPUPYs MpU 3TOM BbICOKYID 3QPEKTUBHOCTb
N MUHUMaNbHYI0 MHBA3UBHOCTL [9, 17]. Mpwn Mu-
KPOXUPYPrnu4yeCcKoM JieuyeHnn NoJHOE BblKaoYe-
HMe aHeBpu3Mbl oTMeuvatoT B 88,4-100 % cny-
yaeB, MOKa3biBas CONOCTABMMbIE KINHUUYECKNE
pesynbrathl [18-20]. 06a MeTOAa UMEIDT CBOU
YHUWKanbHble NpenMyLLLEeCTBa, NO3BOASA Nonbu-
paTb ONTUMAsbHbIA METOJ JeYeHUs B 3aBUCU-
MOCTW OT KIMHNYECKOW CUTYyaLuN.

OTeuecTBeHHble  UCCNeAOBaHUS  AEMOH-
CTPUPYIOT BbICOKYID 3OPEKTUBHOCTb MUKPOXU-
pypruyeckoro JsieyeHus. B.B. KpbisioB n coasr.
NOAYEPKUBAIOT, UTO MUKPOXUPYPrusi NO3BONSAET
He TOJIbKO BBIKJIIOUMNTb aHEBPU3MY U3 KPOBOTO-
Ka, HO M MPOBECTM CaHauMto 6a3abHbIX LMCTEPH
W yAanuTb CrYCTKU M3 YETBEPTOrO KenyaouKa,
CHUM¥as puck ruapouedanm n Basocnasma
[22]. M.X. NlenwoKoB B cepun U3 25 nauneHToB
¢ aHespusmamum 3HMA B ocTtpoM nepuoge CAK
poctur 100%-1 TOTaNbHON OKKAK3MKU, XOTA
OCJIOXKHEHUS Habnoaanuck B 43,2 % cnyvaes
M3-3a TAXKECTM WUCXOAHOro COCTOSIHUSA nauu-
eHToB [19]. B.I. [awbsaH 1 coaBT. coobwmnu
0 6naronpusaTHbIX ucxoaax y 81,8 % us 11 na-
LNEHTOB C AUCTaNbHbIMU aHeBpu3MaMn 3HMA,
noavepkusas spGeKTMBHOCTb MUKPOXUPYPIUN
[15]. W.lU. Snnaea v coaeT. B cepun n3 67 na-
LMEHTOB AOCTUIN PAaANKANbHOIO BbIKJIKOUYEHMWSA
aHeBpu3Mbl B 95,5 % cniyuyaeB 6€3 fieTanbHbIX
ncxonoB, noaTBepkaas 6esonacHocTb U 3d-
deKkTuBHOCTL MeToaa [23].

MeAyHapoaHble UCCNeAOBaHUS  TaKe
NOATBEPXKAAT MNpenMyLlecTBa MUKPOXMPYP-
rum (Tabanua 3). N. Sanai 1 coaBT. B cepumn
n3 47 nauueHToB C aHespusmamu 3HMA po-
CTUrAN NONHON OKKA3MKM B 98,1 % cnyuaes,
NieTanbHOCTb cocTtaBuna 7,4 % [24]. J. Song
W COaBT. MOKasaju, 4YTO MUKPOXUpypruue-
CKkoe JjieyeHume aHeBpusM 3HMA obecneun-
BaeT 6naronpuATHbIE KJAWHUYECKUE WCXOAbI:
mRS = 0,33 [25]. R.W. Kirollos noauepkusaer
poJib MHAMBUAYaNnbHOrO BbibOpa AocTyna B 3a-
BUCMMOCTM OT @aHAaTOMUYECKUX 0cobeHHOoCTel
nauMeHTa, 4YTO0 MUHMMU3UPYET OCNOXKHEHMUA
W ynyJdlwaeT pesynbtaTthl [26].

KpoMe TOro, BaXHbiM acreKkToM SBJAeT-
ca BbIGOP XMpypruyeckoro focTyna. B Hawei
npakTUKe Hambonee yacTo MPUMEHSIIUCL MO-
ANOULUMPOBAHHBIA PETPOCUTMOBUAHBIA U Cpe-
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Tabnuua 3. ®DYyHKLMOHaNbHbIE U PEHTFEHOJIOFMYECKME pe3ynbTaTbl MUKPOXMPYPrUYECKOro sedyeHus. VICTOUYHMK: co-

CTaBJieHO aBTOpaMu

Table 3. Functional and radiological outcomes of microsurgical treatment. Source: created by the authors

ToTanbHOCTb
ABTOp, roa n [AocTtynbl OCNOXHEHUs BbIKJIlOYEeHUS JleTanbHOCTb
aHeBpU3MblI
Nwemus — 4 (13,3 %)
BC -4 (13,3 %)
AncdyHrumus YMH - 4 (13,3 %) o o
Jlenwokos M.X., 2019 30 JIC,CC nP—1 (3.3 %) 100 % 10 %
AT -1 (3,3 %)
CoueTaHHble ocioXHeHus — 3 (10 %)
DawbsH B.IL v gp., 2019 11 JNic, CcC BC -2 (18 %) H/D, 18 %
BC - 11 (16,4 %)
dnuasa LW.LW., 2019 67 CC,PC AncoyHkuma UMH - 3 (45 %) 95,5 % 0
Nwemuns — 6 (9 %)
Sanai N. et al., 2008 47 KN BC -1 (2,1 %) 98,1 % 0
Song J. et al., 2017 12 NC, CC BC n nwemmnsa - 2 (16,6 %) 100 % 8,3 %
- 0,
Sharma RK. etal,, 2020 26  KJI Aucoyrruma YMH - 5 (19,3 %) 96,2 % 0

BC - 1 (3,9 %)

MpumeyaHue: JIC - natepanbHbll cyboKUMNUTaNnbHbIR foctyn; CC — cpeAuHHbIi cybokumnuTanbHbld goctyn; BC —
6ynbbapHbIi cMHApoM; MNP — ncuxnyeckne paccTpoicTea; AT — atakcus; PC — peTpocurmMoBuAHbIA ocTyn; KJ1 — KpaiHuia

natepanbHblil 4OCTYN; H/A — HET AAHHbIX

Notes: JIC - lateral suboccipital approach; CC — midline suboccipital approach; BC - bulbar syndrome; MNP - psychiatric
disorders/mental disorders; AT — ataxia; PC - retrosigmoid approach; KJ1 - extreme lateral approach; H/a — no data

AVHHBIA CyBOoKUMMNMUTaNbHbIA AOCTYN. TeXHWKa
MOANDULMPOBAHHOIO peTpoCUrMOBUAHOIO
AOCTyna BKJOYaNa CTaHAAPTHY PeTPOCUrMmo-
BUAHYIO KPAaHWOTOMUIO C pe3eKLMen MOoNyKOb-
La 60/1bLLIOr0 3aThIJIOYHOr0 OTBEPCTUS U B psife
C/lyyaeB — YaCTUYHYK PE3EeKLMI0 MbILLesIKa 3a-
TBIJIOYHOM KOCTW. YKaszaHHble MaHUMynsuum
pacwupsan Xupypruvyeckuii KOpuaop, yBenu-
UMBaNN YrNibl XUPYPruyeCcKOro BO3AENCTBUSA,
YCTpaHsIM He0H6XOANMOCTb 3HAUMMOWN TPpaKLUm
reMucoepbl MO3KeuUKa, a TaKkxKe obecneunsanm
BO3MOMHOCTb PaHHEro MpPOKCUMaJIbHOrO KOH-
Tpoasi. Belbop A0CTyna OCyLWEeCTBASAM Ha OC-
HOBaHUM WHAMBWUAYANbHOW HeNpOBM3yanm3sa-
LMOHHOW KapTWHbI. YUMTbiBaAuUChb cneapyouime
KpuTepuu: pasmep, opma, JoKann3saLUns aHeB-
pU3Mbl, KOCTHas aHaTOMUSA, MECTO OTXOXKAEHMSA
3HMA OT no3BOHOYHOW apTepun, xoa 3HMA,
KNMHUYECKOEe COCTOSIHME M BO3PacCT MauueHTa,
COonyTCTBYHOLLasa NaTosiorus.

YacTtoTa OCNOXHEHUNA MNPU MUKPOXUPYPru-
YecKoM neyeHun BapbupyeT oT 0 go 43,2 %
n 3aBucut OoT Taxectn CAK, nokanusauuu
aHeBpM3Mbl U onbiTa xupypra. M.X. Jlenwokxos
B CBOeil paboTe OTMETMN ULLIEMUYECKME pac-
ctpovictea (13,3 %), 6ynbbapHbliA CUMHAPOM
(13,3 %) ¥ AMCOHYHKUMIO YepenHbiXx HepBOB
(13,3 %), cBA3bIBAsA UX C TAMENbIM UCXOAHbIM
cocTosHMeM nauueHToB [18]. LUWL.LI. 3nuaBa
1 COaBT. COOBLLMAM O NpexXoAsLLEN ANCHYHKLMM
yepenHblx HepBoB B 16,4 % cnyuyaes, noavep-
KnBas ee obpatumbiin xapaktep [23]. N. Sanai
N COaBT. BbISBUAW HeobpaTuMble HEBPOJOrU-
yeckne pgednumnTel B 7,8 % cryuaes, TOraa Kak

J. Song 1 coaBT. He co0bLLUAN 06 OCNIOKHEHUSX
[24, 25].

Mo cpaBHEHMIO C SHAOBACKYASPHbLIM JIEUEHU-
€M, r4e OCJIO¥KHEeHUs BO3HUKaT B 2,5-23,1 %
C/lyyaeB, MUKPOXMPYPrus AEMOHCTpupyeT 60-
Jiee BbICOKYK 4YacTOTy XMPYPrUUYECKUX OC/IOMK-
HEHWIA, HO MEHbLUNI PUCK peumanBsa [9, 17, 27].

BONbWMHCTBO aBTOPOB OTMEYaloT Cnepyto-
Line NnpenmMyLLecTBa MUKPOXMPYPruu:

1. YpoBeHb TOTaNbHON OKKAK3UU: MU-
Kpoxupyprus obecneumBaeT TOTajlbHOE Bbl-
KaoueHne aHeBpusMbl B 75-100 % cnyudaes
[9, 171.

2. KoHTponb nep$opaHTHbIX COCYAOB: BO3-
MOMHOCTb COXpaHeHusi nepdopupyLnx ap-
Tepuii, kak otMeTun R.W. Kirollos, kKputnueckn
Ba)KHa ANS NpeAoTBpPaLLEHUS ULIEMUM CTBOJA
mo3ra [26].

3. CaHaumss LUUCTepH: yAajseHue CrycTkoB
1 npodunakTuKa rugpouedanun, Kak nog4yep-
KHynn B.B. KpblsioB 1 COaBT., CHUXKAKOT noce-
onepauMoHHbIe puUCKu [22].

4. NIHanBMAYyannsnpoBaHHbIA NOAXOA: Bbl-
60p A0CTYNa U TEXHUKU KNUMUPOBAHUS 3aBUCKT
oT aHatoMun 3HMA n nokanusauum aHeBpuU3-
Mbl, YTO noaTeep:aatoT LL.LU. 3anasa n coasT.
n R.W. Kirollos [23, 26].

Mpy OLLEHKE KauecTBa MKU3HW Yy 6OMbLUMH-
ctBa (81,6 %) MauUMEHTOB OTMeYanun MoJIHOe
1 xopolee BoccTaHoBaeHue (55,7 % un 25,9 %
COOTBETCTBEHHO). YpPOBEHb CYObLEKTMBHOW
OLLEHKM COBCTBEHHOrO 3/40POBbA MaUMEHTaMu
cocTaBun 79,8 £ 12,9 6anna, UtTo roBOPUT O BbI-
COKOW yAOBNETBOPEHHOCTU JieyeHueM. K Tpy-
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[LOBOI AeATENBbHOCTN BEPHYNOCH 6O/IbLLUMHCTBO
nauneHTtoB - 74,1 %.

Mbl He nNpoBOAMAN CPaBHUTENLHOro UC-
cnefoBaHNs MUKPOXMPYPrUYEcKoro WM 3HAO-
BaCKynsipHOro nedeHus. OgHako npu aHanmse
pe3ynbTaTtoB nedeHusa aHespusm 3HMA no-
cne  MWUKPOXMPYPrUYECKOro  KAuUnMpoBaHus
Mbl Habflaann Xopolwune HENOCPEACTBEHHbIE
W oTAaneHHble pesynbraTthl. 82,8 % nauuneH-
TOB MPOAEMOHCTPUPOBANN XOpOLUME pe3yib-
Tatbl no WWI v mRs B oTAaneHHOM nepuose,
UTO MOATBEPKAAET BbICOKUI YPOBEHL be3sonac-

JarJioueHue

MUKPOXMPYPrnUYECKOe JNeYEHNE aAHEBPU3M
3HMA saBnsetcs 6e3onacHbIM U 3GEKTUBHbLIM
MEeTOAOM C 6naronpuATHBIMKU HENOCPEeACTBEH-
HbIMW W OTAANEHHBIMK pe3ynbTaTaMu. Xopollee
KaQuecTBO *M3HW M BO3BpaAT K TPYAY OTMEUEHbI
6onee ueMy 74 % naumeHToB.

JleueHre JaHHbIX MNaUWEHTOB Npeanou-
TUTENIbHO B CMNEUWaNU3UpPoOBaHHbIX LEHTpax
c 6onblMM 06LEMOM OMEpaTUBHLIX BMeLla-
TeNbCTB U HaJIMYMEM BCEX OMUMIA MUKPOXMPYP-

HOCTU 1 3G PEKTUBHOCTN MeTOAa.

W 1N SHA0BACKYIAPHOW XUPYPrum.
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AHaToMHNYeCcKOe MOBPEsKIeHNE JTUIEBOT0
HepBa IIPU YIAJIeHUN 00IbIINX U TUTAaHTCKUX
BeCTHUOYISIPHBIX HNIBAHHOM

PyneHko MN.I"2%~ KaHawwuH A.B.2, Ko6aHeHKo B.0.!, daiizoBa M.H.!

'®re0Y BO «KpacHOAPCKUI rocyAapCTBEHHbIE MeAMLWHCKUIA yHUBeEpCcUTeT uMeHu npodeccopa
B.®. BoiHo-AAceHeLKoro» Munusapasa Poccuu, yn. lMapTusaHa *enesHska, 4. 1, r. KpacHosapck, Poccuinckas
depepauns, 660022
2KrbY3 «KpaeBas kKnnHuyeckas 6onbHULa», yi. MNaptusaHa HKenesHska, 4. 3a, . KpacHospck, Poccuiickan
depepauns, 660022

Pesiome

YnaneHue 60NblUMX U TMFAHTCKUX BECTUOYNAPHbIX LWBAHHOM OCTaeTCsi O4HOW M3 Haubonee TPyAHbIX 3a-
flay B HeMpoxXmpypruun. BeposiTHOCTb aHaTOMMUECKOro NOBPENKAEHUSA AULEBOrO HEpBa Mpu yaaneHuu
3TUX HoBOO6pasoBaHwuii coctasasiet 10,3-17 %.

Llenb uccnepoBaHus. MpoaHannM3mpoBaTh YacToTy U GaKTOpbl pUCKa aHaTOMUYECKOT0 NMOBPEXAEHMNSA -
LLeBOro HepBa BO BpeMs yAaneHus 60/1blNX U TMraHTCKUX BECTUOYNAPHBIX LUBAHHOM.

MaTtepuan v metoabl. 06cneqoBaHo 93 nauneHTa ¢ 60/bWMMN U TUFAHTCKUMU BECTUBYNSPHBIMU LLIBAH-
HoMamu. Ans onpeaeneHns GakTopoB pUCKa UCCNeLOBaNUCh IMHEWHbIE 1 YTN0Bble NapaMeTpbl 3aiHei
yepenHoi AMKM (34H), MarHUTHO-pe30HaHCHbIE XapaKTEPUCTUKM OMYXO0/W, @ TaKk¥Ke KNUHUYECKUE U UH-
TpaonepaLlMoHHble AaHHble. CTaTUCTUYECKMNIA aHann3 1 06paboTKy NPOBOAMAN C NOMOLLBIO NPOrPaMMHO-
ro naketa Statistica 10.0 for Windows (StatSoft Inc., CLLA). OueHKY CTaTUCTMUYECKON 3HAUYMMOCTUN NpPo-
BOAMAN C UCNONb30BAaHWEM KpuTepueB MaHHa — YUTHW, X2-KpuTepus MUpcoHa MAM TOUYHOro Kputepwms
duwepa ANA KaTeropvanbHbIX AaHHbIX.

Pe3ynbraTbl. AHaTOMUUYECKOE NOBPEXKAEHWE IMLLEBOIO HEPBA BO BPEMS YAasleHUst 0nyxou 6bino 3adukcu-
poBaHo y 8 (8,6 %) nauneHToB. AnnHa 344 bbina cTaTUCTUYECKM 3HAUMMO MeHbLUe, YEM B Fpynne cpaBHe-
Husi: 73,3 1 78,8 MM cooTBeTcTBEHHO (U = 491,0; p = 0,039). Mo pesynbTaTaM MarHUTHO-PE30HAHCHOW TO-
Morpadun y naumMeHTOB OCHOBHOI Fpynnbl Yallle BU3yaNn3MpoBaanCh NEPUTYMOPO3HbI oTeK (p = 0,345),
ruapouedanvs M NepuBeHTPUKYAAPHBLIA oTek (p = 0,204), a TaKXe OTCYTCTBOBaja JIMKBOpPHas LLEeNb
(p =0,426). Mo faHHbIM Nepdy3NOHHOI MYNLTUCMMPANbHOK KOMMNbIOTEPHOI TOMOrpadum oTMedancs 6onee
BbICOKMWIA MOKa3aTeslb MO3rOBOro KPOBOTOKA B TKaHu onyxonn (p = 0,800). CTaTUCTUYECKOIN 3HAUMMOCTU
BbISIBJIEHHbIE OTANYUS He UMenun. 3 nHTpaonepauuoHHbIX GakToOpoB pUCKa CneayeT OTMETUTb pajuKalib-
HOCTb yAaneHus onyxonu. B ocHoBHOW rpynne Bce onyxonu 6biaun yaaneHsl pajuKkaibHO, B TO BPEMS Kak
B Fpynne CpaBHEHWUs NPOLLEHT pajnKaibHO pe3eLMpoBaHHbIX LBAaHHOM COCTaBuA nwb 62,3 % (p = 0,047).
3aKkntoueHne. KpoMe XopoLLo U3BECTHbIX GaKTOPOB, MPUBOASLLUX K YBENMUEHUIO PUCKa MHTPaonepauyuoH-
HOrO NOBPEXAEHNS HEPBA, HAMU BbISIBJEHO U BIMSIHWE aHAaTOMUYECKUX 0COBEHHOCTEl CTPOEHUS 3aAHe
yepenHou AMKNU. laHHOE OCJ/IOXKHEHME Yallle MPOUCXOANT Y NALMEHTOB C Y3KOW U KOPOTKOW GOPMOIt SIMKMU.
BeposiTHOCTb aHaTOMUUYECKOr0 NOBPEXAEHNS INLLEBOr0 HEPBa NPV paAnKanbHOM yaaneHnu 60nbWwnx u ru-
raHTCKUX BECTUOYNAPHBIX LUBAHHOM CTAaTUCTUYECKM 3HAUMMO BbilLEe B CPaBHEHUM C CyBTOTaNbHbIM.

KnioueBble cioBa: BECTUOYNSPHbIE LIBAHHOMbI, IMLIEBOI HEPB, Mape3, aHaTOMMUECKOE NOBpPEXKAeHMNE
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Abstract

The removal of large and giant vestibular schwannomas remains one of the most challenging tasks
in neurosurgery. The probability of anatomical injury to the facial nerve during the removal of these
neoplasms is 10.3-17%. Objective of the article was to analyze the frequency and risk factors
for anatomical injury of the facial nerve during the removal of large and giant vestibular schwannomas.
Materials and methods. A total of 93 patients were examined. To determine risk factors, linear
and angular parameters of the posterior cranial fossa, magnetic resonance characteristics of the tumor,
as well as clinical and intraoperative data were investigated. Statistical analysis was performed using
the Statistica software package (version 10.0) for Windows (StatSoft, USA). Statistical significance
was assessed using the Mann - Whitney U test, Pearson’s x? test, or Fisher’s exact test for categorical data.
Results. Anatomical injury to the facial nerve during tumor removal was recorded in 8 patients,
accounting for 8.6%. The length of the posterior cranial fossa was statistically significantly smaller
than in the comparison group: 73.3 mm and 78.8 mm, respectively (U = 491.0, p = 0.039). The width
of the posterior cranial fossa was also smaller but without statistical significance: 108.8 mm
and 113.3 mm, respectively (U = 433.0, p = 0.205). According to MRI results, patients in the main group
more frequently exhibited peritumoral edema (p = 0.345), hydrocephalus and periventricular edema
(p = 0.204), and absence of a cerebrospinal fluid (CSF) cleft (p = 0.426). According to CT perfusion
data, a higher CBF (cerebral blood flow) index was noted in the tumor tissue (p = 0.800). The identified
differences were not statistically significant. Among intraoperative risk factors, the radicality of tumor
removal should be noted. In the main group, all tumors were removed radically, while in the comparison
group, the percentage of radically resected schwannomas was only 62.3% (p = 0.047).

Conclusion. In addition to well-known factors leading to an increased risk of intraoperative nerve
injury, we also identified the influence of anatomical features of the posterior cranial fossa structure.
This complication occurs more often in patients with a narrow and short fossa. The probability
of anatomical injury to the facial nerve during radical removal of large and giant vestibular schwannomas
is statistically significantly higher compared to subtotal removal.
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BBeIl;eHI/Ie COMNPUKOCHOBEHUA CO CTBOJIOBbIMU CTPYKTYypa-

YpaneHne 60NbUMX WM FUFAHTCKMX BECTM- MU, MO3MEUYKOM, YUEpPENHbIMKU HEpBAMU U COCY-
b6ynsapHbix WwBaHHOM (BLU) ocTaetcs oaHo  aamu [1-7]. O4HMM M3 [NaBHbIX MOKasaTenein
13 Hanbonee TpyAHbIX 3a/ay B HEKPOXUPYPruKM, YCMHewWwHoCTH nedeHns BLL siBasieTca coCcTosHUE
a COXpaHeHMe BbLICOKOTO OYHKUWOHaNbHOrO auueBoro Hepea (J1H) [8, 9]. BepoAaTHOCTb aHa-
cTaTyca 3TUX NALMEHTOB HEBO3MOXHO B 60/b- TOMWYECKOrO NoBpexAeHUs JIH npu yaaneHum
LWMHCTBE cnydyaeB. CBA3aHO 3TO C TEM, UTO AaH- HOAbLWNX U FMraHTCcKMX BLU cocTaBnseT B cpea-
Hble oMnyxoiuM MMelT 6osblwylo noBepxHoCcTb HeM 10,3-17 % [2, 5, 7, 10, 11]. 1 xoTs aHaTo-
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MuyecKkoe coxpaHeHue JIH BO Bpemda onepauuu
abCoNOTHO He KOppennpyeT C KOCMETUYECKUM
pesynbTaTOM, OHO OCTaBfiAeT HaAeXAy Ha no-
crepylouiee nocTeneHHoe BOCCTaHOBEHWE
ero ¢pyHkumm [12]. B nutepatype OTCYyTCTBYIOT
paboTbl, MOCBSALLEHHbIE aHANU3y MNPUUUH WH-
TpaonepaunoHHOr0 aHaTOMUYECKOro MOBPEHK-
LeHVS TNLEBOro HepBa.

IHeanb ucceoBannusA

MpoaHann3npoBaTh YacToTy U GaKToOpbl pu-
CKa aHaTOMUYECKOro MOBPEMAEHUS NMLEBOrO
HepBa BO BPEMS yAaNeHUs 60bLUIMX U TUFaHT-
CKUX BECTUBYNAPHbIX LLIBAHHOM.

MarepuaJ 1 METO/IbI

B 2016 no 2025 r. B HEMPOXUPYPTrUYECKOM
otaeneHnmn Ne 1 KIBY3 «KpaeBas KanHuue-
CKasi 6onbHUL@» (KpacHOSIpCK) onepupoBaHbI
124 naumMeHTa c BECTUBYNSPHLIMM LUBAaHHOMaMM.

B naHHoe uccnepoBaHue Bowno 93 60/b-
HbiX, BLU y KOTOpbIX COOTBETCTBOBAIN MOHATU-
siM 6onbluas (31-40 MM) unu ruraHTcKas (bonee
40 MM). [uvarHos ycTaHaBAMBaNCSA Ha OCHO-
BaHUM  KJAWHWKO-aHaMHECTUYECKUX [AaHHbIX,
AaHHbIX MarHWTHO-PE30HaHCHOW ToMorpapuu
(MPT) 1 MHTpaonepauUMOHHbIX AaHHbIX, @ TaKXKe
pe3ynbTaToB rMCTOJIONMUYECKON BepuduKaumnn.

PasMep onyxonu onpeaensnn no Hanbosb-
e BeNYMHE IKCTpaMeaTanbHOM YacTu HOBO-
obpasoBaHus.

HapyweHns ¢yHKUMM NMLEBOro Hepsa
npw NoCTynJieHnn otTmeueHbl y 12 (12,9 %) na-
LMeHTOB. B 11 ciyyasx 6bln1 3aperncTpupoBaHbl
npossaeHna nposonapesa II cTteneHn No wWKa-
ne House — Brackmann v auwb B OAHOM CAy-
yae — VI cteneHu.

BceM nmaumeHTaM NpoBeAEHO MUKPOXUPYpP-
rmyeckoe ypaneHuve BLU 3 petpocMrMoBuaHoro
poctyna: B 88 (94,6 %) ciyyasx — B NOJOKEHUN
nauueHTta cuas, B 5 (5,4 %) cnyyasx — B no-
JIOMEHUU JIEea Ha CNUHE C BajJWKOM noa un-
cunaTtepanbHbiM  MJ€4YOM U  MOBOPOTOM rO-
NIOBbl B MPOTUBOMOJIOXHYIO CTOpPOHY. Bce
onepauMn BbINOAHAAUCL C NPUMEHEHUEM MU-
Kpockona OPMI Pentero (Carl Zeiss AG, lepma-
HWUSI), 3NEKTPUYECKOIO KpaHMOTOMa, BaKyyMHO-
ro 1 yJbTPa3BYKOBOIO acnMpaTopoB W Habopa
cneumannsnpoBaHHbIX ~ MUKPOUHCTPYMEHTOB.
Bo Bpems onepauuii UCNONbL30Banu Henpo-
GV3NMONOTNYECKMIA MOHUTOPUHT C KOHTPOJEM
CNOHTAaHHON W BbI3BAHHOW 3/IEKTPOMUOrpa-
&un C KpyroBbIX MbIWL, rla3a U pTa, CNOHTaH-
HOI 3NEeKTPOMMOrpadmn C *KeBaTebHbIX MbILLLL
N MbIWWL, KOPHS fA3blKa, @ TakXe onpeaefieHune
KOPTUKOOYNbBApHbIX BbI3BAHHbIX MOTEHLMAMOB.

Ona onpepeneHns GaKTOpOB pUCKa Yy na-
LMEHTOB WCCNef0BaNuUChb JIMHEWHbIE W Yrio-
Bble MapaMeTpbl 3afiHel YepenHon sMKu (344),
AnaMeTpbl apTepuii  BepTebpobasunsipHoOro
bacceilHa, MarHUTHO-pe30HAHCHbIEe XapaKTe-
PUCTUKN OMYX0NK, pe3ynbTaTbl Nepdy3noHHOM
MYNbTUCNMUPANbHON KOMMBLIOTEPHOM TOMOrpa-
¢um (MCKT), a TakKe KJAUHUYECKUE U UHTpa-
onepaunoHHble  aaHHble.  KpaHuomeTpuue-
CKMe M3MepeHus NPOBOAMIUCL B MpoOrpamme
RadiAnt DICOM Viewer 4.2.1 no obwenpuHsaTOM
B KpaHuoJsiorum metoauke B.MN. AnekceeBa n co-
aBT. (1964). OueHKka GYHKLUMU NMLEBOrO HEPBA
OCyllecTBAsSIaCb NO OOLLENPUHATON LIKane
House — Brackmann.

OCHOBHYI0 Tpynny cOCTaBUAW NaLMEHTHI
C aHaTOMWYECKMM MOBPEXAEHMEM JINLEBOIO
HepBa, Fpynny CpaBHEHUS — NauMeHTHl 6e3 Ta-
KOBOrO.

CraTucTuyeckuin aHanns u obpaboTka Ma-
Tepuana BbINOJHEHbI C MNOMOLLbID Mporpam-
Mbl Statistica 10.0 for Windows (StatSoft Inc.,
CLWWA). Ana npoBepKN rmnoTesbl 0 HOPMasibHO-
CTW pacnpeaeneHns UCNoNb30BaNCs KpUTEPUIA
Konmoropoea — CMUpHOBA. YunTbiBas TOT GakKT,
yto 6osbluas 4yacTb AaHHbIX bbina pacnpe-
[eneHa HeHOPMaNbHO, AN UX ONMCaHWUS WUC-
nonb30BanuCb MeaunaHa, 25-in n 75-i npoueH-
T (Me [P,,; P,.]). OUEHKY CTaTUCTMYECKON
3HAUMMOCTWU PasinUniA NpU CPaBHEHUM ABYX
HE3aBMCUMbIX Fpynn MPOBOAUAN C WUCMOJIb30-
BaHMEM HemnmapaMeTpUUYECKOro Kputepusi MaH-
Ha — YUTHU ANsi LaHHbIX KONMYECTBEHHOrO TUMa,
a TaK¥e C Ucnonb3oBaHWEM X?-kputepusa Mup-
COHa ANs KaTeropuaibHbIX AaHHbIX. Ecan paH-
Hble 6blM MpeacTaBiieHbl KAYeCTBEHHbLIM TU-
noMm, a B Tabiuue COMNPSEHHOCTW XOTA Obl
O04Ha fiueiKa coaepana MeHee 5 HabnoaeHW,
TO AN OUEHKMW pasanymini UCMONb30BaACs TOYU-
HbIN KpuTepuin duwepa. Kputnyeckmin yposeHb
3HaumMocTu (p) Npy NPOBEPKE CTAaTUCTUUYECKMX
runoTes B AAHHOM UCCeA0BaHUM NMPUHUMANM
paBHbiM 0,05. B uccnepoBaHun He 6bI10 MHO-
KECTBEHHbIX CPABHEHWIA, NO3TOMY KOPPEKLMS
MHOMECTBEHHbIX CPaBHEHUIA HE NPOBOAMNACD.

Pesyabrarsl

MysumH 6bino 17 (18,3 %), MEHWMUH -
76 (81,7 %). COOTHOLWIEHNE MYMUMH U MKEH-
WKWH coctaBuno 1/4,5. MeauaHa Bo3pacTa —
54,0 [39,0; 60,0] roaa.

MeavaHa Hambonbluero avameTpa BLU cocTa-
Buna 37,0 [31,1; 45,0] MM. B 42 (45,2 %) cayuasix
onyxoJib pacrnoJjiaranacb cnpaea, B 51 (54,8 %) -
cnesa. ¥ 52 (55,9 %) nauMeHTOB AMArHOCTU-
poBaHbl 60/blLME pPasMepbl HOBOOOpPa3OBaHUA
(31-40 Mm), ay 41 (44,1 %) — ruraHTckue (bonee
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PucyHoK 1. WHTpaonepauuoHHoe $OTO ynaneHus Be-
CTUOYNAPHON LIBAaHHOMbI C/ieBa: OMpefenAlTCca pasBo-
JIOKHEHHaa noBpeXAeHHas AucTajsbHaa 4acTb JNULLEBOrO
HepBsa (4epHas cTpenka), obnacTb BHyTPEHHEr0 CyX0BO-
ro npoxofa (3eneHas CTpenkKa), kancyna onyxonm (Kopuy-
HeBas CTPesiKa). ICTOYHMK: COCTaBlIeHO aBTopamMm

PucyHok 1. Intraoperative picture of left vestibular
schwannoma removal. The frayed, damaged distal por-
tion of the facial nerve (black arrow), the area of the inter-
nal auditory canal (green arrow), and the tumor capsule
(brown arrow) are identified. Source: created by the au-
thors

40 mMmMm). B 90 (96,8 %) cayuasix onyxoJib bbiia
nepBuYHOi, ewle B 3 (3,2 %) — peLMANBHOIA.

AHaTOMUUECKOE TMOBPEXAEHNEe JULEBOro
HepBa BO BpeMs yaafieHUs onyxoau 6bino 3a-
¢dukcupoBaHo y 8 (8,6 %) naumeHToB. M3 3TUX
8 cnyuyaeB B 2 6blI0 3aperMcTpMpoBaHo nps-
MOe TMOBpeXAeHNe HepBa WHCTPYMEHTaMu
Ha 3Tane oTAeneHus oT Kancynbl onyxoaun (Pu-
CYHOK 1), B 3 — ero pa3BOJIOKHEHWE [0 OTAENb-
HbIX BOJIOKOH, elle B 3 HabnoaeHUsX ANLEBO
HepB He 6bln 06Hapy»KeH BO BpeMs ornepauuu
(PucyHok 2).

Ob6palwiaer Ha cebsi BHWMaHMe TOT QaKT,
YTO W y ABYX MNAUMEHTOB C MNPAMOK TpaBMOK
HepBa M B 3 C/yyasix ero pasBOJIOKHEHMSA
L0 OTAENbHbIX BOMOKOH MOCTpajajia ero uu-
CTepHanbHaa 4acCcTb Ha pacCTofAHUM 5-7 MM
OT BHYTPEHHEro CAyX0BOro nMpoxoja B MecTe
Haubonblleld CnasHHOCTM HepBa W Kancynbl
OnyXoJin.

7 NauUMEeHTOB BblIN HKEHCKOro nosia u 1 — MyK-
CKoro. MeamaHa BospacTa 60/ibHbIX C aHaTOMUYe-
CKuM noBpexaeHuem JIH-60,5 [51,5; 64,0] roaa,
B rpynne 6e3 aHaTOMMUYECKOro MOBpexae-
Husa JIH — 54,0 [39,0; 60,0] roga (U = 247,0;
p = 0,205). B 4 cnyuasix onyxoab umena 60b-
IO pasmep, B 4 — rMraHTCKuit. B rpynne 60b-
wux BW (n = 52) yacTtoTa aHAaTOMUYECKOTO
noBpexaeHus coctasmna 7,7 %, B rpynne ru-
raHTckux BW (n = 41) - 9,7 %. MNpwu conocTas-
JIEHUW AaHHbIX MO pasMepy ONyxoau B rpynnax
60J/IbHbIX C aHaTOMUYECKUM MoBpeKaeHneM JIH
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PUCYHOK 2. IHTpaonepaLMoHHoe $OTO JIoKa yaaNeHHOW Be-
CTUBYNAPHOI LWBaHHOMbI CrpaBa: BWU3yanusupylTcs TPOR-
HWYHBIA HepB (YepHas cTpenka), 061acTb BHyTPEHHENO CyXO-
BOr0 NPOX0Aa (3e1eHas CTPenka), KayAanbHas rpynna HepBoB
(kpacHas cTpesika); BO BpeMs ornepaLymn IMLEBON HEPB BU3Y-
annsmpoBaH He 6bl. VICTOUHUK: CcoCTaB/IeHO aBTopamm

PucyHoK 2. Intraoperative picture of the resection bed
of a removed right vestibular schwannoma. The trigeminal
nerve (black arrow), the area of the internal auditory canal
(green arrow), and the caudal group of nerves (red arrow)
are visualized. The facial nerve was not visualized during
the surgery. Source: created by the authors

1 6e3 TaKOBOIO KAKON-1MH0 pasHULLbl BbISBIEHO
He 6b1n0: 38,0 [30,7; 47,111 37,0 [31,6;44,2] MM
cooTBeTcTBeHHO (U = 330,0; p = 0,896).

Ncxoaa ns 3HaueHWt nonepeyvyHo-npoaosib-
HOTO yKasaTens rojioBbl, B OCHOBHOW rpynne
oTMeyanacb TeHAEHUMUs ¢ npeobnagaHnem Me-
3ouedanoB — 75,0 % (PucyHok 3), B rpynne
CpaBHeHUS MX 6blI0 NOUTU B ABa pa3a MEHb-
we - 38,8 % (p = 0,065). N HaobopoT, B rpyn-
ne cpaBHeHUs 6biio 6onblie Bpaxuuedanos —
51,7 n 25,0 % cooTtBeTcTBEeHHO (p = 0,267).
Mo BbICOTHO-MPOAOJILHOMY YyKasaTesno Cpeau
60/IbHbIX C NOBPEMKAEHMEM JINLEBOrO HepBa
oTMeyancsa 6onblwniA NpoULEHT opTouedanos
(75,0 n 50,6 % CcOOTBETCTBEHHO), HO 6e3 cTa-
TUCTUYECKoW 3HauumocTn (p = 0,273). Mo BbI-
COTHO-MOMEPEYHOMY YKasaTeNlo OCHOBHYIO
Maccy B 0b6eux rpynnax cocTaBuau TanenHoue-
danbl.

MonyyeHbl HEKOTOPble CTAaTUCTUUYECKM 3Ha-
UMMble PasNiMuUs NPU COMOCTaBAEHUU NUHEN-
HbIX W YrnoBbix napameTpoB 344. B OCHOB-
HOW rpynne anvHa 34§ 6bina CTAaTUCTMUECKM
3HAUMMO MeHbLUEe, YEM B Tpynne CpaBHEHUS:
73,3 n 78,8 MM cootBeTcTBeHHO (U = 491,0;
p = 0,039) (PucyHok 4). WnpuHa 344 Takxke
6blna MeHbleW, HO 6e3 CTaTUCTUUYECKOW 3Ha-
ymmoctn — 108,8 n 113,3 MM COOTBETCTBEH-
Ho (p = 0,205). ObpallaeT Ha cebss BHMMaHue
TOT aKT, UTO NaLMEHTOB C CaMon y3kon 344
(10-1 npoueHTUNb — 99,9 MM) cpean 60bHbIX
C aHaTOMWYECKMM noBpexaeHmeM JIH 6bino
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PucyHoK 3. MesouedanbHas dopmMa yepena y naumeHTKU
C MHTpaonepauVoOHHbIM aHAaTOMUYECKUM MOBPEXKAEHNEM
N1LLEeBOro Hepsa. ICTOUHMK: cOCTaB/ieHO aBTopamu

PucyHoK 3. Mesocephalic skull shape in a female patient
with intraoperative anatomical damage to the facial nerve.
Source: created by the authors

37,5 %, uTO CTAaTUCTUUYECKU 3HAUMMO bBosbLLe,
yeM B rpynne cpaBHeHust — 7,0 % (p = 0,028).
BasunapHbin yron 6bin 6osbllue Yy NauUUeH-
TOB ocHoBHoW rpynnbl (134,0° n 130,0° co-
OTBETCTBEHHO), OAHAKO [AaHHOE OTAn4Me
He 6bIJI0 CTaTUCTUUECKM 3HaUMMbIM (U = 223,5;
p = 0,112). CreayeT OTMETUTb, UTO Yy MaLUEH-
TOB C MHTpaonepauuMoHHOW Tpasmon JIH B ue-
JIoM 6bIIn Bonee y3Kne U KOpoTKMe 344.

OnvHa 344 He 3aBucena ot GpopMbl uepena,
a bonee WrpoKne GopMbl SMKM BbINN XapaKTep-
Hbl Ans 6paxuuedanos.

Mo pesynstatam MPT y naunmeHTOB OCHOB-
HOW rpynnbl yYawe BWU3yaJansMpoBanucb ne-
PUTYMOPO3HbI 0oTek (25,0 n 14,1 % cooTBeT-
CTBEHHO; p = 0,345), onyLleHNe MUHIAIMKOB
MO3MeuKa (62,5 n 55,3 % COOTBETCTBEHHO;
p = 1,000), rugpouedanus (87,5 n 69,4 % co-
OTBETCTBEHHO; p = 0,430) U NEpPUBEHTPUKY-
napHbin otek (50,0 n 24,7 % COOTBETCTBEH-
HO; p = 0,204). Y HMX yalle OTCyTCTBOBana
JIMKBOPHas LWENb MENAY OMyXO/bld U MO3ro-
BOW TKaHbio (12,5 n 5,9 % COOTBETCTBEHHO;
p = 0,426) (PUCYHOK 5), 0lHAKO BbISIB/IEHHbIE
OT/INUUSA He BbIIN CTAaTUCTUUECKN 3HAYUMBI.

Mo paHHbIM MCKT-nepdy3un, B OCHOBHOM
rpynne oTMeyvancs 6onee BbICOKWUIA NoKasaTesb
Mo3roBoro KposoToKa (CBF, cerebral blood flow)
B TKaHu onyxonu — 41,0 u 36,2 mn/100 r/mMuH
COOTBETCTBEHHO, HO ONSATH e 6e3 cTaTucTmye-
cKoi 3HaunmocTn (U = 3,0; p = 0,800).

N3 uHTpaonepauMoHHbIX (GaKTOPOB pUCKa
cneayet OTMETUTb paAMKanbHOCTb YyAaneHus

PUCyHOK 4. lnnHa 3agHel yepenHom SsMKn 7,3 cM y naum-
EHTKM C MHTPaonepaunoHHbIM aHaTOMUYECKUM NOBpexKae-
HUEM NNLEBOro HepBa. ICTOUHMK: COCTaBNEHO aBTopamMu

PUCYHOK 4. Posterior cranial fossa length of 7.3 cmin a fe-
male patient with intraoperative anatomical damage
to the facial nerve. Source: created by the authors

PUCYHOK 5. MPT mauMeHTKM C FMraHTCKO BecTubynsip-
HOV LBaHHOMON CnpaBa: BU3yaJn3umpyeTcs OTCYyTCTBME
CMMNTOM@ JIMKBOPHOWM LLENN MEXAY OMyX0Jibio, MOCTOM
N NPOKCMManbHbIMW OTAENaMW CpeAHeli MO3XEe4YKoBOW
HOMKW. ICTOYHVMK: COCTaBNEHO aBTOpaMu

PucyHoK 5. MRI of a female patient with a giant right ves-
tibular schwannoma. The absence of a cerebrospinal fluid
cleft sign between the tumor, the pons, and the proxi-
mal parts of the middle cerebellar peduncle is visualized.
Source: created by the authors

onyxonn. B OCHOBHOW rpynne BCE OMyX0au
(100 %) 6blnK yaaneHbl paaukaibHO, B TO Bpe-
MSi KaK B rpynne CpPpaBHEHWUS MPOLLEHT paau-
KasibHO peseuMpOBaHHbIX LBAHHOM COCTaBWN
anmwb 62,3 %. B ocTanbHbIX cay4yasx HOBO-
obpasoBaHue 6bIN0 ydaneHo CcybToTasbHO.
[laHHble OTANYMA 6blIM CTAaTUCTMUECKM 3Ha-
unmbl (p = 0,047) (PucyHkm 6, 7). Obpala-
€T Ha cebss BHUMaAHUEe 1 6osblias NPOAOIKUN-
TeNbHOCTb OMNepauMin y nauMeHTOB OCHOBHOWM
rpynnbl: 245,0 n 220,0 MUH COOTBETCTBEHHO
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A

b

PucyHOK 6. MPT mauMeHTKM C rMraHTCKOM BeCTMOYNApHOI LWWBaHHOMOM crnpaBsa: A — Ao onepauuu; b - nocsie onepaunmn
(ocTaTKM ONYXONUN HE BU3YyanusnpytoTcs). ICTOUHMK: COCTaBIeHO aBTopamm

Figure 6. MRI of a female patient with a giant right vestibular schwannoma: A - before surgery; B — after surgery (no re-
sidual tumor is visible). Source: created by the authors

A b B

PucyHOK 7. NMauneHTKa C rMraHTCKon BeCcTMbynspHoi WweaHHoMow cnesa: A — MPT fo onepauuu; b — nHTpaonepaunoH-
Hoe $OTO NoKa yAaneHHOo BECTUOYNAPHOW WBaHHOMbI cieBa (BU3yanunsunpyoTcs TPOMHUYHBIA HepB (YepHas cTpeska),
KaynanbHas rpynna HepBoB (KpacHas CTpeska), OCTaTKM Kancybl ONyX0au Ha JvueBoM HepBe); B — MPT nocne cy6To-
TaNbHOro yAaneHus onyxonu (Bu3yanmsnpyercs octaTtouyHas 4acTb ONyXonu B 06n1acT BHYTPEHHErO CJlyX0BOro NPoxoAa
1 MOCTO-MO3}KEUYKOBOI LLUCTEPHDI). ICTOYHUK: cOCTaBNeHO aBTopamu

Figure 7. Female patient with a giant left vestibular schwannoma: A — preoperative MRI; B — intraoperative picture of the left

vestibular schwannoma resection bed (the trigeminal nerve (black arrow), the caudal group of nerves (red arrow), and rem-
nants of the tumor capsule on the facial nerve are visualized); C — MRI after subtotal tumor removal (a residual portion of the

tumor in the area of the internal auditory canal and the cerebellopontine cistern is seen). Source: created by the authors

(U =280,0; p = 0,414), T0 ecTb 370 6bINM HONEE
LeNnTesibHble U TPYAHbIE BMELIATENbCTBA.

B 2 cnyuasix npssMOro noBpexXieHus Hepsa
WHCTPYMEHTaMu Mpu OTAEJNIEHUN OT Kamncyibl
OnyXoau 6blM NPUHSATLI MNOMbITKU HaNOXeHUs
NPsIMOro aHacToOMO03a MOBPEMAEHHbIX KOHL0B
HepBa. OAHAKo aHaTOMUYeCKne 0COBEHHOCTM
N rnybrvHa paHbl HE MO3BOAMAW BbLINOJHUTb
3Ty MaHuUnynauuio. YetoipemM nauveHTam npo-
BeAEeHa paHHAA peuHHepBuUpyloLWwas onepauns
Ha 10-14-e cyTKM nocne yaaJieHUa LIBAHHO-
Mbl MYTEM HEBPOTM3aLUM JINLEBOrO HEPBA Xe-
BaTenbHbIM. Ewe B 4 cnyyasax HeBpoTusauus
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JINLLEBOr0 HepBa NpoBeAeHa B CPOKM 6-9 Me-
CsLeB nocse pesekuun onyxonu. B ogHoM cny-
yae yAanocb A06UTLCS GYHKUUN MUMUUYECKUX
MbILLLL, COOTBETCTBYIOLWEeN II cTeneHn Mo wKane
House — Brackmann, B ocTtanbHbIx — ITI-IV cTe-
neHu.

Oocy:kaenue

O,CI,HI/IM N3 MNaBHbIX MHAMKATOPOB KayecCTBa
XUPYPrumn BECTUOYNSAPHBIX LUBAHHOM SIBASIETCS
COCTOsIHMe nuueBoro Hepea [4, 8, 9]. MNocne-
onepaunoHHasa d)yHKLI,I/Iﬂ MUMUNUECKUX MbILLUL,
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3aBUCUT OT MHOMKeCcTBa (aKTOPOB, OCHOBHbIE
M3 KOTOPbIX — OMbIT XMPypra, pasMepsbl LIBaH-
HOMbI, BAaCKyasipnsaumsa 1 MJoTHOCTb ONyXoau,
L00MNepaLnoHHOe COCTOsIHME HepBa, Halauuue
NPeawecTBYOWMX OMNUMIA NeYeHns, a TaKkKe
ocobeHHoCTM Tonorpado-aHaTOMUYECKNX B3a-
MMOOTHOLWIEHWIA HEpPBa U HOBOOGpasoBaHusa [2,
4,9, 13].

[ns TOUHOW AoOnepauMoHHON OLEHKM pac-
MOJIOXEHNA HepBa No OTHOWeEHMIO K BLU npea-
JIOEHO uncnonb3oBaHne ANPPY3NOHHO-TEH-
30pHON TpakTorpadum [14].

BONbLWIMHCTBO HEMPOXMPYProOB  CUMTALOT,
4TO MMEHHO pasmep BLU un BbipaKeHHOCTb aA-
resvmu Kancysibl ONyXOAW K YepernHblM HepBaM
U CTBONY SABASKTCSA OCHOBHbIMM dakTopamu,
BJIVAIOLWLMMM  Ha pPaAuKaNbHOCTb YyAaNeHus
n QYHKUMOHaNbHBIA uUcxon onepaunn [3, 4, 6,
9, 15].

Mo nMTepaTypHbIM AaHHBIM, aHAaTOMUYECKOEe
coxpaHeHue JIH npu pesekuMun WBaHHOM cpea-
Hero pasmepa agocturaetca B 100 % cayuaes,
npu 6onbwnx (bonee 3 cM) HOBOOGPA3OBAHM-
X — B 81,3 %, a npu ruraHTckux (bonee 4 cMm) —
TONbKO B 76,5 % [16]. B cpeaHEM BEPOSATHOCTb
nospexaeHus JIH Bo Bpems ypasieHus 60/b-
lWKnX 1 ruraHTckux BLU cocTtaBnsieT 10,3-17 %
[2, 5, 7, 10, 11]. HecMOTps Ha TO, YTO aHaTo-
MUYECKOe COXpPaHeHMe LEeJSIOCTHOCTM HepBa
BO BpPEMSA Onepauum He KOppenupyet C KoOC-
METMUYECKUM pe3ynbTaTOM, OHO npeanonaraer
NocTeneHHoe BOCCTAHOBAEHUE ero ¢GyHKLUK
[12]. No paHHBIM MeTaaHanu3a, NPOBEAEHHOr0
P. Zou un coaBT (2014), BEpOATHOCTb COXpaHe-
HUS aHATOMUYECKOM LLeNIOCTHOCTU JIMLLEBOTO
HepBa MpW yaaneHuu 60bLUMX U TUFAHTCKUX
BLL cocTtaBnsieT 88,8 % (95%-ii noBepuTeb-
Hbl MHTepBan: 83,6-93,2 %; NHAEKC reTepo-
reHHocTu — 76,1 %) [17].

B Hawel cepum naumeHToB C 60nbLIMMK
W ruraHTckumm BLL yacTtoTa aHaTOMM4YECKoro
nospexaeHns coctasuna 8,6 %. ConocTas-
JIeHVe AaHHbIX MO pa3Mepy ONyxoau B rpynnax
60/IbHbIX C aHaTOMUYECKUM MoBpexKaeHneM JIH
1 6e3 HEro Kakon-nMbo pasHULbl He BbISBUIIO.

B psae ciyyaeB, O0COBEHHO NpW TUraHT-
CKkunx BLU, HepB He yaaeTcd BU3yaJM3npoBaTh,
nMB0 OH MaKCMManbHO UCTOHYEH A0 COCTOSIHUS
OTAENIbHbIX TOHKMX MJIEHOK, AaXKe AeNnKaTHble
MaHUNyNsiUMM Ha KOTOPbIX MOryT MNPUBECTU
K ux noBpexaeHuio [2, 7, 18].

B Hawel KoropTe nauneHToB B 3 Habawoae-
HUSAX TNLEBOIN HEPB He Hbl1 06HAPYHKEH BO Bpe-
MS onepauuu, ewe B 3 cay4yasx OTMeYanocb
€ro pasBOJIOKHEHWE A0 OTAENbHbIX BOJIOKOH.

B aHanmsnpyemon nutepatype HaM He yaa-
locb HanTM MHbopMauuio 06 aHaATOMMUECKUX
0COBEHHOCTAX MNaUWEHTOB C MOBPEXAEHUEM

nuesoro Hepsa npuv yaaneHun BLU. MNostomy
BbIsIBJIEHHbIE AaHHble 0 6onee BbICOKON YacTo-
Te Cpean HUX Noaen ¢ Me30- n optouedans-
HbIMW KpPaHWOTUMAMWU, Y3KUMU U KOPOTKUMMU
dopmammu 344 npencTaBAAOT ONpPeAeNeHHbI
MHTepec. Ha Haw B3rnaa, noaobHbie Mopdoso-
rmyeckme ocobeHHOCTU 06yCcaBANBAIOT y30CTb
AHATOMUYECKMX KOPUAOPOB BO BpeMs onepa-
LMK 1 orpaHMumMBatloT 06beM Hanbosiee TOUHbIX
MaHUNyNAUMA XMpypra npu OTAENEeHUM Kamncy-
Jibl ONYX0N OT HEPBOB aKyCTUKO-haumanbHON
rpynnoi.

OCHOBHbIMM HeMoauduuMpyeMbiMn GHaKTo-
paMy pUCKa aHaTOMMUYECKOr0o MOBpeXAeHuns
JIMLUEBOr0 HepBa CUMUTAKOTCHA €ro BOBIEYEHMEe
B TKaHb OMNyX0aun, aTpodusi B 0bnactn Bxoaa Ko-
pellKka HepBa B cTBOJl Mo3ra (root enter zone)
1 pe3Koe MCTOHYEHME C MPUPALLLEHNEM K KancCy-
Jie LUBAHHOMbI MPU €e rMraHTCKux pasmepax [7].

N3 nHTpaonepauMoHHbIX GakTOPOB Noayep-
KMBAEeTCs 3HaueHWe CTEeneHu BaCKyaspusaumu
ONMYXOJIM M PaANKaNbHOCTU XUPYPrun. YaaneHune
rMNepBacKyNsapHbIX LIBAaHHOM COMPOBOXAaET-
CSl MOCTOSIHHbIM KPOBOTEYEHMEM U 3aTPYAHSIET
BU3yasn3auMil0 apaxHOMAaNbHON MNOCKOCTU
anccerkumn onyxonu [2]. Mo pesynstatam MPT
Yy HalWKMX NaLMEHTOB B FPynne aHaTOMUYeCKOro
NOBPEXAEHUS Yalle PErNMCTPUPOBAJICSA NEPUTY-
MOPO3HbI OTEK, UTO, NO AAHHbBIM UCCNeaoBaTe-
Jieil, FOBOPUT O MOBLILLEHHON BacKynspusaumm
WwBaHHOMbI [19]. O6 3TOM e CBMAETENbCTBYET
1 6osee BbICOKMIA NokasaTesib CBF B cTpyKType
HOBOO6pa3oBaHuii. OTCYTCTBME CUMMTOMA JINK-
BOPHOW LLLENN YKa3biBaeT Ha MHBA3NID MATKON
MO3roBOi 060/104KM, OTCYTCTBME MJIOCKOCTM
ANCCEKUMN 1 npeapacnonaraeT K CJOKHOCTAM
yaaneHus.

BaxKHbIM (GaKTOpPOM, BAUSAKOWMUM Ha QYHK-
uunio JIH nocne onepaunu, aBAAeTCA paguKalib-
HOCTb yaaneHus BLU. Mo pgaHHbIM M.B. MpaHu-
KoBa M coaBT. (2016), TaxKenas AUCOYHKLUS
nuuesoro Hepea (IV-VI cTeneHb no wWKane
House - Brackmann) nocne ToTanbHOro yaa-
JIeHVs OMyXonu peructpupyetcs 6osee uyem
B 2 pasauallle, ueM noce cybToTanbHoro [20].
PesynbTaThl uccnegoBaHma H. Mahboubi n co-
aBT. (2014) cBMAETENbCTBYIOT O TOM, UTO Be-
POATHOCTb Mape3a MUMMUYECKON MyCKynaTypbl
rnocjie TotanoHoro yaanexHus BLU pocTturaer
90 % [21].

Hawe nccnenoBaHue Takke NPOAEMOHCTPU-
pOBano CTaTUCTUYECKM 3HAUYMMOE YBeJIMYEeHne
BEPOSATHOCTM aHaTOMUYECKOro MOBpeXAeHuns
JIH npu paankanabHOM yaaneHum 60bLINX U T1-
raHTCKux BLU B cpaBHEHUN C CyBTOTaNbHbIM.

[laHHble mTepaTypbl yKasblBaloT
Ha TO, UTO AJS NOAy4YeHUs Nydwero QyHKLMO-
HaNbHOIO UCX04a NNLLEBOI0 HEPBa PsA aBTOPOB
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npeanoYMTaloT nouytu ToTasbHoe (near total cuTyauuu. B aTux cnydasix, a TaKKe y naumeH-
resection), cybtotanbHoe (subtotal resection) TOB C pPa3sBONOKHEHHBIM WAN HEBU3YaNU3UPO-
N Aaxke yactuuHoe (partial resection) ynaneHne BaHHbIM HEPBOM PEKOMEHAYETCS BbIMNOJHEHUE
6onblWMX U ruraHTckux BLU [2, 8, 15, 22-27]. pevHHepBUPYIOLLE ONepaunn B MakCUMasbHO
ABTOpbl KJIMHMYECKMX PEKOMEeHAauMin No yaa- paHHue Cpokm [29-33].
neHunio BL B.H. WuMaHcKuiA n coaet. (2017)
NoAYEPKMBAIOT, UTO A0BPOKAUYECTBEHHBIA Xa-
pakTep ONyXOJin, HU3KasA CKOPOCTb Mporpec-
cun, Hanmume 3QGEeKTUBHOIO aibTEPHATUBHOIO BepossiTHOCTb aHaTOMWYECKOro MoBpexae-
paAVOXUPYPruyeckoro MeToZa JeYeHUss CHU- HUS IMLLEBOrO HEpBa MNpU yAaneHuuM HoBoobpa-
¥aloT CTeneHb NPUOPUTETHOCTU UX paAMKaib- 30BaHWUA GOMLLIOIO M TUrAaHTCKOrO pasmepa,
HOro yaaneHus [4]. no JAaHHbIM AuTepaTypbl, cocTtasnsetr 10,3-
Mo aaHHbIM H.J). Seol n coaBT. (2006) npu- 17 %. OH MOXeT 6bITb NOBPEXRAEH UHCTPYMEH-
emnemast ¢pyHruma JIH (I-II cTeneHb MO WKane Tamu BCAeACTBME UCTOHUYEHUS M NAOTHOMO cpa-
House — Brackmann) cpasy nocne onepauuv  LLEHUS C Kancyioi LWBaHHOMbI, Pa3BOJIOKHEH
oTMeueHa Jmwb y 15,4 % naumeHTOB Npu TO- WU He MAEHTMOMUMPOBAH BO BpEMS onepauuu.
TaJIbHOM yAaneHun ny 46,6 % — npu cybtotanb- Kpome XopoLo M3BECTHbIX GpaKTOPOB, Npu-
HoM [22]. G. Grinblat n coaBT. (2021) NpMBOAAT  BOAALIMX K YBENUUYEHUIO PUCKA WHTpaonepa-
CBeAeHUs 0 TOM, YTO Cpasy MnocJje onepauuuM LMOHHOIO NOBPEXAEHUA HEPBA, HAMU BbiSBie-
xopowas QYHKLUMA MUMUYECKUX MbILIL, OTMEYa- HO U BAUSIHWE aHAaTOMUYECKUX 0CObeHHoCTel
etcay 33,9 % nauMeHTOB NOCAE TOTAJbHOM pe- CTPOeHUs 3agHein uyepenHom sAMKU. [laHHoe
3eKkuum ny 46,6 % — nocne cybrtotanbHom [7]. OCJIOMHEHME Yalwe MPOUCXOAUT Yy NauuneHToB
NpeanbHbIM TakKTUUECKMM BapUaHTOM B CU-  C Y3KOW U KOPOTKOW GOPMOI IMKMN.
Tyauum aHaTOMUYECKOro MOBpEeXAeHus nauue- bofee BbiCOKas 4yacTtoTa aHaTOMUYECKOW
BOrO HepBa SIBASIETCA BbIMNOJHEHWE €ro WBa TpaBMaTM3auMm HepBa Mpu pajvKaibHOM yaa-
«KOHEeL, B KOHeL» WAW MCNoJib30BaHWe CBO- JIEHUM OMNYXOJW 3acTaBAseT elle pa3 BEPHYTb-
604HOIN HeBpafibHOW BCTAaBKM MPU HaauUuMm €A K AUCKYCCUW O LLenecoobpasHocTu paau-
aedekta. TaKKe AN 3TUX LeNeill NPeAsoKeH  KalbHOro yaaneHuss 60/bLIMX U TUFAaHTCKUX
LUEeNbIA psifi PasivyHbIX METOAMK UCNONb30Ba- BeECTUBYNSPHbLIX WBAaHHOM, 0COBEHHO B cayva-
HUS  GUOPUH-TPOMOMHOBOTO KAesl, NAAaCTUH  SIX UX TUNEPBACKYASPHOCTM WU OTCYTCTBUS He-
TaxokoMba M CBO6OAHbIX MbILEYHbIX BCTAaBOK  06XOAMMOW MAOCKOCTM ANCCEKLUMN.
[28, 29]. OnoHaKko, Kak MoKasaj aHanan3 nuTe- B cnyuyasax aHaTOMMUYECKOro MOBpeXAeHus
paTtypbl U Hal ONbIT, BbINOJAHUTL NOAOOHYID  SIMLLEBOrO HEpBa PEKOMEHAYETCS MPOBeAeHUue
MaHUMYASALUMIO BO3SMOXHO AANEKO HE B KaXA0M  pPEenHHepPBUPYIOLLEen onepaumnm B paHHUE CPOKU.
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[IprMeHeHne CTPaxoBOYHOI'O AKCTPA-UHTPAKPAHUAIBHOTO
HIVHTA IIPU VAaJeHI MEHUHT TOMbI IIePETHET O
HAKJIOHEHHOT'O OTPOCTKA
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Pesiome

BeepeHue. CTeneHb MHBa3M MEHUHIMOM NepeAHEro HakJIOHEHHOM0 OTPOCTKa B MarncTpaibHble COCYabl
roJIOBHOr0 MO3ra NpsiMo KOppenvpyeT C PaAuKaNbHOCTbIO UX yaaneHus. Co3aaHue CTPaxoBOYHbIX 06x0a-
HbIX apTepManbHbIX WYHTOB — OAMH U3 NYTeN NOBbILEHUS PAANKANIBHOCTM onepaumnii.

Onucanue cny4das. NaumeHTka 36 net noctynuna B FBY3 «HayuHo-uccnenoBaTenbCKUi MHCTUTYT — Kpa-
eBas KAnHUYeckasn 6onbHMUa N2 1 nMeHun npodeccopa C.B. OuanoBcKkoro» MuH3apaBa KpacHOAApPCKOro
Kpas C AMarHo30M: MEHWHIMOMa NPaBoro nepeiHero HakNOHEeHHOro OTPOCTKa. PelleHo BbINOAHUTb paau-
KasbHOE yAaneHne OMyX0au C HanoXeHNeM CTPaxOBOYHOMO IKCTPa-UHTPaKPaHMaNbHOrO WYyHTa MeXAy
JNly4yeBOWN apTepuei 1eBOl PyKM 1 NpaBon cpefHe MO3roBon aptepueit. NMocne yaaneHUs onyxonun BblsaB-
JIeHO CTEHO3MPOBaHWe BHYTPEHHEW COHHOWM apTepun, B CBSA3M C YEM BbIMOJIHEHA KOHBEPCUA BPEMEHHOMO
3KCTpa-MHTPaKpaHMaNbHOroO WyHTa B MOCTOSHHbIN. Ha KOHTPO/IbHOW MarHUTHO-PE30HAHCHOW TOMOrpa-
duUn NpUsHaKoB OCTAaTOYHOW OMYXO/NW He BbISIBNEHO, LiepebpanbHblii KDOBOTOK HE CKOMMPOMETUPOBaH.
MauneHTKa BbINUCaHa B yAOBNETBOPUTENbHOM COCTOSAHUM.

06c¢cyxnaeHue. BoBieueHne MaructpanbHblX LiepebpanbHblXx apTepuin B ONyX0NEeBbIA y3ea CHUXKaeT pa-
LVKanbHOCTb yAaneHuss HOBOO6pa3oBaHWUA U YMeHbLUAeT NPOAOIKUTENBHOCTb 6e3peLniMBHOrO Nepmo-
na. Co3gaHve 06x0AHOro apTepuanbHOro WyHTa — OAUH U3 METOAOB LiepebpanibHol peBackynspusaumnm
npu yaaneHuyn onyxonein OCHOBaHUSA yepena C MHBa3Men B MarucTtpajibHble COCYAbl FOJIOBHOrO MO3ra.
Hamu ncnonb3oBaHa MeToAMKa, MO3BONSIOLLAsA Ha 3Tane yAaneHus onyxonm obecneunTb BDEMEHHYIO pe-
TporpasHyto nepodysuio apTepuii KapoTuaHoOro 6acceiHa Npu BbIHYXAEHHOM MPEKPALLEHUN B HUX aHTe-
rpagHoOro KpPoOBOTOKa, a NpU HEO6X0AMMOCTU — BbIMOJIHATH MOCTOSIHHOE 06X0AHOE LYHTUpOBaHWe pas-
NMYHOro o6bemMa KPOBOTOKA YY4aCTKOB apTepun, NOPaxKeHHOro 0Ny X0Jbto.

KnioueBble cnoBa: MEHWHIMOMA NepefHero HakJOHEHHOr0 OTPOCTKa, peBaCKyasipM3auns rojoBHOro
MO3ra, 9KCTpa-UHTPaKpPaHUaabHbIN WYHT, ayTorpadt

Ana untupoBaHus: ®epopeHko A.L., 3abyHsH LA., JintBuHeHko [.B., TkaueB B.B. MpuMmeHeHune cTpa-
XOBOYHOIO 3KCTpa-UHTPaKpaHWanbHOro WyHTa Npu yaaneHUn MEHUHTMOMbI NepesHero HakNoOHEHHOro
0TpOCTKa (OnMcaHne KNMHUYECKOro cayyas u 063op antepaTtypsbl). CubHelipo. 2025; 1(1): 57-67. https://
doi.org/10.64265/sibneuro-2025-1-1-57-67
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dunHaHcMpoBaHue. liccnenoBaHune NpoBeAeHO 6e3 NpMUBAEUYEHNS KaKoN-1Mbo GUHAHCOBOI NOAAEPHKKN.
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The use of safety extra-intracranial anastomosis
in the removal of meningioma of the anterior oblique process
(description of the clinical case and literature review)

Arkady D. Fedorenko', Grant A. Zabunyan?, Dmitry V. Litvinenko?™, Vyacheslav V. Tkachev?

'Kuban State Medical University, Mitrofana Sedina str., 4, Krasnodar, Russian Federation, 350063
2Regional Clinical Hospital No. 1 named after Professor S.V. Ochapovsky, 1 Maya str., 167, Krasnodar,
Russian Federation, 350086

Abstract

Introduction. The degree of invasion of meningiomas of the anterior oblique process into the main
vessels of the brain directly correlates with the radicality of their removal. The creation of safety bypass
arterial shunts is one of the ways to increase the radicality of operations.

Case description. A 36-year-old patient was admitted to the Regional Clinical Hospital No. 1 named
after Professor S.V. Ochapovsky with a diagnosis of meningioma of the right anterior oblique process.
It was decided to perform a radical removal of the tumor with the imposition of an extra-intracranial
anastomosis between the radial artery of the left arm and the right middle cerebral artery. After removal
of the tumor, stenosis of the internal carotid artery was revealed, and therefore a temporary extra-
intracranial anastomosis was converted into a permanent shunt. The control MRI showed no signs
of a residual tumor, and the cerebral blood flow was not compromised. The patient was discharged
in a satisfactory condition.

Discussion. The involvement of the main cerebral arteries in the tumor node reduces the radical removal
of neoplasms and reduces the duration of the recurrence-free period. The creation of a bypass arterial
shunt is one of the methods of cerebral revascularization in the removal of tumors of the base of the skull
with invasion into the main vessels of the brain. We used a technique that allows, at the stage of tumor
removal, to provide temporary retrograde perfusion of the carotid basin arteries with the forced
cessation of antegrade blood flow in them, and, if necessary, to perform permanent bypass bypass
surgery of various volumes of blood flow in areas of the artery affected by the tumor.

Key words: meningioma of the anterior oblique process, brain revascularization, extra-intracranial by-
pass, autograph
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BBCJICHI/IC CTbio 6e3peUnaMBHOIO NeEpnoaa NMeEeT NPAMYIO

MpobneMa XWpPYyprum MEHWHIMOM MepeA- KOPPENALUMOHHYIO CBSI3b C pPaAMKaNbHOCTbIO
HEro HakJioHeHHoro otpocTKa (MHO) He HOBa. YyAaneHus yKasaHHbIX HOBOObpasoBaHuii [7-9].
Onyxonu [AaHHOW NOKanM3auuuM COCTaBAsOT O4HOWM N3 BaXKHbIX XapaKTEPUCTUK MEHUHIU-
oT 10 0 25 % BCex BHYTPUYEPENHbIX MEHWH-  OM, BJIUSIOLWMX Ha PAAVNKANbHOCTb UX YAaNeHus,
rmom [1-4] n, cornacHo Knaccudukaumm O. Al- sBAsSieTCS NJOTHOCTb CTPOMbI onyxonu [10, 11].
Mefty, paspensitotcs Ha Tpu TMna B 3aBUCMMO- YeM MJOTHEE OMyX0Jb, TEM CJIOMHEE Bblaene-
CTU OT WCXOAHOrO pPacrojiodeHUs MaTPUKCa  HUE M TEM BbilLe PUCK MOBPENKAEHUS COCYAO0B
M CTENEHW MHBA3WW OMyXO0Jin B CTEHKY BHY- U HEPBOB, BOBJEYEHHbIX B OMYXONEBbIN y3en
TpeHHe coHHol apTepun (BCA) [5]. [12]. Mo paHHBIM NyyeBbIX METOAOB Aoonepa-

B npouecce pocta MeHUHrMomMbl MHO MOryT  UMOHHOW AMArHOCTUKW He BCeraa BO3MOXHO
pacnpocTpaHsATbCA Ha Manoe U 6O/bLLIOE Kpbl- [AOCTOBEPHO OMPEAEAUTb Kak MJOTHOCTb Me-
JIO KNMHOBUAHOW KOCTW, KAaBEPHO3HbI CUHYC, HWHIMOMBI, TaK U HaJNUYMe WUHBA3UM OMyXOau
a TaKe cybTeHTOpManbHO B NETPOKAUBANIbHYIO B CTEHKY MaructpasbHbiX LepebpanbHbiX apTe-
obnactb [6]. loka3aHo, UTO NPOAOIKUTENBbHO- puid [13].
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TakuM 06pasoM, Mpu yaaneHun MeHUHrMOM
MHO c BOBNEUYEHNEM B OMYX0Jb MarucTpasbHbIX
LuepebpanbHbiX apTepuii UMEETCs  pPeasibHbIi
pucK noepexaeHns BCA n ee MarmcTpanbHbIX
BETBEN, UTO 63 3KCTPEHHOW COCyauCToin pe-
KOHCTPYKLUMN MOMET MpUBECTU K WHBanMam3a-
UMM 1 neTanbHOMy ucxopy [14]. OnbiT nokasbl-
BaeT, YTO MOMbITKN SKCTPEHHOW PEKOHCTPYKLMU
COCYAO0B, HaxOAsAWMXCA B OMyXO0JIeBOM y3ne,
B OTCYTCTBUM «MPOKCUMMAJbHOIMO» U «AucCTab-
HOrO» KOHTPO/S KPOBOTEUEHUS U3 MOBPEMKAEH-
HON apTepuM COMPOBOXAAKTCA KPOBOMOTEpPEN,
LOMONHUTENbHBIM ATPOTEHHbLIM MOBPEXAEHNEM
OKpYaloLLNX aHaTOMUYECKUX CTPYKTYP W peaKko
6bIBaloT ycnewHbiMmu [15-17]. BcneacTtBue 3To-
ro nNpu BOBJIEUEHUN B OMNYXOJIEBLIA y3en maru-
CTpaNbHbIX LiepebpanbHbiX apTepuii psa naumeH-
TOB WX ONEPUPYIOTCA 3aBEAOMO He pafMKabHO,
WAV NpU3HaloTca HeonepabenbHbiMK [18, 19].

CosaaHve CTPaxoBOYHbLIX O0OXOAHbLIX LUYH-
TOB — OAMH U3 MyTel NOBbILLEHUS PaAMKanbHOCTH
N ynydweHns QyHKUMOHANbHbIX UCXOLOB neye-
HMA B6ONbHBIX C KpaHMo6asanbHbIMU OMyX0AAMM
[20, 21]. Mo3TOMy MOMCK OMNTUMANbHOrO CMOCO-
6a peBacKynspusauMn Mosra npu BOBJEUYEHUU
B OMYXOJib MarMcTpabHbIX LlepebpanbHbix apTe-
puii BeAeTCs Ha NPOTAKEHUM nocnegHux 50 net
N NPOAOJIKAETCA A0 HACTOSLLLErO BPEMEHN.

Mbl NpeacTaBAseM OAUH M3 BO3MOMHbIX Ba-
PUaHTOB pelleHns AaHHOW Npobnembl.

Iles1b padoTHI

MpeacTaBUTb  KAMHWMYECKUMA cliyyal ToO-
TaJbHOrO yAaneHUs MEHUHIMOMbl MepeaHero
A

HaKJIOHEHHOr0 OTPOCTKa C MOJIHbIM BOBJEYe-
HVEM B OMNYXOJIEBbIN y3e/ BHYTPEHHEN COHHOM
apTepumM C MCMNOJb30BaHMEM CTPax0oBOYHOIO
BbICOKOMOTOUHOIO0 3KCTpa-WHTPaKpaHUanabHO-
ro WyHTa MexAy TeMMOopOnoNsiPHON BETBbHO
cpeaHeit mosroeoit aptepun (CMA) n nyueBoit
apTepuen KoHTpanaTepasbHOro Npeanjeybs.

KanHuuecKuii cayuaii

MauneHTKa K., 36 net, noctynuna B bonb-
HULY CKOPOW MeAWLMHCKOW nomolm r. Kpac-
HoZapa C *KanobaMu Ha rofioBHyl 60sb, ean-
HWYHBIA CYAOPOXHbIA MPUCTYN C MNOTepen
CO3HaHuA ¢ oboHsATenbLHOM aypoii. Mpu npose-
IeHUn KoMnbioTepHoi ToMmorpadum (KT) ronos-
HOro MO3ra BbisiBJIeHO 06beMHOe 06pa3oBaHue
MeanobasasbHbIX OTAENIOB MpPaBOii BUCOYHOW
nonn. NaumeHTKa lMepeBepeHa aAna onepaTtue-
HOro JleYeHUs B HEMpPOXMpPYypruyeckoe oTae-
neHne TBY3 «HayuyHOo-uccnepoBaTesibCKUNN
WMHCTUTYT — KpaeBas KAMHM4Yeckas 6onbHuuUa
N2 1 mmeHn npodeccopa C.B. OyanoBCKOro»
MuH3apaBa KpacHoAapcKoro Kkpas.

Mpu NOCTYNJIEHNN COCTOSIHNE CPeAHEn CcTe-
NeHW TAMeCTW, NpeBanvMpyeT 06LLEMO3roBas
CMMNTOMaTKKa, o4arosoro geduumta He OTMe-
yeHo. lMpu nNpoBeAeHUN MarHUTHO-PE30HaHC-
Hoit Tomorpadum (MPT) BepuduumpoBaHo
06beMHOe 06pasoBaHMe MPaBOro MepeaHero
HaKJIOHEHHOrO0 OTPOCTKa C BoBjAedeHneMm BCA
(PucyHok 1)

YunTbiBas MOJOAON BO3PACT MNALMEHTKM
N MPeAnoNOKUTENBHO A0BPOKAUYECTBEHHbIN Xa-
pakTep OMyXoau, NPUHATO peLleHne BbIMOJHUTb

) B

PucyHoK 1. MPT B pexume T2-B3BeLIEHHOr0 1306paxeHns naumeHTkM K. 10 onepauunun: onpenensieTcs MEHMHIMoMa
npaBoro nepeaHero HakJIOHEHHOro OTPOCTKAa C BOBAEYEHMEM B ONYX0Jib MPaBoO BHYTPEHHEN COHHOM U cpeaHel MO3ro-
BOI apTepuii; A, b — uepHOW CTpesIko yKa3aHa BoBAeYeHHas B onyxosib BCA; B — uepHOW CTpeNKoW yKa3aHa BOBNEYEH-

Hasa B onyxonb CMA. ICTOYHUK: COCTaB/JIeHO aBTopamMun

Figure 1. Preoperative magnetic resonance imaging scans of the patient Yu., T2-weighted sequence. A meningioma
of the right anterior clinoid process is seen, with involvement of the right internal carotid and middle cerebral arteries;
A, B-the black arrow indicates the internal carotid artery involved in the tumor; C — the black arrow indicates the middle
cerebral artery involved in the tumor. Source: created by the authors
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paAnKanbHOE yaaneHme onyXoam C BO3MOMXHbIM
HaNOXeHNeM CTPaxOBOYHOIO 3KCTpPa-UHTpPaKpa-
HWaNbHOro WyHTa. Mpoba AnneHa noaTeBepamna
BO3MOMHOCTb MCMOJ/Ib30BaHNS JIEBON JIy4eBOWN
apTepuun B KauecTBe AOHOPCKOWN apTepuun.

Onucanue onepaumuu

fonoBa NauUMEHTKM TMOBEPHYTa BJEBO
N }eCTKO 3aduKCMPOBaHa B roioBoAEpKaTene.
JleBas pyKa NauUMEHTKU 3aMpoOKMHYTa U yNoXKe-
Ha Ha [AONOJAHWUTENbHbIA MNOAJIOKOTHUK HEMo-
CPEeACTBEHHO No3aau ronosbl (PUCYHOK 2).

BbinosiHeHbl 06paboTka 1 ApannpoBKa one-
paunoHHOro nons, obecneuymBaloWero BO3-
MOMHOCTb  OAHOBPEMEHHOr0  BbIMOJHEHUS
OMepauUMOHHbIX AOCTYMOB K pPYyKe MauueHTa,
lee, Hapy*HOMY N BHYTPEHHEMY OCHOBaHMIO
yepena B MNpaBoii NOH6HO-BUCOYHO-TEMEHHO
obnactu. [lpousBegeHa paclIMpeHHas npa-
BOCTOPOHHSIA MNTEPUOHANbHAs KPaHUOTOMUS
C 3KCTpaAypajibHOW pe3eKkuren MeamnanbHbIX
OTAENIOB Kpblla OCHOBHOW KOCTW, MepeaHero
HaAK/JIOHEHHOTO0 OTPOCTKA, 4YaCTMUYHO BEPXHEN
WU NaTepaibHO CTEHOK MpaBoi opbuThl, ae-
CTPYMPOBaAHHbIX 0NyX0bio (PUCyHOK 3).

TpaHCCUNbBMEBBLIM MOAX0AOM OCYLLECTBNEH
AOCTYN K XWasMaNbHO-CeNNsapHOiA obnacTw,
roe obHapyKeHo MJ0THOe, XOPOLWOo OTrpaHu-
YeHHOe OT BelWecTBa FOJOBHOFO Mo3ra 06b-
eMHoe o6pa3oBaHMe, MaTPUKCOM KOTOPOro
sIBNsSieTCA TBepAas Mo3roBasi 060/104UKa npaBo-
ro nepefHero HaKJOHEHHOro OTPOCTKa U Ha-
PY¥HOW CTEHKM MPaBOro KaBEPHO3HOr0 Cu-
Hyca. Mo AaHHLIM 3Kcnpecc buoncum onyxosb
onpeaeneHa Kak MeHMHrnoma. NMocne BHyTpPeH-
Hel AeKoMnpeccun onyxonm BepuduumnpoBa-
HO, uTOo npaBblie BCA 1 CMA Ha 3HauYnTeNibHOM

chyHOK 2. lNonoxeHune NaunMeHTKn Ha onepaunoHHOM
CcToNe C ApanvpoBKOW OMepaLMoHHOro nons. WCTOUYHUK:
COCTaB/IEHO aBTOpaMu

Figure 2. Patient positioning on the operating table
with draping of the surgical field. Source: created by the
authors
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NPOTSMXEHUN pacnonaraTCs BHYTPY NAOTHOMO
onyxoneBoro y3na (PUcyHok 4).

MPUHATO pelleHne O HaNOXEeHUM CTpaxo-
BOYHOIO  3KCTpa-WHTPaKpaHWalbHOIrO  LWYH-
Ta C ucnonb3oBaHneM rpadra NeBO NyyeBoWn
apTepun C COXPaHEHWEM TMUTAKLWLENA HOMKKMU.
[nsa aToro BolaeneHsl TeMnopasjbHas BeTBb CMA
N MOBEPXHOCTHas BWUCOYHas apTepus. Kpas
pa3sMeyeHHON KOMHOW paHbl Ha J1eBOM npea-
niaeybe MOALNTHI K KpasM TpenaHauMoOHHOro
OKHa. JlyueBas aptepus (JIA), MOBUAN30BaHHAs
Ha 3anNpPOKMHYTON pyKe, NOCae NEPEBSA3KM 1 Ne-
peceyeHnss B AUCTaNbHOW TpeTu npeanseybs
no3nLUMOHMPOBAHa B MO3rOBYK paHy B Kaue-
CTBe A0HOpCKoro cocyaa (PUCYHOK 5).

Mocne HaNOMeEHWS  BPEMEHHbIX  Kaun-
COB Ha MNpaByk TEMMOPOMOJSAPHYK apTeputo
N ee «IMHENHOW» apTepuoTOMUM HaNOXKeH
3KCTpa-MHTPaKpPaHWanbHbI aHAaCTOMO3 MEXAY
Jly4eBOl apTepuven M TeMnopanbHON BETBbIO
cpenHen Mo3roeoli aptepun (PucyHok 6A). Mo-
cjie reMocTasa no JIMHUWU COCYAUCTOrO LWBA 6bln
BOCCTAHOBJ/IEH KPOBOTOK MO JIy4eBOM apTepuun.
TakuM 06pasoM, AanbHellwmne aTanbl yaaneHus
OMyX0JIX OCYLLECTBASNNCL Ha poHe nepdy3uun
uepebpanbHbiXx apTepPUin Kak uyepe3s BoOBJe-
yeHHble B onyxosb BCA n CMA, Tak 1 «u4epes
PYKY» — MOCPeACTBOM WCKYCCTBEHHO CO34aH-
HOro 06X04HOrO LYHTAa.

MosTanHO npaBble BHYTPEHHAS COHHas,
nepefHsss W CpeaHss MO3roBble apTepun
N nX OYHKUMOHANbHO 3HA4YMMble BETBU Bbije-
JIeHbl U3 ONyX0NeBOro ysna. Kancyna onyxonu
oTAeNleHa OT XWasmbl, MPaBOr0 3pPUTENIbLHOrO
W rnasojBuraTesbHOro HepBoB. ocne yaane-
HUs onyxonu npasas BCA ocTaBanacb CTEHO-
31 POBAHHOM, HO C COXPAHEHHbIM aHTerpagHbIM
KpoBOTOKOM B CMA, uTo He TpebyeT BbICOKO-

PUCyHOK 3. PaclumpeHHasi NnTep1MoHasbHas KpaHMoToMus,
BbINONHEHHas nauueHTKe K.: YUepHO cTpenkoli 0603Ha-
yeHa 06nacTb pe3eKkLUUN NaTepasbHOR CTEHKU OPOUTHI.
VICTOYHMK: cOCTaBNEHO aBToOpaMu

Figure 3. Extended pterional craniotomy performed on the
patient. The black arrow indicates the area of resection
of the lateral orbital wall . Source: created by the authors
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PucyHoKk 4. VIHTpaonepaunoHHoe ¢OTO PucyHok 5. MHTpaonepaunoHHbie doTorpadumm naumeHtkn H0.: noaro-
naumeHTkn H0.: YepHOM CTpPeNKon yKasa-  TOBKa K CO34aHUI0 BPEMEHHOIO LUYHTA MEXAY NIEBOW NYYEBOM U NpaBow
Ha CTpOMa OMyX0JiM; YEePHbIM MYyHKTUPOM cpefHen MO3roBoi apTepusaMu. YepHbIMK CTpeNKaMKn yKasaHa nesas y-
yKasaH cTBos npaBoit CMA. VICTOUHMK: cO-  4yeBas apTepus; 6enoil cTpenkol ykasaHa BblAesieHHas TeMropasbHas
CTaBJieHO aBTOpamMun BeTBb CMA. /ICTOYHVMK: COCTaBJ/ieHO aBTopamu

Figure 4. Intraoperative picture of the Figure 5. Intraoperative picture of the patient. Preparation for the cre-
patient’s brain. The black arrow indicates ation of a temporary shunt between the left radial artery and the right
the tumor stroma. The black dashed line in- middle cerebral artery. The left radial artery is indicated by black arrows;
dicates the trunk of the right MCA. Source: the highlighted temporal branch of the middle cerebral artery is indicat-
created by the authors ed by a white arrow. Source: created by the authors

06BbEMHOr0 06XOAHOr0 LYHTUPOBAHMA U CBA- MNpeaAneYbs. BbiMOJHEHO HaNOMEHUE MPOKCU-
3aHHOr0 C HMM pUCKa penepdy3MOHHbIX OC- MaJibHOr0 aHacTOMO3a NMOBEPXHOCTHOWM BUCOYU-
NIOXHEHW. B CBA3KN C 3TUM NPUHATO peLUeHne HOW apTepuun C ayToapTepuaibHbIM TPAHCAAAH-
O KOHBEPCUMW BPEMEHHOIN0 3KCTpa-vHTpPakpa- TaTOM MO TUMY «KOHEL, B KOHEeL» Y3/J0BbiMU
HWANbHOIO LYHTA B MNOCTOSHHbIN. Mocne Bbige- wBamMu (PUcyHOK 6B). Mocne TuWiaTenbHoro re-
NIeHVs, NTUTMPOBAHNA U NepecevyeHnss TEMEHHON  MOCTasa BbIMOJHEHO MOCNOMHOE YWWBaHUE
BETBM NpaBoOi NOBEPXHOCTHON BUCOYHOW apTe- BCeX ONepaLynOHHbIX paH.

pvwn CTBOA NIEBOI NIy4eBO apTepumM INrMpoBaH Ha KoHTponbHOM MPT npu3HakoB OCTaTou-
N MepeceyeH B NPOKCUMAJIbHOW TPETM JIEBOTO  HOW OMYXOAM HE BbIABJEHO, LepebpasnbHbIii

A b

PucyHoOK 6. IHTpaonepauunoHHbie doTorpadmm HanoKeHMss aHaCTOMO30B MEXAY IeBOW JlyueBO 1 NpaBol TEMMNOPOMNO-
NAPHON apTepusiMu naumeHTKM H0.: A — HaNOXKEeHNe BPEMEHHbIX KAUMC Ha NpaByl0 TEMMOPOMOASPHYIO apTepUIO U 3KC-
Tpa-UHTPaKpaHMaibHOrO0 aHaCTOMO3a MEX Y YUeBO U TEMNOPasbHOWN BETBbIO CPELHEN MO3rOBOI apTepusaMmn (UepHoi
CTPEJIKOI MOKasaHO MECTO HaJIOXKEeHUs aHacToMo3a); b — KOHBEpPCKS BPEMEHHOr0 aHacToOMO3a B 3KCTPa-UHTpPaKpaHu-
ANbHbI WYHT MEXAY NPaBbiMU MOBEPXHOCTHO BUCOYHOW M CpeAHen MO3roBoli apTepusiMu (UepHOM CTPEIKOI NoKasaHo
MeCTO HaJIoXKeHUss aHaCTOMO3a MeXAY apTepusMu) . ICTOUHUK: COCTaBNEHO aBTOpaMm

Figure6.Intraoperative pictures ofanastomosis creation between the left radial artery and theright temporopolar artery:
A-Applicationoftemporaryclipstotherighttemporopolararteryandcreationofanextra-intracranialanastomosisbetween
theradialarteryandthetemporalbranch ofthe middle cerebralartery,theblackarrowindicatesthesite oftheanastomosis.
B - conversion of the temporary anastomosis into an extra-intracranial shunt between the right superficial temporal ar-
tery and the middle cerebral artery (the black arrow indicates the site of the anastomosis between the arteries). Source:
created by the authors
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A b B

PucyHok 7. MPT B pexuMe T2 nauneHTKu 0. nocne onepaunmn: onyxosb yaaneHa ToTajlbHO; 3HaYMMbIX 30H ULLIEMUMN HE Bbl-
ABNSieTCA: A — YUEPHOW CTPEesIKoW yKasaHa 30Ha TOTaJbHOro yAaneHus onyxonu; b, B — uepHoW CTpenKoi yKasaHa 30Ha
TOTaNAbHOIO yAaneHus onyxonu, 6enoil cTpenkoi ykasaH QYHKUMOHWUPYIOLWMIA SKCTPa-UHTPaKpaHWanbHblli aHacToMo3 .
VICTOYHMK: cOCTaBNEHO aBTOpaMu

Figure 7. Postoperative T2-weighted magnetic resonance imaging scan. The tumor was totally removed. No significant
ischemic areas are identified; A — the black arrow indicates the area of total tumor removal; B, C — the black arrow indi-
cates the area of total tumor removal; the white arrow indicates the functioning extra-intracranial anastomosis . Source:
created by the authors

KPOBOTOK He CKoMnpoMeTupoBaH (PUCYHOK 7). CKOM cTaTyce OTMEUYEHO MOsiBAeHWE napesa
Ha KoHTponbHOW UepebpanbHOl aHrmorpadmMm  NpPaBoro rnasoABUraTeNbHOro Hepsa. Apyrux
BWUAHO, YTO KPOBOTOK NO apTepusM, paHee BOB- 04YaroBbiX CUMATOMOB U KOOPAMHATOPHbLIX Ha-
JleYeHHbIM B OMYXO0JIEBbIN y3€/, COXPaHeH; CO3- PYLUEHWI He BbiABAAETCHA. 3aXKMBAEHMe onepa-
[AHHbIA 9KCTpa- WHTPaKpaHWanbHbIA aHacTO- LMOHHbLIX paH Ha roJfioBe M J€EBOM MNpeanneybe
MO3 Xopowo ¢yHKUMOHMpPYET (PUCYHOK 8). nepBUYHOE, WBbLlI CHATHLI. MMauueHTKa Bbinuca-

06uwiee cocToAHME MaLMEHTKM MPU BbIMM- Ha nNoa HabnoaeHWe HEBPOAOra MO MECTY MU-
CKe ypaoBsnetBopuTenbHoe. B HeBponorunye- TenbCTBa.

A B

PucyHoK 8. LlepebpanbHas aHrnorpadus (A) n KomnbloTepHas Tomorpaduueckas aHrnorpadus (b) nauneHTkm 0. nocne
onepauun: YePHON CTPENIKON YKasaH QYyHKLNOHUPYIOWMIA LWYHT MEXAY NpaBbiMM NOBEPXHOCTHOW BUCOYHON U CpeaHel
MO3roBoil apTepusiMu; 6enoii CTpenkoin ykasaH QYHKLMOHUPYIOLWMNIA WYHT MeXAy NpaBbiMU NOBEPXHOCTHOW BUCOYHOW
n Cpe,CI,HEI7I MO3roBOW apTepuamm . MICTOYHUK: COCTaBNEHO dBTOpamMu

Figure 8. Postoperative cerebral angiography (A) and CT angiography (B) of the patient: the black arrow indicates
the functioning shunt between the right superficial temporal artery and the middle cerebral artery; the white arrow
indicates the functioning shunt between the right superficial temporal artery and the middle cerebral artery . Source:
created by the authors
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Oocy:K1eHue

3aMelleHne apTepuanbHOro  KPOBOTOKa
Mo MarncTpasjbHbIM apTepusM roJ0BHOIO0 MO3-
ra npuv yoaneHumn onyxonen kpaHmobasanbHow
N cybKpaHWanbHOW JNIOKanMsauuii sBASETCS
Ba)KHOW TOUKOW MPUNOKEHUS PeBaCKyNApusun-
PYHOLMNX TEXHOJIOTUA.

MpUHATO cumTaTh, 4YTO BMEpPBble O MpO-
Te3MpOBaHUN  3IKCTPaKpaHMaNbHOro  oTae-
Na BHYTPEHHEeN COHHOW apTepun ayTOBEHOWM
B XOAe yAaNeHUs onyxoJieil Ha wee coobLimn
J.J. Conley B 1953 1. [22]. CnepytoLleln Ba*KHO
Bexoi ctana nybnmkaums B 1980 r. U. Fisch
M COaBT. MNepBbiX pPe3yJbTaTOB ayTOBEHO3-
HOro NpOTE3UPOBAHUA BHYTPEHHEN COHHOM
apTepuu npu nevyeHun ee cybKpaHMaNbHbIX
MU BHYTpUNUPaAMUAHbIX nopaxkeHun [23]. MNpu-
MEPHO B 3TO e BpPeMA MOSBUINCH OMUCaHMUA
OTAENIbHBIX CNy4YaeB MPUMEHEHUS 3KCTpa-WH-
TpakpaHWanbHOro aHacToMo3a Mo MeToAMKe
M.G. Yasargil npu yananeHun BHyTpUyepenHbix
onyxonen [24-27].

B 1996 r. M.T. Lawton n R.F. Spetzler ony-
6nvKkoBanu pesynbrathl ieueHnss 10 nauneHToB
C KpaHuobasanbHbIMU ONYXOAsAMWU, Npu yaa-
JIEHUWN KOTOPbIX MPOU3BOAMNUCE MepeceveHne
BHYTPEHHEN COHHOI apTepun U BbICOKOMNOTOM-
HO€ 3KCTpa-MHTPaKkpaHWanbHOe LWYHTMPOBa-
Hue [19, 28].

CaMblii 60/1bLION OMbIT MUKPOXMpYpruye-
CKOW peBackynspusaumm uepebpanbHbix apTe-
pUiAi Yy OHKONOIrMYeCKUX MauMeHTOB npeacTta-
Buan L.N. Sekhar n coast. B 2001 r. nx cepus
HacuuTbiBana 98, a B 2008 r. — 130 nauneHTOB,
NMPUYEM UMCIO BHIMOJIHAEMbIX EXEerogHo one-
pauui BO BTOpPOIM CepuM MMeno OTUYETUBYIO
TEHAEHUMIO K CHMKeHuto [29, 30]. [OaHHbinA
baKT 06bACHSETCA YBENUUYEHUEM AOCTYMNHOCTU
COBPEMEHHbIX METOAO0B JIYYEeBON ANArHOCTUKN,
noBblleHneM 3PPEKTUBHOCTN CTepeoTaKCu-
YEeCKOW paamMoxmpyprun, paspaboTKoi HOBbIX
XUMnoTepaneBTUYECKUX NpenapaToB, YTO B CO-
BOKYMHOCTM MO3BOJINIO COKPaTUTh YMCAO Na-
LMEHTOB C pacnpocTpaHeHHbIMU dopMamMu 3a-
6oseBaHNss M CMECTUTb MNapagurMy JeyeHus
NepBMYHbIX NALMEHTOB B CTOPOHY BbIMOJIHEHMSA
MeHee arpecCuBHbIX OMepaTMBHbIX BMeLla-
TEeNbCTB B KOMBUHALMWN C XMMMUOTEPANMEN 1 CTe-
peoTaKkcuueckon paanoxmpyprmnen [31-35].

YuutbiBas 06L1YyI0 pacnpoOCTPaHEHHOCTb
onyxoJieii KpaHuobasasibHOW  JloKkanusauumu,
UMCNO MAUMEHTOB, TPeBYIOWMX BbINOJHEHUS
pEeBaCKyNApM3NpYOWMX OMepaunin B XxoAae
yAaneHns Onyxoau, HEBEJINKO, XOTA UCTUHHAS
noTpebHOCTb B MOAOGHLIX BMeLlATeNbCTBAX
OoCTaeTcs HeonpeaeneHHoun. KnwueBbiMM ¢aK-
TopaMu Mpu pelleHln Bompoca Lenecoobpas-

HOCTM 3aMeLLeHNs apTepuaNbHOr0 KPOBOTOKA
B XOAe yaaneHus OnNyxoam OCTalTCsA: CTeneHb
3/I0KaUeCTBEHHOCTM U TMCTONOrNYecKas CTPYK-
Typa onyxoJu; NoKanusauma n pacnpocTpaHeH-
HOCTb HOBOObGpasoBaHMWs. BarkHoe 3HauyeHue
MMeeT XapaKTep BbIMOJHEHMA onepaunmn — npe-
BEHTMBHas UAKN yprenTHasna [28, 30-32, 35].

[lobpoKauecTBEHHbLIMW ONYXOASIMU, BOBJE-
Kalowmx B cebsa MaructpanbHble apTepumn Mos-
ra, yalle BCero ABAS0OTCA MEHUHIMOMbI, KpaHU-
odapuUHrMoMbl, afeHOMbI rMnodusa, WBaHHOMbI
1 I0BEHWJ/IbHbIE aHIMopubpombl [28, 30-32, 35].
[na yKasaHHbIX HOBOOGpasoBaHWIA XapakTe-
peH MeANieHHblA, HEMHBA3UBHbLIA POCT, BbI3bl-
BalOLWMIA OTTECHEHME COCYAUCTbIX obpasoBa-
HWI, C COXpaHEeHMEeM AeMapKauWOHHOWN 30HbI,
npeacTaBNEeHHON NayTUHHOI 060a0YKON U ne-
pvaABEHTULMANbHBIMU TKaHaMu [28, 30, 31,
36, 37]. 370 no3BOAAET NPU UCMOJIb30BAHUM
COBPEMEHHON MWKPOXUPYPrUYECKON TEXHUKU
B 6O/IbLUMHCTBE C/lyyaeB BbINOJHATL yAaNeHne
OMyXonu C MUHMMANbHbIM PUCKOM ANCCEKLUU
N nepeceyeHus LepebpanbHbiXx apTepuii [36,
37].

O4HaKo y yacTu 60MbHbIX, Yalle NPU MEHWH-
rmoMax KaBepHO3HOro CUHyca W nepepHero
HaKNOHEHHOro OTPOCTKA, BO3MOMHO MOJHOE
BOBJIEYEHNE MarncTpajibHbIX apTepuin B MAOT-
HbIll ONYXOJIEBbIA Yy3es, COMpoBOXAaloLieecs
CTEHO3UPOBaHNEM N WHBA3WEN ONYXOJbK CO-
CyAuCTOn cTeHku [2, 29, 35-37, 38]. MHoro-
UMCNEHHbIMU WUCCNEef0BaHUAMN YCTAHOBEHO,
UTO MpoBeAeHMe HeoaAbHBaHTHOW paAnOXu-
PYpPrun OCNOMHSET OTKPbLITOE yAaNieHne HOBO-
06pasoBaHus, Tak KaKk B pesynbTaTe 061yyeHus
CTeneHb CTEHO3a BOBJIEYEHHbLIX B OMyX0Jb ap-
TEPUI U BbIPa¥EHHOCTb aAresnn TKaHu onyxo-
JIM C COCYAMUCTOWN CTEHKOW ycyrybnsioTtcs [29,
39].

Mpwn MHTpaaypaibHOM pacnosioXeHun
onyxonu, MNOMWUMO MarnucTpanbHbiX apTepui,
B HEE MOrYT BOBJIEKaTbCA QYHKLMOHANbHO 3Ha-
UMMblEe BETBU, TaKUE KaK 3a4HAA COeAUHUTENb-
Hasa M nepeaHsas BOpCMHYaATas apTepus, a TaK-
e nepdopupytowne apTepumn, NoBpexKaeHne
KOTOPbIX MOMET HaHeCcTW nauueHTy Bpepn, Co-
NnOCTaBMMbIA C paHEHMEM Hecylen uUx aprte-
pun. Ha cerogHAWHWA [eHb BO3MOMHOCTU
CeNIeKTUBHON PEKOHCTPYKLUM BETBEW Manoro
AnameTpa OrpaHuyeHbl, @ 4acTo 3TO TeXHu4e-
CKM He BbIMNOJHMMO. [03TOMY nosHOe BOBAE-
yYeHue B ONyXO0NEeBbIA y3en CynpakJNHOUAHOMO
otaena BCA, chpeHompanbHoro cermeHta CMA
n MMA cHuKaeT LenecoobpasHoOCTb npeaHa-
MEpPEHHON peseKkuMn KpynHbix aptepuin [32].
C Apyroi CTOpPOHbI, pacnonoXeHue Oonyxoau
NMPOKCMManbHee 30Hbl OTXOXAeHWUs nepdopu-
pylowmnx aptepuii, HaobopoT, cMellaeT yvally
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BECOB B CTOPOHY NPOBEAEHUA onepauun C Uc-
noJib30BaHWEM apTepuanbHOM PEKOHCTPYKLUMUN.

TaKKe Henb3si 3abbiBaTh, UTO YacTOTa peuu-
AMBOB A06pOKaueCcTBEHHOI OMyX0au KpaHnoba-
3a/IbHON NoKanuMsauum, onpepensieTcs He TOJ/b-
KO XUPYPruyeckoW TaKTUKOW B OTHOLUEHUU
MarucTpanbHblX apTepuid, HO U paauKanbHO-
CTblO OTAENEHUSA OT ONYXOAU YepenHbIX HEPBOB,
CTPYKTYP rmnotanamo-runopusapHomn CUCTeMbl
M CTBOJIa MO3ra, QyHKUMOHANbHOE 3HauyeHue
KOTOPbIX OFPOMHO, @ BO3MOMHOCTU MOJIHOLEH-
HOM KOpperuun ux QGyHKUUIA B Cliyyae yTpaThbl
Ha CerogHsAWHUIN AeHb OTCYTCTBYIOT. [aHHbIA
apryMeHT KOCBEHHO MOATBEpAaeTca conocTa-
BMMOWN 4acTOTOM peunanBOB MEHUHIMOM KaBep-
HO3HOIO CMHYCa, BbIMOJHEHHbIX C NPOTE3MpPOBa-
HueMm [2] n c coxpaHeHneM [36] COHHOI apTepun.

OCHOBHOI AWNEMMON NpU peLleHun BOMpo-
ca 0 npoBejeHWM uLepebpanbHOli peBacKynsi-
pu3aunMn B HEMPOOHKONOMMKM OCTaeTCsA BONPOC
06 06/1MraTHOCTM BOCCTAHOBJIEHUS KPOBOTOKA
Nno MaructpanbHbiM LepebpanbHbiM apTepUsiM
NpyY X NCCEYEHUM B XOAE yAANEHUS OMYXONN.

NMeeTca paBa KOHUENTyafbHbIX noAxona
K peweHunto AaHHol npobnembl. CTOPOHHUKM
«CENEeKTUBHOW peBacKynsipusaumm» BbIMOAHA-
0T apTepuasbHOe LWYHTUPOBaHWE BbIBOPOYHO
Ha OCHOBaHWW pe3ynbTaToB 6aNNOH-OKKNO3M-
OHHbIX TecToB (BOT) [28, 31, 40]. CTOPOHHUKMK
«YHUBEPCaNbHOW peBacKynspusauum» oTcTa-
nBatoT 0banraTHoe BOCCTaHOBIEHWE KPOBOTO-
Ka No pe3eunpyeMoin MarnctTpanbHOn apTepumn
BHE 3aBUCMMOCTU OT CTENeHuW TonepaHTHO-
CTW NauMeHTa K uwemum no pesynstatam bOT
nnun Booblie 6e3 nx BbinoaHeHus [40, 41].

OCHOBHbIM ~ @prymMeHToM  Chneumanncros,
NPUMEHSAIOWMX  CTpaTernid  «CeNeKTUBHO-
ro» noaxoja K peBacKynspusauum, ssnseT-
CS TO, UTO AaxKe njaHoBoe, NpejHaMepeHHoe,
WYHTUPOBaHMe LepebpanbHbiXx apTepuii A0 Ha-
CTOsILLLEr0 BpeMeHM ocTaeTcss HebesonacHoW
onepaumen, conpsi*KeHHon ¢ 5-16%-M pucKoM
nocneonepauuoHHbIX OCNOXHEHUA U neTanb-
HOCTbIO, AOCTUraloWeNn Npu HEKOTOPbIX HO30-
norusix 13 % [29, 42].

C Apyroi CTOPOHbI, XMpPYypru, nponaraH-
AVpyloWwmMe «YHUBEPCaNibHbIN» NOAXOA K pe-
BaCKy/nsip13aumm, 060CHOBbLIBAIOT CBOK TOUKY
3peHua TeM, 4YTO 4acToTa JIOKHOOTpULaTENb-
HbIX pe3ynbtatoB BOT Bapbupyet oT 2 80 22 %
[2, 43]. Ucxops w3 3TOro, Aaxke Npu Haanuum
a/leKBaTHOr0 KoJsinaTtepanbHOro KpoBoobpa-
leHmns no aaHHbiM BOT y nauveHTOB MpuU OK-
KJIl03MM COCYA0B BCE PaBHO MMEETCH PUCK pas-
BUTUA MHCynbTa. MoMUMO 3TOro, camo no cebe
BbIMOJIHEHME OKKJK3MOHHOIo TecTa COonpsKe-
HO C PUCKOM HEBPONOrMYECKUX OCNOMKHEHWUN
B AnanasoHe ot 0,7 0o 7 % [43, 44].

64

CunbHelipo. 2025. Tom 1, HoMep 1

B KauecTBe apryMeHTa B MNOJb3y «Hece-
JIEKTUBHOIO» MOAX0Aa K peBacKynspusaumu
TaKMKe BbIABUraeTcss Te3UC O MOTEHLMAJbHOW
BO3MOMHOCTU Pa3BUTUA MOC/JE BbIKJIIOUEHMS
MarucTpaibHbiX apTeEPUIA MO3ra OTCPOUEHHbIX
WLEMUUYECKNX WHCYNBTOB M  (GOPMUPOBAHMSA
aHeBpu3M de novo [28, 30].

Hapsiay ¢ 3TuM 60NbLWIMHCTBO aBTOPOB eau-
HOAYLIHbI B TOM, UTO PEKOHCTPYKLUMA CyUYanHo
NnoBpeXAEHHON B XOAe Onepauun Maructpanb-
HOI apTepumn A0/KHA BbINMOJHATHCA Y BCEX MNa-
uneHToB, KoTopbiM BOT a0 onepauun He nNpo-
BOAMJICSA, TaK Kak QYHKLMOHaNbHAsA 3HAUYMMOCTb
NMOBPEKAEHHON apTePUM YHKE HE MOMET bbiTb
[OCTOBEPHO onpeaeneHa [19, 30, 31].

B HacTosillee BpeMsi OCHOBHbIM METOAOM
MUKPOXUPYPrUYeCcKoli peBacKkynsipusaunm ro-
JIOBHOIrO MO3ra Mpu OHKOJIOFMYECKMX 3abone-
BaHMAX OCTAETCA 3KCTpa-UHTPaKpaHuasbHoe
WyHTUpoBaHne. [OKasaHUA K BbINMOJHEHUIO
JaHHOro BwAaa onepauunin chopMmynuposanm
L.N. Sekhar u coaBT. [30]. C HEKOTOpPbIMU U3-
MEHEHNSIMU U [AOMOJIHEHUAMWU 3TU MOKa3aHuA
MOMHO 3KCTPanoAMpoBaTb Ha BCE COBPEMEH-
Hble BUAbl apTepuanbHOW peBacKyasspusaumnn
B HEMPOOHKONOINU:

1) Hannume [06POKAYECTBEHHBIX OMyXOJEen,
0CO6EHHO peuMaMBHBLIX U paHee 06ayyYeH-
HbIX, OKYTbIBAlOLWUX MarucTpajsbHylo apTe-
pUIo, ECNN PE3EKLIUS OMYXOIN HE MOXKET ObIThb
JocTuUrHyTa 6e3 nospexkaeHus aptepun [30];

2) Hanuume 3710KAYeCTBEHHOW ONyXO/aW, BOB-
NleKatolLein B ceba MarncTpanbHyto apTepuio,
C Lefiblo TOTaNbHOW pe3ekumn HoBoobpaso-
BaHus «en-block» [30];

3) cTteHo3 (OKKJO3USA) MarucTpasbHOW apTe-
pUM OMYyXOJiblO, UTO BbI3bIBAET Y MaLMEHTa
CUMNTOMbI LiEepebpanbHON UWEMUN UK 3HA-
UNTENbHOE CHUMEHWE LLepebpoBacKkynspHO-
ro pesepsa No AaHHbLIM NpeaonepaunoHHo-
ro obcnepgosanus [30];

4) HesannaHWpPoBaHHOE WHTpPaoNepaunoHHoe
noBpeXAeHNe MaructpasbHOn apTepuu,
€CJIN ee NMPOXOANMOCTb HE MOXET BbiTb BOC-
CTaHoBJieHa in situ [30];

5) cMHApPOM «pa3pblBa COHHOW apTepum»,
eC/IN ero KynmpoBaHWe HEBO3MOMXHO ApYy-
rum cnocobom [34, 45].

TakuMm 06pasoM, BOMPOC O MOKa3aHMUAX
N TEXHMKE BbIMNOJIHEHNS CTPAXOBOUHbIX LIYHTOB
Nnpu 1eYEeHUM NaLNEHTOB C KpaHMoba3anbHbIMU
OMyXONAMU OCTaeTCA OTKPbITbIM. Mpu unsyue-
HUWU AOCTYMHOW NNTEPATYpbl Halle BHUMaHuE
NpuUBMiEKNa MeToAMKa CO34aHUsl BPEMEHHOrO
3KCTPa-MHTPAKPaHUANbHOIO  LWIYHTa  MEXAY
JlyUeBOW apTepUEl Ha Npeaneybe U BETBAMMU
CpelHen MO3roBOi apTepun, paspaboTaHHas
015 BbIKIOUEHUS CJIOXMHbIX aHEBPU3M Yy nNa-
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LMEHTOB C HU3KOW TOJIEPAHTHOCTbD K wulle- c 6paxuuedasbHbIMU apTePUsIMU Ha Wwee —

MUKW MPU MPOBEAEHUMN OKKJO3MOHHbIX TECTOB LWYHT BbICOKOIO MOTOKa,

H. Kamiyama [47]. 3) nNpu BbINOJHEHUW PeEBACKynsapusaumm BO3-
Mbl afanTMpoBaauM U MPUMEHWUIN AaHHYIO fepxatbcsa OT 3abopa apTepwii CcKanbna,

TEXHUKY ANs fleyeHus 60/bHBIX C KpaHuoba- UTO YMEHbLUAeT PUCK OCJIOXKHEHUN CO CTO-

3a/bHbIMK onyxonsmu [48] n HaxoamMm ee no- POHbI ONepaLnoOHHON paHbl.

JIE3HON, TaK KaK ee NpMMeHeHMe No3BoNSAeT:

1) «bonee yBepeHHO», pafivKkanbHO 1 6esonac-

2)

BbIBOIbI
HO yaansTb HOBOOBpasoBaHWS C BOBJEYe-
HVEM B OHyXOﬂeBbIVI y3en MarunctpanbHbIX HanoxeHue CTPaxoBOYHOIo 3KCTpa-MHTPa-
apTepvu7| FON0OBHOIO M0O3ra; KpaHanbHOro wyHtTa C WUCNoJsib30BaHMEM ay-

B 3aBMCUMOCTM OT TEXHMYECKOro pe3ysib- Torpadpta Ny4vyeBOl apTeEpPMM C COXPaHEHHOW
TaTa OCHOBHOro 3Tana onepaumn GOpPMU- TMUTAIOLLEN HOMKOW SBnseTcs 3OEKTUBHbLIM
pOBaTb 3KCTpPa-WHTPaKpaHMaabHble LWYH- MPUEMOM, PaCLUMPSIOWNM BO3MOMHOCTEN MU-
Tbl C Pas/iyHbIM OOBEMHbLIM KPOBOTOKOM:  KPOXUPYPrUUECKOrO JieUeHUs KpaHuobasasb-
Mpu CLUMBAHMM MPOKCUMANbHOIO KOHLA  HbIX HOBOOOPA30BaHWUI C BJIEYUEHMEM B CTPOMY
rpadTa C MOBEPXHOCTHOW BUCOYHOW ap- OMyXOJiM MarucTpasbHbiX apTepuii Mosra. 0T6op
TEepuen co3paeTcs LWYHT HU3KOro MOTOKa, MauMEHTOB ANS AAHHOro BuAaa onepauui Aon-
C BEPXHEYEJIIOCTHOM apTepueE — CPEeAHEro, KeH OCYLLECTBASATLCS MO CTPOrMM MOKa3aHUSAM.
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KnuHuueckue cnyydawm / Clinical cases

[IceBTOTYMOpO3HAS peaKna Ha FeMOCTaTUYeCKUI
MaTepuaJi. HoBbII OIX0] K JI€UeHUIO Ha IIpUMepe
KJINHNYECKUX CJAYYAEB

Kywenb 10.B., KoHoBanosa E.U.S, fleMuH M.O.
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Pesiome

BeBeaeHue. 3G deKTUBHbLIA FreMOCTas MMeeT KoUeBOe 3HaUYeHne B HeMpoxmupyprumn, ocobeHHo npu onepa-
LMSX Ha rpaHuLLe OnyX0J/ib/MO3r, FAe KacCMyecKkre MeTOoAbl OCTaHOBKM KPOBOTEUYEHUS MOTYT BbiTb HEA0-
CcTaTouyHO 3 deKTUBHbI. OKCULLENION03HbIM MaTepuas, LUIMPOKO NPUMEHSAEMBbIN B TakMx onepaunsx (B Ha-
LIMX onepaLmnoHHbIX — Surgicel®, 0AWH M3 caMbiX NONYASPHbLIX MaTepPUanoB), B peAKUX CNyYasx Bbi3biBaeT
rpaHy/semMaTo3Hble peakuun, KOTopble MOFyT UMUTMPOBAaTb PELUANB ONyX0Nun nunum abeuecc.

Llenb nccnepoBaHma. PaccMoTpeTb ABa KAMHWYECKMX NpUMEpa BOCNaauUTebHON peaKkuun Ha remocTa-
TUYECKWIA MaTepman C yCnewHbIM KOHCepPBaTUBHbIM JleYeHUEM U 06CyanTb CYLLECTBYIOLWYO NuTepaTypy
no AaHHol npobieme.

MaTepuanbl U MeToAbl. MprBeAEHbI KIMHUYECKME Caydyan ABYX nauneHToB (17 n 10 neT), nepeHeclumx
HEeNpoxMpypruyeckme onepauum C UCNOJb30BAHMEM OKCULENON03HbIX FTEMOCTAaTUKOB, NOC/E KOTOPbIX
pasBuiacb BOCNanauTesbHas peakuus Ha MaTepuan. B oboux cnyuyasix npoBeseHa NpoTUBOBOCNAANTENb-
Has Tepanus ¢ MCNONb30BaHWEM NPeAHN30/10Ha, YTO NPUBENO K MOAHON perpeccun CUMNTOMOB.
PesynbTaThl. Y 060MXx NauveHTOB 0TMeYanacb TUNUYHAs KAWMHWUYECKas KapTWHa BOCManUTesbHOW peak-
LMW Ha reMoCTaTUUYEeCKNiA MaTepua, YTo NOATBEPHKAAN0Ch HENPOBU3Yann3aLNOHHbIMU (MarHUTHO-pe30-
HaHCHas ToMmorpadus) n nabopaTopHbIMY AaHHbIMU. [IPOTMBOBOCNANUTENbHOE IeYeHVEe NPeAHN300HOM
[lano 6bICTpbI TepaneBTUYECKUN 3D eKT, N03BONB M36eKaTb NOBTOPHOWN onepauun. Peakums Ha reMo-
CcTaTUYECKUA MaTepual, Takas Kak rpaHysemMaTosHoe BocnaneHue, TpebyeT TwaTtenbHol anddepeHum-
afbHOl ANArHOCTUKN C PeLUANBOM ONYX0Nnu 1 abcueccoM. B cTabunbHbIX cnyyasix BO3MOXHO yCrelwHoe
KOHCEpBaTMBHOE JIeYeHME, YTO NO3BOSET U36eKaTb HEHYKHbIX XUPYPrUUYECKNX BMeLIaTeNbCTB.

KntoueBble cnoBa: rananbHble OMyXONW, XUPYpPruyeckoe nedyeHue onyxonen LHC, remocTtatuyeckue
CpeancTBa, OKCULLeNN0N03a, rpaHyneMa, abcuecc, peuuavB rananbHoR onyxonu

Ana umtnposanus: Kywenb H0.B., KoHoBanosa E.N., leMnH M.O. NceBAOTYMOpPO3Has peakumnsa Ha remMo-
cTaTMUecKuii MaTepuasn. HoBbIli MOAXOZA K IeYEHUIO Ha NpUMepe KANHUYeCKUx caydaes. CubHelipo.2025;
1(1): 68-77. https://doi.org/10.64265/sibneuro-2025-1-1-68-77
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KOHOAMKT HTEepecoB. ABTOPbLI 3a8BUAN 06 OTCYTCTBUM KOHOIMKTA MHTEPECOB.

duHaHcHMpoBaHue. lccnefoBaHne NPOBeAEHO 6e3 NpUBNEUYEHNs KaKoN-NM60 GUHAHCOBOI NOALEPKKM.
Wcnonb3oeaHue WW. Mpu HanucaHUM CTaTbl TEXHONOMUM UCKYCCTBEHHOIO UHTENNEKTA HE WUCMO/b30-
BaNunCh.

JOCTYNHOCTb AaHHbIX. [laHHble, NMOATBEPMKAAIOLLME PE3YbTaThl U BbIBOAbI, BK/OUEHbl B MaTepuan cTa-
Tbu. OCTasIbHble CBEAEHUS O NALMEHTAxX UMEKTCs B PacropsieHUn KONIEKTUBA aBTOPOB.
BnarogapHocTu. KoNNIEKTUB aBTOPOB Bhipa)aeT 61aro4apHOCTb NauMeHTaM U X POAUTENSM 3a UX A0Be-
pve 1 NOHWMaHWE, a TaKKe KONNIEKTUBY OTAENEHUS 3@ HEOLEHWUMbI BKNAA B eYeHME NaLMEHTOB.

NocTtynuna: 08.04.2025
MpuHsaTa K neyaTtun: 15.08.2025
Ony6nvkoBaHa: 15.10.2025
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Pseudotumorous reaction to hemostatic material.
A new treatment approach illustrated by clinical cases
Yuri V. Kushel, Elizaveta I. Konovalova™, Maksim O. Demin

N.N. Burdenko National Medical Research Center for Neurosurgery, 4ya Tverskaya-Yamskaya str., 16,
Moscow, Russian Federation, 125047

Abstract

Introduction. Effective hemostasis is crucial in neurosurgical operations at the tumor/brain interface,
where classical methods of bleeding control may be insufficient. The widely used oxidized cellulose
material (Surgicel®, one of the most popular materials used in our operating rooms) rarely causes
granulomatous reactions that can mimic tumor recurrence or an abscess. Objective of the study
was to review two clinical cases of an inflammatory reaction to a hemostatic agent with successful
conservative treatment and to discuss the existing literature on this issue.

Materials and methods. We present the clinical cases of two patients (17 and 10 years old) who underwent
neurosurgical operations using oxidized cellulose hemostatic agents, after which an inflammatory
reaction to the material developed. In both cases, anti-inflammatory therapy with prednisolone was
administered, leading to the complete regression of symptoms, including radiological findings.

Results. Both patients exhibited a typical clinical picture of an inflammatory reaction to the hemostatic
material, confirmed by neuroimaging (MRI) and laboratory data. Anti-inflammatory treatment
with prednisolone provided a rapid therapeutic effect, avoiding the need for reoperation.

Conclusions. Areactionto the hemostatic material, such as granulomatous inflammation, requires careful
differential diagnosis from tumor recurrence and abscess. In stable cases, successful conservative
treatment is possible, avoiding unnecessary surgical interventions.

Keywords: glial tumors, surgical treatment of CNS tumors, hemostatic agents, oxidized cellulose, gran-
uloma, abscess, glial tumor recurrence
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BBencnue
POKO WCMOJ/b3YKOT MNOBEPXHOCTHO aAKTUBHbIE

JbdeKTUBHbIA reMocTa3 SIBASeTCS BarKHel- npenapaTthbl 4SS NOBbILEHUS HAAEKHOCTU reMo-
WMM YyCIOBMEM MPOPUAAKTUKN XUPYPrMUYECKMX  CTasa. B Mupe LUMPOKO MCMonb3yTCs CpeacTBa
OCNOMKHEHWUI. B Helpoxmpyprum npobnema re- Ha OCHOBE pereHepMpoBaHHON OKCULENNIONO-
MoCTasa Hambosee akTyasbHa, Tak Kak BHYTPU-  3bl, XOPOLLO M3BECTHbIE MO/ TOProBOA MapKol
yepenHas reMaTtoMa — 3TO XU3Heyrpoxawuwee Surgicel®. 3ToT NnpenapaT YKNaAblBaeTCa B KOH-
CoCTOsiHMe, Tpebylollee SKCTPEHHOW XWPYprv- Le onepauMu Mocfe KoaryasuuMm OCHOBHbIX
YeCKoW noMoLK. YacTo HeMpoOXMpypruyeckme  UCTOUYHUKOB KPOBOTEUEHMS Ha MOBEPXHOCTb
onepauuu, oCobeHHO B HEMPOOHKONOrMW, 3a- 30Hbl CNABOMHTEHCMBHOIO MAPEHXMMATO3HOrO
KaH4YMBAIOTCS HE MO AOCTMXEHUU HOpPMasbHbIX  KpoBoTeueHus. Mimesa pH < 3,5, okcuuenntono-
aHaTOMMUECKMUX FpaHuL, TKaHel, a B Tak Hasbl- 3a AENCTBYET Kak ciabas KucnoTa: Koarynampyet
BAaeMOWN «MNepexofHOM 30HE» MexAy 340p0o- 6enKku Ha NOBEpPXHOCTW, OKUCASET reMoriobuH
BOI/ TKaHblO M OMyX0ablo. B Takoi cuTyauunm U 3anyckaeT npoueccbl GopMmupoBaHua ¢pubpu-
3QPEKTUBHOCTb KNacCMYECKMX MeTOA0B OCTa- HOBOro cryctka [1-3]. B otanume oT nponsBoa-
HOBKM KpOBOTeUYeHUsi (Koarynsuusl, MMrnpoBa- HblX KoanareHa (KonjareHoBas M KenaTUHOBas
HWe) ObIBAET CHUMEHA, M HEWpPOXMPYPru Wn- Ty6KM), FEMOCTATMK U3 OKCULIENION03bl HE 06-
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najaet ApKUMM  @HTUFEHHBIMKW  CBOICTBAMM
N He LOJIKEH 3anyCKaTb MMMYHHBbI OTBET B TKa-
Hax [4]. Mo peKoMeHAauun nNpousBoOAUTENEN
€ro MOXHO OCTaBAATb in Situ N0 AOCTUXKEHUU re-
MocTaTunyeckoro a¢dekta. TeM He MeHee, B au-
TepaType OnucaHbl Cjiyyan rpaHyiemMaTo3HOM
peakuMM Ha oKcuuennonosy. B 6onblinMHCTBE
C/lydyaeB PEHTreHOJIOrMYecKass KapTuMHa Tpak-
TOBanacb Kak peuuamB Onyxonn uam abcuecc,
1 NauMeHTbl 6blan onepupoBaHbl [5-9]. B Hawwel
KJAMHUYECKOWN MPaKTUKE OKas3anoChb ABa CXOXMUX
Nno KAWHUYECKOMY TEUEHMIO U MArHUTHO-pe30-
HaHCHOI ToMorpaduueckoii (MPT) ceMMOTUKe
Hab/loAeHNs, KOTOPbIE NCXOAHO BbINM pacLeHe-
Hbl KaK BO3MOMHas peakuus Ha remocrtaTuye-
CKWUIA MaTepuan, XoTs U 6blI BO MHOMOM MOXO-
¥ Ha 06BEMHbIV NPOLLECC C XapaKTePUCTUKAMM
abcuecca nnbo peumamBa HOBOOGpasoBaHMA.
Mpy 3TOM aHaMHe3 MauMeHTOB, M3HauyasbHbIN
AMarHo3 1 nabopaTopHble AaHHbIE MO3BOJIMAN
NOCTOBEPHO MCK/OUMTL M OMYXOJEBYH, U WH-
GEKUMOHHYIO MpUpoAY W3MEHEHWA, TO ecTb
BCSA KNMHUYECKas CUTyaums nossossna npeano-
JIOXUTb «MCEBAOTYMOPO3HOE», UMUTUPYIOLLLEE
06bEMHBIN NpoLecc, TeYeHNE BOCHANNTENBHOMO
OTBETa B paMKax peakuun runepuyyBCTBUTENb-
HOCTW 3aMeAJIeEHHOro Tuna. Ha ¢oHe npoTuBO-
BOCMA/IUTENIbHOrO JIEYEHUS] BCE KJMHUYECKUE
N HeNpoBM3yann3aUMOHHbIE W3MEHEHMWs NOJ-
HOCTbIO perpeccupoBasu, a NauMeHTbl TakUM
06bpasoM 6bian M36aBNeHbl OT HEHYXHOro Mo-
BTOPHOrO BMeLIATENbCTBA. Mbl He Hawau B au-
TepaType onuncaHunii KOHCEPBATMBHOIO JIeYEHUS
NoAo06HbIX CUTYALMIA.

MarepuaJibl 1 METOJBI

WiccnepoBaHue OCHOBAHO Ha PETPOCMEKTUB-
HOM aHain3e ABYX KNMHUUYECKUX ClyYyaeB nauu-
€HTOB, MEPEHECLUNX HENPOXUPYPruyYeckmne one-

pauunm C MCMNOJIb30BaHMEM FeMOCTaTUUYECKOro
MaTepuasia Ha OCHOBE pereHepuMpoOBaHHOM OK-
cuuennonossl (B HalWeM ciyyae — caMblil nony-
NIAPHbIA MaTepuan npoussoantens Surgicel®).
06a naumeHTa B NocseonepauMoHHOM nepuoae
[LEMOHCTPMPOBANN MPU3HAKN BOCMANMNTENIbHOW
peakuuMm C Hecneuuduyeckumn nabopaTop-
HbIMW MPOSABNIEHUAMU U KapTUHOW UMEHHO Ji0-
KaJbHOrO BOCMANMTENIBHOrO MpoLecca, KoTo-
pas 6bina noaTeepAeHa npyv MPT rosioBHOro
MO3ra C KOHTpacTupoBaHueM. Mpu BbINOAHEHNN
MPT oueHMBaNNCb W306paXKEHUs, MONYYEH-
Hble MO CTaHAAPTHOMY MNPOTOKOJY B pexume
T1 1 T2 usyyanncb aHaTOMUYECKNE OCOBEHHO-
CTW, pexum T2 FLAIR nosBonsn oueHuUTb CTe-
NneHb JIOKaNbLHOrO OTeKa TKaHen, pexum DWI -
OLLeHUTb orpaHuvyeHue anddysmm. Kpome MPT,
ANarHoCTMKa BKJHOUANa KJAMHUYECKYH OLLEHKY
cocTosiHMA, nabopaTopHblie MUcceaoBaHus: 06-
LW aHan3 KPOBU, OLEHKY ypOBHS C-peakTuB-
Horo 6enka (CPB) W MpOKanbLUMTOHWHA CbiBO-
POTKU KPOBU, KJIMHUUYECKUA U BUOXUMUYECKNIA
aHann3 NMKBOpa, MMKpObUoNornyeckoe mccre-
[OBaHWE NNKBOPaA.

KoHcepBaTMBHOE NleveHne BKJIKUAN0 HasHa-
yeHue npeaHusonoHa (30 Mr aBaxKabl B CYTKM
BHYTPMMbILLEYHO B TeueHue 5 pgHel cC nocTe-
NMEHHON OTMEHOWN B TeueHue Hepenn). dpdek-
TMBHOCTb TEpPanNuM OUEHNBaNaCb Ha OCHOBaHUN
MOHUTOPWUHIa KJMHUYECKOro COCTOSIHUS nauu-
€HTOB, AMHAMMKM NnabopaTopHbIX MOKasaTenein
N fl@aHHbIX HelipoBusyanusauuun (MPT).

KnuHuyecKkun cnyyanm Ne 1

MauunenT C., 17 net, KaBepHoMa Meauno-b6a-
3a/bHbIX OTAEN0B MpaBOM BWUCOYHON A0AN.
3a HECKOJIbKO MECSALIEB A0 MOCTYMJIEHUS K HaM
B CTauMoHap UCnbITan NPUCTYN BbIPaXKeHHOM
ronoBHOM 60/K, CTaBLMA NMOBOAOM K BbIMOJI-

PUCYHOK 1. KanHUYeckuin cnyyaim N2 1, ucxoaHble gaHHble MPT B pexkuMax T1 ¢ npuMeHeHneM KoHTpacTa (T1+Gd) n T2:
XapaKTepHble NPU3HaKW KaBEPHOMbl MejuasbHbiX OTAEN0B NpaBoi BUCOYHOW A0S FONOBHOrO Mo3ra. ICTOYHMK: co-

CTaBJieHO aBTOpOM

Figure 1. Clinical Case #1, baseline MRI in T1 with contrast (T1+Gd) and T2 sequences: characteristic features of a
cavernoma in the medial portions of the right temporal lobe of the brain. Source: created by the authors
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HeHutio MPT, roe 6bina BbisiBJieHa KaBepHOMa
c KpoBousnusiHueM (PucyHok 1). Annepronoru-
YeCcKuin aHaMHe3 6e3 ocobeHHoCTeN. XpoHuue-
CKUX 3aboneBaHuin HeT. JlabopaTopHbie MOKa-
3aTesn nepes onepaunen B npeaenax HopMbl.

BbinonHeHa onepaums — MUKPOXUpPYpruye-
CKOe yAafieHWe KaBepHOMbl M3 BUCOYHOFO MU-
HU-gocTyna. MauneHT npobyxaeH uepes 2 yaca
rocje OKOHYaHUst onepauumn 6es HeBposormye-
ckoro aeduumnTa 1 6611 NepeBeseH B obuiee oT-
AefieHne 13 nanatbl NPoBbyXKAEHUS onepaLnoH-
Horo 6noKka. KomnbloTepHas Tomorpadus (KT)
B MepBble CYTKM Moche onepauunn BbiNOJHEHA
B paMKax CTaHAAPTHOrO KAMHWYECKOro npoTo-
KoJla AN UCKJIIOUEHUS XMPYPrUUECKMX OCNONK-
HEHWI N NpeACTaBiieHa Ha PUCYHKe 2.

Ha 3-u cyTKM nocne onepauum oTMeYaeTcs
MosiBleHWe MEHMHIM3Ma U NuMxopaaKku. B o6-
LLLeM aHanM3e KPOBW BOCMANUTENbHbINA HEWTPO-
dunbHbIA caBur (06L1EE KOMMUECTBO NENKOLIN-
ToB 17 x 10° n, HeiiTpodunbl — 85 %), BbICOKMIA
CPB (157 ™mr/n), npokanbUMTOHUH 0,08 Hr/m.
BbinonHeHa ntoMbanbHas NYHKUWUS, BbISBUB-
wasa nekoumntos 7000/MN, HU3KYIO TFHOKO3Y
(1,9 MMonb/n) 1 BbicOKKUIA nakTat (10,7 MMonb/n).
MuKpobMonornyeckoe nccnefoBaHne NMKBopa
BbisBUNO Klebsiella oxytoca. Hauato neuyeHune
BaHKOMULIMHOM M MEPOMNEHEMOM BHYTPUBEHHO
B TeueHune 10 gHen. Ha 3ToM dOHe AOCTUTHY-
Ta HopManusaums nabopaTopHbiX MOKasaTe-
Jleil, NoNy4YeHbl CTepusibHble MOCEBLI JIMKBOPA.
3a BpeMsa HabnloaeHUs HEBPOOFMUECKMIA CcTa-
TyC MauMeHTa 0CTaBajiCs HOpMasbHbIM, @ 06-
LLLee COCTOSIHME U3MEHEHO INLLb acTeHM3aLMEN
MpW OTCYTCTBUM Kakux-nmbo »anob n cumnto-
MOB, TemnepaTypa Tena TakXe ocTaBanacb
HOpPMaJibHOMN.

MauneHT BbINMCaH AOMOW Ha 11-e CyTKu
rnocne onepauumu. Ha MOMEHT BbINUCKM B aHa-
IM3ax KpoBu 0bLiee KOAMYECTBO NENKOLMTOB
coctaBuno 8 x 10° n, Hentpoduabl — 59%,
CPB = 10 Mr/n, npoKanbUMTOHUH < 0,05 Hr/MJ.
Yepes 4 AHA NocCae BbIMUCKU OTMEYEH PasoBbli
noabem TemnepaTypbl Ao 38,5 °C 6e3 HeBpoJiO-
FMUYECKMX CUMMNTOMOB, BKJOUas oTCyTCTBUE 06-
LLLEMO3rOBON N MEHUHIEaNbHO CUMNTOMATUKN.
MPpUHATO pelleHne O rochuTanusaumm c ue-
JIblO BbISIBAIEHUS MPUYMHBI INXOPAAKN C YYETOM
nepeHeceHHoOlr paHee WUHOEKUUM, B MNEPBYHO
ouepedb AN UCKAOUYeHUs peumansa. 06wwmi
aHanu3 nnkeopa 6e3 ocobeHHOCTENM, B nocie-
AYIOLLEM MOCEBblI CTepuNbHble. B 06uieM aHa-
JIN3e KPOBW TaKMKe He BbISBAEHO Kakux-1nbo
NMPWU3HAKOB peaKTMBaLMM CEMNTMUYECKOro BOC-
nanuMTenbHOro npouecca: obuiee KoanMyecTBo
nenkoumntoB 7 x 10° n, HenTpodunbl — 70 %,
CPB = 11 wMr/n. BbinonHeHa MPT c KOHTpacT-
HbIM ycuneHuem (PucyHok 3).

OnddepeHunanbHbIi AnarHO3 NPOBOAMIICS
Mexay ¢opmupylowmMcst abcueccoM Ha Me-
CTe onepauuym U acenTUYeCKor BOCMaAUTENb-
HOW peakuMen Ha reMocTaTUUYECKMA MaTepuan.
YuuTblBass OTCYTCTBME JaHHbIX, CBUAETESNb-
cTBylOWMX 06 MHPEKUMOHHOM MpoLecce B na-
60paTopHbIX aHann3ax U OTCYTCTBUE KIAUHU-
YECKOWM KapTUHbl GOPMUPYIOLLEFOCS KPYMHOro
abcuecca Mo3ra, BKAouyas obliee xopollee
COCTOSIHME nNauWeHTa, NpeanosioeHa BOC-
naanuTenbHasi peaKkuuss Ha reMocTaTUYecKuit
mMatepuan. bnaropgapsi BepHOMY MOHUMAHUIO
Hanbosee BEPOATHON MPUPOABI HAXOAKU XU-
pypruyeckoe BMeLLIATENbCTBO He paccMaTpu-
Basocb. Hauata npoTuBOoBOCManMTeNbHas
Tepanusa nNpeaHW30A0HOM B A03MpoBke 30 Mr
BHYTPUMbILLEYHO ABa pasa B CYTKM B TeUeHue
5 pHen c nocneaytowen NOCTENEHHOW OTMEHOM
B TeueHue Hepenn. Ha oHe neveHns oTMeyeH
perpecc JfuMxopajku, obluiee camouyBCTBUE
nauueHTa ocrtasasiocb xopowwuMm. MPT c KOH-
TpacCTHbIM YCUNIeHMEM yepe3 7 AHel nocne Ha-
yana JieyeHUs NpeaHU30N0HOM MpeAcTaBaeHa
Ha pUCyHKe 4.

PucyHoK 2. KnuHuuecknin cnyyam N2 1, KoHTponbHas KT
yepes 24 yaca nocJjie MUKPOXUPYPrUYECKoro yAaneHus
KaBepHOMbl MpaBOli BWCOYHOW [0AN FONOBHOIO MO3ra
B pexumax T2, T1 ¢ npuMeHeHneM ragonuHus (T1+Gd)
1 DWI: UCKAKOUYEHBI XUPYPrUYECKNE OCNONKHEHUS, HET NpU-
3HaKoB nNepudoKaNbHOro OTeKa B 30HE JIOXa yAaneHHOoW
KaBepHOMbI. /ICTOUYHMK: COCTaBlIeHO aBTOPOM

Figure 2. Clinical Case #1, follow-up CT 24 hours after
microsurgical removal of the cavernoma in the right tem-
poral lobe of the brain in T2, T1 with gadolinium (T1+Gd)
and DWI sequences: surgical complications are ruled out,
there are no signs of perifocal edema in the region of the
resected cavernoma bed. Source: created by the authors
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PucyHok 3. KnnHuueckuii cayyain Ne 1, MPT ronoBHOro Mo3s-
ra B pexumax T2, T1 ¢ npuMeHeHneM ragonnHus (T1+Gd)
1 DWI ¢ KoHTpacTHbIM ycuneHnem yepes 15 cyTok nocne yaa-
JIeHVS1 KaBEPHOMbI NPaBO BUCOYHOW O/IN: BblPaXeHHbIN ne-
pvdoKanbHbIN OTEK B peume T2, HaKoMNeHNe KOHTPACTHOro
npenapara rno Kpaw rnociaeonepaumMoHHON NoJOCTH, XapaK-
TEPHOEe KaKk Ana CNos reMocTaTUYecKoro Matepuana B nep-
Bble HeZleIn nocie onepaumm, Tak u ansa abecuecca, a Takke
HexapaKkTepHble Ans abcuecca napameTpsl Anddysmn B pe-
®mme DWI (b = 1000). VicTOUHMK: COCTaBNEHO aBTOPOM

Figure 3. Clinical Case #1, brain MRI in T2, T1 with gadolin-
ium (T1+Gd) and DWI with contrast enhancement 15 days
after removal of the right temporal lobe cavernoma: pro-
nounced perifocal edema on T2-weighted imaging, accumu-
lation of contrast agent along the edge of the postoperative
cavity, which is characteristic both of a layer of hemostatic
material in the first weeks after surgery and of an abscess,
as well as diffusion parameters on DWI (b = 1000) not char-
acteristic of an abscess. Source: created by the authors

Ha MOMeHT BbINMUCKK, yepe3 18 gHen nocne
Hauyana fieyeHus, obllee COCTOSIHME XOPOLUEE,
COMATUUYECKM U HEBPOJIOFMYECKM 6e3 OTKIO-
HEHWN, HOpManbHble NabopaTopHbIE MOKasaTe-
nn (obluee KonmuecTso aenkountToB 5 x 10° g,
HenTpodunbl — 58 %, CPB = 2,5 mr/n, npo-
KanbUUTOHMH < 0,05 Hr/mn). Yepes 5 mMecsueB
nocse onepauuMu npu KOHTPOJBbHOM OCMOTpe
CaMO4yBCTBME NMaLMEHTA XOPOLLEE, *Kanob HerT,
HEBPOJOrMYECKOM CUMNTOMATUKM HeT. KoH-
TpoJsibHas MPT npeacTaBfieHa Ha pUCYHKe 5.

KnuHuyecKkun cnyyan Ne 2

MauneHTt I., 10 neT, KAMHUKO-PEHTreHoN0-
rMyecKass KapTuMHa rAWOMbl 3aAHUX OTAENoB
npaBoli OCTPOBKOBOW A0AM (raHrAvoranoMma).
OKono ropa pebeHka 6ecrnokowan MapoKcus-
Mbl B BUJE YYBCTBA XKEHUA B NE€BONA MOJNOBU-
He nuua npoao/IKUTeNnbHOCTbIO oKono 10 c,
NOBTOPSBLUMECS L0 HECKOJIbKMX pas B HeAesto.
Mpu obcnepoBaHun BeinosiHeHa MPT rosioBHO-
ro Mo3ra, rae BbiIBJE€Ha [MajbHas ONyXxoJb
3alHMX OTAEeNIOB MNpaBoOM OCTPOBKOBOW A01U
(PucyHoK 6).

Annepronornyeckunii aHaMHes — KOHas pe-
aKUMs MO TUMY KPanuBHMWLBI HA aMOKCUKNaB.
XpoHuueckux 3aboneBaHuii HeT. JlabopaTtop-
Hble MOKa3saTenu nepej onepaumen B npegenax
HOpPMbI. BbiMmonHeHa onepauus — MUKPOXMPYP-
rmyeckoe ypaajieHuWe TMOMbl 3aJHUX OTAENoB
npaBoOi OCTPOBKOBOW [AOAM U3 TpPaHCCWUb-
BMEBOr0 MWHU-AOCTYNA. [lauMeHT npoCHyn-
€S yepe3 2 yaca nocae OKOH4YaHWUs onepauuu
N 6bln NepeBefleH B KJMHUUYECKOE OTAENEHUE
13 nanatbl NPobyXAeHNs onepauMoHHOro 6s0-

PUCYHOK 4. KnuHunyeckunin cnyyaii N2 1, MPT ronoBHoOro mosra B pexumax T2, T1 ¢ npuMeHeHueM ragonmHus (T1+Gd)
C KOHTPacTHbIM yCUNEHUEM Yepes 22 [HA nocae onepauun: perpecc BocnaanTeNbHbIX U3MEHEHWUN: YMEHbLIEHWEe Nnepu-
doKanbHOro oTeKa B 30He onepauumn (pexum T2), yMeHblUeHe pasMepoB NnocaeonepaLmoHHOin nonoctu. NMpu 3Tom xa-
pakTepucTukn Anddy3nm n HakoNAEHUS KOHTPACTHOMO BELLECTBA HE U3MEHWUIUCD, KaK U A0KHO Bbl0o 6bITh C OCTaTKaMm
remMocTaTuKa, eLle He JerpaanpoBaBsLLero B 3TU CPOKU. ICTOUHMK: cCOCTaBIEHO aBTOPOM

Figure 4. Clinical Case #1, brain MRI in T2 and T1 with gadolinium (T1+Gd) with contrast enhancement 22 days after surgery:
regression of inflammatory changes - reduction of perifocal edema in the surgical area (T2-weighted image), decrease in the size
of the postoperative cavity. At the same time, the diffusion characteristics and contrast accumulation have not changed, as should
be expected with remnants of the hemostatic agent, which has not yet degraded at this stage. Source: created by the authors
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Ka. B HeBpoJsiOrMueckom ctatyce oTMeyancs Mo-
HOMapes3 B JIEBON PYKE CO CHUMEHUEM MbllLey-
HON cunbl Ao 4 6annoB, 6osee BblparKEHHbI
B KUCTU. KT B nepBble CyTKK nocje onepauun
BbIMOJIHEHA B paMKax CTaHAAPTHOMo NPOTOKONa
AN NCKNOUYEHUS XUPYPIrUYECKUX OCNOKHEHWNI
(PucyHok 7).

PaHHMIN nocneonepaunoOHHbIA Nepuoa nNpo-
Tekan 6e3 ocobeHHOCTel, MOHOMApe3 4YacTuu-
HO perpeccMpoBan K MOMEHTY BbINUCKW. Mauu-
€HT BbINMCaH Ha 5-e CYTKM Mocje onepauuu.
K 3ToMy MOMeHTy natomMopdonormyeckoe uc-
cnefoBaHue yxe BepudMUMPOBAN0 TFaHraMor-
nMoMy. B nabopaTopHbIX aHannsax oTMeyaeTcs
YMEPEHHbIA BOCMANUTENbHbIA CABUT Ha QOHe
HopMasnbHOro (< 0,05 Hr/mMa) npoKaibuUMTO-
HWHa, NOoBbIWEHHOTO A0 35 Mr/n ypoBHsi CPB,
npv 3TOM rMNepTepMnM U CUMMANTOMOB BOCnasne-
HUA HeT. Ha 14-e cyTKM nocne onepauuu na-
UMEHT OTMETUA YXYALleHNE B BUAE CHUMKEHUS
MbILLEUHOI CUJIbl U 06bEMA ABUMKEHUA B NEBOWA
pyKe LO paHHero nocaeonepauyMoHHOro ypoB-
HA, TeMnepaTypa Tejfia ocTaBajacb HOpMasb-
HOW. BbinonHeHa cpoyHas MPT (PUcyHoK 8).

PucyHoK 5. Knunuueckuii cnyyan N2 1, KoHTponbHas MPT
roJI0BHOI0 MO3ra B pexuMe T2 C KOHTPaCTHbIM YCUNEHUEM
yepe3 5 mMecsAues nocae onepauun: 0TMeYaeTcs MOJIHbIN
perpecc nepudoKanbHOro OTeKa v MHBOMOLMSA Nocneone-
paLMOHHON NoMoCTM C GOPMMPOBAHUEM FMANBHOTO py6-
ua, 06bIYHOro AN NocneacTBuii aHuedpanotoMun. Mctou-
HUK: COCTaBJIEHO aBTOPOM

Figure 5. Clinical Case #1, follow-up brain MRI in T2 with
contrast enhancement 5 months after surgery. There
is a complete regression of perifocal edema and involu-
tion of the postoperative cavity with the formation of a gli-
al scar, typical of the sequelae of encephalotomy. Source:
created by the authors

PucyHoK 6. KnnHuuecknin cnyvain N 2, ncxogHole aaHHole MPT B pexmmax T2, T1 u T1 ¢ npuMeHeHueM ragonnHus
(T1+Gd): raHrnnornnoma 3afHUX OTAENOB NPaBOil OCTPOBKOBOW A0/IM, XapaKTePHbIE PEHTIeHON0rnYecKme NpusHakm low
grade rnvoMsl. ICTOYHMK: COCTaBNEHO aBTOPOM

Figure 6. Clinical Case #2, baseline MRIin T2, T1 and T1 with gadolinium (T1+Gd) sequences: ganglioglioma of the pos-
terior portions of the right insular lobe, characteristic radiological signs of a low-grade glioma. Source: created by the
authors

PUCyHOK 7. KnnHunyeckuin cnyvai N2 2, KoHTponbHasa KT uepes 24 yaca nocne MUKPOXUPYPrMyYecKoro yaaneHns HoBoo-
6pasoBaHuWsA: UCKIIOYEHbI XMPYPruyecKkme 0CA0KHEHNS, HET MPU3HAKOB NepUPOKaNbHOI0 OTEKA B 30HE JI0XKa YAaNEHHON
rAnoMmsl. ICTOYHMK: COCTaBNE€HO aBTOPOM

Figure 7. Clinical Case #2, follow-up CT 24 hours after microsurgical removal of the neoplasm: surgical complications are
ruled out, there are no signs of perifocal edema in the region of the resected glioma bed. Source: created by the authors
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PucyHok 8. KninHuueckuii cnyyain Ne 2, MPT rofioBHOro M03-
ra B pexxumax T1, T2, T2 FLAIR n DWI ¢ KOHTpPacTHbIM yCu-
NneHveM Ha 13-e CyTKV nocJie yaaneHus raHrimoramomsl. Bol-
paeHHbIl nepudoKanbHbIi 0TeK (B perkmnmMax T2 u T2 FLAIR)
CO 3HauYWTeNbHbIM Macc-3GdEKTOM — NpaBblii HOKOBOW Keny-
noyek nedpopMMpoBaH, eCTb naTepanbHas AMCIOKaLuMa cpe-
LVHHBIX CTPYKTYP. Ha 3TOM 3Tane yxe nssecteH mopdonoru-
YeCKWin ANarHo3 raHriMoranoMbl, YTO MO3BOSET UCKIIOYUTD
BO3MOMKHOCTb ObICTPOro peuvavBa M Manuramsaumu. B pe-
®ume DWI (b = 1000) xapaktepuctukm andodysuu, He CBOWA-
CTBeHHble abcLeccy. VICTOUHMK: COCTaBNIEHO aBTOPOM

Figure 8. Clinical Case #2, brain MRI in T1, T2, T2 FLAIR and
DWI with contrast enhancement on day 13 after removal
ofthe ganglioglioma. Pronounced perifocal edema (on T2 and
T2 FLAIR sequences) with significant mass effect — the right
lateral ventricle is deformed, there is lateral displacement
of the midline structures. At this stage, the morphological
diagnosis of ganglioglioma is already known, which rules out
the possibility of rapid recurrence or malignant transforma-
tion. On DWI (b = 1000), the diffusion parameters are not
characteristic of an abscess. Source: created by the authors

B aHasmM3ax KpOBM OTMEUAETCH CHUMNKEHWe
CPB n0 8 Mr/n. YunTbiBas HEBO3MOMHOCTb pe-
LUMAMBA FaHTIMOMINOMbI B TaKMe KOPOTKNE CPo-
KM 1 C TAKUMU XapaKTEPUCTUKAMU IOKANbHOIO
OTEKa, @ TaKMKe OMbIT, MOJyYEHHbI NpPU neve-
HMM NEePBOro NaUMEeHTa, U AAHHbIE TNTEPATYPHI,
cuTyauust 6bina 6onee yBEPEHHO pacLeHeHa
KaK BOCMaJuMTeNbHO-annepruyeckas pearums
Ha remocTaTu4eckuii MaTepuan. Hauata npotu-
BOBOCNAnAUTENbHAsA Tepanus MNpeaHU30J0HOM
(30 Mr aBa pasa B CYTKM BHYTPUMbILLEYHO B Te-
yeHne 5 aHelr € nocneaylowen NOCTENEeHHOM
OTMeHOli 3a Heaento). Ha doHe neueHns otMme-
UEeH perpecc HeBpPOJOrMYECKOM CUMNTOMATUKN,
obllee caMOuyBCTBME MaUMeHTa OCTaBanoCb
CcTabunbHO XxopownM. MPT € KOHTPaCTHbLIM yCU-
NieHneM yepes 12 aHel nocne Hadana JsieyeHus
npeaHM30JI0HOM NpeAcTaBaeHa Ha PUCYHKe 9.
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PucyHoK 9. KnuHuyeckunn cnyyan Ne 2, MPT rosoBHoro
Mo3ra B pexumax T1, T2, T2 FLAIR 1 DWI ¢ KOHTPacTHbIM
ycuneHmeM Ha 25-e CyTKM nocne onepaunun: perpecc Boc-
nannTenbHbIX U3MEHEHUI — YMEHbLUeHNEe nepudoKaibHO-
ro oTeKka B 30He onepauuun, yMeHblueHne Macc-adpdekTa.
MNICTOYHMK: cOCTaBNeHO aBTOPOM

Figure 9. Clinical Case #2, brain MRI in T1, T2, T2 FLAIR
and DWI with contrast enhancement on day 25 after sur-
gery: regression of inflammatory changes - reduction
of perifocal edema in the surgical area, decrease in mass
effect. Source: created by the authors

Yepe3s Mecsu, NocCne OKOHYaHWA Tepanuu
MPT peMOHCTpupyeT AafbHEnWwuin perpecc
BOCMaJINTENbHbIX U3MEHEHUIA B 30HE OMepaLuu
(PucyHok 10). 06 3TOM e CBUAETENbCTBYIOT
HopManu3aums NnabopaTopHbIX MOKasaTenei
(obuiee KonuuecTBO NelikoumToB 5,7 x 10° g,
HenTpodunbl — 55 %, CPB = 1,8 mMr/n).

Oocy:kaenue
BoccTaHoBNeHHas (pereHepupoBaHHas)
okcuuenmonosa (Surgicel®) ucnonbsyertcs

AN ynydlweHus remocTtasa npu Heupoxmpyp-
rmyeckmx onepaumax ¢ 1949 r. [3]. 3a 3To Bpe-
MA npenapat noayvymn npusHaHme n LWNPOKoe
pacrnpocTpaHeHne B KJWHUYECKOW MpaKTUKe.
Ba)kHeMWwunMM KauecTBamMu, obecrneumBIMMU
Surgicel noBcemecTHOe mMpuUMEHEHWE, SABAS-
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toTcs: 3QdEKTMBHbLIA remMocTas, aHTMMUKPO6-
Has aKTMBHOCTb 3a CUYET HM3Koro pH, yaobHble
¢$opMbl BbiNyCKa AN CaMblX pa3sHO0bpasHbIx
KAMHUYECKUX CUTyauuii, BoicTpasi pesopbupy-
€MOCTb, OTCYTCTBME OENKOBbIX MPOM3BOAHbLIX
B COCTaBe — HW3Kass aHTUTeHHOCTb, OTHOCM-
TENbHO HEBBICOKAs CTOMMOCTb, AJIUTENbHbIN
CPOK XpaHeHus, OTCYTCTBUE CneuuabHbIX
yCNOBUWA Ansi xpaHeHusa [1-4]. Hac B pgaHHOM
paboTe, 6e3ycNOBHO, WHTEPECYET TeopeTuue-
CKM HM3Kas aHTUIeHHOCTb OKCULLeNHON03bI.
B wmaeanbHbiX ycnoBuax Surgicel He ponxkeH
BbI3blBaTb HWKAKOW N36bITOYHOM BOCHANUTENb-
HOW peaKkUMn CO CTOPOHbl MECTHOr0 TKaHeBO-
ro UMMyHuTeTa. [eiicTBUTENbHO, 6osee ueM
90-n1eTHUI ONbIT NPUMEHEHUSA TOJNBKO B Hen-
pPOXMPYPruM rOBOPUT O €AMHUYHBIX Clyyasx
Upe3MepHbIX peakuuii opraHMsMa Ha [AaH-
Hbln reMocTaTtuk [1, 10, 11] BaKHO OTMETUTH,
YTO BCE OMUCaHHbIe B JiNTepaType CuTyauuu
N36bITOYHON BOCMANIUTEJIbHON PEaAKLUM Ha OK-
cuuennonosy (M Ha Apyrue remocTaTuKKM) 3a-
KaHUMBaJNCb MOBTOPHONM onepauuer un ypa-
JIEHVEeM ouyara M3MEeHeHHOro curHana Ha MPT.
B HEKOTOpbIX Clyyasx 3TU M3MEHEHUS CUTrHa-
na n GopMMpoBaHMe rpaHyieMbl NPOMCXOAM-
M B MNO34HEM MocjaeonepaunoHHOM Mepuo-
[le; HOr4a nocse onepaunn NPOXoAUNU roabl
N BOCMAnUTENbHblE U3MEHEHUS BbINM pacueHe-
Hbl KaK BEPOATHbIN peunams onyxoan. Ha MPT
y Takux nauMeHToB 06bIYHO MMeeTCs Y3/10BOE
HaKomMJeHWe KoHTpacTa, WHOrAa C MpuU3HaKa-
MW HE3HauYMTeNbHOW MPOrpeccun B AUHAMUKE.
BesycnoBHO, NoAo6HOE KAMHMUECKOE Teue-
HMe ONpaBAbIBAET AKTUBHYK XUPYPruyveckyio
TaAKTMKY, 0COBEHHO B CUTyauMsiX CO 3J10Kaye-
CTBEHHbLIMM HOBOOGpasoBaHMAMK, Koraa HeT
pecypca ¥AaaTb perpecca BocnaneHus nan Ha-
JInuve TaKoro BbIPa*XEHHOro BOCMJIaUTEeNbHOIO
npouecca npenaTcTByeT MPOBEAEHUIO aAblo-
BaHTHON Tepanuu. MMcTonormyeckass KapTuHa
TakMX XPOHMUYECKUX TFpaHyneM OnucbiBaeTcs
KaK 4aCTMUYHO JNIM3UPOBAHHbBIA LEN0N03HbIN
MaTepuan, OKPYXEHHbI MAOTHOW KOJNareHo-
BOW Kancynom M XPOHUYECKUM BOCMAnUTENb-
HbIM MHGUNBTPATOM C PEAKTUBHOM COCYAUCTON
nponudepaumeit, KOTOpbIA pacnpocTpaHsaeTcs
Ha OKPYKaloLLYl0 MO3roByl TKaHb [7, 8, 12,
13]. TuraHTCcKkMe Makpodarm MHOPOAHOro Tena
He xapakTepHbl. OnyxoneBas TKaHb BHYTpU Ta-
KOW rpaHyneMbl oTcyTcTBYeT. OfHaKo 6osiee no-
JIOBUHbI BCeX ONYBNMKOBAHHbLIX A0 HacTosLe-
ro BPEMEHMW cTaTei 06CyKaalT ANArHOCTURY
N TaKTUKY JIEUEHUS MaLNEHTOB B PaHHME CPOKNK
nocne onepaunm — 2-3 Hepenun. B aTn cpoku
KJIMHWYEeCKan KapTuHa u MPT-ceMuoTuKa Hau-
6osee NOXOXM Ha OCTPOEe BOCMANEHNEe B 30HE
onepauun: NosiBAeHMe AN HapacTaHue obuie-

PucyHoK 10. KnunHuyeckunin cnyyan N2 2, KOHTpO/bHas
MPT ronosHoro mMosra B pexumax T1, T2, T2 FLAIR n DWI
C KOHTPaCTHbIM yCUNEHUEM Yepe3 2 MecsiLla nocse onepa-
LMK (COOTBETCTBEHHO Yepes 1 MecsiL, Nocjie OTMEHbI Npes-
HW30J10HA): MOJIHbIN PErPecc BOCNaaNTEIbHbIX U3MEHEHWI
B pexumax T2 n T2 FLAIR, perpecc AMCNOKaLnumM CMeXHbIX
CTPYKTYP. /ICTOUHMK: COCTaBNEHO aBTOPOM

Figure 10. Clinical Case #2, follow-up brain MRI in T1, T2,
T2 FLAIR and DWI with contrast enhancement 2 months
after surgery (corresponding to 1 month after predniso-
lone discontinuation): complete regression of inflamma-
tory changes on T2 and T2 FLAIR sequences, regression
of displacement of adjacent structures. Source: created
by the authors

MO3roBOM CMMMTOMaTUKN, GPOKANbHOIO HEBPO-
Jsiornyeckoro gedmumTta, MEHUHIM3Ma. B ogHOM
C/lyyae, Kak M y Hallero nepBoro nauueHTa,
onucaH 6akTepuanbHbliA MEHUHIUT. B 3TKX cTa-
TbAX Npeobnagany naumeHTbl Nocie yaaneHus
KOHBEKCUTANbHbIX MEHUHIMOM. Yauie BCero
CUTyauusl TpakToOBaNaCb Kak «KUCTO3HbIN» pe-
umane uan abecuecc [5, 6, 8, 9]. Bce naumeH-
Tbl 6bl M OnNepupoBaHbl MOBTOPHO, B LIEHTPE
o6bpa3oBaHua 06HApPYXMBaANMUCh HEMOJIHOCTbIO
JIM3NPOBaHHbIe OCTaTKM remocTaTuka (onwuca-
HO MCMofib30BaHMe MMeHHO Surgicel), a nepu-
depuuyeckas 30Ha npeactaBasna coboi cunb-
HO OTEYHOE U1, KaK OTMEYEHO B 0AHOW 13 paboT,
«Pa3XUKEHHOE» MO3roBOe BELWEeCTBO C NeN-
KOLMTAPHOW WHOUAbTpaunen. HuW B OAHOM
M3 OMUCaHHBIX CJyyaeB nMocae MoayyYeHus
MPT-KapTWHbI, NOAO3PUTENLHONW Ha pPeaKkTuB-
HOe BOCMajieHne, He NpeAnpUHUMANNCh MNOMbIT-
KM aKTMBHOIO NPOTMBOBOCNANUTENIBHOIO Neve-
HWsi. OAHOMY NauneHTy Bbisia HayaTa NpobHas
aHTubuoTnkoTepanus (6es npoTuMBOBOCNA-
NMTenbHoN), He aaBwas 3ddeKkTa, U OH 6bIn
onepupoBaH yepes HeCKOJIbKO AHel Ha QOoHe
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OTCYTCTBUS KINHMYecKoro adpdekTta [5]. Moaa-
BAsIOLLEE YNCNO HabnOAEHUIA — 3TO B3pPOC/ble
nauneHTbl C MEeHUHrmomMamu. JIMWwb B OAHOM
paboTe onucbiBalOTCS TPU NauMeHTa AETCKOro
Bo3pacTa [7]. Y Bcex 6blan 3/10KaUYeCTBEHHbIE
3MbpMoHanbHbIe ONyX0AM U BCE Cly4yan BOC-
nanuTesbHON WHOUALTPaUMM B obnacTn re-
MOCTaTMUYECKOro MaTepuana 6bian pacLeHEHb
Kak peumanB, U NaumMeHTbl 6blan NOBTOPHO one-
pUpoBaHbI.

Hawwu naumeHTbl UMENM A0CTAaTOYHO TUMWUY-
Hble AN peakuMyM Ha remMoctaTMyeckuin marte-
puan KAVMHUYECKYIO KapTUHY W AaHHble Helipo-
BM3yanmsaumn. Mo3TOMy OCHOBHbIM pabounm
AVarHosoM 6bifia NoKanbHas BocCnanuTesbHas
peakumMss Mo TUNY TUNepYyBCTBUTENbHOCTM
3aMeANeHHOro TMna. YuuTbiBas CPOKW mnocne
onepauun, no6poKaYeCcTBEHHYIO Npupoay one-
PUPOBAHHOM NaToa0rMm, BONPOC O BO3MOXHOM
peumavBe He cTosn. EAMHCTBEHHOM anbrep-
HaTuBon B AnddepeHUnaNbHON AMarHOCTUKE
6bin abcuecc. YaooBneTBopuTesbHOe o0buiee
CaMouyBCTBME MauMeHToB 6e3 HapacTaHus
NPU3HAKOB  BHYTPUUEPENHON  FMNEPTEH3UM
n/van 6eicTpoin nporpeccuun GpokasbHOro aepm-
uMTa, AaBalo HAaM BO3MOMXHOCTb MOBPEMEHUTb
C XWpPypruemn, HasHauuTb U OLEHUTb 3heKT
NPOTMBOBOCMANINTENBHOIO AENCTBUS MNpPenHu-
30/10Ha. PeTpOCNEKTUBHO MOXHO KOHCTaTUPO-
BaTb, UTO NPU BEPHOW OLLEHKE CUTYaLUn, neyeb-
Hbli 9O deKT nosABaAnCcs y»Ke yepes 4-6 yacos
nocne nepBod BHYTPUMBILLEYHON WHBEKLMUN,
a yepes CyTKM CaMO4YyBCTBME MaLMEHTOB COOT-
BETCTBOBAJIO TOMY, UTO ObIIO A0 KAMHUYECKUX
NPOSABNEHUNA OCNOXKHEHUSA. KpOME KAMHUYECKON
KapTUHbI, 3GPEKTUBHOCTb JieueHNs No3BoAsNA
oueHnTb MPT B AnHaMuMKe. YKe uepes Hepeso
MOHO OblJI0 YBUAETb YMEHbLUEHWE BbIPaXKeH-
HOCTW 30Hbl BOCMANNTENbHbIX U3MEHEHWIA U Nne-
pudoKaNbHOro oTeKa. Yepes Mmecsu OT Ha4vana
Tepanuu MPT KapTuMHa cOOTBETCTBOBaJa 06bIu-
HOW nocseonepauoHHON.

B nuTepatype o06cCyaaetca BONpPOC BAMW-
SHUSA  KOoJiM4ecTBa WCMOMb3YEMOro remMocTa-
TUYECKOro MaTepuana Ha pPUCKU Pas3BUTUA
BOCManUTENbHOW rpaHynembl. Tak, aBTOpbI
nblTaloTcss 06bACHUTL NpecbnajaHve B onu-
CaHHbIX KJAMHWUYECKUX CAyyasix MauneHToB
C MEHWHIMOMaMU: KpynHas, YacTto 6orato Kpo-
BOCHabXeHHas onyxonb; 6onblas naowanb
pesekunn, Tpebytollas 60/bLLIOr0 KOAMYecTBa
remocTtaTMyeckoro MaTepuana. Haw onbiT
He NMOATBEPAAET TakoW KoHuenuun. 0ba onu-
CaHHbIX B AaHHOW paboTe nauueHTa onepupo-
BaHbl NO MOBOAY MaJjieHbKUX HoBOOGpa3soBa-
HUA M3 MUHUMANbHO-MHBA3MBHbIX AOCTYMOB.
Bo BpeMsl omepauuy B KaxAoM ciayyae 6bla1o
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NCMNOJIb30BAHO HECKOJIbKO QparMeHToB remo-
ctaTuKa (Surgicel nu-knit™) obwei naowanso
3-4 cM2. Mbl NONb3yeMCA UMEHHO 3TUM reMo-
CTaTUKOM yxe bonee 15 ieT 1 WIMPOKO NpuMe-
HSieM ero Ha ropasgo 6osee 06WNPHBLIX onepa-
umax (remmchepoToMus, yaaneHne rmraHTCKux
MONYLIAPHbIX WU BEHTPUKYNSPHBLIX OMyXonewn).
Mpu 3Tux onepauusax mcrnonbsyeTtca 2-3 yna-
KOBKM remMocTaTuMKa mjowanbo no 70 cMm? Ka-
®aas. Hny oaHoro naumeHTa ¢ Takoi 6onbLioi
njowaablo reMocTasa He 0TMeUYeHo NOAOOGHbIX
peakuuii. YunTelBasi, YTO pedb MAET O Crneuu-
¢unyeckom (M3BpaLLEHHOM) MMMYHHOM OTBETE,
BEPOSATHO, MPUYMHA KPOETCS He B KOJM4YeCcTBe
reMocTaTWuKa, a B HEKMX 0COBEHHOCTAX UMMYH-
HOI CUCTEMbl KOHKPETHOIO NauMeHTa.

JarJiioueHue

leMoCTaTMUYECKMA MaTepuan Ha OCHOBE pe-
reHepupoBaHHOM OKCULEJIIOIO3bl ABASETCA
BaXKHEWMLLIMM yyaCTHUKOM Nilo6oli Helpoxumpyp-
ruuecKkoli onepaunn yxe 6onee 90 net. Monckm
aNbTepPHATUBHbLIX MpernapaToB Ha HACTOALLMIA
MOMEHT MPaKTMUYECKOro pesy/nbTaTa He Aanu.
Moatomy Surgicel ewe A0Nr0O OCTAHETCS Bep-
HbIM MOMOLLHMKOM HeNpoxXupypra B Aene no-
BbILUEHUS HAfEXHOCTU reMocTasa Mnpu caMbixX
pasHoobpasHbix onepauusix. B KpaiHe pea-
KMX Cny4yasix Ha Hero MOryT BO3HMWKaTb Bbipa-
E€HHble BOCMAJUTEJNIbHbIE peakuuMy no Tuny
rMNepuyyBCTBUTENIBHOCTU 3aMeAJIeHHOro Tuna,
Tpebywuwme anddepeHUNanbHOro AuarHosa
C pPeunanBOM OMyxonu, abcueccoMm, NyyeBbiM
HEKPO30OM. ITW peaKkuum MoryT HabnwpaTbcs
KaK B paHHEM, TaK 1 B OTCPOYEHHOM MnocJieone-
pauMOHHOM Nepuoae, MHOMAA AaXKe nocae npo-
BeeHNs aAblOBaHTHOW Tepanuu. B nosgHue
CPOKM 06bIYHO BCTAET BOMPOC O BEPOSTHOCTU
peuuaMBa, U B CUTyaUMn CO 3JIOKAYeCTBEH-
HbIMM OMYXOJIAMU aKTUBHAs XUpypruvyeckas
TaKTMKa BbIMAAMT abcoNOTHO OnpaBAaHHON.
YTo Kacaetcss paHHero mnocneonepaumoHHO-
ro nepuoja, TO TWATENbHbIA U BCECTOPOH-
HUA KANHUYECKUIA aHanuU3 cuTyauum no3BoOaaT
B psiie Cay4vaeB C BbICOKOM A0N€el BEPOATHOCTH
NpPeanonoXnTb UMEHHO PeaKTMBHbIN npoLecc.
B TakoM cnyvyae npu cTabuibHOM COCTOSIHUK
nauneHTa, oTCyTCTBMM BbLICTPO HapacTatowmux
NMPU3HAKOB BHYTPUUYEPEMHON TMMNEPTEeH3UU
NnonbITKa KOHCEPBATMBHOIO paspelleHns npo-
671eMbl BbIFIAAUT ONpaBAaHHOK U COOTBETCTBY-
€T MHTepecaM nauueHTa. Haw onbIT roBoput
O BbICOKOV 3QQPEKTMBHOCTM BHYTPUMbILLEYHO-
ro NpMMEHEeHNs NPeAHN30JI0Ha KaK OCHOBHOIO
NPOTMBOBOCMNAJINTENIBHOIO U WMMYHOMOAYNM-
pyloLLero npenapara.
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Pesiome

Hanbonee yacTbiMM ONYX0AAMU YepenHO-M0O3roBbIX HepBoB (UMH) ABnsoTCS WBaHHOMbI. OfHAKO B pea-
KWX Clydasix MOTYT BCTPeYaTbCs MEHUHIMOMbI, KOTOPbIE PACcTyT U3 apaxHouAanbHOW 060104KM, NOKPbLIBa-
oweii YMH. MeHMHrnomMa 06aBOYHOI0 HEpPBA — 3TO KpaiHe peaKas naTosorus. Bcero Ha ceroaHsWHNM
[leHb B InTepaType onncaHo 6 ciyyaes yaaneHns Takux OnyXxonen.

MeHuwwuHa, 41 roa, obpatunacb K HEAPOXUPYPry B CBSI3W C HaJlMUMEM HOBOOOGpPaA30BaHWUS Ha ypOBHe
KpaHuoBepTebpaNbHOro Nepexosa, a TakkKe ero yBe/lMyeHMeM B pasmMepax B AMHaMuKe. M0 faHHbIM Mar-
HUTHO-PEe30HaHCHOW ToMorpadumn 66110 BhISBJIEHO UHTPaAYypasbHOe 3KCTpaMeaynsipHoe obpasoBaHue
Ha ypoBHe no3BoHKa C1 cnpaBa, akTUBHO HaKamnJvBalolLee KOHTpPaCcTHbIM npenaparT. NauneHTKe npose-
[leHa onepauusi, BO BpeMs KOTOPOiA BblNn BU3yannm3mpoBaHbl ABa 06beMHbIX 06pasoBaHus, pacTyLmx
13 060/104eK KopellKka npaBoro fobaBoyHoro Hepea. 06e onyxonu yaaneHsl TOTanbHO, FMCTONIOrUYECKas
N UMMYHOTMCTOXMMMUYECKAs KapTMHa COOTBETCTBOBAMIM @aHIMOMAaTo3HbIM MeHUHrnomMam (WHO Grade I).
MocneonepaunoHHbI/ Nepuoa npoTekan 6e3 ocobeHHOCTeN, NauMeHTKa BbinMcaHa Ha 4-e CYyTKU B yA0B-
NeTBOPUTEIbHOM COCTOSIHUN.

3aknoueHne. MeHnHrnoma obosoyek A06aBOYHOro0 HepBa — 3TO PeAKO BCTpevalowascs naTonorus,
B IMTepaType 0TMEeYalTCs eANHUYHbIE ONUCAHWA YAaNleHUs AaHHOM onyXoan. HacToAWMA KANHUYECKUR
CNyyaii yHUKaNeH TeM, UTo Ha KopeLlKe 406aBOYHOr0 HepBa HblIv pacnosioxeHbl Cpasy ABE MEHUHIMOMBI.

KntoueBble cnoBa: 1,06aBOYHbIN HEPB, MEHUHIMOMA, OMYyX0Jb, HOBOO6pa3oBaHue, YepenHO-MO3roBOl HepB

Ana umtnpoBaHus: AnekceeB W.M., BeneHTueHko B.C., NMnoTHULKKiA A.B., 3yeB A.A. MeHnHrMomMa o060-
Nloyek A06aBOYHOr0 HepBa: ONMCaHMe PeaKoro KAMHMYEecKoro ciayuyas. CubHelipo. 2025; 1(1): 78-85.
https://doi.org/10.64265/sibneuro-2025-1-1-78-85
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Abstract

The most common tumors of the cranial nerves are schwannomas. However, in rare cases, meningio-
mas that grow from arachnoid sheath of cranial nerves may occur. Meningioma of the accessory nerve
is an extremely rare pathology. In total, 6 cases of surgical removal of such tumors have been described
in the literature to date.

A 41-year-old woman consulted a neurosurgeon due to the presence of a tumor at the level of the cranio-
vertebral junction, as well as its dynamic increase in size. According to magnetic resonance imag-
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ing, an intradural extramedullary lesion was detected at the level of the C1 vertebra on the right side,
with intensive contrast enhancement. The patient underwent surgery, during which two tumors growing
from the sheaths of the root of the right accessory nerve were visualized. Both tumors were removed
totally, the histological and immunohistochemical analysis revealed an angiomatous meningiomas
(WHO Grade I). The postoperative period was uneventful and the patient was discharged on the fourth
day in a satisfactory condition.

Conclusion. Meningioma of sheaths of accessory nerve is a rare pathology, in the literature there are
only isolated descriptions of the removal of this tumor. This clinical case is unique in that two meningio-
mas were located on the root of the accessory nerve.
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BBencnue

Hanbonee uyacTto BCTpevyalwoWMMUCS OnNy-
XONIMU, PACNOJIO}KEHHBIMM Ha YPOBHE KPaHU-
oseptebpanbHoro nepexoaa (KBM), assnsoTtcs
WBAHHOMBI U MeHUHIMOMbI [1]. LUBaHHOMBI pa-
CTYT 13 060os04eKk yepenHo-mMo3rosbix (UMH)
MU CNMUHaNbHbIX HEPBOB, @ MEHWUHIMOMbI NMpPO-
nexoasT n3 apaxHOUA3HAOTEINOLNTOB
N yawe BCero CBsizaHbl C TBEPAO MO3roBOW
o6onoukoit (TMO) [2]. BMecTe C TEM MEHMWH-
rmomMbl 6e3 npusHaKkoB cBA3KU ¢ TMO, HaunHas
C ypoBHa KBIl 1 KaypanbHee, BCTpe4datoTcs
HeuacTo. Tak, B /uTepaType OnucaHbl eau-
HWYHblE CNyyan yaaNeHUss MeHWHrnom o060-
JIOUEK CMUHaNbHbIX U HEKOTOPbIX YMH [3, 4].
LLIBaHHOMbI e ABASOTCA OAHMMU U3 Hanbo-
fiee 4yacTblX onyxonein Kak YUMH, Tak u cnun-
HasbHbIX HepBOB [5]. Onyxonn Ao6aBoYHOrO
HepBa — 3TO peAKne HoBoobpasoBaHus, B No-
paBnsoweM 60NbLWIMHCTBE CliyyaeB npea-
CTaBNeHHble WBaHHOMaMu [6]. MEHUHIMOMBI,
npoucxoasime U3 apaxHounaanbHon obonou-
KM 06aBOYHOr0 HEPBA, YpE3BbIYANHO PEAKU:
Ha CerogHsAWHNIN AeHb B MUPOBOWN NnTepaTy-
pe onucaHo Bcero 6 cayyaeB yaaneHus Taknx
onyxonen [7-12].

B naHHOWM CTaTbe NpeacTaB/ieHO onucaHue
YHUKANbHOr0 KJAMHWYECKOro Cayyass MUKPOXU-
PYPruyeckoro yaajeHus AByX PsAOM pacnono-
¥EHHbIX MEHMHIMOM 1,06aBOYHOI0 HEPBa.

KanHuuecKuii cayuaid

MauneHTKa, 41 roa, Ha npoTaxeHun 10 net
nepuoanMyYecKn BbINOJHANA MarHUTHO-peso-
HaHCHylo ToMorpaduio (MPT) weliHoro otaena
NO3BOHOYHMKA B CBA3M C HaJNYMEM CAy4YamlHO
BbIIBNEHHON AaCMMNTOMHON CUPUHroMuenuue-
CKOM KUCTbl Ha ypoBHe no3soHKa C7. 3a He-
CKOJIbKO NIeT A0 0b6palleHus K Henpoxupypry
npu npoeeaeHnn odyepepHoro MP-nccneposa-
HUSI BbIAN BbISBIEHbI MPU3HAKM HaNMUUS HOBO-
06pasoBaHuMs HeBOJbLLMX pa3MEPOB Ha YPOBHE
KBIM cnpaBa. lMpu npoBefeHUN KOHTPOJIbHbIX
MPT ronosHoro Mosra m KBIl C KOHTpacTu-
poBaHWEM B TeyeHWe MOCeAyLWwmMX ABYX NeT
6bINM BbISIBAEHbI MPU3HAKWU YBENYEHUS HOBO-
0bpasoBaHuA B pasMepax.

Hanuuune oTpuuaTenbHOW AMHAMUKKM B pas-
Mepax OMyXoau MOCNYHWUAO0 MpUUMHOIA 06pa-
LEeHMS MNauMEeHTKM Ha KOHCYNbTaUMIO K HEWpO-
Xupypry. Ha MoMeHT obpalleHus nauueHTKa
aKTUBHO He MpeabsiBAsfa Kanob, npu obbeK-
TUBHOM OCMOTpPE 04aroBOK HEBPOJNOrMYECKOW
CUMNTOMATUKN BbISIBJEHO He 6bin0. C nauneHT-
KO 06CYy*KAEHbl HECKOJIbKO TaKTUK: NPOLOJIHKE-
HWEe AMHaMUYeCKoro HabnAeHMSs, @ TaKKe Xu-
pypruyeckoe n paanoxupypruyecKkoe neveHue.
Mocne obCyKAEHUS BCEX BapuMaHTOB JieUeHus,
a TaKe PUCKOB OMepaumm C NaLUMEeHTKOM 6blno
NPUHATO peLleHne 0 NPOBEAEHUN MUKPOXUPYP-
rMYECcKoro yaaneHus onyxonau.
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Ha npeponepaunMoHHon MPT rosoBHO- Ha OCHOBaHWM AaHHbLIX HeWpoBM3yaamsauuu
ro Mo3ra W LWeWHOro OTAena MO3BOHOYHMKA  Obln NPEAnofioXKeH AMArHo3: HEBPMHOMa npa-
BbIIBIEHO  WHTpPaAypaibHOe 3KCTpaMeayn- Boro AobaBouyHoro Hepea. lMauMeHTKe 3anna-
NsipHOe HOBOOGpasoBaHWE, PacnoJIOKEHHOE HMPOBAHa ofnepauus Ha CAeAyoLWNA AeHb No-
Ha ypoBHe no3soHKa C1 cnpaBa OT CAWMHHOrO  cJjie npoBeaeHus MPT.
mMosra (PucyHkn 1A-B), a TaKe paclmpeHue Moa sHAoOTpaxeasibHbIM HapKO3OM B MOJIO-
LEHTPaNbHOr0 KaHaja CMMHHONO Ha YPOB- EHWUW NaLMEHTKU JIeXKa Ha XuBoTe C PUKCUpo-
He no3BoHKa C7 c uHAeKcoMm Bakryapo 36,9 % BaHHOI B KECTKOl cKkobe Melidunaa ronoBol
(PucyHok 1I). Mo AaHHbIM HENpOBMU3yanu3a- BbINOJHEH Pa3pe3 MSAMKUX TKaHel B LWeNHo-3a-
LMOHHOTO MCC/Ie0BaHMA pasMepbl OMYyXO0JW  TbIJIOYHOW 061acCTV MO CPeAHEen NMHUN AJIMHOW
cocTaBasam 17 x 8 x 5 MM, NpUBAN3NTENBHBLIA 4 CM. BbINOSIHEHA IIMUHIKTOMUS 3a4HEN LY HKKM
06beM - 0,4 cM3. HoBoobpasoBaHue 66110 M30- M03BOHKA C1, @ TaKkXe pes3ekuus 3aTblIOUYHOM
WHTEHCUBHbLIM B pexunme T1-B3BEWEHHOMO M30- KOCTM B 06s1acTM 60NbLIOFO 3aTbIIOYHOIO OT-
6paeHus (BUN), runepnHTEHCUBHBLIM — B PeXU- BepcTus pasmepoM 2,5 x 1 cM (PucyHok 2A).
Max T2-BW n T2-FLAIR, a Take MHTEHCUMBHO [lanee BbINOJHEHA WHTpaonepauuoHHas Yib-
M FTOMOTreHHO HakamJMBaJio KOHTPACTHbIA Npe- TpacoHorpadusa, Mpu KOTOPONM BbIABJIEHO M-
napart. [pu3HakoB cBA3M onyxoan ¢ TMO, a Tak- MepPIXOreHHOe MO CPaBHEHUK C FMMO3XOreH-
e CO CMWUHHbLIM MO3rOM BbISIBSIEHO He 6bIJI0.  HOI TKaHblO CMMHHOMO MO3ra MHTpaAypaibHoe

A b

PucyHoK 1. MPT ron0BHOro MO3ra 1 WenHOoro oTAes1a N03BOHOYHMKA NaLMEHTKI, BbINOJHEHHbIE 4,0 onepaLmm (CTpeskamm
0603HaueHO UHTPaAypasbHOe 3KCTpaMeay/ispHoe HoBoobpasoBaHue): A — MPT ronoBHOro Mosra B pexume T1-B3Be-
LWeHHoro nsobpaxeHus (BW) c KoHTpacTupoBaHneM, KOpoHapHas npoekuus; b — MPT ronoBHoro Mo3sra B pexume T1-BU
C KOHTpacTUpOBaHWEM, akcuanbHas npoekuuns; B — MPT ronosHoro mosra B pexxume T2-BU FLAIR, KopoHapHas npoekx-
ums; I - MPT welHoro otAaena no3BOHOYHUKA B pexuMe T2-BW, carutranbHas npoekuus. Ha yposHe nossoHka C7 onpe-
LlensieTcs N0KaJbHOE pacluMpeHne LEeHTPaabHOro KaHana CrNMHHOro Mo3sra. ICTOYHKK: COCTaBJ/IeHO aBTopamu

Figure 1. Preoperative MRI of the patient’s brain and cervical spine. The arrows indicate an intradural extramedullary
mass: A — brain MRI, T1-weighted image (T1-WI) with contrast, coronal view; B — brain MRI, T1-weighted image (T1-WI)
with contrast, axial view; C — brain MRI, T2-weighted FLAIR image, coronal view; D — cervical spine MRI, T2-weighted
image (T2-WI), sagittal view. A focal dilation of the central canal of the spinal cord is seen at the level of the C7 vertebra.
Source: created by the authors
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3KcTpaMeaynnsipHoe HoBoobpasoBaHue. TMO  6biia NNOTHO cnasiHa C HEPBOM M ero 06onou-
BCKPbITa IMHENHbLIM paspesoM B Npoekumn ony- Kamu (PucyHok 2I). B npouecce yaaneHus Ho-
xonn (PucyHok 2B). BusyanusvMpoBaHbl CNUH- BOO6PasoBaHMs BbiIABNIEHO, YTO KpaHWasbHee
HOW MO3r, NpaBbli 406aBOUHbLI HEPB, MPaBbli  OT HEro Ha A06aBOYHOM HepBe pacnosaranach
Kopelwok C1, a Takxe 3ybuaTtas cBaA3ka. [lanee elle ofHA OMNyX0Jb MEHbLUMX Pa3MepoB, KOTO-
BM3yanM3npoBaHa WHTpajypaibHas OMNyxosb, pas He Oblfa paHee BU3yanusuMpoBaHa Ha npea-
pacnosioXKeHHas B NpaBbIX 0TAENax AypanbHOro  onepaunoHHoli MPT (PucyHok 2[). B cBsa3u
MellKa Ha ypoBHe Mo3BOHKa C1, KeNTo-cepo- C HEeBO3MOXHOCTbIO 6e30nacHoro oTaeneHwus
ro uBeTa, MJOTHO-3/1aCTUYHOM KOHCUCTEHUMM, HOBOOOpPaA30BaHWn OT HEPBA, MHOXECTBEHHBIM
MJOTHO CMasiHHasi C KOPELUKOM MpaBoro Aoba- XxapaKTEPOM OMyX0JiM, @ TaKKe AaHHbIMU HeW-
BOUYHOro HepBa (PUCYHOK 2B). MpsaMas 3/ekTpo-  podM3N0NOrMYECKOrO MOHUTOPUHTA C LENbIO
CTUMYNAUUA HepBa Ha cuae ctumyna B 0,5 MA  paAMKanbHOro yaaneHus v NpefoTBpaLLeHus
He BbI3blBajla MOTOPHbLIX BbI3BaHHbIX MOTEH- peuuaMBa HOBOOOpasoBaHWIA, WHTpaonepa-
LUMasoB B MpaBOA TpaneuumeBMAHOW Mblll- UMOHHO 6bINO NPUHATO peELleHMe nepeceyb
ue. C ncnoib3oBaHMEM MUKPOXMPYPrMUECKON  KOPELLOK HEpBa C MCMNOJib30BaHWeM bunonsip-
TEXHUKM HauyaTa MonbITKA OTAENEeHMs OMyXO- HOW Koarynsumm KaypajibHee U KpaHuanbHee
N OT HepBa OCTPbIM NyTeM, OAHAKO ONyXxofib OT obeux onyxonei. 06e onyxonu yaaneHbl To-

A b B

PUCYHOK 2. 3Tanbl onepauun no yaaneHuio MEHWHIMOMbI NpaBoro A06aBOUYHOro HepBa: A — onepauMoHHOe nose no-
c/ie NpoBeAeHUs NIMUHIKTOMUN NO3BOHKA C1 1 NapumanbHOi Cy6oKUMNUTaNbHOW KpaHUO3KTOMUK; B — BCKpbITUE TMO;
B — BWA Ha OMyX0Jib M CAMHHOW MO3r nocjie BCKpbITUA TMO; [ — nonbiTKa OTAENEHUS ONyXoau OT A06aBOYHOro HepBa
oCTpbIM nyTeM; [l - Busyanusaumsa BTOPOi onyxonu 06aBOYHOro HepBa, PacnosioXKeHHON KpaHuanbHee; E — ynaneHue
obeunx onyxonei eAuHbIM 6J10KOM C KOPELUKOM HepBa. MpuMevaHue: 1 — 3afHAsA AyKKa aTnaHTa; 2 — 3aTblJIoYHas KOCTb;
3 - apaxHoupaanbHas 060104YKa Ha ypoBHe KBI, BU3yannsnpoBaHHas yepes paspes TMO; 4 — onyxosb; 5 — CMIMHHOW MO3T;
6 — npaBblii 406ABOYUHbI/ HEPB; 7 — BTOpPas OMyX0Jlb MEHbLUUX PAa3MEPOB; 8 — MO3XKEUOoK; 9 — ONyX0Jib BMECTE C YacTblo
KOpeLlKa ,06aBOYHOIr0 HepBa, yaaeHHble eAUHbIM 610KOM. ICTOYHUK: COCTaB/lIeHO aBTopaMu

Figure 2. Stages of the surgical removal of the meningioma of the right accessory nerve: A - surgical field after C1 lami-
nectomy and partial suboccipital craniectomy; B — durotomy (incision of the dura mater); C — view of the tumor and the
spinal cord after durotomy; D — attempted sharp dissection of the tumor from the accessory nerve; E — visualization
of a second, more cranial tumor of the accessory nerve; F — en bloc removal of both tumors together with the nerve root.
Notes: 1 — posterior arch of the atlas (C1), 2 - occipital bone, 3 — arachnoid membrane at the craniovertebral junction, vis-
ualized through the dural opening, 4 — tumor, 5 - spinal cord, 6 — right accessory nerve, 7 — second, smaller tumor, 8 - cer-
ebellum, 9 — tumor along with a portion of the accessory nerve root, removed en bloc. Source: created by the authors
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A

b

PucyHoK 3. MocieonepalMoHHbIi MP-KOHTPOJb FOIOBHOMO MO3ra (OCTaTOUYHbIX GparMeHTOB ONyX0/in He BbiiBNEHO): A — MPT
B pexxunme T1-BU ¢ KoHTpacTnpoBaHneM, KOpoHapHas npoekums; b — MPT B pexume T1-BW ¢ KOHTpacTupoBaHueM, akcuanib-
Hasa npoekuus; B — MPT B pexume T2-BU FLAIR, KopoHapHas npoekuusi; I — MPT B pexxnme T2-BW, akcnanbHas npoeKkums.

MIcTOYHWMK: cocTaB/ieHo aBTopamu

Figure 3. Postoperative MRI follow-up of the brain: no residual tumor fragments were detected: A - MRI, T1-weighted
image (T1-WI) with contrast, coronal view; B — MRI, T1-weighted image (T1-WI) with contrast, axial view; C — MRI,
T2-weighted FLAIR image, coronal view; D — MRI, T2-weighted image (T2-WI), axial view. Source: created by the authors

TaNbHO eAWHbIM 6/10KOM C KOPELUKOM MpaBoro
n06aBOYHOr0 HepBa M OTMNpPaBAEHbl Ha FUCTO-
nornyeckoe mnccnepoBaHune (PucyHok 2E). TMO,
a TaKXe MSAFKNE TKaHW FrepMEeTUYHO yLINTLI.

B TOT e AeHb Mocne onepauuun nauueHT-
Ka  aKTMBM3MpOBaHa, BepTMKaJM3MpOBaHa.
Mpv HEBPOJIOrMYECKOM OCMOTPE BbISIBJIEH Napes
2-3 6anna npaBoW TpaneuneBUAHOM MbILLLLbI.

Ha nocneonepaunoHHOM MP-KoHTpone ro-
noBHOro mo3sra un KBIN npusHakos rematoM, o4va-
rOB MLWEMUKN, OCTATOUYHbIX GparMeHTOB OMyX0n
BbISIBJIEHO He 6b110 (PUCyHOK 3). Ha 4-e cyTKM
nocsie onepauun nNauMeHTKa BbiMMCaHa M3 cTa-
LMOHapa B yAOBJETBOPUTENbHOM COCTOSIHUN.

McTonornyeckoe wuccnenoBaHMe BbIBU-
10 A06pPOKAUYECTBEHHYIO OMyX0Jb, KoTopas
6blfia NpeAcTaBfieHa CKOMJIEHUSAMU KPOBEHOC-
HbIX COCYAOB C MManMHU3UPOBAHHON CTEHKON,
€OVHUYHBIMX NCaMMOHbLIMKU TeNbLaMu, a Tak-
e CKOMNEHUSAMU KNeTOK, HamnoOMMWHaLWmM-
MW MEHUHIOTeAnouUTbl, 6e3 UeTKMX rpaHul,
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C MOHOMOP®HbLIMMU OBOMAHLIMU SAPAMU C HOP-
moxpomueir (PucyHok 4A). Mpu nepecMmoTpe
pesynbTaToB IUCTONOrMYECKOr0 WCCNeAoBa-
HUSA B APYrOM JleuebHOM yUupexaeHumn nonyye-
HO 3aKJloUeHNe: «kMophOoNOrnyYecKas KapTuHa
COOTBETCTBYET JA06pokavyecTBeHHOMY o06pa-
30BaHWI0 ME3EeHXUMaibHOro psiAa, OCHOBHOW
anddepeHuManbHbIl AMArHo3 CTOUT MPOBO-
AUTb MEXAY MEHMHIMOMOW U COCYAUCTbIM 06-
pasoBaHUEM>.

MpoBeAeHME UMMYHOMMCTOXMMUYECKOIO UC-
CflefoBaHMA BbISIBUIO MOJIOXUTENbHYIO AAep-
HYI0 3KCMpeccuio peuenTopoB MpPOrecTepo-
Ha (PR) B onyxoneBbix KneTkax (PMcyHOK 4B),
0YaroByl0 3KCMPECCUI0 3IMUTENMNANBHOIO MEM-
6paHHoro aHTureHa (EMA, epithelial mem-
brane antigen) (PucyHok 4B), 3Kcnpeccuio
CD34 B 3HpoTenuu cocynoB (PucyHok 4rI).
B coBoKynHOCTM MOpdONOrMYeckne u UMMY-
HOTMCTOXMMUYECKNE AaHHblE COOTBETCTBOBANM
aHrMoMaTo3Holi MeHuHrnome (WHO Grade I).
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b

PucyHoK 4. MukpodoTorpaduu cpesos b1MoncuitHoro npenapara npv NpoBeAeHUM FTMCTONOMMYECKOro U UMMYHOTUCTOXM-
MWYECKOro UccienoBaHuii: A — okpallnBaHne reMaToKCUANHOM U 303UHOM; b — UMMYHOIMCTOXMMUYECKOE OKpallnBaHue
(nonoxutenbHas saepHas sKCNpeccus peuenTopoB NporectepoHa); B — UMMyHOrMcToxuMmyeckoe okpawmsaHue (ova-
roBasi SKCNpeccus anuTesnanbHOro MeMbpaHHOro aHTUreHa); I — UMMYHOrMCTOXMMUYECKOE OKpallnBaHue (3Kcnpeccus
CD34 B 3HA0TENMM COCYAOB). ICTOUHMK: COCTaBAEHO aBTOpaMu

Figure 4. Microphotographs of the biopsy specimen sections for histological and immunohistochemical analysis:
A - Staining with hematoxylin and eosin (H&E); B — Immunohistochemical staining: positive nuclear expression of pro-
gesterone receptors; C — Immunohistochemical staining: focal expression of epithelial membrane antigen (EMA); D — Im-
munohistochemical staining: expression of CD34 in the vascular endothelium. Source: created by the authors

Oocy:K1eHue

MEeHWHIrMOMbI — 3TO OMyXonu, pacTylme
N3 apaxHOMA3HAOTENNOLMTOB NayTUHHON 060-
JIOYKM U Yalle BCero nJoTHO CBsA3aHHble ¢ TMO
[2]. MeHMHIMOMBI 6€3 Npu3HaKoB cBsA3u ¢ TMO
BCTPeYaloTCs HeyacTo; OAHOW M3 Haubonee
peaKuX JIoOKaAn3aumin MaTpMKCca AaHHbIX OMYyX0-
Nel ABngeTcs nayTMHHas o6onouka YMH n cnu-
HaNbHbIX HEPBOB [2]. Ha CeroaHsIWHWIA AeHb
B JnTepaType OnuMcaHbl eAMHWUYHbIE Cllydau
yAaNneHUs TakMxX OMnyxoJiei, pacTywmx ms obo-
JIOUEK HEepBOB, HE CUMTas CliyyaeB XUpPyprum
MEHMHIMOM 060NI0UEK 3PUTESIbHOINO HEPBA, KO-
TOpble BCTPEYaKTCs 3HauMTeNbHO yaule [3, 4].

Onyxonun no6aBOYHOrO HEpPBA — 3TO peaKue
HoBOO6pa3oBaHWs, B OCHOBHOM MpeaCTaBeH-
Hble WBaHHOMaMn [6]. MeHWHrnombl obono-
yeK f06aBOYHOro HepBa UpPE3BbIYANHO peaKu:
Nno AAHHbIM MUPOBOW NMTEpPaTypbl, MMEEeTCS UH-

dbopMaunsi BCero o 6 cnydyasix yaaneHus Takux
onyxonen [7-12].

B 60sblIMHCTBE BbilleyKasaHHbIX paboT oT-
MEUEHO, UTO OMYX0Jib KIMHWYECKM NPOsIBASNACH
rofnoBHO 60bt0 B 3aTblIOYHO 06nacTu, 60nbio
B wee uan B nnedax (5 (83,3 %) naumeHToB),
a Take napesamm (2 (33,3 %) nauneHTa). Bcero
1 (16,7 %) NauUMeHT He NPeabaBAsA Kakux-11bo
Kanob nNpu HaAnuMM JaHHOW OMNyXoJn, YTO aHa-
JNIOTMYHO HaLWEMY KJIMHUYECKOMY cayuato [9].

Mo paHHbLIM NpeaonepaunoHHon MPT npak-
TUUYECKM HEBO3MOXKHO NPEAMNONOKUTL ANArHO3
MEHMHIMOMblI [06aBOYHOr0 HepBa B CBA3M
C ee HecrneuMdUUECKMMUN HelipoBU3yanmsaum-
OHHbIMK XapaKTepUCTUKAMU, OAHAKO BO3MOMNK-
HO BM3Yyain3npoBaTb CBA3b HOBOOBGpa3oBaHus
C KOpeLKoM 106aBOYHOro HepBa C UCMOb30-
BaHMeM pexumMma FIESTA (Mnv c NpUMEHEHUEM
aHaNornyHbIx pexxmmos) [12].

B nopasnsiioweM 60AbLIMHCTBE OMWUCaH-
Hbix cnydvaeB (5 (83,3 %) u3 6) B KauecTBe
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XUPYpruyeckoro fmocTtyna 6bin BbibpaH cpe-
OVHHBIN CyBOKUMNUTANbHbIN. PelleHne 0 He-
06X0AMMOCTN  NPOBEAEHUST  NIAMUHIKTOMUU
nossoHka C1 un 06 obbeme pesekuuMu 3aTbl-
JIOYHOIM KOCTWU MpPUHMMANOCh B 3aBMCUMOCTM
OT KOHKPETHOW JIOKanmMsaumMm onyxosu, a Tak*Ke
OT onbiTa M NpeanoYTeHUIA xupypra. B oaHoM
C/lyyae npu pacrnpocTpaHeHUN ONyXoau B SpeMm-
Hoe oTBepcTUe 1 napadapuHreanbHy obnacTb
6bln BbibpaH 3aaHeboKoBoW (MapakoHAunsp-
HbIi1) gocTyn [8]. B npeacTaBfeHHOM HaMu ciy-
yae 6blNa BbINOSIHEHA CPeAMHHas cyboKuunu-
TasibHasi KPAHMOTOMUS C pe3eKumein HeboNbLLION
YacTU 3aTbIIOYHON KOCTU N NAMUHIKTOMUEN
nossoHKka C1. AaeKkBaTHOCTb 06beMa KOCTHO-
ro AOCTyna WHTPaonepauVoHHO OLleHMBanach
C WCnNonb30BaHWEM ynbTpacoHorpapum. Pas-
pe3 TMO npoBoAMACa He NO CPEeANHHON JINHUN,
a B npoeKkumu onyxonu (cnpaea) ans 6onbliero
ynobcTBa 1 Nydllein Bu3yanunsaumm.

Bo BCex OMWCaHHbLIX Chnydyasix aBTOpbl 3a-
SBASIOT O TOTajNbHOM YyAaJeHUU ONyXxonu;
B 1 (16,7 %) cnyuyae B CBSI3U C 0COBEHHOCTS-
MW B3aMMOOTHOLUEHWUS MEHWUHTMOMbI U KOpeLl-
Ka A106aBOUHbIN HEPB MPULLIOCL nepeceyb [8].
B 6onbwinHcTBe cTatel (5 (83,3 %) u3 6) 6610
OMUCAHO yAaneHue OAHOCTOPOHHEN OMyXou,
aB 1 (16,7 %) cTaTbe — ABYCTOPOHHEI ONyX0-
qn [7]. Hamu BnepBble onucaH cayyan yaane-
HUSi cpa3y ABYX MEHWHIMOM, PachnofioeHHbIX
psiAOM Ha 0AHOM A06aBOYHOM HepBe. B cBA3M
C HEeBO3MOMHOCTbIO 6e30nacHoOro oTaeseHus
HoBOO6pa3oBaHWS OT HEPBA, MHOXECTBEHHbIM
XapaKTEPOM OMYyXO0/W, a TaK¥Ke AaHHbIMU Hel-
pPOGU3NONOrMYECKOrO MOHUTOPUHIA C LLENbIO
paAvKaNbHOrO yAaneHus U NpeaoTBpPaLLEHUs
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peunanBa HoBoobpasoBaHWiA HaMu 6bINO Npu-
HSATO pEeLUeHNe BO3AEPHATbCS OT COXpaHEHUs
KOpeLlKa npaBoro A06aBoOYHOrO HepBa U yaa-
IUTb 06€ ONyX0aN TOTaNbHO eANHbIM BI0KOM.

Mo HeACHbIM MpUYMHAM UWHTpaonepauu-
OHHbIX OTBETOB OT MNpaBoOW TpaneuveBUAHOM
MbILILbI NpY CTUMYAALMKM A06aBOYHOrO Hepea
HaMu BbISIBNEHO He Bblo, 0AHAKo B nocjieone-
pauMOHHOM Nepuoae y NauneHTKN OTMEYEH na-
pes3 2-3 6anna B AaHHOW MbILLLLE.

Hanbonee yacTo B nMTepaType onncaH Me-
HUHrOTeNNaNbHbIN BapuaHT cTpoeHua (WHO
Grade I) MEHUHIMOMbI A06ABOYHOr0 HepBa —
66,7 %; B 1 (16,7 %) cnyuae onucaHa aTunu-
yecKkas MeHuHrnoma (WHO Grade II), eule B oa-
HOM (aHaJIoOrMYHO HalleMy) — aHrMoMaTo3Has
mMeHuHrnoma (WHO Grade I).

JarJiioueHue
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HOM MnpeacTaBieHHbIe WBAaHHOMaMU. MeHUHIn-
oMa 060n104ek A06aBOYHOIr0 HEPBA — 3TO Kpai-
He peAKas Oonyxosb, BCEro HECKOJIbKO pas
onucaHHas B auTepatype. HacToAwmMn KANHU-
UYeCKUI cnyyar yHUKaNneH TeM, UTO Ha KOpeLlKe
106aBOUYHOro HepBa bblsI0 PACMOJIOXKEHO Cpasy
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CTW HEPBHbIX BOJIOKOH.
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Pesiome

TpuremuHanbHas HeBpanrusa (TH) ABNSeTCS TAMKENbIM XPOHUUYECKUM 3abosieBaHUEM, CYLLECTBEHHO BiU-
SIOLWMM Ha KaueCTBO KM3HWM NaLMeHTOB. B cTaTbe paccMaTpMBaloTCA COBPEMEHHbIE CTaHAAPTU3NPOBAH-
Hble NOAX0Abl K HenpoBusyanusauuu npu TH, HanpaB/iieHHble Ha NOBblWEHWe TOYHOCTU ANArHOCTUKK.
MpeanaraeTcs BHeAPEHME YHUOULMPOBAHHOIO NpoTokona MPT-uccienoBaHus, BKAOYAOWEro cneyma-
NM3MPOBaHHbIe NOCNeA0BaTENbHOCTU ANS AeTaNbHOM OLLEHKN CTPYKTYP TPOMHMYHOIO HEPBA W BbISIBAEHUSA
HepoBaCKyNspPHOro KOHGAMKTa. ONMChIBAOTCA afropuTM aHanusa nsobpareHuid, OpUeHTUPOBaHHbIN
Ha NpuLenbHOe N3yvyeHune KUYeBbIX aHaTOMUYECKUX 30H, U MPenMyLLecTBa NCNOb30BaHNSA KINHNYECKN
OPUEHTUPOBaHHbLIX WabAoOHOB onucaHus pe3ynbTaToB. CTaHAapTU3auns MeTo40B BU3yannsaLmm no3so-
NsieT CHU3UTb BapnabenbHOCTb MHTEPMpeTaLMmn AaHHbIX U YAYULIUTb KaYeCTBO ANArHOCTUKUN U NeYeHuUs
nauneHTos ¢ TH.

KntoueBble cnoBa: TpyreMnHanbHasa HeBpanrus, MPT, npOTOKON UccnefoBaHunin

Ans uMTupoBaHusa: dunmumoHoBa E.A. MoaxoAbl K HENpoOBM3yanusauuu TPUreMUHaNbHOW HeBpanruu.
CubHelipo. 2025; 1(1): 86-90. https://doi.org/10.64265/sibneuro-2025-1-1-86-90

KOHGNMKT uHTepecoB. dunnumMoHoBa E.A. ABAseTCA YNEHOM pefakUMOHHON Konnernm ypHana «CnbHei-
po» ¢ 2025 r., HO He yyacTBOBaNa B NPOLLECCe BbIHECEHWS PeLLIeHUs 0 NMPUHATUN CTaTbh K Ny6anMKauum.
CrtaTbsl NpoLuna NPUHATYIO B ypHane npoueaypy peLeHsmpoBaHusi. 06 MHbIX KOHGIMKTaX MHTEPecoB
aBToOp He coobLuan.

duHaHcMpoBaHue. ViccnefoBaHe NpoBeaeHO 6e3 NpuBieYeHns Kakoin-nMbo GUHaAHCOBON NOALEPHKKN.
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Neuroimaging approaches to trigeminal neuralgia
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Abstract

Trigeminal neuralgia (TN) is a severe chronic condition that significantly impacts patients’ quality of life.
The article reviews modern standardized approaches to neuroimaging in TN aimed at improving diag-
nostic accuracy. It proposes the implementation of a unified MRI protocol incorporating specialized se-
quences for detailed assessment of trigeminal nerve structures and detection of neurovascular conflict.
The paper describes an image analysis algorithm focused on targeted evaluation of key anatomical areas
and highlights the benefits of using clinically oriented structured reporting templates. Standardization
of imaging methods helps reduce variability in data interpretation and enhances the quality of diagnosis
and treatment for patients with TN.
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BBeaenne -
OLLEHKM MOPdOSOrMUYECKUX U3MEHEHMIA 0bna-

TpuremuHanbHas Hespanrus (TH) — Xpo- CTV MOCTOMO3XEUKOBOIO yrjla U CMEXHbIX pe-
HMueckoe 3aboseBaHuMe, KOTOpoOe MposAB- TUOHOB [4, 5]. TeM He MeHee, oUueBMUHA HEOO-
naeTca B BUAE KPaTKOBPEMEHHbIX 60MEBLIX  XOAUMMOCTb CTaHAAPTU3NPOBAHHbLIX NOAXOA0B
NapoKCU3MOB, BO3HMKaKWMX MO XOALY 30H K HelWpoBu3lyanmsauum 3TOW rpynnbl nauun-
WHHepBaUWKM TpPOWHMUYHOrO HepBa [1]. [aH- eHTOB, @ UMEHHO: 1) BHeApeHUE YHUDULUMPO-
HOEe COCTOfIHWE SABASETCH KpalHe TAMeNbiM  BaHHbIX MPOTOKOJIOB MAarHUTHO-PE30HaHCHOMN
N HEraTUBHO CKAa3blBAeTCH Ha OCHOBHbIX BM- ToMorpaduum (MPT); 2) paspaboTka u nmnie-
Lax AeATenbHOCTM nauuneHTa [1-3]. PasBuTne MeHTauMs aaropuTMOB UHTeprnpeTauum mso-
METOA0B HENpPOBU3yaNn3auuMn B nocaegHue 6HparkeHuid; 3) co3gaHUe KOHTEKCTYanusupo-
AECATUNETUS MO3BOJIMAO PacCWMPUTb Hale BaHHbIX WabnoOHOB NPOTOKONOB OMNMCaHUS
noHMMaHue npuunH TH 3a cueT geTtanbHo  MP-uccaenoBaHum.

PucyHoK 1. Mpumep MPT-nccnenoBaHmsa y naumeHTa ¢ TpUreMnuHanbHon Hespanruein (MPT-cuctema Philips Ingenia, 3T):
A - 3D FLAIR Ha ypoBHe 60/bluMx NOAyLwapuin ronoBHoro mMo3sra; 6 — 3D FLAIR Ha ypoBHe CTBOJIa F0OJIOBHOIO MO3ra;
B - 3D DRIVE (cTpenKoli yKasaH HeMpOBaCKyAspHbI KOHOAMKT cnpasa, Sindou Grade 3); ' — 3D-TOF MP-aHrunorpadus
(cTpenkoli ykasaHa BepxHsis Mo3eukoBas aptepus); [l — T2-BU c KnponogaBieHNeM Ha ypoBHE MATKMUX TKaHeln noasu-
COYHOI obnacTn (CTpeskaMu yKasaHbl MaHAMBYAsipHble HepBbl); E — T1-BW nocse BHYTPMBEHHOIRO KOHTPACTUPOBAHUS.
VICTOYHUK: cocTaB/ieHO aBTopaMu

Figure 1. An example of an MRI study in a patient with trigeminal neuralgia (Philips Ingenia MRI system, 3T): A- 3D FLAIR
at the level of the cerebral hemispheres; B — 3D FLAIR at the level of the brainstem; C — 3D DRIVE (a neurovascular
conflict on therightis indicated by an arrow, Sindou grade 3); D - 3D-TOF MR angiography (the superior cerebellar artery
is indicated by an arrow); F — T2-weighted imaging with fat suppression at the level of the infratemporal soft tissues
(arrows indicate mandibular nerves); E — T1-weighted imaging after intravenous contrast administration. Source:
created by the authors
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Ta6bnuua 1. Mpumep anroputMa aHanmsa MP-n306pakeHunii y NauneHToB C TPUreMUHasbHOW HeBpanruei. VICTOUHMK:

COCTaBJIeHO aBTOpamMu

Table 1. An example of an algorithm for analyzing MR images in patients with trigeminal neuralgia. Source: created by

the authors

Pexunm B0O3MOXHble HaX0AKN

— oYyarnv NsMeHeHHOro cuMrHana Ha ypoeHe MOCTa no xoay VIHTpa-aKCVIaJ'IbHOVI 4yacTtun

3D FLAIR

KopewkKa TH B npoekuuu ero aaep;

— oYyarv USMeHeHHOro curHana B 6e/0M BellecTse (MVIKpoaHFVIOI'IaTVIﬂ, .CI,EMVIEJ'IVIHVI3aLI,I/IFI)

— aHaToMua I'IperIOHTI/IHHOI‘;I LNCTEPHbI,

3D DRIVE/CISS/FIESTA

- NaToNorus Ha ypoBHe KapMaHa Mekkens;

— NaTosiorna KaBepHO3HOro CMHycCa;

— HEPOBACKYNAPHbIA KOHOAUKT

— COCYAUCTbIe MaibGopMaLMm/aHeBpU3MbI;

3D TOF

— BapvaHTHas aHaTOMUsi COCYA0B;
— HEPOBACKYNAPHbIA KOHOAUKT

—rartoJsiorua Ha ypoBHe KapMaHa Mekkens;
— NaTosorna KaBepHO3HOIro CMHycCa;

T2 FatSat
— KpblNOHEBHanA AMKa;

— 0611aCcTb KPYr/J0ro U 0BaJibHOrO OTBEPCTUIA;

— MArK1e TKaHW NOABMCOYHON obnactum

— MeJNikne 06beMHbIe o6paaoBava KapMaHa MeKKeisi, KaBEpHO3HOrro CUHYCa;

T1-CE

— IeNTOMEHUHreanbHbI npouecc;

— nepunHeBpasibHOE pacnpoCTpaHEHME ONyX0a1eBOro npouecca

OLLeHKY KopeLlKa TPOMHWYHOro HepBa Ha NpeaMeT HeMPOBaCKYNSIPHOro KOHGAMKTA PEKOMEHAYETCS BbINOHATb

B MOCNeAHIo0 o4vepenb

1. CTaHAapTN3NPOBAHHbIA MPOTOKOJ
nposeaeHna MP-nccneposaHusa

MpuMeHeHWe cTaHAapTU3UMPOBAHHOMO MNpo-
TOoKoM1a MPT-uccnenoBaHnsa NO3BONAET CHU3NUTD
BapuaTMBHOCTb MHTEpNpeTaunn, a Takxe cno-
cobCcTBYeT peTpPOCMeKTMBHOMY aHalusy pAaH-
HbIX B MYJIbTULLEHTPOBBIX MCCeA0BaHMAX [5-7].
MoMMMO CcTaHAapTHbIX MOC/AefOBaTENbHOCTEN,
AN OLLEHKN HEeNpOBaCKYASPHOro KOHQJMKTA
(3D CISS/DRIVE/FIESTA u MP-aHruorpadus)
B MPOTOKO/A MUCCAeAoBaHUSA pPEKOMEHA0BaHO
BKJItOUATb TakKnue mopanbHocTn, Kak FLAIR BbI-
COKOro paspeuweHus (AN MoucKa naTosoru-
YECKMX Oo4yaroB B CTBOJIE TFOJIOBHOrO MO3ra),
3D T2-B3BelweHHOe n306paxkeHue (BWN) c xu-
pornoAaBneHneM (AN OLEHKU MSMKUX TKaHel
no xoAy BeTBel TPOWHUUYHOIO HepBa), 1 T1-BU
nocfie BHyTPMBEHHOIO KOHTpacTupoBaHusa (no-
NCK MEJIKUX 06bEMHbIX 06pa30BaHuUiA, OLIEHKA
BEHO3HOI aHaTtomuun). Mpumep MPT-uccnepo-
BaHWsa y naumeHTtoB ¢ TH npeacTtaBneH Ha pu-
CYHKe 1.

2. CTaHAapTM3NPOBAHHbINA aJIFOPUTM
aHanunsa MP-nsobpaxkeHui

ANropuTM aHanusa n3obpaxeHuin y nauu-
eHTOB C TH oT/iMyaeTcsd OT TaKOBOro NMpu CTaH-
AapTHOM  (CKPUHWHIOBOM)  MCC/AeAO0BaHUK
rOJOBHOIO MO3ra W AOJIKEH YYuUTbiBaTb HE0b-
XOAMMOCTb MPULLENIBHOIO aHajnM3a BCeX KOM-
NapTMEHTOB CWUCTEMbl TPOWMHWYHOrO HepB.a.
Mpumep anroputMa aHanmsa MP-usobparkeHuii
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y MauneHTOB C TPUrEMUHANLHOW HeBpanruen,
MCNONb3YEMOro B HalEM LLeHTpe, NpeacTaBaeH
B Tabnuue 1.

3. CTaHAapTM3MPOBAHHDbIN NMPOTOKOJ
onucaHus uccnepoBaHns

Ons apekBaTHOro aHanvMsa MP-usobpaxe-
HUI PAAOM aBTOPOB PEKOMEeHAYeTCHs MCMojb-
30BaHMe TaK Ha3blBaeMbIX KOHTEKCTyannsnpo-
BaHHbIX NMPOTOKOJIOB ONMUCaHUA MUCCef0BaHUs
C KJMHWYECKM OPUEHTMPOBAHHOWN pacCTaHOB-
KOWM aKLEeHTOB B TeKkcTe oTtyeTa [8]. B uacTHo-
CTW, y naumneHToB ¢ TH He06X0AMMO NPULLENBHO
OLLeHMBATb TaKMe CTPYKTYpbl, Kak KapMmaH Mek-
Kessi, KaBEPHO3HbI CUHYC, KPbIJIOHEBHAS AMKa
M T. 4., @ TAKXKe BapMaHTHY aHAaTOMUIO CTPYK-
TYP MOCTOMO3X€eUYKoBOin 0bnactu. MpUMep KOH-
TEHKCTYanM3NpOBaHHOIO NPOTOKOJ1a ONMMCaHUs
PEHTreHONI0OrMYecKoro nccneaoBaHna y nauu-
eHTOB C TH npeacTaBfieH Ha PUCYHKe 2.

JarJioueHue

TpureMmHanbHas  HeBpaarua  aBAseTCs
KOMMJIEKCHOW HEBPONOrMYECKON W HENPOXU-
pypruyeckoi npobiemMoi, Toraa Kak MarHuT-
HO-pe30HaHCHas ToMorpadms — OCHOBHOW
WHCTPYMEHTaNbHbI ANArHOCTUYECKUN MeTon
ANA JaHHOro coctosiHusA. CTaHaapTU3MpOBaH-
Hble MOAXOAbI K MOJIyYEHUIO U UHTepnpeTaumm
MPT-CHUMKOB Yy [AaHHOW rpynnbl MNauueHTOB
NO3BOAT YAYULINTb KAYeCTBO OKasaHUsA Meau-
LLUHCKOW NOMOLLN.
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PUCYHOK 2. MprMep KOHTEHKCTYann3npoBaHHOI0 NPOTOKOa PEHTIEHOIOMMYECKOr0 UCCAEef0BaHNS Yy NAaLMEHTOB C TpU-
reMuHasbHOM HeBpaarmven. ICTOYHMK: COCTaBNeHO aBToOpaMu

Figure 2. An example of a contextualized radiological examination protocol for patients with trigeminal neuralgia.
Source: created by the authors
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Pesiome

BeBeaeHue. CUpUHroMuenusi — XpoHMYeCKoe nporpeccupytollee 3abonesaHne HEPBHOM CUCTEMbI, MPU KO-
TOPOM B CNUHHOM Mo3re obpasytoTcs nonoctu. 0cobblil MHTepec NpeacTaBAsieT MAMONATUYECKUIA TUN
CYPUHIOMUENUUN, KOTOPbIA accoLMMpOBaH C BO3HWKHOBEHMEM MOJIOCTEN B CMMHHOM Mo3re 6e3 siBHOW
NPUYMHbLL. B faHHOI cTaTbe OTpaXKEHO ONUCaHWe KAMHUYECKOro cayyasi CUpUHroMmMenuu, sepuouraums
NPUYMHbBI KOTOPOWA Bbi3Bana 3HAUNTENIbHbIE CJIOXKHOCTU U KOTOpas, KaKk cneacTeue, Morna bbiTb OTHeCEHa
K namonatuyeckomy Tuny.

Llenb uccnepoBaHus. MNpeactaBuTb Ha 06CYXAEHUE CHOMHBIA C TOUKM 3PEHUS AMArHOCTUKK Chydait
CYPUHIOMUENUU, @ TaKKe NPEeLNOKUTb ANAarHOCTUYECKYO TaKTUKY Npu 3aTpyAHEHUSX B Bepudukauum
ee NpUUNHbI.

B paboTe npeacTaB/iieH KAMHUYECKUIA Cayyail naumeHTa, obpatmewerocs B OFBY3 «MpKyTcKas ropoa-
cKasa KamHudyecKas 6onbHMua N2 3» B ssHBape 2023 I. € *KasobaMun Ha Bblpa*KeHHYI0 NPOrpeccupytoLyio
cnabocTb B Horax (bosiblie cnesa), YMEPEHHYI0 cnabocTb B pyKax, CHUXKEHME YyBCTBUTENbHOCTU B HUXK-
Heli nonoBuHe Tena (bonblue cnpasa), HapyLeHWe TeMnepaTypHON YUyBCTBUTENbHOCTU Ha CNINHE, XUBOTE,
yyalleHne MoyeuncnyckaHus, cnabocTb B IEBOM pyKe ¢ aekabps 2022 . B Te4eHUe HeCKONbKUX NeT 0bpa-
LLeHN 38 MeAULMHCKON MNOMOLLbIO, B XOA4€e KOTOPbIX HEOAHOKPaTHO NPOBOAUINCHE MarHUTHO-PEe30HaHC-
Hast ToMorpadusi (MPT) n MPT ¢ BHYTPMBEHHbIM KOHTPACTUPOBAHWEM, NPUYMHY 3a60NeBaHUS BbiBUTb
He yaanocb. bbino npoBeaeHo KoMNNeKcHoe obcnefoBaHme, BKAKYAS KOHTPACTHYO MybTUCTINPabHYHO
KOMMbIOTEPHYIO TOMOrpaduio ¢ Muesnorpaduen, no pesynbTataM KOTOPOI bl BbiBNAEH 60K pacnpo-
CTpaHeHUsi KOHTPACTHOrO BELLEeCTBa B 3aJHEM NO3BOHOYHOM CybapaxHouzaanbHOM npocTpaHcTBe. bbino
NPOBEAEHO XNPYPruyecKoe NeveHne B 06beMe BbINOJAHEHUA naMHUaKToMun Th ~Th 1 MUKpoxupypru-
UECKOro yaaneHns 06beMHOro HoBoobpasoBaHMA NO3BOHOYHOrO KaHana Ha yposHe Th ~-Th ¢ ncnonb-
30BaHWEM WHTpaonepaLMOoHHON ynbTpa3ByKOBOW HaBurauuu. MocneonepaunoHHbIA Nepuos npoTexan
6€e3 0C/IoKHEHUI, BblN OTMEYEH perpecc HEBPOJIOrMYECKON cuMnToMaTuky. MNepuoa HabnoaeHus cocTa-
BU 6osee 3 MecsiLeB C 61aronpuUaTHLIM UCXOLOM.

Mo AaHHbIM FMCTONOMMYECKOr0 UCCef0BaHNs BbII0 YCTaHOBNEHO, UTO NMPUYMHON CUPUHTOMUENUN Y Na-
uMeHTa A. ABAsaCb MEHUHIMOMA MEHUHIOTENIManbHOro Tnna G1, KoTopas He HakanauBasa KOHTpacTHoe
BeLLecTBo.

KntouyeBble cnoBa: CUPUHIOMUENNS, Mmenorpacbvm, MEHUHIrMoMa, KOHTPACTHble UCCea0BaHUA
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ro-2025-1-1-91-98
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A clinical case of diagnostic and treatment error
in syringomyelia
Andrey. A. Semenov™, Ilya B. Kopylov, Yury K. Batoroev
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Abstract

Introduction. Syringomyelia is a chronic progressive disease of the nervous system characterized by the
formation of cavities within the spinal cord. Idiopathic syringomyelia, which is associated with the devel-
opment of spinal cord cavities without an apparent cause, is of particular interest. This article describes
a clinical case of syringomyelia where determining the etiology proved to be significantly challenging,
to the extent that it could have been classified as idiopathic.

Aim of the study. To present a diagnostically complex case of syringomyelia for discussion and to pro-
pose a diagnostic approach for situations where verifying the cause is difficult.

Case description. The paper presents a clinical case of a patient who was admitted to the Irkutsk City
Clinical Hospital No. 3 in January 2023. The patient’s complaints included severe progressive weakness
in the legs (more pronounced on the left), moderate weakness in the arms, decreased sensation in the
lower half of the body (more pronounced on the right), impaired temperature sensitivity on the back and
abdomen, increased urinary frequency, and weakness in the left arm since December 2022. Over sev-
eral years of seeking medical help, magnetic resonance imaging (MRI) and contrast-enhanced MRI had
been performed repeatedly but failed to identify the cause of the disease. A comprehensive examina-
tion was conducted, including contrast-enhanced multispiral computed tomography with myelography,
which revealed a blockage of contrast agent propagation in the posterior spinal subarachnoid space.
Surgical treatment was performed, involving laminectomy of ThIII-ThVI and microsurgical removal
of a space-occupying lesion in the spinal canal at the ThIII-ThV level using intraoperative ultrasound
navigation. The postoperative course was uneventful, with regression of neurological symptoms noted.
The follow-up period was over 3 months with a favorable outcome. Histological examination determined
that the cause of syringomyelia in patient A. was a Grade 1 meningothelial meningioma, which did not
accumulate contrast agent.

Keywords: syringomyelia, myelography, meningioma, contrast-enhanced imaging studies
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BBCIIGHI/IC e 6asanbHblil apaxHOUAUT, KUCTbI, ONMYXOAM

3a4Hen YepernHom AMKN.

CUpUHromMmenuss — XpoHuyeckoe nporpec- 2. lMocTTpaBMaTUUYecKas CUPUHTOMUENNS.
cupyloulee 3aboneBaHWe HEPBHOW cuCTEMb, 3. CUPUHTOMUENNs BCNEACTBUE CMUHAJIbHbIX
npw KOTOPOM B CMMHHOM MO3re 06pa3sytoTcs no- apaxHOUAUTOB.
noctu. CywecTByeT NpuMsHaHHas MexayHapoa- 4. CUPUHTOMMEnns npu Oomnyxonsax CMNWHHOro
Haa KhaccuduKauust CUPUHTOMMENNN MO TU- Mosra.
nam — knaccuopurkauma H.J.M. Barnet (1973): 5. CupuHrommenums npuv KOMNpeccum CNMHHOIO

1. Coobuialowasncs CUPUHIOMMENNS — MONOCTb
B CMMHHOM MO3re CBf3aHa Yyepes3 LeHTpab-
Hbli KaHan ¢ IV XenyaouykoM Bchneacteue
06CTpYKLMM OTBEPCTUIN MaxaHAM U JIlOLWKa:
* aHoMmanusa ApHonbpa — Kuapuw,

e basunspHas umnpeccus;
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MO3ra HeEONYX0JIeBOW NPUPOAbI:

° rpbIXXN MEeXMNO3BOHKOBbLIX ANCKOB wen-
HOIro YpOBHS;

*  pacCesiHHbIN CKIep03 — KpynHble o4yaru
aAemMmnennHnsaumm B CMMHHOM MO3re.
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6. ManonaTtuyeckas CUPUHTOMUENNS — NMPUUM-

Hbl HEM3BECTHbI.

Micnonb3oBaHue npeacTaBNEHHON Kaaccu-
bMKauMm pacnpoCcTpaHeHO KaK cpeau oTede-
CTBEHHbIX Bpa4yen u yueHoix [1, 2], Tak 1 3a py-
6exomM [3-5]. Ocobblii MHTEpeC npeacTaBnsieT
NAMONATUYECKUIA TUN CUPUHTOMUENNN, KOTOPLIN
accounmpoBaH C BO3HWKHOBEHWEM MOJIOCTEN
B CMMHHOM Mo3re 6e3 SIBHOW MpUUKHbI. Paj aB-
TOPOB CUMUTAIOT, UTO CUPUHTOMUENUS ABNSETCA
WUCKJIIOUMTENIBHO BTOPUMYHBIM MATOJIOFMYECKUM
COCTOSIHMEM, a YKasaHue Ha umamonaTumyeckoe
NPOUCXOXKAEHNE CBUAETENbCTBYET O HaaMuuu
HeANarHoCTUPOBAHHOM NPUUUHLI [6].

B paHHOWM CTaTbe OTPaKeHO OnucaHue Kaun-
HUYECKOro cayyast CApUHroMUennun, BepnudpuKa-
LM NPUYMHBI KOTOPOI Bbi3Basla 3HAUYNTEJIbHbIE
C/IO¥HOCTM M KOTOpas, Kak cneacTteme, Morna
6bITb OTHECEHA K UAMONATUUECKOMY TUMY.

Onucanue caydas

MauuneHT A., My»uuHa 59 net, obpartuics
B aHBape 2023 r. B HEBPONOrMYECKNN CTaLno-
Hap . IpKyTCKa C }anobaMu Ha BbliparKEHHYIO
nporpeccupytoLLyto cnaboctb B Horax (bosblue
C/ieBa), YMEPEHHYIO €NaboCTb B pyKax, CHUXKe-
HME UYBCTBUTESIbHOCTM B HUMHEN NoNoBUHE
Tena (bonbwe cnpasa), HapylleHWe Temnepa-
TYPHOIA UYBCTBUTENIbHOCTU Ha CMUHE, UBOTE,
yyalleHne MoYencnyckaHus, cnabocTb B 1eBONA
pyKe c AeKabps 2022 T.

N3 aHaMHe3a ¥M3HN N3BECTHO, UTO B 1984 1.
MepeHec TAXENy YepernHo-MO3roByO TpaBMy
(nageHve Ha MOTOLMKIE), CTpajaeT BapuKo3s-
HON 60NE3HbI0 HUMHUX KOHEUYHOCTEWN, XPOHU-
YECKUM NMreNoHePpPUTOM, XPOHUUECKOI 6ones-
HbO MOYEK.

PucyHok 1. MPT rpyaHoro (A) u nosicHuuHoro (B) otae-
JI0B MO3BOHOUHMKa (AHBapb 2019 r.), cupuHromuesnus C, —
Thvn. MCTOYHUK: cocTaB/ieHO aBTopamu

Figure 1. MRI of the thoracic (A) and lumbar (B) spine
(January 2019); syringomyelia C,,-Th . Source: created
by the authors

MepBble CUMMNTOMbI 3abosieBaHWs NoOSIBU-
ance B 2018 ., KOraa nauMeHT NOYyBCTBOBAN
YTPEHHIOI CKOBAHHOCTb, cnabocTb B Horax
M HEeyCTOMYMBOCTb MPW BCTaBaHWW Ha HOIW.
Yepes HeCKONbKO MecsiLLeB NOSIBUINCH HapyLle-
HUSI YYBCTBUTENBHOCTM.

B 2019 r. maumneHT 0bpaTuiics K HEBPOJOTY
Mo MEeCTY MUTeNbCTBA C YKa3aHHbIMU Kaso-
6amMu, nocne Yero OH 6bla HanpaBiAeH Ha KOH-
CYyNbTauMio Henpoxmpypra B KAMHUYECKYIO
obnactHyio 60sibHULY. B pervoHasbHOM HeM-
POXMPYPrMUYECKOM OTAENEHUM BblNa BbINOJHE-
Ha MarHUTHO-pe3oHaHcHas ToMmorpadua (MPT)
WeiHOoro (C KOHTPACTHbLIM YCUNEHUEM), TPYAHO-
ro Y NOSICHUYHOIO OTAE/NI0B MO3BOHOYHMKA (Pu-

PUCYHOK 2. MPT wWeiHOro oTAefa N0O3BOHOYHMKA: A — carMTTasbHblli cpes, T1-B3BeleHHOe n3obparkeHune (BWN); b - ca-
rMTTanbHbIN cpes, T2-BU; B — ¢poHTanbHbIl cpes, T2-BW; I — akcuanbHblii cpes, T2-BW (aekabpb 2019 r.) NHTpame-
aynnspHoe obbeMHoe obpasoBaHue Ha ypoBHe C,~Th  6e3 Npu3HaKoB r1nepBacKkyNApPHOCTU. ICTOUHMK: COCTaBNEHO

aBTopamu

Figure 2. MRI of the cervical spine: A - sagittal section, T1-weighted image (WI); B — sagittal section, T2-WI; C - frontal
section, T2-WI; D - axial section, T2-WI (December 2019). Intramedullary space-occupying lesion at the C ~Th, level
with no signs of hypervascularity. Source: created by the authors

Sibneuro. 2025. Vol. 1, number 1

93



CemeHoB A.A., Konbinos W.B., batopoes H0.K.
KAnHnyeckuii npumep OWnOKN B ANArHOCTUKE U IeYeHUN CUPUHTOMUENNN

CYHKM 1, 2), No pesynbTaTaM KOTOPbIX MOCTaB- W FPyAHOro OTAENOB NO3BOHOUYHMKA. CocTosiHME
JIeEH ANArHo3: CUPUHIOMUENNS, LIeNHO-TpyaHas  MNocjae UUCTOUMCTEPHANbHOrO APEeHUPOBaHUSA
dopma Ha yposHe C-Th ., YMEPEHHbIA HUX- 1 KNCTO-CybapaxHOMAabHOMO WYHTUPOBAHMA.
HWA napanapes, YyBCTBUTENIbHbIE HapyweHns  CnacTUUYecKM HUNHWIN napanapes. MauneHTy
B HUMKHUX KOHeuHoCTaX. [lanee B MapTe 2020 . HasHaueHa KoHcepBaTuMBHasa Tepanusa (bakno-
6bIN0 BbLINOJNIHEHO UMCTOUMCTEpPHanbHoe ape- ¢eH 10 Mr 2 p/aeHb BHYTpb, Andy303umH 5 Mr
HUpOBaHWe, KUCTO-cybapaxHoupanbHoe LWyH- 1 p/aeHb BHYTpb YTPOM), U OH Oblan OTNpaBfeH
TMpoBaHue. TlocsieonepauMnoHHbIi  nepuos  Ha ambynaTtopHoe nedyeHue B . VIpKYTCK no Me-
6€e3 O0C/IOHEHWUI, BbINMCAH C YACTUUHLIM pe- CTY MUTENbCTBA.
rPeCCOM  HEeBPONOrMYECKON CUMMATOMATUKW. B Mapte 2022 r. 6bI10 OTMEUYEHO yXxyalle-
Bbina gaHa pekoMeHpauusa — NpoBefleHne KOH- HUe COCTOSHWUSA B BUAE HapaCTaloLWen OAbILLKN,
TposbHOW MPT ronoBHOrO M CAWMHHOIFO MO3ra KOTopas, Co C/JI0B CaMOro nauMeHTa, YaCTUYHO
yepes 6 MecsLEeB C MOBTOPHOW KOHCYyNbTauuen  KynupylTcs npueMoM bepoayana. MNpusHaku
Henpoxupypra. accouunaunm apixaTenbHblX HapyLeHWA CO CNu-
KoHTpo/sbHOE UCCleaoBaHWE He 6bl10 Bbl- HajlibHbIM CMHAPOMOM Ha MOMEHT HEBPOJIO-
NOJSIHEHO B PEKOMEHAO0BaHHble CPOKM MO MpPU- TUYECKOr0 OCMOTpa He BbisBAeHbl. Hesponor
UMHE YXYALIEeHUS CUMMNTOMATUKK, KOTOpOe, MPOBEJ KOppekumto neyeHns: baknopeH 25 mr
TEM He MeHee, nosBMAOCb nosgHee. Ha ¢oHe 3 p/aeHb, UnupakpuHd 20 Mr 2 p/aeHb B Teye-
OTMEYaeMoro yxyauieHusa B anpene 2021 r. na- Hue 3 Mecsiue, M@abaneHtnH 300 mMr 3 p/aeHb
uMeHTy A. npoBegeHa MPT weiHoro u rpyaHo- B TedeHue 3 Mecsues. [lanee B xoae AnHaMuuye-
ro OTAE/NIOB MO3BOHOYHMKA 6€3 KOHTPACTHOro  CKOro HabsoaeHusa y HeBposiora 6bina BbisBe-
yCUNeHuns, Nocae Yyero No HanpaBAEHUIO B Mae  Ha fBHas oTpuuaTenbHas AWHaMMKa — NauneHT
2021 . naUMeHT 6bl1 OUHO MPOKOHCY/ALTMPOBAH  OTMeYan yBeNMUYEHME CNACTUYHOCTU B HUMKHUX
HEeNpoOXMpypramm LUeHTpafbHbIX MEAULMHCKUX  KOHEUYHOCTAX, MOSBUIOCH OCJIOMKHEeHUWEe Taso-
yupexaeHui r. MockBbl. B xoae KOHCynbTa- BblX HapylweHWi B BuAe MPUCOEAMHEHUA MO-
LUWiA He 6blNM OTMEUEHbl HapyLIeHMS BbICWUMX  4YeBOW WHOeKuMW. MauneHT 6bl1 Hanpas/eH
KOPKOBbIX QYHKUMA M MEHWHreaNbHble 3HAaKW, Ha rOCNMTanM3auUuio B HENPOXMPYPruyeckoe
HO 6blN BbIIBJIEHbI HUMHUIA CMACTUUYECKUIA Na- oTaeneHne OFBY3 «MpKyTcKas ropoackas Kian-
panapes Ao 2-3 6aa/0B 1 HapylleHne QyHKLUMU  HuuecKasa 6onbHMUA N2 3» ANna yTOYHEHUS AM-
Ta30BblX OpraHoB. bbina npoeeaeHa MPT Bcelh  arHosa W noayyeHus fedeHuns (aHBapb 2023 1)
LeHTpasbHON HEPBHON CUCTEMbI C KOHTpPacTU- B 06bEKTUMBHOM CTaTyce Ha MOMEHT OCMO-
poBaHueM (PuUcyHoOK 3), No pe3synabTaTaM KOTO- Tpa Oblfl BbISIBJEH BblParKeHHbI CNacTUUYECKUIA
POl BbII0 UCK/IOUEHO Ha/nuMe HOBOOOPA30- HUNKHMIA napanapes, 6osblie cnesa. MNauueHT
BaHWA B NO3BOHOYHOM KaHajie Kak BO3MOMHOMW  nepeaBuraeTcsa npu MNOMOLWKM XOAYyHKOB. Ha-
NMPUYNHLI MPOrpPeccUpyiollell CUpUHIOMUENUM  60AAeTCs YMEPEHHO BbIPAXKEHHbIA BEPXHUIA
N yXyaLeHns caMovyBCTBUS. napanapes C MOXYAAHUEM KUCTeil, Honblie
Mo wuTOramM KOHCynbTauuin nocTaBfieH AM- CneBa. BbisBAEHO AnccoOuMMPOBaHHOE pac-
arHo3: CUPWHIOMUENNA Ha YPOBHE LWEWHOro0 CTPONCTBO UYBCTBUTENLHOCTUM C T[PYAHOro

PucyHoK 3. MPT Bceli LLeHTpasibHON HEPBHOI CUCTEMbI C KOHTpPacTMpoBaHueM (Main 2021 r.): MP-aaHHbIX, CBUAETENb-
CTBYHOLLMX 0 HOBOO6pPa30BaHUN, HE MONYUYEHO; COXPaHSAETCS CUPUHTOMUENNS Ha YPOBHAX LLUEAHOrO 1 rPyAHOro OTAEN0B
NO3BOHOYHUKA. ICTOYHMK: COCTaBlIeHO aBTopaMu

Figure 3. Contrast-enhanced MRI of the entire central nervous system (May 2021): no MR evidence of a neoplasm was
obtained; syringomyelia persists at the cervical and thoracic spinal levels. Source: created by the authors
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PUCyHOK 4. MCKT-mMuenorpadus c BBeAeHMEM KOHTPACTHOro BellecTBa (peBpanb 2023 r.): UETKO OTFPaHUYEHHbIN Ae-
$eKT HanonHeHWs B 3aflHEM NO3BOHOYHOM cybapaxHoMaansbHOM NMPOCTPaHCTBE Ha YPOBHE FPyAHOro 0TAeNa, KCUMMNTOM

CTyneHbKu». ICTOYHUK: COCTaBNEHO aBTopamMu

Figure 4. MSCT myelography with contrast agent administration (February 2023): a well-defined filling defect in the pos-
terior spinal subarachnoid space at the thoracic level, with a “step-off” sign. Source: created by the authors

YPOBHS CO CHUXEHUEM MOBEPXHOCTHON YyB-
CTBUTENIBHOCTM CNpaBa M MO TUMy CUHAPO-
Ma bpoyH — Cekapa cneBa. laTonornyeckume
pednekcbl babuHckoro, MopaoHa, OnneHreimMa
c 06enx CTOPOH. [laHHaa KAMHUYECKas KapTuHa
MOJIHOCTbIO COOTBETCTBYET MPOSBAEHUAM CU-
puHromuenuu [7, 8].

BblI0 MPUHATO peLleHne 0 NPOBEAEHUN MYJb-
TUCANPANIbHOM  KOMMbIOTEPHOW TOMoOrpadun
Cc mMuenorpaduveli ¢ BBeAEHWEM KOHTPACTHOro
BewecTBa (pespanb 2023 I.), No pesynsbraTam
KOTOPOro 6bi1 BbIIBJIEH UETKO OTFPaHUUYEHHbIN
nedeKT HanonHeHMs B 3afHEM MO3BOHOYHOM
cybapaxHouAanbHOM NPOCTPAHCTBE Ha YPOBHE
rPyAHOro oTAaena, Ha3BaHHbIA aBTOPaMU KCUM-

NTOMOM CTyneHbKM» (PUCYHOK 4). MonyyeHHble
JlaHHble TMO3BOJUM YCTAHOBUTb OBCTPYKTUB-
HYIO 3TUOJIOTUIO CUPUHTOMUENUN U UCKITIIOUNTD
BO3MOMHOCTb €€ MANONAaTUUECKOr O NOSBEHNS,
a TaKMe CMaHUPOBaTb AANbHENLIYIO TaKTURY
BeAEeHMS.

B ¢eBpane 2023 r. 661710 NPOBEAEHO XUPYP-
rMUYeckoe neyeHne B 06beMe BbIMOJHEHUS NaM-
HW3KTOMUM Th ~Th 1 MUKPOXMPYPruyeckoro
yaaneHus obbeMHoOro HoBoobpas3oBaHWs MoO-
3BOHOYHOrO KaHana Ha yposHe Th -Th c uc-
MoJIb30BAHWEM WHTPAONEPALMOHHOWR YynbTpas-
BYKOBOWN HaBuraumu (PUCyHOK 5). YaaneHHoe
HoBOOGpa3soBaHMe 6blN1O0 HanpaBfieHO Ha TU-

cToJiornyeckoe uccnegosaHune. [llocneonepa-

PUCYHOK 5. YnbTpa3ByKoBasi HaBUrauus, MHTpaonepauroHHas CbeMKa: BU3yanusnpyetcs 06CTPYKUMS CMUHANbHOTO Cy-
6apaxHouAaNbHOro NPoCTpaHCcTBa HOBOOGPasoBaHMeEM. ICTOUHUK: COCTaBAEHO aBTOpaMu

Figure 5. Ultrasound navigation, intraoperative imaging: Obstruction of the spinal subarachnoid space by a neoplasm

is seen. Source: created by the authors
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PUCYHOK 6. TMCTONOMMUYECKMIA NpenapaT TKaHel W3BJeYEHHOro HOBOO6pa3oBaHUA (OKpacka reMaTOKCUAUH-303UHOM,
yBeanyeHme x 40): MEHUHIMOMA MEHUHIOTEIMANABHOMO TUNa G1, HOBOO6PasoBaHMe C NyUYKaMy U 3aBUTKAMU BbITSHY TbIX
K/IETOK, C TOHKUMUK Nyukamu ¢pubposa (GMbpoBacKyNAPHOM CTPOMBI), yUacTKaMy KanbLUHO3a, NCAMMOMATO3HbIMU TEb-

LamMu. ICTOYHMK: COCTaBJIeHO aBTopamu

Figure 6. Histological specimen of the extracted neoplasm tissue (hematoxylin and eosin staining, x40 magnification):
grade 1 meningothelial meningioma, a neoplasm with bundles and whorls of elongated cells, thin bands of fibrosis (fibro-
vascular stroma), areas of calcification, and psammoma bodies. Source: created by the authors

LMOHHbIA Mepuoa NpoTekas 6e3 OC/IOKHEHNUN,
6blN OTMEUYEH perpecc HEBPOJOrMYECKOW CUM-
NTOMaTUKN.

B mapte 2023 r. no pesyabtataMm rmcrono-
FMUYECKOro ucciepoBaHus 6bl10 YCTaHOBIEHO,
UYTO MPUYNHON CUPUHIFOMUENUM Y NauneHTa A.
SABNANACb MEHWMHIMOMa MEHWHroTennanabHOro
Trna G1 (PucyHok 6).

Pesyabrarsl

[OnarHOCTUYECKMA MNOUCK MPUYUHBI MNpPO-
rPECCUPOBAHUSA CUPUHTOMUENUN BbIN 3aTpya-
HEH M NoTpeboBal MHOTOKPATHOIO BbIMOJIHEH S
pasinyHbIX WUCCNeA0BaHUM U  KOHCYAbTaLWNA.
B pesynbtrate npowecTBus BPEMEHU, MNoTpe-
6oBaBlLUerocs ANig MPeACTaBJEHHON COMHOM
MaplpyTusaumm, COCTOSIHME nMauueHTa Hey-
KJIOHHO yXYyALlanoch, @ NMPOrHO3 Ha BOCCTAHOB-
JIEHWE CTAHOBMWJICS BCE MEHEE BNaronpuaTHbIM.

Mocne yCTaHOBNEHMSA 3TUONOTNYECKOro GakTo-
pa 3abosieBaHMs 1 NPOBEAEHUS STUOTPOMHOIO
XUPYPruyeckoro JfieyeHus ypanocb A0BUTbCS
3HAUYMMOr0 KAMHWYECKOrO YyAydlleHus B BuAe
perpecca HeBpPOJIOTMYECKOW  cuMMATOMaTU-
KN U YMEHbLUEHUSA MOJOCTEA B CMUHHOM MO3-
re, 4To MNOATBEPXAAETCA KOHTpOAbHOW MPT
yepes 3 mecsaua u 20 CyTOK nocse BMelLaTeNb-
ctBa (PUCYHOK 7).

Oocy:Kaenue

MPUUYMHOI  MHOTOUYMCNEHHbIX  obpalle-
HU 3@ MeAMUMHCKON MOMOLLbD WU yXyAalle-
HUS COCTOSHUSA MauueHTa CcTanau TPYLHOCTU
B BepuPMKaUMN MNPUUYUHBI  CUPUHTOMUENUN
W, Kak cneacTBue, OTCYTCTBME 3TUOTPOMHOW
Tepanuun. [uMarHoCTUYECKMEe CNOKHOCTU BO3-
HUKAM MO NPUUYUHE OTCYTCTBUS NPU3HAKOB 06-
CTPYKTMBHOWN 3TMONOrMM 3aboseBaHns No AaH-

PUCYHOK 7. KOHTpoNbHast MPT WeiHOro v rpyAHOro OTAE/10B NO3BOHOYHMKA NOC/Ie MOBTOPHOIO XMPYPruYeCKOro eyeHus
(Mait 2023 r.): yMeHbLUEHWE NOAOCTEe B CMMHHOM MO3re, NONOXKUTENbHAA ANHAMUKa. ICTOYHMK: COCTaBAEHO aBToOpaMu
Figure 7. Follow-up MRI of the cervical and thoracic spine after repeat surgical treatment (May 2023). Reduction of spi-
nal cord cavities, positive dynamics. Source: created by the authors
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HbIM HEWpOBU3yaaM3aumm, KOTopas BKJKYana
B cebsa npoBegeHne MPT ronoBHOro M CNuH-
HOro Mo3ra, B TOM 4uC/ie C UCMOJb30BaHMEM
KOHTpaCTHOro BewecTBa. Mo AaHHbIM HEKOTO-
pblX aBTOPOB Cpeau MEHUMHIMOM TOJIbKO 85 %
M3 HUX HaKanJMBalT KOHTPaACTHOE BEeLLeCTBO,
a OTCYTCTBME €ro HaKOMJEeHNs NINlb OTPparkaeT
LENOCTHOCTb FreMaToaHuedannyeckoro bapbe-
pa [9]. Apyrue aBTOpPbI 3aABASIOT AULWb 0 5 %
MEHWHIMOM, He HaKarJnBaKLWmMX KOHTPacTHOe
BewecTeo [10].

ABTOpPbI CUMTAIOT, YTO MPU HaAAUUUK TPYA-
HOCTEN OOHapy!KeHWUs SBHON NPUUUHBI CU-
puyHromMuenuu npu nomowm MPT Kak 3010TOro
CTaHaapTa AnarHocTukm [11, 12] noKkasaHo BbI-
NOJIHEHNE KOHTpacTHoOW MCKT-muenorpadun,
Tak Kak [aHHOe uccaefoBaHuWe MO3BOAUT OA-
HO3HAUYHO MOAYYUTb MHGOPMALMIO O HANUYUK
AW OTCYTCTBMM OBCTPYKUMM Ha KakoM-nnbo
N3 ypOBHEW CMMUHaNbHbIX CybapaxHouaanbHbIX
NPOCTPAHCTB.

JNntepatypa / References

BbIBO/IbI

Mpu AMarHOCTUKE CUPUHFOMWENUU [enaTb
BbIBOAbl O €e TuUMe TOJIbKO Ha OCHOBaHun MPT
BCEM LEHTpasbHOW HEPBHON CUCTEMbI C BHY-
TPUBEHHbLIM KOHTPACTHbLIM YCUNEHUEM HeaoCTa-
TOYUHO, TaK Kak He BCce 06beMHble 0bpasoBaHus/
HOBOOGpasoBaHWs MO CBOEX npupoae MOryT
HaKananBaTb KOHTPACTHOE BELLECTBO.

Mpu ycTaHOBKe AMarHosa HeobxoaMMo ak-
LLeHTUPOBaTb BHUMAHME HA BO3MOMHbIX JTUKBO-
POAMHAMUUYECKUX HaApPYLEHUSX He TOJbKO
Ha ypOBHe 3aAHeN YepenHOn AMKKU, HO U B CMNU-
HaNbHbIX IMKBOPHbLIX MPOCTPaHCTBax.

Mpu noucke MecT 60KMPOBaHUS JIMKBOPO-
LUMPRYNsSuMmM BocTpeboBaHbl He «CTaTUUECKMEN,
a «AMHaMUYeCcKue» MeToAbl ANarHOCTUKK, Hanpu-
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CHOMPCKO-TYPEUKUU HEUPOXUPYPIUUECKUU CUMIIO3UYM —
ILI0IIAIKa ITPodeCCUOHAIBHOI0 U KYJIBTYPHOIO JUaI0Ta

B nocnepHue rofbl HEMPOXUPYPrns HEYKNOHHO ABUXKETCA B CTOPOHY UHTErpaLuy COBPEMEHHbIX TEXHO-
JIOTUI, YHUKaNbHOIO OMNbITa KOJIIEr U LUMPOKOI0 MEX/AYHapoAHOro COTpyAHMYECTBA. APKMUM NOATBEPXAEe-
HWeM 3TOV TeHAEHLMM CTan NepBblii CUOUPCKO-TYPeLKUiA HERPOXNPYPTrYeCKMin CUMNO3NYM, NPoLeALniA
29-30 masi 2025 roaa Ha 6ase defepanbHOr0 HEMPOXMPYPrUYEcKoro LieHTpa B HoBocmbupcke. B Teue-
HWe ABYX AHeN BeAyluve cneumanucTsl 3 Poccum u Typummn o6CyAnan akTyanbHble NpobnemMsl M Hanpas-
NEHVS Pa3BUTUSA HEWPOXMPYPrUnM: OT OHKOJNOTUM U COCYAUCTbIX BMELLATENbCTB A0 TOHKOCTEN QYHKLMO-

HaJibHbIX OnepaLuii.

I'eorpadus u cocraB y4aCTHUKOB

CpeAn [OKNAAUYMKOB 6blNM NpU3HaAHHbLIE
npodeccnoHanbl n3 Poccum n Typumm — BCErO
B Hay4yHOW nporpamMMme MpuHAAM ydyacTue 60-
nee 40 cneunanncTos, NPeacTaBfsAlOWNX Be-
AyUiMe KNAUHUKU N YHUBEPCUTETHI ABYX CTPaH.
MNpencepatenn cumnosmyma — [xamunb P3a-
eB (HoBocubupcK) n npodeccop XakaH IMMes
(AHKapa) - TwaTenbHO npoayManu 6anaHc
MeXay HayKol u HedopManbHbIM 0OLLEHMEM,
UYTO MO3BOJIMNO Y4YaCTHUKAM He TONbKO 06-
MEHATbCSA MNPOdeCcCMOoHaNbHbIMM  HaBblKaMu,
HO M 3aN10XUTb OCHOBY ANs ByayLIMX COBMECT-
HbIX MPOEKTOB.

OcHOBHbBIE TEMATHYECKUE 0JTOKN

MporpaMMa CuMnosmnyMma 6bina HacblLLEH-
HOW W NOTFMYHO BBLICTPOEHHOW. MepBbli AeHb
OTKPBINCSA CeKuMel no onyxonsiM U KpaHuooda-
LManbHON xupyprumn. 0cobbli MHTEpPeC BbI3BaN
AoKnaa npodeccopa IMMe3sa 0 MUKPOXMPYPrun
reMaHrnob6aacToM, a TakKe cooblieHne EkaTe-
puHbl TOPMONBLICOBON O COBPEMEHHbIX MOAXO-
Lax K yaaneHuto onyxonen kpaHmodaumanbHom
obnactu. He octanacb 6e3 BHMMaHUS UHHOBA-
LUMOHHas nekuua npodeccopa Abysepa [MoH-

repa, noapobHO NpeACTaBMBLUEFO BapuaHThl
cynpauepebennsapHbiX 4OCTYNOB.

B cocyaucTon HenpoxXMpyprum OXUBNEH-
HYI AUCKYCCUIO Bbi3Ban Aoknan AHapesa Ay-
60BOro 0 BbIGOPE XUPYPrUUYECKOro noaxona
npu aHeeBpuaMax u coobuieHmne Cabpu Mopbio-
3a No BOMpOCaM MpUMEHEeHUs BUNOASPHOI Ko-
arynaumm npu KaunmposaHuu aHespusM. Co-
BpPEMEHHble BO3MOMHOCTU 3HAO0BACKYNSPHOIro
JleUyeHns aHeBPU3M 3aHEN LUPKYNALMM Bbinm
ocBelweHbl npodeccopoM 3IpxaHOM THOPKO-
rny, a METOAbl PeEBACKyNnsapusaumm Mosra 6biam
npeacTtasneHbl bypakom KapaacnaHoM. Cek-
LMS MO XUPYPrum TpUreMmHanbHoOM HeBpanrum
CcTana OAHOM U3 CaMbIX MPaKTUUYECKU 3HAUUMbIX.
B uacTHOoCTM, moknaabl npodeccopa AlabiHa
Aijocenn o MMHUMaNbLHO UHBA3UBHbLIX BMeLla-
TenbcTBax U AHTOHa lNalkKoBa No HelpoBu3ya-
n3aunm B AMarHOCTUKe HEBPANrMm NO3BOAUAN
NO-HOBOMY B3rNAHYTb Ha MPUBbIYHbLIE NOAXOAbI.

BTopoli AeHb CMMMN0O3MyMa OTKpblaa CeKuus
no CNUWHaNbHON Xupyprum: MypoaxoH Kocum-
LOEeB NpeACTaBMA OMNbIT XMPYPruyecKoro feve-
HUS 3/10KAYeCTBEHHbIX OMYX0Jei MO3BOHOYHU-
Ka, a npodeccop Ceppap KaxpamaH pacckasan
0 CTpaTernn HempoxMpypruyeckoro BefeHUs
MeTacTaTUUYECKUX MopaxeHnin. B neamatpu-

Sibneuro. 2025. Vol. 1, number 1

99


https://crossmark.crossref.org/dialog/?doi=10.64265/sibneuro-2025-1-1-99-101&domain=pdf&date_stamp=2025-10-13

CobbiTusi
CUBUPCKO-TYypPEeLKUIA HEMPOXMPYPIrUUYECKUIA CUMMO3MYM — MJioWaAKka NpodecCnoHaNbHOr0 U KyAbTYPHOTO Ananora

YECKOW CEeKUMM KAOUYEBLIMM CTanuM AOKNAAbl  TeaTpaonepbl v baneTa v TOPHKECTBEHHLIN YHKWH
npodeccopa Hpus Kyuwensa o6 akTyalbHbIX C NaHOpPaMHbIM BUAOM Ha ropoa. B Hedopmanb-
NPUHLMMAAX XUPYPrum onyxonei CTBOAa Mo3ra HOW 06CTAaHOBKE MPOAOIKUAUCE AUCKYCCUW,
N Aoknaa dteMa FEKCy Mo AOCTYyNaM K MEHMH- OBCYKAEHME HOBbIX NMPOPECCUMOHANbHbIX KOH-
rMoMaM KpaHMoBepTebpasbHOro Nepexoaa. TaKTOB W, UTO HE MeHee CYLLeCTBEHHO, — 3Ha-
CUMNO3nyM 3aBepLlIMICA OBCYMAEHMEM  KOMCTBO TYPELIKMX KONNEr C KyNbTYpPOW Hayu-
BOMNPOCOB PYHKUMOHANbHOM HEWPOXMPYPrunm  HOro LeHTpa Cubupw.
N paanoxmpypruyeckux texHonorui. Cepren
KnuM nopennnca onblITOM XUPYpruyeckon Tte-
panun anuaencun Npu NeEPpUBEHTPUKYNSPHON
retepotonuun, a EBreHnin NMonoBHUKOB npea-
CTaBUN COBPEMEHHbIE BO3MOMHOCTU AUCTaH- CUBUPCKO-TYPELIKMIA HEMPOXUPYPrUYECKUiA
LMOHHOW paanoxupyprum bnarogaps LINAC. cuMNOSMyM MPOAEMOHCTPUPOBAN:  MMEHHO
®duHanbHOe CcnoBo 6bIJIO OTAAHO O06MeHy uepes npsiMoe 06LleHUe, CpaBHEHME METOAMK
MHEHWAMU O MNEepCneKTUBaX ABYCTOPOHHUX W KONJEKTUBHLIA pasbop HeopAWHAPHbLIX Kiu-
nporpamMMm obyuyeHUss U1 COBMECTHbIX MCCIeA0- HUUYECKMX CayyaeB GOPMUPYETCS COBPEMEH-

BasKHOCTH MESK/IyHAPOIHOIO
ooMeHa

BaHUWN. Has WKona Henpoxmpypruun. CnoxKHbole BOMpPO-
Cbl — OT onpeaefieHnss XMPYpPruyecKkom TakTUKM
Hayka 11 3a ee IpeIe 1aMin [0 HI0AHCOB MoOcCaeonepauMoHHoro Habnwoae-

HUS — yaanocb 06CyanTb MaKCMMabHO OTKpbI-
HacbilleHHas HayuHasi nmporpaMMma COMpo- TO U KOHCTPYKTUBHO.
BOXAanacCb He MeHee BaXHOW CoOUMaNbHOM Moao6bHble CMMMO3UYMbl HE MPOCTO paclum-
yacTblo. [Nna 3apyberkHbiXx FOCTe OblAM opra- PsSOT KPyrosop, HO U OTKPbIBAOT AOPOry CO-
HW30BaHbl 3KCKypcusi no deaepanbHOMY Heil- BMECTHbIM MHHOBALMOHHbLIM UCCNEA0BAHUSAM,
pPOXMPYPrMUYECKOMY LIEHTPY, @ TaKKe BeuepHne 06MeHy crneumanuctamu, GOpMUPOBAHUIO HO-
MeponpuaTusa: nocelleHne HOBOCUBUMPCKOrO  BbIX KAUHUUYECKUX PEKOMEHAALINIA.
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IL.1anbl Ha OyayIIEe

YKe Ha 3akpbiTun Gopyma y4yaCTHUKM CO-
WANCb BO MHEHUM O HEOBXOAMMOCTU NpeBpa-
LLLeHMs 3TOro cobbiTMa B Tpaauumio. PelueHo,
yTO Cleaytowmia, BTopoi, CUBUPCKO-TYypeLKnit
cuMnosnym npongeT B Typuuu, 4To NO3BOAUT
pacWwupuTb YUCNO YYaCTHUKOB, WHTErpupo-
BaTb B MpPOrpaMMy HOBble TEMbl U YKpenuTb
HayuyHOe COTPYAHMYECTBO MexAay CTpaHamu
N KAUHUKaMU.

BbiBO]

MepBbli CUBMPCKO-TYPELIKUIA HERpPOXMpPYP-
TMYECKUA CUMIMO3MYM CTajl He TOJMbKO MaoLLaj-
Ko npodeccroHanbHOro obLeHus, HO 1 Npu-
MEpoM addeKTnBHOrO MEMAYHapoaHOro
napTHepcTtBa. OTKPbLITOCTb, HaAyu4HbIn ApaiiB
N KYNbTYpPHOE eAUHEHUNE — UIMEHHO 3TW KauecTBa
NO3BOJININ EMY CTaTb COBbITUEM, KOTOPOE KAET
NPOAOIKEHUSA. Mbl yBepeHbl: HOBble BCTpe-
UM NpuHecyT ewle 6osblue OTKPLITUIA ANs BCEX,
KTO MOCBSITUA Ce6S UCKYCCTBY HEMPOXNPYPrUN.
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Announcements

10-13 Hos6psa 2025 roaa

IIpakTyeckmii Kypc «OTpadoTka MUKPOCOCYTHCTOrO0 IIBaX»

MecTo npoBeaeHusi: PrBY «deaepabHblil LEHTP Helipoxupyprumn» MuHsapasa Poccuu, (1. Ho-
BOCMBUpPCK, yN. HeMuposuua-flaHueHko, a. 132/1)

KonnyecTtBo y4yacTHMKOB: 10 y4aCTHMKOB

Kypc noMo:KeT BpayaM He TOJIbKO HEMOCPEACTBEHHO OCBaMBaThb
TEXHMKY MUKPOCOCYANCTOrO LBA, HO TAKMKe YYULINTb MUKPOXUPYP-
rMYEeCKne HaBbIKM B LESIOM, TaK Kak, 0TTauynmBasi TOYHOCTb ABUKEHUN
Npu BbINOJHEHUM MUKPOCOCYAMUCTLIX aHACTOMO30B, B AaJIbHENLLEM
HENPOXMPYPr CMOMKET UCMONb30BaTh 3T HaBblKW B CBOEN PYTUHHOMN
paborTe.

MporpaMMa Kypca npeacTtaBieHa Ha oduumanbHOM cante Cu-
bupckon accouumaumm Helpoxupypros (https://sibneuro.org/
predstoyashchie-meropriyatiya/prakticheskiy-kurs-otrabotka-
mikrososudistogo-shva/).

20 Hos1I6pga 2025 opa

IIpakTHyecKkmii Kypc ¢ ;KuBoii xupyprueii «TpancropakaJibHast

rpyaHasa CMMIATIRTOMUA C BHLIOCROHI/I‘ICCKOﬁ accnc"reHuneii B JICUCHUU

I/IZII/IOHaTI/I‘IBCKOﬁ APUTEMBbBI JIUIA 1 TUIIEPIruapo3a JI&JIOHEﬁ»

MecTo npoBeaeHus: PrBY «deaepabHblil LEHTP Helipoxupyprumn» MuHsapasa Poccuu, (1. Ho-
BOCMBUpPCK, yN. HeMuposuua-flaHueHko, a. 132/1)

KonnuecTBo yHaCTHMKOB: 8 YUaCTHUKOB

Ha Kypce byayT npeacTtaB/ieHbl 0bLMe NeKUUM No aHaTtoMun, dpusmnonorumn, 3abonesaHnsM se-
reTaTUBHOI HEPBHOW CUCTEMbI U MeTOAaM uX JieueHus. OTaenbHO 1 6osnee noapobHo byaeT pac-
CKa3aHOo 0 TaKMX BEreTaTUBHbIX paCCTPOMCTBAX, KaK UANONaTMUYeCcKas apuTpeMus nnLa, NafaoHHbI
1 NOAMbILLEUHbIV FTMNEePruapos, NpeacTaB/ieHbl CBeAEHNS 0 YacToTe UX BCTPEUYAEMOCTU, KIUHUUE-
CKUX NPOSIBNEHUAX, AMATHOCTUKE U NOKA3AHUAX K XMPYPruYecKoMy
neyeHnto. TakxKe byaeT npeactasfieHa MHGOPMaLMSA O NMPUHLUNAX,
0COBEHHOCTAX BbIMOJHEHUA TPYAHOW CUMMATIKTOMUM, €€ pesyib-
TaTax, BO3MOMHbIX MNOBOYHbIX 3QPEKTAX U OCNOMKHEHUAX. KypCaHThl
noApo6bHO NO3HaKOMATCS C 060pYAOBAHWEM U UHCTPYMEHTAMM, He-
06X0AUMBIMU AN TPAHCTOPAKaNbHON CUMMNATIKTOMUN C 3HAOCKO-
NMNYECKOMN acCUCTEHLIMEN.

MporpaMMa Kypca npeacTtaBieHa Ha oduumanbHoM cante Cu-
bupcko accouumaumm Helhpoxupypros (https://sibneuro.org/
predstoyashchie-meropriyatiya/transtorakalnaya-grudnaya-
simpatektomiya-s-endoskopicheskoy-assistentsiey-v-lechenii-
idiopaticheskoy-25/).
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Events
Announcements

11-13 pekabps 2025 ropga

OJINMITHA/IA TI0 HEIIPOXUPYPIrUH 151 CTYAEHTOB CTAPUINX KYPCOB
METUIIMHCKUX YHUBEPCUTETOB U KAMHITYECKIX OPANHATOPOB

VII cTyneHueckaa OnvMnuazaa no Hempoxupyprum «CnbHenpo», opraHusyemas Cnbupckoit ac-
counaumneit Helipoxmpypros n HoBOCMBUPCKMM rocyAapCTBEHHBIM MEANLIMHCKMM YHUBEPCUTETOM,
06beAVHNT NEPCNEKTUBHLIX CTYAEHTOB M3 PasfinuHbIX pernoHoB Poccumn n KasaxcTaHa, npeaocTta-
BMB MM YHUKAJIbHYIO BO3MOXHOCTb MPOAEMOHCTPMPOBATb CBOW 3HAHUS N HABbIKW B 0671aCTU HEN-
poxupypruu. NoapobHaa nHpopMauma byaeT npeacTaBieHa Ha cante CMbUpCKON accoumaumnm
Henpoxupypros (https://sibneuro.org/predstoyashchie-meropriyatiya/).

28 aHBaps - 1 pespansa 2026 roga
Siberian-Indian Neurosurgical Symposium

MporpamMMa 6yaeT A40CTYNHa No3:Ke Ha calite CubupcKkoi accoumaumm Heripoxupypros (https://
sibneuro.org/predstoyashchie-meropriyatiya/).
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Editorial
OT peaakuunmn

YBaxaemble Konneru!

Pepakums KypHana «CubHenpo» 6na-
roAapuT Bac 3a WHTEpPEC K HalleMy nepBo-
MY BbIMYCKY. Mbl TOJIbKO HAaUMHAeM CBOW MyTb,
HO Halla UeNb — CTaTb aBTOPUTETHON Nyollaa-
KoV Ans obMeHa nepeaoBbIM OMbITOM U HayUHbI-
MU AOCTUMEHUAMU B 06/1aCTU HEpOXMPYpruu,
HEBPOJIOTWM, IYUEBOW AMArHOCTUKU U aHecTe-
31010 MN-peaHmMaToNornn. Mol mpurnawaem
aBTOPOB K COTPYAHMYECTBY U KAEM Ballu Ha-
YyuHble CTaTbV AN Ny6AMKauuu B cleayoumx
HOMepax *KypHasna.

Bce pyKkonucyu npoxoAsT o0b6s3aTenbHoe
ABOIHOE CJienoe peleHsnpoBaHue Ans obe-
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CMeyeHMs BbLICOKOrO HayuyHOro KauecTBa ny-
6ankaumnii. CTaTby NpuUHMMatoTcs 1 obpabaTbl-
BalOTCA yepes yA0OHY0 3/IeKTPOHHYI0 CUCTEMY
Ha HalweM caliTe. Bawa paboTa byaeT gocTynHa
LUMPOKOMY KpYry CMeLMannucToB KaK B 3JeK-
TPOHHOM, TakK U B TPaAULMOHHOM MEUYATHOM
dopmare.

Ona nojaunm PyKOMMCU U O3HAKOMAEHWUS
C npaBunamMm oGopMNEHUs, MOXKanyicTa, no-
ceTuTe Haw oduumanbHbin canT htips://www.
sibneurojournal.com

C yBawceHueM,
Pedakyus ucypHaia «CubHelipo»
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