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BBepeHue. Xupypruyeckoe neyeHune CNOKHOM COCYAUCTON NAaTONOTNU HEPBHOI CUCTEMbI OCTAETCA aKTyanbHoOI npobne-
MOIA, TpebytoLieit NpuMeHeHMs KOMOUHALMI pa3MyHbIX TeXHONOrMiA. icnonb3oBaHue rubpuaHoi onepauyuoHHON No3Bo-
N5ieT coYeTaTb OHOMOMEHTHO MM MOCNEA0BATENbHO MUKPOXUPYPruYeckue U 3HA0BACKYNAPHLIE METOAbI XUpPYpruu,
YTO MOKET YNYYWUTb UCXOAbI NeYEHUA.

Llenb pa6oTbl — yayyweHue pe3ynbTaToB XMPYPruyeckoro NeyeHus NalueHToB C COCYAMUCTON NaTonoruen roloBHOrO
MO3ra C NOMOLLbK BO3MOXHOCTEN rMOPUAHOI OnepaLnoHHON.

Marepuanbl n meToabl. OnepaTuBHbIE BMEWATENbCTBA NPOBOAUANCE B TMOPULHOM ONEPaLMOHHO C NPpUMEHEHUEM 3HA0-
BACKYNAPHbIX N MUKPOXUPYPrUYECKUX METOAOB NIEYEHUA CIIEAYIOLWNX COCYAUCTBIX NaTONOTUI FONOBHOTO MO3ra: CIOXHBIX
LYPanbHbIX QUCTYN, COXKHBIX AaHEBPU3M, apTEPUOBEHO3HbIX ManbpopMaLmii. B 3aBMCMMOCTM OT xapaKTepa NaTtonoruu
NPUMEHANM Pa3HbIE BUAbI XMPYPTUYECKOTO BMELIATENbCTBA: TMOPUAHbIA, KOMOUHMPOBAHHBIA, STANHbIN.

Pe3ynbtatbl. 3a 5 neT B rubpuaHOi onepauuoHHON NPoonepupoBaH 41 NauueHT, U3 HUX 33 — C apTePUOBEHO3HbLIMU
ManbhopMauuamMmu, 6 — CO CNOXKHBIMU aHEBPU3MAMK, 2 — CO CNOXKHBIMU AypanbHbiMK ductynamu. KombuHUpoBaHHbIe
BMELWATEbCTBA BbINONHEHBI Y 27 GOMbHbIX, 3TanHble — y 12, rmbpugHbie — y 2. B cooTBeTCTBUM C MOAUDULMPOBAHHOI
wkanoit PanknHa (Modified Rankin Scale, mRS) oTmeueHbl cnepytowme ncxoasl onepawuii: OCNOXHEHUI He BbINO B Ciy-
yasx CNOXHbIX aHeBpu3M (6 naumeHToB) — mRS 0 (6annos), a Takxke AypanbHbix bucTyn (2 nayuenta) — mRS 0 (6annos);
Npu apTeproBEHO3HOI ManbdopMaLum ronoBHOro Mo3ra y 30 60/bHbIX He 6bIN0 0CNOXHEHUIA — MRS O; BO3HWKIMW pas-
HOrO BMJA OCNOXHeHUA y 3 — mRS 1.

3aknioueHue. CoBMelLeHNE MUKPOXMPYPTUYECKUX U 3HA0BACKYAAPHBIX CNOCOBOB NeYeHns B rmbpuaHOIi onepaLnoHHOM
NO3BOJISAIET COYETATb NONOXKMTENbHbIE CBOMCTBA 3TUX METOAOB B COOTBETCTBMU C MOTPEOHOCTAMM XMPYPruyeckoro atana
NIeYEHNS, YTO YyyLaeT UCXOLbl HEMPOXUPYPrUYECKUX BMELIATENLCTB NPY CIOXKHOI HeipoBaCKyNAPHOI NaTonorum.

KnioueBble cnoBa: rubpuaHas onepaumoHHas, COCYANCTas Heipoxupyprus, KOMGUHUPOBAHHAS XUPYPTHs, apTepuoBe-
HO3Has ManbhOPMALUs, CIIOXKHAA AaHEBPU3MA, CNOXKHAS dypanbHas ducTtyna

Ina uutupoBanus: Ceprees A.B., Yepebunno B.10., Casenno A.B., Yemyp3unesa @.A. Xupypruyeckoe neyeHne COCyancTbx
3aboneBaHuit roIOBHOTO MO3ra B YC/IOBUAX rMOpUAHOI onepauuoHHoii. Heitpoxupyprus 2022;24(4):12-21. DOI: 10.17650/
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Background. Surgical treatment of complex neurovascular pathology remains an important problem requiring use
of a combination of various techniques. Utilization of a hybrid operating room allows to simultaneously or sequential-
ly combine microsurgical and endovascular surgical methods which can improve treatment outcomes.

Aim. To improve surgical treatment of patients with cerebrovascular pathology by utilizing the capabilities of a hybrid
operating room.
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Materials and methods. Surgical interventions were performed in a hybrid operating room with a combination of endo-
vascular and microsurgical methods for treating the following cerebrovascular pathologies: complex dural fistulas,
complex aneurysms, arteriovenous malformations. The type of surgical intervention — hybrid, combined, staged — was
chosen in accordance with the nature of the pathology.

Results. In 5 years, 41 patients underwent surgery in the hybrid operating room. Among them, 33 patients had arterio-
venous malformations, 6 had complex aneurysms, 2 had complex dural fistulas. Combination interventions were performed
in 27 patients, staged — in 12, hybrid - in 2. According to the Modified Rankin Scale (mRS) the following outcomes were
observed: no complications in cases of complex aneurysms (6 patients) — mRS 0 (points), as well as in cases of dural
fistulas (2 patients) — mRS 0 (points); in arteriovenous malformation, 30 patients did not have any complications — mRS 0;
3 patients had complications (of different types) — mRS 1.

Conclusions. The combination of microsurgical and endovascular methods of treatment in a hybrid operating room
allows to combine the positive features of the two methods in accordance with surgical needs which improves the out-
comes of neurosurgical interventions in complex neurovascular pathology.

Keywords: hybrid operating room, vascular neurosurgery, combined surgery, complex dural fistula, complex aneurysm,
arteriovenous malformation

For citation: Sergeev A.V., Cherebillo V.Yu., Savello A.V., Chemurzieva F.A. Surgical treatment of cerebrovascular
diseases in a hybrid operating room. Neyrokhirurgiya = Russian Journal of Neurosurgery 2022;24(4):12-21. (In Russ.).
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BBEJIEHUWE

B Hacrostmee BpeMst 3((heKTUBHBIMU METOIAMH JIe-
YeHUS B COCYINCTON HEMPOXNUPYPTUH CINTAIOT MUKPOXH -
pypruto (MX) u sHHOBacKy/IsspHYIo xupypruio (9X) [1, 2].
B HamboJee CIIOXKHBIX CITydasx TpeOyeTcsl OMHOMOMEHTHOE
WY TIOCTICTOBATeJIbHOE MCTIOJIb30BaHNE JaHHBIX METOIVK,
ITOCKOJIbKY KOMILUTEKCHBIN ITOIXOT TTO3BOJISIET ONTUMM3H -
poBaTh pellleHre 3amad, KOTOpble HEBO3MOXHO WM 3a-
TPYIHUTEJIHHO BBITIOJTHUTH OTHUM 13 METOIOB. B cooTBeT-
CTBHM € pOCCUUCKNMI KITMHMYeCKMMI peKOMEHIAITASIMI
«/IlmarHocTKa M JIeYeHNE apTepUOBEHO3HBIX Maab(op-
Malnii IIeHTpaJbHOI HepBHOI cucTteMbl» (27.11.2014)
1 KimmHmIecKiMm peKOMEHIAISIMU TT0 JICICHUTO «CIIOKHBIX>
aHeBPU3M TrojioBHOro Mo3ra (14.10.2015) npenmodruressb-
HO HaJIMYKE WHTETPUPOBAHHOM / THOPUIHOI OTIepaIllioH-
HO#1 ¢ BOBMOXHOCTBIO OMHOMOMEHTHOT'O WJIH TTOCJIEAOBA-
TEJILHOTO BHITTOJTHEHHUS OTKPBITOTO M SHIOBACKYISIPHOTO
BMEIIATEIBCTB. TpaguIIMOHHBINA ITOAXOI COCTOUT B TOM,
YTO CIIydad, TpeOyIoIIre KOMOMHAIINY JaHHBIX METONNK,
MIPENITOIATaroT IPOBEICHIE OIIePATHBHOTO BMEIIIATEIhCTBA
C pa3HBIMHU aHECTE3NOJOTMIECKIMHU ITOCOOMSIMH M B pa3-
HBIX OTIEPAllMOHHBIX, YTO 3HAYUTEIBHO YCIIOXHSET 1 3a-
TSITUBAET TIpoliecc JedeHus. JIJIsi COBMeIIeH!sT METOINK
11e71eCO00PAa3HO UCIIOIB30BaTh THOPUIHYIO OITEPAIIOHHYIO,
C OCHAIIIEHWEM, TTO3BOJISTIOIINM BBITIOJNHSATH 3HIOBACKY-
JIsipHBIe 1 M X-0oTepaiiiu IocIe10BaTeIbHO I OMHOMO-
MEHTHO, He mpuberass K TPaHCIOPTUPOBKE IMAllMCHTA
B IPYTYIO OITEPallMOHHYIO 1 IIPOJIOHTAIIMK HapKo3a [3—7].
Takum o6pa3om 00beAUHEHNE YCUINK MUKPO- U DHA0OBAC-
KYJISIPHBIX XUPYPTOB B OMHOI OIIepalliOHHOM, TIpY Han00-
JIee CIIOXHBIX BapHaHTaX IIepeOpoBacKYISIPHBIX 3a00Jre-
BaHWI, MUHIMU3UPYET HEIOCTATKH! KaXKIOTO 13 METOIOB,
VIIyqIIaeT MCXOIbI 3a00IeBaHMIA, YTO ITOATBEPXKIACTCS
MPOBeAeHHBIMY HcClienoBaHusIMU [8—13].

Llenecoobpa3HO UCITOIB30BATh BO3MOXHOCTU TMOPU/I-
HOI OTIepaIlliOHHOM ITPX Pa3BUTHH TaKUX MHTPAOTICPALIH-
OHHBIX OCJIOKHEHMI, KaK pa3phlB IepeOpaTbHBIX aHEB-

pusMm (IIA), apTeprnoBeHO3HBIX ManbhopMamuii (ABM),
KOIJa HeoOXOOMMO OBICTPO CMEHHUTH METOI XUPYPIHUH,
a 3aIepKKHU 10 BpEeMEHU MOTYT 3HAYMTEIBHO YXYIIITUTh
HCXOIBI JICUCHUsI. ABTOPHI ONUCHIBAIOT 3P (PEKTUBHOCTD
1 OJIATOTIPUSITHBIC MCXOOBI IIPH OBICTPOI CMEHE BHIIA X1~
PYPTHUYECKOTO BMEIIIATEILCTBA B THOPUIHOI OTIepaIiioH-
HOW MpU MHTpaonepalroHHbIX pa3pbiBax LIA u ABM ro-
JloBHOTO Mo3ra [7, 11, 14, 15].

B manHoOI1 cTaThe TIpeaCTaBICHB COOCTBEHHBIE PE3YiTb-
TaTbl XUPYPTUYECKOTO JICUEHUST LIepeOPOBACKYISIPHBIX
3a00JIeBaHUI C ONMMCAaHNEM KIIMHUISCKUX CITyJaeB, a TaK-
Ke pa3paboTaHHas KilacCH(UKaIIUs BMEIIaTeIbCTB B TH-
OpUIHOIT OTIepallMOHHON B 3aBUCHUMOCTH OT CITOCO0a Co-
YeTaHUSI XUPYPTUICCKIX METOIOB.

Ieab paGoThI — yIydIIeHNE pe3yIBTaTOB XUPYPTIAIEC-
KOTO JICUCHUS MAIleHTOB C COCYIMCTOM MATOJIOTHEH To-
JIOBHOTO MO3Ta C ITOMOIIIbI0 BO3MOXKHOCTEH TMOPUIHOM
ONnepalrOHHOM.

MATEPHAJIBI 1 METO/IbI

[nOpunHas onepallioHHas, TIe B CTEPUIBHBIX YCIIO-
BHSIX MOKHO TIPOBOINTH Pa3IMYHBIC BUIBI OTKPHITHIX BME-
IIaTeJIbCTB, 000PYIOBaHA MHOTOOCEBEIM POOOTU3NPOBAH-
HBIM aHTUOTpapUIECKIM KOMILIEKCOM U OITepalliOHHBIM
CTOJIOM C PEHTIeH-HETaTUBHOMN IEKOM IJIST IMPOBEACHMS
stama DX. MHTemIeKTyalbHasI CUCTEMA TTO3UIIMOHNPOBa-
HUSI poOOTU3NPOBaHHON C-IyTHW MMO3BOJISIET TOJYYUTH
BBICOKOKA4YeCTBEHHBIC M300pakeHNsT nByMepHoii LIA 1pa-
KTUIECKH B JII00011 TPOCKIINH, a TAKKE MHTPAOIIePAIIMOH-
HO BHITIOJTHUTH 3D-aHrmorpaduio 1 miiocKoaeTeKTOPHYIO
KomIibloTepHyIo ToMorpaduto (KT). OcHammenne rudopum-
HOU OIIepalliOHHOM TTO3BOJISIET IiepeMernars C-IyTy B pa3-
JINYHBIC TAPKOBOYHBIC TIOJIOKEHMSI, OCBOOOKIAS TOTIOJI-
HUTEJIBHOE IIPOCTPAHCTBO IS TOCTYIIA K TTALMEHTY.

[pu teyeHnn cIOXKHBIX AypaabHBIX pucTy (D) BbI-
TIOJHSUICS HEUPOXUPYPTUYECKUIA JOCTYI HEMOCPEACTBEHHO
K ITOJI0CTY (DUCTYIIBL: TPETIaHALIMS Yeperta C ITOCTIeayIoIIeii
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myHkumei monoctu P, odecrieunBaroIeii mpoBeneHNe
9HIO0BACKYJISIPHOTO MUKpOKareTepa 1 pa3oliueHue pu-
CTYJIBI.

Ha 1-m stane neyenus cioxHbix LIA ¢dopmupoBanmmu
00xomHOI aHacTomo3. Ha 2-M (T1ociie olieHKY MOoTeHIIMAasIa
LLIyHTA C UCIOJIb30BaHUEM OaJITIOH-OKKIIO3UPYIOLLIETO TeC-
ta (BbOT) ¢ MaHOMeTpHei 1 aHTIOTPaDUIECKOM OIICHKOM
COCTOSIHUSI KOJulaTepasied, /1eKTpo(pr3uoa0oruueckKum Mo-
HUTOPWHIOM) — IIPOBOAMIACH JECTPYKTUBHAS OKKITFO3HST
LIA n/wmmm Hecylei apTepruu, €CJIM BO3HMKAJIa TaKkas He-
00XOINMOCTbD.

IIpu xupypruyeckom neuyeHun ABM Ha 1-m sTamne
BBITIOJIHSJIACh YaCTUUYHAs 3HA0BACKYJISIpHasi aM00u3a-
mus. Ha 2-mM — nipoBomunock MX-ynanenune ABM ¢ mo-
clieAyIoNIeii KOHTPOJIBHOI LiepedpaabHOIt aHrnorpadueit
JIJIsSI OLIEHKU pe3yJjibTrara ornepaluu.

B 3aBUCMMOCTH OT XapakTepa MaToJoruu BeIoOupancs
BUJ XMPYpPTrMYECKOro BMeIIaTeIbCTBRA.

¢ | Tun — rUOpUAHAS ONEPANHsA: COBMECTHOE M OMHOBPE-
MeHHOe npuMeHeHne MX n DX, ¢ ucnoib30BaHEM
€AMHUYHOIO HApK03a; B BMEIIATEIbCTB B 3TOM Ipym-
€ MUIaHUPYETCS 10 ONeEPaLiu;

e II Tim — KoMOMHMPOBAHHASA: BRITIOJTHEHUE OTepallmit
B OJJHO aHECTE3UOJIOTMYECKOE MOCOOKE C TOoCcIea0Ba-
TeJIbHBIM MCITOJIb30BaHueM MX 1 DX; MOryT OBITh
pa3IMyHbIe aHECTE3UOJOTMYECKME MOCOOUSI, OMHAKO
eIVMHUYHOE TIPUMEHEHNE HapKo3a CHUXAET PUCKU
OCJIOXHEHUIA;

o III Tum — sTamHas: pasneneHre Ha 3Tambl DX 1 MX,
MOTYT OBITb pa3IMYHbIE AHECTE3UOJIOTUYECKHE TTOCO-
Ous; B BTOM Tpymrie BMEIIATEIbCTB COBMECTHOE UC-
ITOJTb30BaHME 2 METOAMK B OJHO aHECTE3MOJIOTUIEC-
Koe 1ocobue He OyAeT JaBaTh MIPEUMYIIECTB.
Pacnipenenenue onepauuii mo TUMY XUPypruieckKoro

BMmelarenberBa Ha 11 u 111 BeImoniHSIIOCh TIpeABapUTEIbHO,
10 OTIEPaTMBHOIO BMEIIATENbCTBA, HA OCHOBAHUU TaHHBIX
HEWpOBU3YyaJIM3allMM, 2 OKOHYATEJIbHO — Ha OCHOBaHUU
pe3yabTaToB 1-ro 3Tana jedyeHusl.

PE3VJIBI'ATHI

3a 5 et paboThl B TMOPUAHOM OTNepallMOHHO BBITION-
HeHo 41 omepaTMBHOE BMelIaTeNbcTBO: 33 — npu ABM
roJI0BHOro Mo3ra, 6 — mo nosoay LA, 2 — ciaoxHbix 1D
(Taban. 1).

[Tpu ruopumHBIX BMemaTenbeTBax (I i) 06110 2 Coy-
yag cinoxHbix J®. U3 33 cinyyaeB ¢ ABM: 25 G0JBHBIX
mpooneprpoBaHO KoMOMHUPoBaHHBIM (I11) 1 8 — aTarTHEIM
(III) cnoco6om. M3 6 ciaydaeB cinoxHbix LIA: 4 — KomMOu-
auposanHoe (II), 2 — sarantHoe (I11) negerue.

B tabin. 2 mpencraBieHBl UCXOOBI XUPYPTUIECKOTO
BMEIIATeIbCTBA. B IToceonepalilmioHHOM TIepHOAe Cpean
OIeprPOBAHHBIX CIOXHBIX LIA 1 JID ocioxxHeHMIT He ObI-
J10. Pesynbrartsl onepauuii no nosoay ABM cormacHo mo-
IUIIMPOBAHHON IIKajle PaHKWHA pa3IMyHbL:

» Het ocnoxkHeHU (MRS 0) — y 30 mammentoB ¢ ABM

TOJIOBHOTO MO3ra;

* He3HAYUTEIbHBIC OCIOXHEHUS, HE BIMSIIONINE HA Ka-
yecTBO XM3HU (MRS 1) — y 3 manmenToB ¢ ABM;

* TPaH3WTOPHBIN TeMUIIape3, KOTOPHIA perpeccrpoBall
K MOMEHTY BHIIIMCKY, — Y | maIeHTa 1mocJje ynajaeHUst
ABM LieHTpabHbIX U3BUJINH;

* MHTpaonepalroHHbIN pa3pbiB ABM Ha ctanuu sHI0-
BaCKYJISIpHOI 3MO0IM3ay — y 1 TaimeHTa; BHyTpH-
MO3TOBasi FTeMaToMa 1 MaJib(hopMaliys ObLTA OTHOMO-
MEHTHO YHAJICHBI; B IIOCJICONIEPAIIIOHHOM IIepHUOIE
y 00JIbHOTO pa3BUIICS TeMmuItape3 (4 6aia), Ha (poHe
BOCCTaHOBUTEIBHOI TepaIriy HaOJII0aaIach ITOIO0KM-
TeJIbHasl TMHAMMKA B B YaCTUYHOTO perpecca re-
MUITape3a 10 3 6ajUIoB;

* YacTWYHAasl yTpaTa MoJiel 3peHMsI B BUIIE KBaIpaHTHOM
TeMUAHOIICHU — y | TalMeHTa.

Ta6muua 1. Pacnpedenenue onepayuii 6 3a8ucumocmu om muna KOMOUHa-
Uuu Memooux

Table 1. Distribution of operations per surgery combinations

Yuco onepanmii
ITaroaorus
I tun I un (xom6u- I11 Tum (31an-
(ruGpuanbie) HUPOBAHHbIE) HbIe)
/AX\]/S]\I/\[/I - 25 8
Cnoxnbsie A _ 5 )
Complex CAs
pi(o)
DF 2 - -
Bcezo 5 o b

Total

Ilpumenanue. ABM — apmepuosenosnas marsgpopmayus;
L[A — yepebpanvnas anespusma; JAP — dyparvras gucmyna.
Note. AVM stands for arteriovenous malformation; CAs — cerebral
aneurysm; DF — dural fistula.

Ta6auua 2. Hcxodst onepamuervix emeuiamenscme no MooOUGUUUPOSaH-
Holl wkane Pankuna

Table 2. Outcomes of surgical interventions per the Modified Rankin Scale

IMaTonorus mRS 0 mRS 1
ABM
AVM 30 3
Crnoxnele [IA 6 _
Complex CAs
1D
DF 2 -
Bcezo 38 3

Total

Ilpumenanue. Cm. npumeuanus K maoa. 1.
Note. See Note for Table 1.



KJIIMHUYECKUU TTPUMEP 1

Hayuenmra, 42 arem, xcanosanrace Ha Hapacmaroujue
20n08Hble 60au. Tlo danHbIM MaCHUMHO-PE30HAHCHOI MO-
moepaghuu (MPT) e0nr06H020 M032a 8bisieaena eueanmcekas,
yacmuuyno mpomouposannas LA neeoii cpedneii M032080il
apmepuu (CMA) (puc. 1). Ilo danubim aneuoepaghuu, npoge-
OeHHOII ¢ NOMOWbI0 MYABMUCNUPANBHOI KOMABIOMEPHOU MO~
moepagpuu (MCKT), u npedonepayuonHoii ceaeKmugHoll
yepedpanvHoll aneuoepaguu cocyo0os 20108H020 M032a Onpe-
denenbl caedyloujue 0CHO8Hble 0cobeHHocmu cmpykmypol L[A
(puc. 2, 3):

— omxoxcoenue nepedneii eucounoi apmepuu (I1BA) om
MI-ceemenma nesoiit CMA do mewxa I[A, xomoputii
pacnoaaeancs Ha 60ko06oii cmenke CMA;

— u3 nonocmu L[A omxoduna doauxosxkmamuuecku pacuii-
peHHas memeHHas 6emes (M2-ceemenm), komopas danee
3HAYUMO CYIHCANACD.

[lockonvky I[A umena eueanmckuil pazmep u mpomou-
PO6aHHblll Xapakmep u mo2au 0bims 3ampyonenus npu MX
u BX, npunsamo peuternue 06 ucnoab308aHuu UOPUOHOLL one-
payuonnoi. C yuemom cmpykmyphuix ocobernnocmeii 1[A
(namosnoeuueckoe pacuiupernue memeHH020 CMeoa ¢ nocie-
OYIOWUM BbIPANCEHHBIM CMEHO030M, NPeOn0A0NCUMENbHO
ydognemeopumensvHole Koaramepanu mexcdy bacceiiHamu
CMA u nepedneii mozeosoii apmepueii (IIMA), kposocra6-

o)

| 3,0 CiM {3.0 cm
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Jcenue PYHKYUOHANBHO BANCHOL 30HbL 160 BUCOUHOLL 00U
nocpedcmeom I1BA) paccmampueancs eapuanm mpennutea
M -ceemenma c coxpanenuem nepedneil 8UCOHHOI 6emaU
U NOAHBIM BbIKAIOYEHUEM U3 Kposomoka mewka 1[A c memen-
Holl eemevto. [lnanuposanacy uHmMpaonepayuoHHas oyeHKa
KoAnamepanbHo2o KpogocHadMCeHUs M032a € UCNOAb308AHU-
em memoouxu BOT. B cayuae nedocmamouroeo koarame-
PAAbHO20 KPOBOCHAOMCEHUs Npednoaazanocs HAA0JNCeHue
anacmomosa 8 bacceiin memennozo cmeosa CMA.

B ycaosusix eubpudnoti onepautoHHoil nood obueli ane-
cme3suell 1-m 3manom 6vin0AHeHbl YepedparbHas aHeuoepa-
¢us, BOT, noomeepdusuiuii y0osremeopumenvHuiil KoAIA-
mepanvHulii kpogomok meducdy bacceiinamu [IMA u CMA,
U UHMpaonepayuonHslil HelipoghuzuoioeuuecKkui. MOHUMO-
PUHR: CHUICEHUS 08U2AMeNbHbIX NOMEHUUAN08 He 00Hapyice-
Ho (puc. 3 6, 8). BoviasaenHbie OaHHble NO360AUAU U30EHCAmb
npogedenus wynmupyoweii onepayuu. Ilmepuonanvuas
KOCMHO-naacmu4eckas mpenaayus uepena c nocaeoyiouum
MX-mpennuneom M 1-ceemenma CMA c coxpanenuem I[1BA
n0360AUAU BbIKAIOYUMB U3 Kposomoka L[A u namonoeuvecku
usmMeHeHHblll memeHHol cmeoa. Ha 3akarouumensnom smane
onepayuu 8biNoAHeHa KOHMPOAbHASA YepedPanbHas aHeuoepa-
¢us. Busyanuzayus nokazana, umo L[A ne konmpacmupo-
sanacy, KpoBOMOK 6 N00HOU, MeMeHHOU, UCOHHOU U 34a-
MblI0YHOU 004X Obl1 A0CMAMOUHBLI 30 CYem aHACMOMO34A,

Puc. 1. MPT zon06H020 mo3ea: a — akcuanvhas npoekyus, T2-pexcum; 6 — gpponmanvhas npoexyus, T2-pexcum; 6 — cacummanvhas npoexyus, T1-pexcum;
e — MP-aneuoepagus, TOF-pexcum; 1 — koumpacmupyemas uacme yepebpansHoii anespusmol (L[A); 2 — mpombuposannas uacme L[A

Fig. 1. MRI of the brain: a — axial projection, T2; 6 — frontal projection, T2-weighted; ¢ — sagittal projection, T1-weighted; e — MR angiography, TOF;
1 — contrasted part of the cerebral aneurysm (CA); 2 — thrombosed part of the CA
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MMA / ACA

BCA/ICA ‘

Puc. 2. MCKT-aneuoepagus cocydos conosroeo mozea: [IMA — nepeodusis moseosas apmepusi; BCA — enympennss connas apmepus; 1 — konmpacmupy-
emas uacmo Mewka yepedpanvroii anespusmol (LIA); 2 — nepednss eucounas apmepus (I11BA); 3 — M 1-ceemenm negoii cpedneit moseosoit apmepuu (CMA);
4 — mecmo npednonaeaemoeo mpennunea M 1-ceemenma CMA; 5 — memennoii cmeon CMA co 3HauumenvHbim cmeHo30m

Fig. 2. SCT-angiography of cerebral vasculature: ACA — anterior cerebral artery; ICA — internal carotid artery; 1 — contrasted part of the cerebral aneurysm
(CA); 2 — anterior temporal artery; 3 — M I-segment of the left middle cerebral artery (MCA); 4 — site of the planned trapping of the MCA M I-segment; 5 —
parietal trunk of the MCA with significant stenosis

MMA / ACA

MMA / ACA

I'IBA/ATA |
b e

Puc. 3. LepeGpanvras aneuocpagus: a — npedonepayuoHHas cereKmueHas yepeoparvhas aneuoepadus, npamas npoexyus; 6 — uepeGpanshas aHeuoepa-
us, 3a6eden barnon ¢ Henoanoil okkarozueil M 1-ceemenma cpedueii mozeosoi apmepuu (CMA); 6 — ouenka Koaramepasvho2o KpogOMoKa 6 MOMEHM
oannon-okiniosuu CMA; e — KonmpoavHas yepedpanvias aneuoepagus nocie Kaunupoganus yepedpanvhoi anegpusmol (1[A); [IMA — nepednss moseosas
apmepusi; M1, M2 — ceemenmor CMA; [1BA — nepeouss eucounas apmepus; OK — obaacms konramepaneii mexcoy ITMA u CMA

Fig. 3. Cerebral angiography: a — preoperative cerebral angiography, frontal projection; 6 — intraoperative balloon occlusion test; ¢ — assessment of collateral

blood flow after balloon occlusion of the middle cerebral artery (MCA); e — control cerebral angiography after aneurysm clipping;, ACA — anterior cerebral
artery; M1, M2 — segments of the MCA; ATA — anterior temporal artery; AC — the area of collaterals between the ATA and MCA



a y0061emeopumenbHoe KpogoCHAONCeHUe €60l 8UCOYHOIL
doau — 3a cuem I1BA (puc. 3 2). Ilocaeonepayuornotii nepuoo
npomexan 6e3 0CA0INCHEHUIL, HeBPON0UHECK ULl CIAMYC — Ha
doonepayuonrom yposue (mRS 0). Cayuait omuecen k 11 mu-
1y KOMOUHUPOBAHHO2O ONEPAMUBHO20 BMEULAMenbCmad.

KJIMHUYECKUH I[TPUMEP 2

Ilayuenmy ¢ 2012 2. gvinonnena uacmu4nas 3H008ACKY-
Aspuas smboauzayus ABM, nocae ueeo pazeunuce eenepanu-
308anHbie cydopocHble npucmynsl. Ha ghone meduxamenmos-
HOUl mepanuu NPUCMYNbl HOAHOCMbIO HE KYRUPOBAAUCH.
Ilo dannvim obcaedosanus evisienena ABM npaeoit 1060
doau (bonee 5 cm) 6 PYHKYUOHANBHO 3HAUUMOU obaacmu
3a cuem KOMRPeccuu KoAeHa Mo304ucmozo meaa (puc. 4)
¢ agpgpepenmamu u3 6accetinos npasvix IIMA, CMA, nosepx-
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HOCIMHbIM U 2AYOOKUM COPOCOM 8 6ePXHUIL, NONEPEUHbLl, Npsi-
MOIl U KQBePHO3HbLI CUHYCbL, Oa3anbHble 6eHbl (puc. 5 a, 6).
Ilo knaccugpuxauyuu Spetzler— Martin (yuumoieaemces pasmep
ABM, ee aokaruzayus no omHoweHur K QYHKYUOHANLHO
BANCHBIM 30HAM MO32 U 0COOEHHOCMU OPEHUPOBAHUSL KPOBUL),
ABM omnocumcs k 111 epadavuu (SM).

Ha 1-m smane ABM 6bira wacmuuno 3H008aCKyAAPHO
IMO0AUBUPOBAHA Yepe3 DOCTHYNHble HauboAee KPYnHbie ag-
gepenmot npasvix CMA u IIMA ¢ ucnoav3oganuem Headze-
3U6HoIl Kaeeeoll Komnosuyuu Onyx (puc. 5 6). Habarodanroce
3HAUUMENbHOEe YMEHbULeHUe NOOKA KPOBU 8 Y3ie U 3ame0-
JeHue KPo8omoKa 6 Haubojee KPYRHOI 6eHe MatbGopmayul.
Coxpansinoce 3anoanerue ABM uepes meaxue eemeu IIMA
u CMA cnpasa, nedocmynHbie 0451 3HO08ACKYAAPHOU 3MO0-
auzayuu. Yuyumoieas me gakmot, 4mo 6blA0 HEEOIMONCHO

Puc. 4. MPT 20106H020 mo3ea: a — caeummanwvhas npoekyus, T1-pexcum; 6 — akcuanvnas npoexyus, T2-pexcum

Fig. 4. Brain MRI: a — sagittal projection, T1-weighted; 6 — axial projection, T2-weighted

6

__-.E'

MMA / ACA
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Puc. 5. Cenexmusnas yepebpanvhas aneuoepagpus: a — npamas npoeKyus, apmepuansias gasa; 6 — npamasn npoeKkyus, 6eHo3Has gasa (cmpeaku — ope-
Hupyloujue 6envl apmepuosero3noli marsgopmayuu (ABM); 6 — smboauzuposannas u 3anosnsemasn wacmu ABM; CMA — cpeduss mo3zeoeas apmepusi;
IIMA — nepeousis mozeosasn apmepus; 1 — amboauzuposannas yacmoe ABM; 2 — konmpacmupyemas wacmos ABM

Fig. 5. Selective cerebral angiography: a — frontal projection of the arterial phase; 6 — frontal projection of the venous phase (arrows show draining veins
of the arteriovenous malformation (AVM)); ¢ — embolized and filled parts of the AVM; MCA — middle cerebral artery; ACA — anterior cerebral artery;
1 — embolized part of the AVM; 2 — contrasted part of the AVM

17
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Puc. 6. Hnmpaonepayuonnas, KoHmpoavhas yepeopaivhas aneuoepagus: a — npamas npoekyus,; 6 — okoeas npoexyus; 1 — beccocyducmas obaacme
yoanennoii apmepuogenosnoil marvgpopmavuu (ABM); 2 — ocmamounvie yacmu amboauzama

Fig. 6. Intraoperative control cerebral angiography: a — frontal projection; 6 — lateral projection; 1 — avascular area of the removed arteriovenous malformation

(AVM); 2 — residual parts of the embolizate

docmu4b nocmasneHnbIx yeneli nymem DX (momanvuoil sm-
oonuzauuu meakux agpgepenmos ABM) u movt o6aadanru do-
CMAamo4HbIM 8pemeneMm 05 ocyuecmenenuss MX-aeuenus,
npunamo peuwierue 0 MX-yoarenuu ABM. bez mpancnopmu-
DPOGKU 6 Opy2yio ONepayuoHHYIo, 8 00UHOUHOe AHeCMe3UoN0-
eudeckoe nocobue manrspopmayus momanvio MX-yoanena,
3amem nposeau KOHMPOAbHYIO UepeOpatbHyto aHeuoepaguio,
noomeepousuiyro paduxasvHocms onepayuu (puc. 6). Ilocae-
onepauuoHHblll nepuod npomekan 6e3 0CA0ICHe UL, Heapo-
A02UYeCKUll cmamyc nayueHmxu 0bli Ha 000NepayUOHHOM
yposre (mRS 0). anuwiit cayuaii omuecau k muny 11 komobu-
HUPOBAHHORO ONEPAMUBHO20 BMEUAMENbCMBA.

OBCYKIIEHUE

ITpu xupypruueckom Je4eHUU HERPOCOCYIUCTOM Ta-
TOJIOTY UCTIONB3YETCSI SHAOBACKYISIPHBIN MU MUKPOXU-
pyprudeckuii Meton. CyIiecTByeT psii aTOJIOTHI, TpeOy-
IOIIX KOMOMHUPOBAHHOTO TIOX0JA C UCITOIb30BAHUEM
DX 1 MX. HemoctaTKOM COBMELIEHUSA 3TUX METOLUK
CITYyXXUT HEOOXOAMMOCTb B TPAHCIIOPTUPOBKE MAIIMEHTA
B IPYTYIO OTEPAlMOHHYIO U TTIOBTOPHOE BBEJACHWE Mally-
eHTa B HapKo3 [16—19]. Mcnonb3oBaHue rTMOpUIHONM OTle-
PAIMOHHOI TTO3BOJISIET BHITIOIHATE KOMOMHAITIIO DX 1 MX
0e3 3TUX HeaocTaTkos [9, 12, 13].

OcHoBHas 3a1a4a KOMOMHUPOBAHHOM XUPYPTUU B TH-
OpuaHOI omepallMOHHON TpU cioxHBIX LIA cocrosna
B TOM, YTOOBI MAKCUMaJIBHO CHU3UTh PUCKU OCTOXHEHU
3a CUET COYETAHUSI HAIOXEHUST OOXOMHBIX COCYIMCTBIX
aHACTOMO30B C MOCIEAYIONIIUM SHA0BACKYISIPHBIM BbI-
kmogeHreM LA mm Hecyiero cocyna rociie BOT. AsiroputM
JIECTBUI TPV KOMOMHAIIMY 2 METOWK JICYEHUSI CIIOXKHBIX

LIA pa3padoran u mompo6Ho ormicad M. T. Lawton 1 coaBT.
[19, 20]. B pabote S.C. Shen u coaBT. OTIepaTUBHBIE BME-
IIaTeJIbCTBA OBLINA pacTIpefesieHbl Ha HECKOJbKO JTHE
U BBITIOJHSITUCH B PAa3HBIX OMEPAIMOHHBIX, C PA3HBIMU
aHEeCTEe3MOJIOTUIECKUMU TTOCOOUSIMU, YTO MOTJIO TTOBBI-
CHUTh PUCKH TPOMOO3a aHacToMo3a [21].

B cepum onepauuii cnoxHbix LA B rubpuaHoii one-
pallMOHHOM HalIel KJIMHUKYU 4YaCcTh KOMOMHUPOBAHHBIX
BMEIIIATETHCTB BBHITIOTHEHA B €IMHCTBEHHOE aHECTEe3MO-
JIOTUYECKOE Moco0ue, YTO TO3BOJIMIIO MPOBECTH KOHT-
POJIbHBIE CCIIENOBAHYSI MHTPAOTIEPALIMOHHO, TIPEAOTBPA-
TUTh BO3MOXHBI! TPOMOO3, COKPATUTh PUCKH TTOBTOPHBIX
HapKo30B [22]. 3amaya KOMOMHUPOBAHHOTO ymaleHUs
ABM T10JIOBHOTO MO3Ta B THOPUIHOM OTIepalliOHHOM CO-
CTOsUTa B CHIDKEHUW UHTPAOTIEPALIMOHHOTO PUCKA KPOBO-
TedyeHus1 U3 ABM Gnaromapst YaCTUYHON HIOBACKYJISIP-
HoUl sMbonuzauuu nepen MX-ynaneHuem. IlToxoxue
33/la4¥ PellaINCh B Pa3IMYHBIX paboTax B KIMHUKAX
IBeitnapuu u Poccum [9, 23]. B ogHOM ciyuae cpenu
HAaIllMX OTEepalui MPONU30IIIE] NHTPAOTICPALIMOHHBIN pa3-
pbiB ABM npu sHaoBacKyJaspHoi aMobonuzanuu. Io-
CKOJIbKY He ObUIO HEOOXOAMMOCTU TPAaHCIIOPTUPOBATH Ma-
LIMEeHTa B IPYTYIO OTEePAlMOHHYIO, YAaJI0Ch 3BaKyUPOBaTh
BHYTPHMMO3TOBYIO TeMaToMy U pe3erinpoBaTb ABM 6e3 He-
00XOOMMOCTH TaKOW TpaHCTIOPTUPOBKU. CriennanncThbl
KIMHUKY B SInoHuu [21] oTMETWII BO3MOXKHOCTb CMEHBI
BX Ha MX 11pn UHTpaoIepallioHHOM pa3peiBe ABM B Mo-
MEHT 3HJ0BACKYJIIPHON MO0 M3alliK, YTO MOXKET 3HAUU-
TEJIBHO YAYYIIUTh UCXOJ XUPYPTUUECKOTO JICUEHUS.

BonbuinHcTBo D MOXKeT ObITh 3(PGHEKTUBHO U Ma-
JIOUHBA3UBHO MPOOTIEPUPOBAHO IHAOBACKYISIPHO [24].



OmHako B TeX CIIy4yasx, Koraa OTCYTCTBYET 9HIOBACKYJISIP-
HBII JOCTYIT M1 HEBO3MOXHO MX-ynajaeHne, eIMHCTBEH-
HBIM BapuaHTOM JieueHus P cTaHOBUTCS THOPUITHOE
BMEIIIATEIBCTBO. Pa3mmaHbIe aBTOPBI OTMEYAIOT IIPEUMY-
1LIECTBO TMOPUIHOM OIepallMOHHOM, KOTA BBITOJIHEHHbII
MX-poctyn K I® no3BojisieT 0MHOMOMEHTHO BBIKJTIOUUTh
ducTyny sHIoBacKyspHo [12, 15, 21, 22].

Bormpoc mranupoBaHust 00beMa 1 BUIIA OIIEPaTUBHOTO
BMEIIIATeILCTBA B THOPUIHOM OIIEPallMOHHONM B 3aBUCH-
MOCTH OT CTEIIeHU CIOXHOCTH HEHPOBACKYJISIPHOM ITaTO-
JIOTUM HEIOCTAaTOYHO OCBEIICH B HAyIHOU JIMTEpaType.
Taxk, aBTOpbI pacnpeaeanar OnepupoBaHHbIX MALIMEHTOB
Ha TPYIIITE KOMOMHMPOBAHHOTO BMEIIIATEIHCTBA, BCITOMO-
raTeJIbHBIX METOIUK U CTepeoTaKCUuecKue onepanuu [15].
3amaya JaHHOU KTacCU(UKALINKI — OIIpeIeIeHIE CITyJIacB,
KOTJa HeOOXOMMMO HMCIIOIh30BaTh THOPUIHYIO OIlepally-
OHHYIO.

Hamm pa3zpa®otaH WHOI aJlTOPUTM pacIpencIeHUs
BUA ONepalyil Ha TPYIIIIBI C LIEJIbIO CTAHAAPTU3aLMA Bbl-
0opa TaKTWKM JICUCHUsI TAIIMEHTOB ¢ HEMPOCOCYINCTOM
maToyiorueii. B 3aBUCMMOCTH OT BapMaHTOB COYETAHMUS
XUPYPIUIECKIX METOAMK B JICICHNH OBUIO BBIACIICHO 3 TH-
na xupypruueckoro jedeHus: I — ruopugnoe, 11 — kom-
ouHuposaHHoe, 111 — sTanHoe.

I mun — 2ubpudnvie onepayuu: MX 1 DX BEITIOTHS-
10TCS B | aHECTE3MOIOTUYECKOE TTOCOOKE OMHOMOMEHTHO,
a pazaesIeHre Ha 3Tallbl WM BBITTOJTHEHHE IO OTACIBHOCTH
HEBO3MOXHO. B orrepaTHBHOTO BMeIIaTe/IbCTBA B 3TOMU
rpyIine IaHUPOBAJICS A0 ONEPATUBHOIO JIEUEHHUST, HA OC-
HOBaHWHU M3YYeHUS MaTepPUAIOB HEWMPOBU3yaIU3aIlNU
W aHaMHe3a TamueHTa. B Haimell cepuu mpu JIeUeHUN
cioxxHoit 1M mmocie 6e3ycIenIHbIX MOoMbITOK MX-ynare-
HUS ¥ HIOBACKYJISIPHON 5MOONIM3allNy MPUMEHEH TH-
opuaHbiii moaxon. ITocne MX-moctyna BBoguiIcs 5M00-
JI3aT HETIOCPEICTBEHHO B ITOJIOCTH (DHCTYIIBI HA OTKPBITOM
MO3re.

II mun — xombunupoeannasn xupypeusa: MX nu DX
BBITIOJTHSITVCH B 1 aHECTE3MOJIOTMIECKOE TT0COOME, UTO IT0-
BBICHJIO 3(p(GEKTUBHOCTh JICUCHUSI, CHU3MWIO PHUCKU
ocloXHeHui. B naHHO# rpyrine peieHue o BUie BMella-
TEJILCTBA IPUHUMAJIOCH IO OIIepalliil HA OCHOBAaHWUM JaH-
HBIX HEMPOBU3YAIN3AINN M OKOHYATETHHO OIIPEACIISIIOCH
BO BpeMsI orepanuu. MHTpaorepallnioHHO OIIeHNBAJIOCh
BpeMs, 3aTpadeHHOE Ha 1-1f BUI XUPYPTUH, a TAKXKE OIe-
HUBAJIACh CTEIICHD BHITIOJIHEHUS 3aIJIAHNPOBAHHOTO 00h-
eMa BMelIaTesIbeTBa. [IpuMepoM, OTHOCSIIIIMMCS K TaHHO-
My (II) TuIry, MOXeT CIyXUTh Cirydait xupypruu ABM,
MpeICcTaBICHHBINM B MaHHOU cTathe (Tipumep 2). IToce
sTana OX BBISIBIICHO 3HAYNTEILHOE YMEHBIIICHNE ITOTOKA
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KpoBu B Tene ABM, 3amenneHre Toka B OCHOBHOM Ape-
HaXXHOM BEHE, OTCYTCTBHE OOCTyIa, HEOOXOIUMOTO
IS TOTallbHOUM aMOonm3auuu ABM. B aToit cutyanuu
OBLTM BBICOKME pUCKU pa3pbiBa ABM B ciydae aTarmtHOTO
JnedeHnss. ONTUMaIbHBIM pelieHrueM cowtn MX-ynane-
HHE, KOTOPOE MOBBICHIIO 3(P(PEKTUBHOCTH OIEpallU CO
CHMXXEHHEM PUCKOB pa3pbiBa ABM B nepuoa Mexmy orne-
panusMu, CHU3WIO HAarpy3KH ITOBTOPHBIX HAPKO30B, 00Ty~
YeHMUS MTallieHTa U BBEICHUSI KOHTPACTHOTO BEIECTBA.

III mun — smannste émewameavcmea: onepanu
B OTHO aHECTE3MOJIOTMYECKOE IOCOOMEe HEe BIMSIIN Ha (-
(bexTUBHOCTS JIeueHUsI. [IprMepoM MOXET CITyXXKUTh CIIy-
yaii ciroxxHoit ABM ronmoBHoro mo3sra IV rpamammuu (SM).
XOTSI M3HAYAJIPHO TUIAHMPOBAIOCH TOTAIbHOE YHAJICHUE
ABM B 1 aHecTe3unoiornyeckoe nocodue, HO IIPOIOJIKM -
TEJIBLHOCTH 3Tamma DX cocTaBmiIa 6ojiee 3 U, IIO3TOMY 3a-
IUTAHUPOBAaHHAas 11eJIb YMEHbIIIEH!S ITOTOKa KpoB B ABM
He OblIa focTuTHYyTa. COXpaHSUIMCh PUCKW MHTpPAoIIepa-
HroHHoro KpoBoteueHus: npu MX. [IpogomkeHue am0b0-
JIN3aIUHA MOTJIO 3aTSIHYTh BpeMsl OoTepallii U MPUBECTH
K YTOMJICHMIO iepcoHaa. Yepes 7 mHel 2-M 3TaIroM IIpo-
BeJIN 3aBEepIICHIE SMOOM3AIIMN 1 paTUKAIbHOE YIaJIcHIe
ABM.

151 06JerdeHYsI TIpeIoIePallMOHHOTO TUIAHNPOBAHUS
HaMmu pa3paboraHa gaHHasl Kiaccudukamnus. s rmiaHum-
POBaHMS COYCTAHHBIX OIIePALIH PA3IMIHOTO TUIIA TPEOY-
€TCSl TIPOAOJIKUTh UCCIEN0BaHUS C HAKOTIJIEHUEM 00Jb-
IIEero ONepallMOHHOTO Matepuana. Jlajee MOXHO Oymer
pa3paboTaTh ONTHUMAJIBHBIN aJITOPUTM pacIipeacIeHUS
MMAIlEHTOB 110 TUTIAM JICYeHUsI, BEIOPATh IO OIepalni
ITapaMeTphl BKIIFOUCHUST, YTO TaKXKe MOXET YCKOPHUTH ITPO-
Lecc MPUHSITHSI PEIICHUSI, TOBBICUTHh 3(D(HEKTUBHOCTD
JIeYEHUs], YIYUILUTb UCXOAbl U CHU3UTh PACXOJbl HA MaTe-
pHUabHBIC 1 9eJIOBEYECKHE PECYPCHI.

SAK/TFOYEHME

Komo6unupoBanne MX 1 DX B TMOPMIHOI oriepaiiy-
OHHO TTO3BOJISIET COYETATh X MOJIOXKUTEILHBIC CBOMCTBA!
MaJIOMHBAa3UBHOCTb 3HAOBACKYJISIPHOTO METOAA W paav-
KaJIbHOCTb MUKPOXAPYPTIecKoro. JIedeHre B TMOpUIHOM
OIepallMOHHO¥ MO3BOJISIET PACIIUPUTH BO3MOXKHOCTU UH-
TpaoIePAIMOHHON BU3yaIM3allid U MOHUTOpHWHTA. Pac-
Mpele/ieHre OoIlepalunii Ha TUIbI COYeTaHHBIX BMeIla-
TEJIBCTB ITO3BOJINT CTAHAAPTU3NPOBATH IIPEIOIIECPALIMIOHHOE
IUIAaHMPOBAaHME, YTO COKPATUT BpeMsT Ha TIPUHSATHE pellie-
HUI, YIYYIIUT WCXOMBI HEHPOXUPYPTUICCKUX BMeEIa-
TeNbCTB. TpeOyeTcsT HAaKOIUIEHME OOJTBIIIETO KOJIMIeCTBA Ma-
Tepuaia il TpoBeaeHsI 001ee rTy00KOro CPaBHUTEIBHOTO
aHaJI3a METOIOB JICYCHUS B Pa3HBIX OIIepaIllIOHHEIX.
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XUPYPTUYECKOE JIEHEHUE AIEHOKNCTO3HBIX
KAPIIMHOM CHMHOHA3AJIbHOW JIOKAJIM3ALINU
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BeepeHue. Onyxonu cMHOHa3anbHOM 061acTM — Gonbluas rpynna Kak [oOpOKauecTBEHHbIX, TaK U 3N10KaYeCTBEHHbIX
00pa3oBaHuWii, NOpaXaloWnx NoNoCTb HOCa, OKONOHOCOBLIE Na3yXu, CTPYKTYPbI NepeaHel U cpesHen YepenHbix AMOK
OCHOBaHusA Yyepena.

Llenb pa6oTbl — oLieHKa pe3ynbTaToB XMPYPruyeckoro Ne4eHns naLueHToB C aleHOKUCTO3HbIMU KapLyuHOMaMu CUHOHa-
3aNbHOM NOKanu3aumm, nponeyeHHolx B nepuog ¢ 2007 no 2021 r.

Marepuanbl u metopbl. Hactoswee nccnefoBaHme — peTpOCNEKTUBHBI aHaNU3 pe3ynbTaToB XUPYPruyecKoro neyeHums
NauueHTOB C afleHOKUCTO3HbIM PaKoM OCHOBaHMA yepena, onepupoBaHHbix B OTAY «HMULL Heiipoxupypruu UM. akap.
H.H. BypaeHko» Mun3apasa Poccum B nepuop ¢ 2007 no 2021 r.

Pe3ynbtathl. PagnkanbHOCTb yaaneHUs Onyxonu OLEHWBaNacb Ha OCHOBAHMW AAHHbIX MAarHUTHO-PE30HAHCHON TOMO-
rpaduu, BbINONHEHHON He paHee 3 Mec nocne onepauuu. TotanbHoro (95-100 %) ynaneHns onyxonu yaanoch LOCTUYb
y 8 (25 %), cybToTansHoro (80-95 %) —y 15 (46,9 %), yactuuroro (50-80 %) —y 5 (15,6 %) nauueHTOB; pacluupeHHas
ouoncus BeinoaHeHa B 4 (12,5 %) cnyyasx. Npu 3TOM TOTanbHOMO M Cy6TOTANBHOTO YAaNEeH!s Yalle yaaBanoch LOOUTbCA
Npwu OTKPLITOM XKUpypriu (BoiGop Bbi CBA3aH C TONOrpado-aHaTOMUYECKUMIU OCOOEHHOCTAMMU PACMoNOXeEHUs onyxonei).
06cykpeHue. B npepcrTaBneHHol paboTte NpuBefeH aHanM3 pe3ynbTaToB NeyeHus 32 NaLueHTOB C afleHOKUCTO3HbIM
PaKoM CMHOHa3anbHoO NoKanusauuu.

OcHOBHOW MeTOA NeYeHNA — KOMMIEKCHbLIN NOAXOM: PafUKanbHAA XMPYPruyeckan pesekLyma onyxonm COBMECTHO C afb-
I0BaHTHOW Jly4eBoii Tepanueit. Xupypruyeckoe neyeHne HanpaBieHo Ha MaKCMMabHO BO3MOXKHYIO pe3eKLuio naTonoru-
YeCKUX TKaHel Ans NpefoTBpalleHUs peLnansa 3abonesaHus.

04MH U3 cambiX pacnpoCTpaHeHHbIX JOCTYNOB — TpaHchaLManbHbi ¢ 6UPOHTaNLHOM KpaHUoTOMUElN UnK Ge3 Hee, BKIO-
yawowuii B cebs kpaHmodaumanbHyo pe3ekuuio.

3aknoueHune. AleHOKNCTO3Has KapuMHOMa — arpeccuBHasn 3/10Ka4eCTBEHHAA ONyxosb, Tpebyiolas KOMNIEKCHOMO noj-
XOfia K NeyeHnio. BaxHble hakTopbl, NONOXMUTENbHO BAUSIOLME HA PE3YNbTaThl IEYEHUS: XMMUOYYeBOe leYeHune; BO3pacT
NaUWeHTOB; UCXO[HAA CTapuA 3aboneBaHus, NpU KOTOPOIM HAYaTo NeyeHue; YCUNeHUe AUCNAHCEPHOro HabniofeHus;
0CBE[JOM/IEHHOCTb Hace/eH!s 0 BO3MOXHOCTU Pa3BUTUsA NOZOGHLIX 3a60neBaHui, HEOOXOLMMOCTYU PEryNspHON AuUcnaH-
Cepu3almu ojs CBOEBPEMEHHOTO 00palLeHUs K Bpayy.

KnioueBble cnoBa: afeHOKMCTO3HAs KapLuuMHOMa, XUPYpPrus OCHOBaHUA Yepena, KpaHuodayuanbHas Helpoxupyprus,
3HAOHA3abHas 3HAOCKONMYECKas XMpyprus

IOna uutnposanusa: Cnupun [.C., Pewetos W.B., Yepekaes B.A. u ap. Xupypruyeckoe nevyeHne afeHOKUCTO3HbIX KapLim-
HOM CMHOHa3anbHOI nokanusauuu. Heitpoxupyprus 2022;24(4):22-31. DOI: 10.17650/1683-3295-2022-24-4-22-31
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Background. Tumors of the sinonasal region represent a large group of both benign and malignant formations affecting
the nasal cavity, paranasal sinuses, structures of the anterior and middle cranial pits of the base of the skull.

Aim. Evaluation of the results of surgical treatment of patients with adenoid cystic carcinomas of sinonasal localization
treated in the period from 2007 to 2021.

Material and methods. The present study is a retrospective analysis of the results of surgical treatment of patients with
adenoid cystic cancer of the base of the skull operated at the N.N. Burdenko National Medical Research Center of Neu-
rosurgery in the period from 2007 to 2021.

Results. The radicality of tumor removal was assessed based on an MRI analysis performed no earlier than 3 months
after surgery. Total (95-100 %) tumor removal was achieved in 8 (25 %), subtotal (80-95 %) in 15 (46.9 %), partial
(50-80 %) in 5 (15.6 %) patients; extended biopsy was performed in 4 (12.5 %) cases. At the same time, total and
subtotal removal was more often achieved with open surgery, which was due to the topographic and anatomical features
of the location of tumors.

Discussion. In this paper, we present an analysis of the results of treatment of 32 patients with adenocystic cancer
of sinonasal localization.

The main method of treatment is an integrated approach - radical surgical resection of the tumor together with adjuvant
radiation therapy. Surgical treatment is aimed at the maximum possible resection of pathological tissues to prevent
recurrence of the disease.

One of the most common approaches is transfacial with or without bifrontal craniotomy, which includes craniofacial
resection.

Conclusion. Adenoid cystic carcinoma is an aggressive malignant tumor that requires a comprehensive approach
to treatment. Important factors that positively affect the results of treatment are the conduct of chemo-radiation
treatment and the age of patients, as well as the initial stage of the disease at which treatment was initiated, which
necessitates strengthening dispensary monitoring and raising awareness of the population about the possibility
of developing such diseases for timely access to a doctor.

Keywords: adenoid cystic carcinoma, skull base surgery, craniofacial neurosurgery, endonasal endoscopic surgery

For citation: Spirin D.S., Reshetov I.V., Cherekaev V.A. et al. Surgical treatment of adenoid cystic carcinomas of sinonasal
localization. Neyrokhirurgiya = Russian Journal of Neurosurgery 2022;24(4):22-31. (In Russ.). DOI: 10.17650/1683-

3295-2022-24-4-22-31

BBEJIEHUWE

Ornyxo/mm CHHOHA3TbHOIM 00JIACTH TIPEICTABIISIFOT COOOM
OOJIBIIIYIO TPYIITY KaK JOOpOKAaYeCTBEHHBIX, TaK 1 37I0Ka-
YeCTBEHHBIX 00pa30BaHMIA, TTOPaXKAIONINX MOJIOCTh HOCA,
OKOJIOHOCOBBIC TIa3yXU, CTPYKTYPHI TIepeaHe 1 cpemHei
YepeITHbIX IMOK OCHOBaHMS depernia. CorracHO KJIacCu-
¢ukamm omyxoseii rooBsl 1 e BO3 (2017 1., 4-¢ u3m.)
cpenr 3JI0Ka4yeCTBEHHBIX HOBOOOPA30BaHUI BBIICIISIOT
cienyonme MopMOIOTMIECKIE TUTTBL: TUIOCKOKIICTOYHBINA
pak, HemndhepeHITMPOBAHHBIN paK, HeaubGepeHITNPO-
BaHHasl ciHOHa3aibHas KapuuHoMma (SNUC), ameHOKwHC-
TO3HBIN pak, NUT-KkapimHoMa, KapltHOMa ¢ Ae(bUITUTOM
SMARCBI (INI1), HPV-accoummpoBaHHBII1 paK C aneHO-
KHCTO3HOIOMOOHBIMY TIpU3HAKAMHM, OM(EHOTHITYECKAS
CUHOHAa3aJibHas1 capkoMma u ap. [1]. PacnpocTpaHeHHOCTb
3J10Ka4eCTBEHHBIX HOBOOOPAa30BaHMI CHHOHA3aJbHOMI
001acTH, TTOpakamIInX OCHOBAHUE Yepelia, COCTABISIET
3—5 % oT Bcex 3710Ka4eCTBEHHBIX HOBOOOPa30BaHUM I0-
JIOBHI ¥ 111U [2].

Ileab paboThI — OIICHKA M aHAJIN3 PE3YJIBTATOB XUPYP-
TUIECKOTO JICUCHUS TTAIIMEHTOB C alcHOKMCTO3HBIMU Kap-
IIMHOMaMU CHMHOHA3aJbHOMU JIOKAIM3AllN ¢ MHBa3HEH
OCHOBaHUs 4deperna, orepupoBaHHEIX B PTAY «<HMMUAI]
Heypoxupypruu um. akag. H.H. bypaenko» Mun3agpaBa

Poccum (manee — LleHTp Heiipoxupyprun) B rrepuon ¢ 2007
mo 2021 .

MATEPHAJIBI 1 METO/IbI

Hacrosmiee nccienqoBanme MpeacTaBiIsieT Co00M pe-
TPOCHEKTUBHBIA aHAINU3 PEe3yIbTaTOB XUPYPTUIECKOTO
JICYSHUST TTAlIIEHTOB C aJIeHOKMCTO3HBIM paKOM OCHOBA-
HUS Yepelia, oneprupoBaHHBIX B LIeHTpe Helipoxupypruu
3a nepuog 2007—2021 rr. B nccnegosanue Bouu 32 ma-
LIMEeHTa, cpean KoTophix 19 (59 %) XeHIWMH B Bo3pacTe
ot 28 10 64 net (cpenHuii Bozpact — 50,2 roga) Ha MOMEHT
MPOBeAEeHNS OIepaTUBHOrO BMeluaTeabctBa u 13 (41 %)
MyK4MH — OT 34 o 70 neT (cpemHuii Bo3pact — 56,2 rona).
VY 15 (47 %) GonbHBIX onepaTUBHOE JieueHue B LleHTpe
HeNpOXUpypruu ObLUIO MMEPBUYHBIM. ¥ 17 — paHee BBINOJ-
HeHa 1160 ouomncus (n = 15), 1nbo cyOoTOTaAbHOE yaalie-
Hue (n = 2). Bce mammeHTs 00¢IeI0BaHbI 110 CTAaHIAPTHO-
MY OHKOJIOTMIECKOMY IIPOTOKOJTY, BKITIOUYAOIIEMY B Ce0s
KIMHWYECKHE, JJadOpaTOpHBIe Y HEHPOBU3YAIM3aIIOH-
HBIE METOMBL. Y KaXI0T0 OOJIBHOTO 10 U TIOCTIE OIIepaiy
HCCIIeOBaJICS HEBPOJIOTMUECKUIA cTaTyc. Bcem marmeHTaM
mepen ornepalneit mIpoBOIMIaCh MATHUTHO-PE30HAHCHAS
toMmorpacdust (MPT) ¢ KOHTpacTHBIM yCUJICHHEM B pa3-
JINIHBIX pexxuMax. B 1-e cyTku mocie orepalny BCeM
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MNMopaskeHne cpepHein yepenHom AaMKK /
Lesion of the middile cranial fossa
MopakeHne nepegHen YepenHomn AMKK /
Lesion of the anterior cranial fossa

WHBa3sua B opbuTy / Invasion into an orbit
PacnpocTtpaHeHue B KaBEPHO3HbIN CUHYC /
Propagation into the cavernous sinus
MopaxeHwe ckata / Lesion of the stingray
MNopaskeHne NMpamnabl BACOYHON KOCTU /
Lesion of pyramid of the temporal bone
PacnpocTtpaHeHne B NOABNCOYHYIO AMKY /
Propagation into the subtemporal fossa
PacnpocTtpaHeHue B KpbIIOBUAHO-HEOHYIO AMKY /
Propagation into the pterygoid palatine fossa
PacnpocTtpaHeHue B Hocornotky /
Propagation into the nasopharynx
PacnpocTtpaHeHue B nonoctb Hoca /
Propagation into the nasal cavity
PacnpocTpaHeHue B KNMHOBUAHYIO Nasyxy /
Propagation into the sphenoid sinus

lNopaxeHwne KocTen ocHOBaHMA Yepena /
Lesion of the skull base bones

25

Puc. 1. Bapuanmu pacnpocmpanenus onyxoneii 0CHOBAHUs Hepena

Fig. 1. Variants of tumors propagation in the skull base

0OJIbHBIM [IPOBOAMIACH KOHTPOJIbHASI KOMIIbIOTEpHAsI TO-
Morpadusi. B mepnon KarTaMHECTUYECKOTO HaOI0AeHUS
MPT-uccienoBaHue ¢ KOHTPACTOM ITPOBOAMUIOCH KaXK/IbIe
4—6 Mec mocjie onepanuu.

BapuaHTbl pacipocTpaHeHUsI OITyXO0JIeii IpeacTaBie-
Hbl Ha pucC. 1: y 3 MallMEeHTOB OIyXOJU pacIojarajuch
M30JIMPOBAHHO, B OPOUTE; B OCTAIbHBIX CJIy4asix Pacipo-
CTPaHSUIMCh B pa3IM4YHbIe 00JIACTU HAPYXKHBIX U BHYTPEH-
HUX OT/EJIOB OCHOBAHMS Yepera.

OTeK roJIOBHOr0 MO3ra JI0 ornepauun 3aUKCUpOBaH
B 4 (12 %) ciny4asix, UHTpagypaJbHOE MOPaKeHUE OTME-
yeHO B 3 (9 %), T.e. B 1 HaO/IOAEHUY OTEK HE PACIIPOCTPa-
HSUJICS UHTPAaLypajibHO.

VY 15 (47 %) GonbHBIX HabIIOAAIOCh METacTa3MpPOBa-
HUE B pa3IM4YHbIe OPraHbl U TKAHU Ha MOMEHT IIEPBUYHO-
ro J0OIEPaLMOHHOro o0CaeaoBaHus; y 4 MalueHTOB
B DTOI1 TPYIIIIe BHISIBIEHO MHOXECTBEHHOE METACTA3UPO-
BaHue (Tabum. 1).

KnuHuyeckast CMMIITOMATUKA 10 ONIEPATUBHOTO BMeE-
maTebcTBa oTMedeHa y Bcex 32 (100 %) 6oJbHbIX: Hapy-
LIeHKe HOCOBOro abixaHus — y 12 (37 %), HocoBbIE KPO-
BoTeueHust —y 8 (25 %), 6oneBoit cuvapom —y 26 (81 %),
ak3odraremel — y 13 (41 %) manmenTos. Yacrora Ha-
pylieHuil GYyHKIUI YepemHbIX HEPBOB MpeACTaBlIeHa
B Ta0J1. 2. OLeHKa O0LIEro COCTOSIHUS MALIMEHTOB 10 IIKa-
ne Kapnosckoro (LLK): 14 (44 %) 6onbHbIx — 70 % 11K,
15 (47 %) — 60 % 11K, 3 (9 %) — 50 % LK.

Xupypruyeckasi TAKTHKA
VnaneHue OIyxoJjeil MPOBOAUIOCH C ITOMOILBIO pa3-
JIMYHBIX JOCTYIIOB:
1) sndockonuuecku mpancHa3aabHO MPOOIEPUPOBAHBI
9 (28 %) nalLueHTOB C OIyXOJISIMU IIPEUMYILECTBEHHO

\ 4

5 10 15 20 25 30
Yucno nauueHToB / Number of patients

Tabmana 1. Memacmasuposarue adeHoKUCMO3HOL KAPUUHOMbL
vy 15 (47 %) nayuenmos vibopku

Table 1. Adenoid cystic carcinoma metastases among 15 (47 %) patients
of the sample

Jlokam3anusi METacTa30B Yucio ciayyaes, n (%)
PervonapHbie
JuMdaTIecKre y3Jbl 5(33)
Regional lymph nodes
TonoBHoOI MO3T
The brain L
Koctu
Bones 7(47)
BHyTpeHHUE opraHbl 7 (47)

Internal organs

CpeIMHHOM JIoKaTM3alu 6e3 pacripocTpaHeH!s B J1a-
TepaJIbHbIE OTJENbI CPETHEN YePETTHOM SIMKU, TIOJIBU-
COYHYIO U KPBUIOBUAHO-HEOHYIO SIMKH;

1) mpanckpanuanvhbie docmynbt NCHIONL30BAIKUCH B 22 (69 %)
ciyyasix:

— KpaHuoghayuasbHas pe3eKuys mpoBeaeHa B 8 city-
qasx — JIOKTM3AIHST OITyXOJIel IPENMYIIECTBEHHO
CPEIVHHAS C MYJBTU(HOKATEHBIM MOPaXkKeHUEM 1 pac-
MPOCTpaHEeHWEM Ha JIMLIEBYIO YacThb yepera, opou-
Ty, KPBUIOBUIHO-HEOHYIO 1 TIOABUCOYHYIO SIMKH;

— MPAHCKPAHUAABHO C UCNOAb308AHUEM MPENAHAUUL CE0-
da yepena cuenano 14 onepaunii — T0KaIU3aLUS
HOBOOOpPa30BaHWIi TPEUMYIIIECTBEHHO B JIaTepasib-
HBIX OTIIeJIaX TIepeTHel 1 cpelHel YepeITHbIX IMOK;

2) KomMOUHUPOBaHHbBLI (MpaAHCCHeHoudarvhblil + mpauc-

Kpanuanvhblii) docmyn nipumensuics B 1 (3 %) ciayuae;
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Hoctynbi: / Access:
Kom6uHnpoBaHHbI
/ Combined

M TpaHckpaHmans-
Hbl / Transcranial

M SHpoCKONUYeCKnin
SHJOHa3asbHbIN /
Endoscopic
endonasal

M Yucno nayneHToB /
Number of patients

15
15

8 9 10 11 12 13 14 15

Yucno cnyuaes / Number of cases

Puc. 2. Padukanvrocms yoasenus onyxoaeti

Fig. 2. The radicality of tumor removal

3) deyxsmanHo (MpaHcHa3a1bHO-MPAHCKPAHUANBHO) C PA3-
Huuell 8 HeCKobKo OHell OITyX0Jib ynaneHa y 2 (6 %) na-
IINCHTOB.

PanmukanpHOCTD yHaleHUsI OITyXOJIU OIICHWBAJIACh I10
cenyolleil 1iKaae: ToTajabHoe yaanenue — 95—100 %,
cyorotanbHoe — 80—95 %, yactuunoe — 50—80 %, pac-
LIMpeHHas OUoICHs — yaaneHo He 6osee 50 % omyxou.

CraTucTHYEeCKUI aHaJIW3 MaHHBIX BBITOJHSIICS
¢ MoMoIIbIO TporpamMmsl Statistica 10. BeknBaemocTh
oueHuBanach o merony Kamnana—Maiiepa. Pesynbra-
TBI TECTUPOBAHUS CTATUCTUICCKUX TUIIOTE3 IIPU3HaBa-
JINCh CTATUCTUICCKM 3HAYMMBIMU Ha YPOBHE 3HAYNMOC-
T p <0,05.

PE3VJIBI'ATHI

PanukanbHOCTh ymajleHUSI OMYXOJU OLEHUBaIach
Ha OCHOBaHUM aHanu3a naHHbIX MPT, BbIloJHEHHON!
He paHee 3 Mec I10CJIe oIepaluy B OOJIbILIMHCTBE CIy4aeB.
TotanbHoro (95—100 %) ynaneHus: OMyXoJu yAaaoCh 10~
ctnub y 8 (25 %) manumeHToB, cyoToTanbHoro (80—95 %) —
y 15 (46,9 %), yactuunoro (50—80 %) —y 5 (15,6 %),
pacuiMpeHHasi OMOICHUS BBINIOJHEHA B OCTABIIMXCS
4 (12,5 %) cnyyasix (puc. 2). IIpu 3TOM TOTaJILHOIO U CY0-
TOTAJIbLHOIO yAaJeHUsI Yallle YAaBajJoCh JOOUTHCS MPU OT-
KPBITOI XUPYPIuu, 4YTO OBLIO CBSA3aHO C TOIOrpado-aHaTo-
MMYECKUMM OCOOEHHOCTSIMM PACIIOJIOXEHMS OIMYXOJICH.
Cpennsist kpoBororeps cocraswia 201 £ 33,6 M ipu oH-
JTIOHA3aIbHOM SHIOCKOIMYECKOM JI0CTyIIe, 492 + 45,6 M —
IPpY TPAHCKPaHHUAJIbHBIX OIepaLusX; 001ast KPOBOIOTEPS
cocrasmia 600 M1 TTpy KOMOMHUPOBAaHHOM fpoctyrie. Cpen-
HSIST TIPOJOJDKUTEIBHOCTD OIEPATUBHOTO BMELIATEILCTBA
IIPY SHAOHA3aIbHOM 3HIOCKOMMYECKOM JAOCTYIIE COCTABIIA
158 & 13,8 MuH, mpu TpaHckpanuanbHoM — 303 £ 14,2 MuH,
MpY KOMOMHUPOBAaHHOM — 240 MUH.

B 19 (59 %) cny4asix ¢ aieHOKMCTO3HBIMU KaplIMHO-
MaMM MHTpAaoIlepalMOHHO IIPOBeaeHa IJIacTUKa 00pa3o-
BaBILKXCs 1e(EKTOB OCHOBAaHMS Yeperia BBUAY MHTpAOIIe-
PaLMOHHO JTMKBOPEU MUJIU BHICOKOTO PUCKA €€ Pa3BUTHUSI
B MoOcCJieonepaluoHHOM Iepuone. [lnacTuky He meaanu
y 13 (41 %) nauueHToB.

AyTOTpaHCIUIAHTAThI, UCITOJIb30BAHHBIE 111 IUIACTUKU
00pa3oBaBLIMXCS Ae(EKTOB OCHOBAHMS Yeperna y MalyeH-
TOB C aIeHOKMCTO3HBIMU KapLIMHOMAMMU:

— HAJAKOCTHHILIA HA NMUTAIOLIE HOXKe (n = 3);
— cBOOOIHAsT HamKOoCTHHIIA (n = 7);

— 9aCTh BUCOTHOM MBITIIEHI (1 = 1);

— XwupoBas kjieTdyaTtka bumra (n = 8);

— cBOOOIHAs XUPOBas KJieTJdaTtka (n = 2);

— opOuTaabHasI XK1UpoBas KjieTdatka (n = 2);
— mmpokKas (acums 6enpa (n = 4).

JAnHaMMKa KIMHUYECKON CUMIITOMATUKHU OLIEHUBA-
JIACh HA MOMEHT BBIIIMCKU U Yepe3 3 Mec MocJie Onepaiuu.
OTMeueH 3HaYUTe IbHbII perpecc 601eBoro CuHapoMa ¢ 84
10 9 % B OTHAJIeHHOM TOCJEONEepallMOHHOM Teprojie
10 CPAaBHEHUIO C J0OIEPALIMOHHOM KJIMHUYECKOM KapTh-
HoI1 (puc. 3), a TaKKe YaCTMYHBIN perpecc TUChOYHKIIMIA
yeperHbIX HepBoB (11, 111, V) B turamuxe (puc. 4).

B2 (6 %) ciaydasix pa3BUIMCh OCIIOXHEHUS B pAHHEM
MOCJIe0NepallMOHHOM Ieproje: y 1 00JbHOro pa3BHUIICS
MEHUHIUT, Y | — paHeBast IMKBOpPES [OCjie TPAaHCKpaHU-
aJIbHOI'O yIaJIEHUSI OIyXOJIU U3 OpOUThL. Y 2 MalMeHTOB
BO3HUKJIM OTCPOYEHHBbIE OCJIOXHEHMS: B 1 cilyyae — OT-
TOpXXEHME KOXHOIO JIOCKYTa, eie B 1 — abcuecc mocie
JIy4eBOTO JIEUEHMSI, YTO NOTpebOoBaio peBU3uu. Jletanb-
HbBIX MCXOJIOB HE OTMEUYEHO.

ITpu MopdoaornyeckoM MccaeI0BaHMU THCTOIOT-
YyecKasl CTPYKTypa ITOJIy4eHHbBIX 00pa310B OITyXO0JIM BO BCeX
cydasix ObLia IpeAcTaB/IeHa afeHOKUCTO3HBIM PAKOM.
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30 M Ectb / Yes

Yucno nayuenTos / Number of patients

[lo onepauun /

Cpasy nocne

W Het /No
25
20
15
10
5
0

Yepes 3 mec nocne

(CO 42—68 Ip); 5 — mo u mocie oneparwu (COJI 24—66 Ip).
CpenHsist TPOAOJIKUTETbHOCTD OXKUIAHWS JTy4eBOI Tepa-
MTUM TIOCTIe TIPOBEICHUS OTIePATUBHOTO JICUSHUST COCTABH -
na4 + 0,39 mec. [ToBTOpHYIO JIy4eBYyIO TEPATTUIO MOTYIWIN
12 (37,5 %) 60bHBIX BBUILY TTPOAOKEHHOTO POCTa OITy-
XOJIH.

XMMMOTEPATIHIO TIPOLLUIH 0 JTydeBoi Teparmint 12 (37,5 %),
BO BpeMsI ITpOBeAeHus JTydeBoii Tepanuu — 3 (9 %), mocie
J1yyeBoit Tepanuu — 15 (47,5 %) nalLueHTOB.

XumuoTeparvst Ha3HaYajaach MO pa3IMYHbIM CXeMaM:

— UMUCIIATUH + 5-(hTopypaliu;
— BUHKPUCTUH + 1mkiiodocdan + papmopyoutimy/>mm-

PYOUIIH /IOKCOPYOUIINH;

— UUCIUIATUH + NaKJIUTaKceN + KapOOIUIaTUH.

Oo6mag 1- n 3-1eTHSS BBKMBAaeMOCTh cocTaBmIa 72,5
140 % cooTBEeTCTBEHHO; GecriporpeccuBHas 1- 1 3-1eTHss
BBIKUBaeMOCTb — 60 1 22 % COOTBETCTBEHHO (puc. 5).

He obHapy>keHo BiausiHUS Ha 00111yI0 1 GECTTPOrpeccrB-
HYIO BBLKBAEMOCTb TaKMX (haKTOPOB (OIICHEHHBIX 10 IITKa-

OyHKumA BbKMBaHUA: / Survival function:

Before surgery onepauun/  onepauuu /3 months
Immediately after surgery
after surgery

BoneBoit cunppom / Pain syndrome

Puc. 3. Junamuka 601e6020 cuHOpoma y NAUUEeHmMoe ¢ A0eHOKUCMO3HbIMU
KapyuHomamu

Fig. 3. Pain syndrome dynamics in patients with adenoid cystic carcinomas

= [pegonepaLuoHHbIii nepuop / Preoperative phase
- Cpa3y nocne onepauuu / Immediately after surgery
Yepes 3 mec nocne onepaumnu / 3 months after surgery

Yucno nayneHtos / 20

! MopaxeHue Il YH /
Number of patients 1

CN Il lesion

~ ~
s =
S
s 5 =35
g8 28
gs g=
% x =
85 20
o o
c C
MopaxkeHne V4H / MopaxeHue IVYH /
CNV lesion CN IV lesion

Puc. 4. Junamura ducgynxyuii uepennvix nepeos (4H) y 6oavrvix adeno-
KUCMO3HbIM PAKOM

Fig. 4. Cranial nerve (CN) dysfunction dynamics in patients with adenoid
cystic cancer

KaramHe3 mpociiexkeH y Bcex nanyeHToB. CpenHuii
CPOK KaTaMHe3a coctaBui 26,4 = 5 mec (2,2 roga). Jlyue-
Boe JieueHre TipoBeneHo 26 (81 %) nmanueHTam, 4 U3 HUX
MPOIILTN O0JTydeHue (HeoaIbIOBAHTHAS JTyueBast Tepariusi)
no omnepanuu (COJ 28—60 Ip); 17 — mocne onepaunu
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Puc. 5. Obwas (a) u becnpoepeccusnas (6) vioicusaeMocms y HAUUEHNOE
¢ A0eHOKUCMO3HbIMU KAPUUHOMAMU NOCAe KOMNAEKCHO20 AeyeHus (pacuem
no memody Kannana—Maiiepa)

Fig. 5. Overall (a) and non-progressive survival (6) survival of patients with
adenoid cystic carcinomas after complex treatment (estimated by the Kaplan—
Mayer method)



Jie KapHOBCKOT0), KaK pamuKaabHOCTh YIAJIeHUsI, MHTpa-
JTypaJIbHBII POCT OMYXOJIU, UCXOAHOE COCTOSTHUE MallMeHTa
(tabm. 3). C npyroii CTOPOHBI, BEISIBJICHO, YTO Y ITALIMCHTOB
Mozoxe 40 JreT Kak o011asi, Tak 1 6ecIporpeccruBHast BbI-
KIBAaEeMOCTh HIKE, 9eM y Tex, kKTo ctapie 40 jet. [1pose-
IIeHNe JTy9eBOTO JIeUeHNS B II0OOM (hopMaTe obecrieunBa-
eT Jy4lllMe MoKa3aTeau oOlleid U 0ecrporpecCUuBHOMU
BbIKMBaeMOCTH (puc. 6), a XUMUOTeparusi obecredunia
JIy4IIe TIoKa3aTelId TOJIbKO o01ei BerknBaeMocT. Cra-
nus IV 3a0oneBanust oOycinaBIMBaeT Xyallde IoKa3aTeau
00111e#t BEDKMBaeMOCTH (pHc. 7).

Tabmmua 2. PyHKyuoHaNbHOE COCMOSIHUE YePEenHbIX Hep8os 00 Onepauuu
6 epynne nayuenmog (n = 32)

Table 2. The functional state of cranial nerves before surgery in the group
of patients (n = 32)

Tucdynkuns TH HpeztoEzgzggonnuﬁ

HapyieHve o00HsIHMS

ggi?lasﬁ?i%?:rigi)on (CN1 12(37,5 %)
lesion)

N eson 15 (47 %)

N oston 18 (56 %)

N leson 4(12,5 %)
XV reson 14 (44 %)
T eson 12(37.5 %)

Ilpumeuanue. YH — uepennoie HepebL.
Note. CN — Cranial nerves.
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OBCYXKIEHHUE

B mpencraBieHHOI paboTe MpoOaHATU3UPOBAHEI Pe-
3yJIBTATHI JIeYeHMS 32 MAIlMeHTOB ¢ aA¢HOKUCTO3HBIM pa-
KOM CHMTHOHA3JIbHOM JIoKanm3anuu. [1py maHHOM JToKaIm-
3aUM aJeHOKWCTO3HBIN paK MPOUCXOOUT M3 MEIKUX
¥ KPYITHBIX CITIOHHBIX 3KeJIe3, BEICTIIIAIOIINX BO3MYyXOIIPO-
BOJISIIINE ITyTA HOCOTJIOTKH, CU3UCTYIO 000JIOUKY ITOJI0-
CTH pTa, HEOA, SI3bIKA, OKOJIOHOCOBBIX T1A3yX, OKOJIOYITHBIX
KeJje3, ¢ YaCTOTOM BO3HMKHOBEHUs 6,2 % OT Bcex CMHO-
Ha3aJIbHBIX 3JI0KAYeCTBEHHBIX OITyXOJICH; COTIAaCHO HaH-
ueM peructpa SEER (Surveillance, Epidemiology, and
End Results database), Takoli BApHaHT JaeT XyIIITHA IIPo-
THO3 3a00JICBaHUSI OTHOCHUTENIPHO IPYTUX JIOKATU3ALNA
OITyXOJIU (MOJIOYHEBIE XKeJIe3bl, TOJICTasl KUIIKa, ITpeacTa-
TeJIbHAd XeJie3a u ap.) [3, 4].

3a60J1eBaeMOCTb aICHOKMCTO3HBIM PAKOM COCTABIISICT
3—4 ciygas B rox Ha 1000000 Hacenenus [35, 6]. OTMmeua-
€TCS 3aBUCHMOCTb BO3HMKHOBEHUSI OITYXOJIM OT JIOKaJIH-
3alM1 00pa30BaHMs, IO TEHACPHOMY 1 BO3PAaCTHOMY I10-
kazatenssm [7]. Tak, H. Boukheris u coaBT. B cBoeM
HCCIIEIOBAHUM OTMEYAIOT OIMMHAKOBBIC TTOKA3aTeNIH IS
MYXYMH W KEHIIWH (CpemHuii Bo3pacT okojo 50 et) [8],
a B pabote I.C. Belulescu u coaBT. cooTHOIIEHNE 3a00JTe-
BaHUS Y My>XKUYMH U XeHIIWH cocTtaBmiio 3 : 2 [9]. N. Mar-
tinez-Rodriguez 1 coaBT., HA0OOPOT, TTOKa3aJIM HE3HAYM -
TeJIbHOe TIpeobnagaHue 3aboneBaHusa y keHIuH [10].
DruieHTp 3a00JIeBaHUST 0OHAPYKUBACTCST IIPEUMYIIIECT-
BEHHO B IIPUIATOYHBIX I1a3yXax, KPYITHBIX CIIFOHHBIX Xe-
JIe3aX W MOJOCTH Hoca. MHBa3Wsi OCHOBaHMS depera
BCTpPEYACTCST JOCTATOTHO PEIKO.

Kinanveckas kapTuna

Knunuyeckast kKapTrHa aleHOKMCTO3HOW KapIIMHOMBI
CMHOHA3AJTbHOM JIOKAIM3AIINU OTIPENENSIETCS MEIEHHBIM
POCTOM HOBOOOPA30BaHUSI C TIO3AHUM MPOSIBICHUEM CUM -

Tabmmua 3. Bausnue pakmopos Ha 00wy u 6ecnpospeccUusHyI 8biicU8aeMocms

Table 3. Influence of factors on overall and non-progressive survival

ITapameTp

PanukanbHOCTh (TOTaJIbHAS /HETOTATbHAS)
Surgery radicality (total/non-total)

Bospact (mopor — 40 sier)
Age (the threshold is 40 years)

JI1000i1 BapraHT JIy4e€BOTrO JICUYCHUS
Any variant of radiation treatment

JI1000it BapuaHT XUMHUOTEPATTALA
Any variant of chemotherapy

Cranusg 3a6oseBanus (IV u octanbHbie)
Stage of the disease (IV and others)

WHTpamypalibHBIN POCT OITyXOJIN
Intradural tumor growth

Hnnekc KapHosckoro (rmopor — 60 6ay1oB)
Karnofsky Index (the threshold score is 60 points)

O0mas BeKNBaeMOCTh  becmporpeccnBHAsI BBDKHBA€MOCTh

p=10,23 (Cox F Test)
p=0,75 (GW Test)

p=0,027 (Cox F Test)

p=0,03 (GW Test)

p=0,04 (Cox F Test)

p=0,038 (Cox F Test)

p=10,27 (Cox F Test)
p=0,13 (GW Test)

p=10,23 (Cox F Test)
p=0,74 (GW Test)

p=10,3 (Cox F Test)
p=0,8 (GW Test)

p =0,02 (Cox F Test)
p=0,02 (GW Test)

p=0,08 (Cox F Test)

p = 0,44 (Cox F Test)
p=0,63 (GW Test)

p=0,41 (Cox F Test)
p=0,82 (GW Test)

p=0,41 (Cox F Test)
p=0,97 (GW Test)
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Puc. 6. Obwas (a) u becnpoepeccusnas (6) svixcusaemocms (pacuem no me-
mody Kanaana—Maiiepa) nayuenmog ¢ a0eHOKUCMO3HbIMU KAPUUHOMAMU
8 3A6UCUMOCMU OM NPOBEOCHHO20 NY4e8020 Aedenust; epynna 1 — nayuenmeol
¢ AyHeeoll mepanueil; epynna 2 — nayuenmol 6e3 1y4e6020 AeHeHUs!

Fig. 6. Overall (a) and non-progressive (6) survival estimated by the Kaplan—
Mayer method in patients with adenoid cystic carcinomas depending
implementation of radiation treatment; Group 1 — patients with radiation
therapy; Group 2 — patients whithout received radiation treatment

IITOMOB, YTO HETaTUBHO CKa3bIBAeTCS HAa BO3MOXHOCTHU
paHHe IMarHOCTUKU U HOCIeayIolieM jJedennu [4, 6, 8, 9].
[lepBBIe CUMITTOMEI 3a00JICBaHNST, Ha KOTOPBIC OOJIBIITIH-
CTBO MAlIMEHTOB He OOpalllajJli BHUMAaHMS: 3aTpyIHEHUE
HOCOBOTO IBIXaHHUS M HOCOBOE KpoBoTeueHMe. HeBpoio-
TUIECKIE CUMITTOMBI MOSIBJISTIOTCSI B CJTy4dae IPOpacTaHMsT
OITyXOJIbI0 OCHOBAaHUS Yepelra M KOMITIPECCHH YEPEITHBIX
HEPBOB, a TaKKe P TUCIOKAIIMA MO3Ta BBUIY HEITO-
CPEACTBEHHOTO CIABJICHUS €TI0 OIYyXOJIBbIO M (VJIN) TIepH-
dokanbHBIM OTEeKOM. BOJBIIMHCTBO IMAIMEHTOB Ha
IuarHocTuueckom atare yxe umenu I1—-IV cragum 3a60-
JieBaHU, cornacHo kinaccudukauuy TNM [11]. Cxoxue
JMTaHHBIC TIOJIYICHBI B HAIlIEM MCCIeIOBAHUM: HA MOMEHT
IVATHOCTUKY 3a00JIeBaHUS ¥ OOJIBITMHCTBA MAIIMEHTOB

KymynatneHas gona sbikunswimnx (metog KannaHa-Maiiepa): /
Cumulative proportion surviving (Kaplan-Mayer method):
O MonHas Boibopka / Complete  + LleH3yprpoBaHHas Bbibopka / Censored

1,0

09

Crapus 3aboneanus: /
Stage of the disease:

o
©

o
N

— I, Nl (Tpynna 1/ Group 1)
- - TV (fpynna 2/ Group 2)

KymynsatueHas JONs BbKMBLINX /
Cumulative proportion surviving
o o 9o
> &3] o

o
W

0,2

0 500 1000 1500 2000 2500 3000 3500 4000

Bpems BbIxkuBaHusa / Survival time

Puc. 7. O6was sviorcusaemocmos nayueHmos ¢ A0eHOKUCMO3HbIMU KaPUUHO-
Mami 6 3a8uUcumMocmy om cmaouu 3a601€6aHUs. HA MOMEHM ONePaAMUEHO20
emewamenscmea

Fig. 7. Overall survival of patients with adenoid cystic carcinomas depending
on the disease stage at the time of surgery

(n=18 (87,5 %) OHKOJIOrMYECKMi1 ITPOLIeCC KIacCU(ULIM-
poBacs yxe Kak I1—-IV cragun.

OmyxoJb mopaxaja Kak perdoHapHbIe TnMdaTudec-
KHe Y3751 (4acTOTa ¥ CKOPOCTh PACIIPOCTPAHECHMS 3aBUCSIT
OT IIEPBUYHOI CHHOHA3AIBHOM JIOKATU3alIM HOBOOOpa-
3oBaHus) [12, 13], Tak 1 oTHaIeHHBIC TeMaTOTCHHBIC MeTa-
cTa3bl B jJerkue u koctu [11]. B Hamem mccienoBaHuun
YacTOTa METaCTa3MpPOBAHNs, BBISIBJICHHOTO Ha 3TalTe XUPyp-
TMYECKOro JiedeHus1, coctaBuia 47 % (n = 15), vaine Bce-
TO MeTacTa3bl OBUIM OOHAPYKEHBI B KOCTSIX M BHYTPEHHUX
opraHax.

CoBpeMeHHbIE KOHIIENIIUH JI€YeHHS

OCHOBHO METO JICYCHUST CBOIUTCS K KOMITICKCHOMY
TOIXOMY — pamuKallbHas XUPyprudecKast pe3eKIIns OITy-
XOJIU COYETaeTCs C aAblOBAaHTHOM JIydeBoli Teparnueii [11,
14—17]. B 1eioM mporHo3 npu aieHOKUCTO3HBIX KapIy-
HOMaX CHHOHA3aJIbHO JIOKATN3allMi HeOIarOIpUSITHEII,
5-JIeTHAS BEKMBAEMOCTD IIPH COITYTCTBYIOIIEH JTyIeBOI
Tepanuu cocrasiser 38—64 % [9, 11, 14, 15, 18].

Xupypruueckoe JiedeHre HallpaBIeHO Ha MaKCHUMaJTb-
HO BO3MOXKHYIO PE3eKIINIO ITaTOJOTUISCKUX TKAHEH IS
MpeIOTBPaIIeHNST pelinanBa 3a0oneBanysd [19]. YuurbiBasi,
YTO OITyXOJIb CHHOHA3aJIbHOM JTOKAIM3aNK Ha TTO3THUX
CTaausIx 3a00JIeBaHMsI MTHOWIBTPUPYET pa3IMdHbIC CTPYK-
TypBl OCHOBaHUS 4epera, I YCIICITHOTO yOaJIeHUS 1C-
MOJIB3YIOTCS Pa3IMYHBbIC HOCTYIH. DHIOCKOIMYECKOE
TpaHCHA3aJIbHOE YIAJICHIE OITyXOJI BOZMOXKHO Y MMALIEHTOB
C IIPEeNMYIIECTBEHHBIM ITOpaXKeHUEM ITOJIOCTH HOCa, OKO-
JIOHOCOBEBIX T1a3yX, a TaKKe ¢ MH(MWIBTpaleil OCHOBaHUS
Yyepera B 00JIaCTH pelIeTIaTON IIAaCTUHKY WIIN IPYTHUX OT-
DIEITOB TIepeaHel YepeITHoOi SIMKI. B cirydae mHpmIbTpaim
TBEPIOM MO3TOBOI O0OOJIOYKU M ITOPAXKEHMSI TOJIOBHOTO



MO3ra IIPUMEHEHHE 3TOTO JTOCTyIa CTAHOBUTCS OTPaHM-
YeHHBIM — M3-3a (pOpMHPOBaHMs KPYITHBIX Ie(PEKTOB
OCHOBaHMSI Yepelia U, COOTBETCTBEHHO, BRICOKOTO PHCKa
pa3BUTHS Ha3aJbHOM TukBopeu [20, 21], mpemoTBpalieHre
KOTOPO#1 BO3BMOKHO 3a CYET MCITOJIb30BAHMSI HA30CETITAIIb-
HBIX JIOCKYTOB Ha IMUTAIoMIei HoxXKe. OTKpBITast KpaHNO-
darnmaabHas pe3eKIusI aleHOKNCTO3HBIX KapIIMTHOM OCHO-
BaHMs 4eperia MCIOIb3yeTCsl B Cydae HEeOOCTYITHOCTHU
OITyXOJI! JIJTsSI TPAaHCHA3AJIBHOTO YIAJICHUS JIM00 KaK OINH
M3 3TAarioB KOMOMHUPOBAHHOTO JieueHus [11].

OnuH U3 caMBIX pacIpOCTPaHEHHBIX — TpaHCdaIm-
aIbHBIA NOCTYN, ¢ OM(PPOHTAIBLHON KpaHUOTOMHEH
win 0e3 Hee, BKIIFOYAIONIN B ce0sT KpaHNOMaIlnaIbHYIO
PE3EKIINI0, PE3EKIINI0 KOCTHBIX CTPYKTYp TIepeaHeit Je-
peTnHOM SIMK1, MH(PUIBTPUPOBAHHON TBEPAOH MO3rOBOM
000JI0YKM, CTPYKTYP OpPOUTHI M MSITKUX TKaHe#. st mo-
CTyIIa K OITyXOJIX TIPOBOIUTCS JIaTepaIbHas pUHOTOMUSI,
KOTOpass MOXeT OBITh pacIlvpeHa A0 pa3pe3a Bebdepa—
®epriocoHa, ecid TPeOYeTCs MOMYIUTh XUPYPTUIECKUI
JIOCTYN K CTPYKTypam OpOUTHI, TBEPAOIrO HEOA U aIbBEO-
JISIPHOTO TpeOHsI. YaalieHrne HOCOBOM TTePErOpOIKN MOXKET
HCTIONIb30BaThCS KaK ajIbIepHATHBA JIaTePaIbHOI PUHOTO-
MWH, €CIU He TpeOyeTcs 9K3eHTepalus IJIa3HOTO S0JI0Ka.
JomnomHuTerbHas OngpoHTaIbHASI KPaHIOTOMUS TTO3BOJISI-
€T TMOJIyYUTb LIMPOKYIO BU3YyaTM3ALIMIO MIEPEAHEN U CpeaHer
YepeITHBIX SIMOK, BHYTPEHHEH CTEHKU OPOUTHI, €CIIM TOTO
TpeOyeT JoKanm3aius HoBooopazoBanus [3, 11, 22].

PammkansHOro ymajieHUsI OIyXOJiM B Haleit padote
yaanoch 1o06uthes B 25 % ciayyaeB. B nurepatype BeTpe-
yarTcs pasandHble gaHHble — oT 20 mo 70 % [11, 13].
OcnoXHeHN B XUPYPTUM aAcHOKMCTO3HOTO paKa CHHO-
Ha3aJIbHOM JIOKAJIM3AIlIMU BCTPEIAIOTCS HEYACTO. Y HAIINX
MALKMEHTOB 00111as1 YaCTOTa OCJIOXHEeHMsI cocTaBmwia 12,5 %,
YTO COOTBETCTBYET TAHHBIM JINTEPATYPHI, TIIe B OCHOBHOM
TaKKe OTMEJAeTCs pa3BUTHC TAKMX OCIOKHEHWI, KaK JIv-
KBOpes U paHeBas nH¢pexknud [9, 14, 15, 18].

O61mas 1- 1 3-71eTHSISI BEDKMBAEMOCTD B HaIlleM MCCIIe-
nmoBaHuu cocrasmia 72,5 m 40 % coorBercTtBeHHo. Ha Hee
TTOBJIMSITA TaKKe (DaKTOPHI, KaK BO3PACT IMAIIUCHTOB, XM-
MHO- U JIy4eBOE JIeueHNne, cTagus 3aboneBanus. [1o maH-
HBIM JTUTEPATyphl, TToKa3zaTean 5- u 10-j1eTHeN obieit
BBIKMBAEMOCTH B cpeagHeM cocrasisaior 75—80 u 50 %
COOTBETCTBEHHO. 3HAYMMBIC (AKTOPHI, BIHUSIOIINE
Ha JaHHBIN 1TOKAa3aTelNb, 10 JaHHBIM JINTePATypPhl: OTPH-
maTeJbHbIC Kpasi pe3eKINU, OTCYTCTBHUE TTPU3HAKOB OITy-
XOJIM, MHBA3MUs CTPYKTYP OCHOBAHMS 4depera, XapakTep
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MIPOBEIEHHOTO amrbloOBaHTHOTO JeueHms [11, 12, 18, 23,
24]. PazHuia MexXay HalllUMU ¥ TATEPaTypPHBIMY JaHHBI-
MM, BEpOSITHEE BCETO, CBSI3aHA C IMIO3THUMU CPOKaMU 00-
palteHusI IMaiueHToB B LIeHTp HellpoXupypruu 1, cooT-
BETCTBEHHO, TTO3IHEM CTagueit 3a00JIeBaHMS, TIPH KOTOPOIA
HaYMHAJIOCH JICYCHME.

O0s13aTeIbHBIM B HACTOSIILIEE BPEMSI SIBJISIETCS ablo-
BaHTHOE JiydeBoe ieueHue [12, 16—18]. AneHokucTO3HAas
KapuHoMa cjaabo pearupyeT Ha OOJIyYeHHE, B CBSI3U
C YeM TSI AOCTIDKeHUSI He00XoauMoro 3¢ deKkTa oT Jyde-
BOI Teparnuu TpeOyroTes 1036l cBrite 80 Ip, uTo mpuBOINAT
K HETaTUBHOMY BJIUSIHUIO Ha OKPYXAIOIINE CTPYKTYPHI
TOJIOBHOTO Mo3ra [25]. B HameM ucciegoBaHuy ISt CTa-
TUCTUIECKHN 3HAYMMOTO YIYIIICHUSI pe3yIbTaTOB OOIIEH
1 0e3peIIUINBHON BEBLKMBAEMOCTHU TOCTATOUYHBIMM OKa3a-
Jch 10361 24—60 Ip. DddekTUBHOI aTbTepHATUBOM TaK-
K€ CIIYKHUT IIPOTOHHAS TepaItisi, KOTopask 00eCIieunBacT
MECTHBII KOHTPOJIb Hall pocToM omyxoiu B 50—70 % ciyya-
eB [25, 26]. XuMnoreparus, B YaCTHOCTU KapOOIUTATHHOM,
JMIOKCOPYOUIIMHOM U TTaKJIMTaKCeJIOM, 00JlagacT OrpaHu-
4YeHHOI 3((HEKTUBHOCTHIO, OHAKO B ClIydae HEPe3eKTa-
OCIBHOCTH OITYXOJIM OHA OCTAETCS €MMHCTBEHHBIM METO-
JIOM Jie4eHusI HapaBHe ¢ oonydenueM [19, 27]. B Hamem
HCCIICTOBAaHNY TakoKe ITOKa3aHO, YTO XUMHUOTEPATIHST YITyd-
IIaeT OOIIYIO BBLKUBAEMOCTD, HE BJIMSIS TIPY 3TOM Ha Oec-
IIPOTPECCUBHYIO.

3AKJIFOYEHUE

AIeHOKMCTO3HAasl KapLIMHOMa — arpecCUBHAasI 3J10Ka-
YeCTBEHHAas OMyXO0Jib, TPEOYIOIIasi KOMILJIEKCHOTO MOAX0-
na K JedyeHuto. Ha mo3gHux cranusix 3a001eBaHuUS paau-
KaJbHOCTh yAaJieHUs, MpeaollepallMOHHBIA CTaTycC
namueHTa, a TakXkKe MHTpagypajbHOEe paclpoCTpaHEeHUE
OMyXOJU, MO HAIIUM AAaHHBIM, HE BJIUSIOT Ha OOIIYIO
1 OEeCIIPOrpecCUBHYIO0 BbIKMBAEMOCTb, YTO ITO3BOJISIET
paccMmaTpuBaTh 0oJiee opraHocOeperae MeTOAbl X1~
PYPTUUECKOTO JIeYeHUsI, UYTOOBI COXPAaHUTH KAaueCTBO
KU3HU U CHU3UTh YACTOTY TSIKEJIBIX OCJIOXHEeHU. Bax-
Hble (PAKTOPHI, TTOJOXUTEITHLHO BIULIONIE Ha PE3YJIBTATHI
JIeYeHUSI: XUMUOJIyueBasl Teparusi, BO3pacT NallMeHTOB
crapuie 40 JeT, ucxomHas cTaaus 3a00eBaHus, ITPUA KO-
TOPOI1 HauaTo jiedeHre. OTMETHUM, UTO JIJISI CBOEBPEMEHHO-
ro oopaileHus K Bpadyy He0OXOIMMO yCUJIEHUE AUCHaH-
CEpHOro HaOJIIOAEeHUS 1 MOBLIIIIEHUE OCBEIOMJIEHHOCTHU
HaceJieHUsI 0 BO3MOXHOCTU pa3BUTUS MOAOOHBIX 3200-
JICBAaHUM.
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PAJTMKAJIBHOCTD YJAJIEHMA HOBOOBPA3OBAHUU
BOKOBDBIX JKEJTYIOYKOB Y ®PAKTOPHI PUCKA
[TOCJIEOITEPALIMOHHBIX TEMOPPATUYECKNX
OCJIOKHEHUU

C.A. Mapsines, I'.B. Jlanunos, 10.B. Crpynnna, A.B. Baranos, f1.0. Bogormuna, . H. Ilponun, /1. . ITumxenaypu

DIAY «Hayuonanvhbiii meduyunckuil uccaedogamenvckuii yenmp Heupoxupypeuu um. axad. H. H. Bypoenko» Mun3zdpasa Poccuu;
Poccus, 125047 Mockea, ya. 4-a Teepckas-Amckas, 16

KountakTtbl: Cepreit Anekceesuy Mapswes smaryashev@gmail.com

BBepeHue. HoBoo6pa3oBaHWs OOKOBbIX XeNyAo4KoB (ONYXosu, COCYAUCTbIE HOBOOOPA30BaHMs, KUCTbI) BCTPeYaoTCs
PeaKo 1, No pasHblM AaHHbIM, cocTaBnaioT 0,64-3,5 % oT Bcex onyxonen ronoBHoro mo3ra. lpexae yem y nauneHTa no-
ABUTCA HEBPOIOrMYeCKas CUMNTOMATUKA, OMYXO0IN MOTYT AOCTUYb 3HAYUTENbHbIX PA3MEPOB 13-32 OTHOCUTENLHO MefIeH-
Horo cBoero pa3suTus. OCHOBHOI METOA NleYeHns HOBOOOPa30BaHMt HOKOBLIX JENYAOYKOB — XUPYPrUYECKUiA, U BO MHO-
rMx Cnyyasx yaaerca JOCTMYL UX pajukanbHoro yaaneHus. OCHOBHble OCNOXHEeHUA mocne XUpYprum — pasButue
ruapouedannmu n remopparmyeckue npossneHua. llocnefHue 4acTo NPUBOAAT K HAPACTaHUIO HEBPONOTUYECKOI CUMNTO-
MaTWKW Nocne onepaLuu v B page ciydyaes TpebYIOT NOBTOPHOTO XMPYPruyecKoro BMELaTenbCTa. Yenex BHyTpuKeny-
AOYKOBOI XUPYPrun — B [OCTUKEHUN Pa3yMHON PaANKanbHOCTU MPU OTCYTCTBUM OCNOXHEHUN.

Llenu nccnepoBanua — c nomouypio ASL-nepdy3uu oLeHUTb paguKkanbHOCTb U 6e30MacHOCTb yaaneHus onyxonei 6oko-
BbIX XeNy[O4YKOB Npu TPAAULMOHHbLIX JOCTYNax — TPAHCKaAAe3HOM W TPaHCKOPTUKANbHOM; MPOaHanM3MpoBaTb PUCK
pa3BUTUA TeMOPPArnyYeckux OCNOXHEHW B paHHeM NOCTOnepaLMoOHHOM NepUOAEe BO B3aUMOCBA3M C OCOOEHHOCTAMM
NIOKanM3aLnn U KPOBOCHAOXEHNS ONyXou.

Marepuansl n metoabl. B HMUL, Helipoxupyprum um. akag. H.H. bypaeHko 3a nepuop 2017-2019 rr. o6cnefoBaHsl
¥ NpoONepUpPOBaHb 48 NaLMUEHTOB C 06beMHbIMU 06pPa30BaHNUAMU HOKOBbLIX XeNYA0UYKOB. Bce 06cneaoBaHbl N0 efUHOMY
npotokony MPT-uccnepgoBaHus fo u nocne onepauuu B pexumax: T1, T1 ¢ konTpactom, 3D SPGR, T2, T2-FLAIR, DWI,
T2 FLAIR CUBE, SWAN, ASL-nepty3us. OnepupoBaHbl TpaHCKOPTUKabHbIM JoCTynoM B 28 (58 %) ciydanx (Yepe3 nobHy0
AOMIO — B 24, Yepe3 BEPXHIOKD BUCOUHYIO — B 2, Yepe3 TEMEHHYIO — B 2); TpaHCKanne3HbiM — B 16 (33 %); KOMOUHWUPOBAH-
HbIM (NPU PacNpoCTPaHEHHbIX OMyX0NsAxX GOKOBbIX Xenyno4YkoB) — B 3 (6 %); MHdpaTeHTOpUaNbHLIM cynpaliepebennsp-
HbiM — B 1 (2 %) cnyyae. OueHMBaNM papuKanbHOCTb yAaNeHUs HOBOOOPa3oBaHMi GOKOBbIX XKeNyfoUYKOB U (aKkTopbl
pUCKa NocneonepaLuoHHbIX reMOpParuyecKnx OCNOXHEHNI nocne yaaneHns HoBooGPa30BaHMil GOKOBbIX KENYA0UYKOB
U3 Pas3fnYHbIX JOCTYNOB Ha OCHOBAHWM NapaMeTpoB: 0ObEM W PACMoNOXeHWe OMyxONu, NOA, NOKasaTean KpoBOTOKa,
Hanuuue ruapouedanmu.

Pesynbratbl. B cpaBHuBaembix rpynnax I u I Habnloganack conoctaBumas 4actoTa paauKaabHOTO yAaneHus onyxosu:
63 % — npu TpaHCKOPTUKanbHOM poctyne, 71 % — npu TpaHcKannesHoM. [emaToMbl B JI0Ke yAaneHHO! onyxonu yalle
BbIABAANM Y NALMUEHTOB, ONepUpPOBaHHbIX Yepe3 TPaHCKOPTUKaNbHbIA foctyn (64 % vs. 31 % npu TpaHCKannesHom),
0e3 CTaTUCTUYECKON 3HAYNMOCTH. B LLenoM CTaTUCTUYECKM 3HAYMMBIX PA3NINYMNil B pe3ynbTaTax XMpYpruyeckoro neveHus
g rpynnax I u II He BbisBneHo (p >0,05), BbIBOA NOATBEPAMCS B NOATPYNNax naLuueHToB, NceBAoOPaHAOMU3UPOBAHHBIX
C MOMOLLBI0 MHAEKCa cooTBeTCTBUA PSM. AHanu3 3aBMCMMOCTU BO3HUKHOBEHMA reMaToMbl B NOCe0onepaLMoHHOM nepu-
Ofie OT MCXO[HOr0 YPOBHA KPOBOTOKA B 3aflaHHbIX 30HAX MHTepeca NoKasar, YTo B rpynne € TakMMU reMatoMamm cpegHee
3HaueHue onyxoneBoro kpoBotoka TBF fo onepauuu 66110 NOYTH B 2 pasa Bellue, YeM B rpynne 6e3 reMopparniyeckux 0Cnox-
HeHui (80,6 vs. 49,4 Mn/100 r/MWUH COOTBETCTBEHHO). [INA pa3BUTUS remMaToMbl B IOXKE YAANEHHON ONyX0Ku CTaTUCTUYECKU
3HauMMbl HaNKU4Ke nocTonepaLnoHHON ruapouedaniu, MHAEKC IBaHca B paHHeM NOCTONepaL“oOHHOM Nepuoge.
3aknioyeHue. MpaBunbHbIiA BLIGOP XMPYPrUYecKoro fOCTYNAa — C YYETOM aHaTOMUYECKOTO PACcrONOXeHUs U PacnpoCcTpaHeH-
HOCTM HOBOOGPa30BaHus, HaNMYUA TMApoLedanin U NPeanoYTEHUI XUpypra — 06ecneynBaeT BbICOKYIO paauKanbHOCTb yaa-
nenus. Cnepyet yuuTbiBaTh (haKTOPBI, ONpefensiolue pUCcK pa3BuUTIA reMopparmyeckmnx 0CI0XHeHU B paHHeM noctonepaLm-
OHHOM NMepuope — NoJI, Hanuuue ruapoLedanim, NoKanu3aumio HoBOO6Pa3oBaHMS, BEMYNHY 0O6BEMHOTO KPOBOTOKA B HEM.

KnioueBble cnoBa: HoBooGpa3oBaHus GOKOBbIX XeNYA0YKOB MO3Ta, NOCAE0NEePaLMOHHbIE TEMOPPAruyeckue 0CoKHEHUS,
TPaHCKOPTUKANbHbINA LOCTYN, TPAHCKanNe3Hblit goctyn, rugpouedanus, ASL-nepdysuoHHoe uccnegosatme

IOna uutupoBaHua: Mapswes C.A., fanunos I.B., CtpyHuHa 10.B. v ap. PaaukanbHocTb yaaneHus HoBOo6pa3oBaHuit
GOKOBbIX XeNyAo4YKOB U (DaKTOPbl pUCKA NOCIEONEPALMOHHBIX TeMOpparMyeckux ocnoxHeruii. Heitpoxupyprus 2022;
24(4):32-45. DOI: 10.17650/1683-3295-2022-24-4-32-45
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Moscow 125047, Russia

Contacts:

Sergey Alekseevich Maryashev smaryashev@gmail.com

Introduction. Lateral ventricular neoplasms (tumors, vascular neoplasms, cysts) are rare and according to different
sources comprise between 0.64 and 3.5 % of all brain tumors. Due to relatively slow growth, tumors can reach significant
size before patient develops neurological symptoms. Surgery is the main method of treatment of lateral ventricular
neoplasms, and in many cases radical removal can be achieved. The main complications after surgery are hydrocephalus
and hemorrhages. The later frequently lead to escalation of neurological symptoms and sometimes require repeat sur-
gicalintervention. The success of intraventricular surgery consists of reasonable radicality and absence of complications.
Aims. To evaluate the radicality and safety of lateral ventricular tumor removal through traditional approaches - trans-
callosal and transcortical - using arterial spin labeling (ASL perfusion) and to analyze the risk of hemorrhagic compli-
cations in the early postoperative period in the context of tumor location and blood supply.

Materials and methods. At the N.N. Burdenko National Medical Research Center of Neurosurgery between 2017 and
201948 patients with space-occupying lesions of the lateral ventricles were examined and treated with surgery. All pa-
tients were examined using the same MRI protocol before and after surgery: T1-weighted, T1-weighed contrast-enhanced,
3D SPGR, T2-weighted, T2-FLAIR, DWI, T2-FLAIR CUBE, SWAN, ASL perfusion. In 28 (58 %) cases, transcortical approach
was used (through the frontal lobe in 24 cases, through the upper temporal lobe in 2 cases, through the parietal lobe
in 2 cases); transcallosal approach was used in 16 (33 %) cases; combination approach (for advanced tumors of the late-
ral ventricles) was used in 3 (6 %) cases; supracerebellar infratentorial approach was used in 1 (2 %) case. Radicality
of lateral ventricular tumor removal and risk factors for postoperative hemorrhagic complications using different ap-
proaches were evaluated based on the following parameters: tumor volume and location, sex, blood flow characteristics,
presence of hydrocephalus.

Results. In the compared groups I and II, similar rates of radical tumor removal were observed: 63 % for transcortical
approach and 71 % for transcallosal approach. Hematomas in the tumor bed were more frequently observed in patients
operated through transcortical approach (64 % vs. 31 % in transcallosal) without statistical significance. Generally,
there were no statistically significant differences between surgical treatment results in groups I and II (p >0.05); this
conclusion was confirmed in pseudo-randomized patient subgroups selected through propensity score matching. Anal-
ysis of the association between hematoma in the postoperative period and baseline blood flow level showed that in the
group with such hematomas mean tumor blood flow prior to surgery was almost twice as high as in the group without
hemorrhagic complications after resection (80.6 vs. 49.4 ml/100 g/min, respectively).

The following postoperative parameters are statistically significant for development of hematoma in the tumor bed:
presence of hydrocephalus, Evans index in the early postoperative period.

Conclusions. Correct and adequate choice of surgical approach considering anatomical location and advancement of the tumor,
presence of hydrocephalus and surgeon’s preferences ensures high radicality of removal. Factors affecting the risk of he-
morrhagic complications in the early postoperative period should be taken into account: sex, presence of hydrocepha-
lus, neoplasm location and blood flow level.

Keywords: lateral ventricular neoplasms, postoperative hemorrhagic complications, transcortical approach, transcallosal
approach, hydrocephalus, ASL perfusion

For citation: Maryashev S.A., Danilov G.V., Strunina Yu.V. et al. Radicality of lateral ventricular neoplasms removal and
risk factors of postoperative hemorrhagic complications. Neyrokhirurgiya = Russian Journal of Neurosurgery 2022;
24(4):32-45. (In Russ.). DOI: 10.17650,/1683-3295-2022-24-4-32-45

BBEJEHWE — 6moputHble, TPOPACTAIOLIME B KETYAOUKH U3 BELLIECT-
HoBooOpa3oBanus 60koBbIX XemxymoukoB (b2XK) — Ba MO3Tra.

OITyXOJIM, COCYIH

CTbIC HOBOO6pa3OBaHI/IH, KUCTBI — BCTPE- BTOpI/I‘IHLIe OITYXOJIM OTHOCAT — 110 aHATOMUNYECKOMY

yatoTcs peako. [1o JaHHBIM pa3HbIX aBTOPOB, OHU COCTaB-  MPUHIMITY — K HOBOOOPA30BAHUSIM CTPYKTYP, U3 KOTOPBIX
ssot o1 0,64 10 3,5 % Bcex omyxosieil roIoBHOro Mo3ra [1].  oHM pacTyT (TajaMmyc, MO30JIMCTOE TEI0, XBOCTATOE SIIPO
Onyxom B MOXHO pa3nennTs Ha ClleIylolIne KaTeropun: 1 T. 1.). OIHAKO, eCJIM GOJIbIIAas YacTh TAKOIl OMyX0In
— nepsuuHble, BBIPACTAIOLINME U3 IPO3PAaYHOM reperopoA-  (Ipubau3uTesbHO 2/3 00beMa) paciionaraeTcs B MpoeK-
KU, cruteTeHuit u sneHauMbl b2K win u3 snemenToB  uuu b2K, To K Heit mpuMeHMMa TaKTHKA XUPYPruu mep-
CTEeHKM (CyO3IIeHIMMAapHOU TJINH); BUYHBIX HOBooOpa3oBaumii bXK [2, 3].
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B cuny oTHOCUTENBHO MEIJIEHHOTO CBOETO Pa3BUTHUS
onyxoiau b2K Moryt gocturath 3HaUMTEIbHBIX Pa3MEPOB,
Mpexae 4yeM y MalyeHTa MOSIBUTCSI HEeBpoJoruyeckas
cumnToMaTtrka. C 00IBIIMMHA pa3MepaMU OIyXoJieit (0co-
OEHHO KOrJa OHM 3aHMMAalOT MPAKTUYECKU BCE OTIEJbI
BX) cBsazana cioxHocTh ux ynaneHus. B 3aBucumoctu
OT pa3MEPOB U OCOOEHHOCTEN PaCIOIOKEHHUS OTyXoJiei
Bb2K n Hammuus runpoiiedaaTuy IPUMEHSIOT HECKOJIBKO
XUPYPrUUe€CKUX NOAXOA0B, KOTOPbIE MO3BOJISIIOT JOOUTHCS
MUWHUMAaJbHOW peTpaklii MO3TOBOM TKAHW U HE Hapy-
LIMTh HOpMaJibHY10 aHaToMu10. K HoBooOpazoBaHusiM b2K
MOKHO «ITOIOWTH» Yepe3 TPaHCKaJIJIC3HBIN, TPAHCKOPTH -
KaJIbHbIM TOCTYIIbI, B HEKOTOPBIX CAyYasiX — yepes cyrnpa-
Lepede I pHBII, CyO(POHTATBLHBIN, NTEPUOHATBLHBII.

OCHOBHBIE OCJIOXKHEHUSI TIOCJIE XUPYPTUIECKOTO Jie-
yeHusI HoBooOpa3zoBaHuii b2K — remopparuyeckue sipie-
HUS U pazBUTHE ThapoLedantnu. Yacto reMmopparuiyeckue
OCJIOXKHEHMUS IPUBOASAT K HApaCTaHUIO HEBPOJIOTUUECKOM
CUMMTOMATUKU TOCJIE ONepalMy U B HEKOTOPBIX Cydasix
TpeOyIOT MOBTOPHOTO XUPYPIrMYECKOTO BMEILIATEIbCTBA.
HMMeHHO Mo3ToMy ycreX BHYTPUXKENTYI0YKOBOW XUPYPTruu
3aKJII0YAETCS B JOCTUXXEHUM Pa3yMHOU paauKajlbHOCTU
MPU OTCYTCTBUU OCJTOKHEHMIA.

IMemm paboThl — C TIOMOIIBIO METOAA MapKHPOBAHUS
apTepraIbHBIX CITMHOB (aHTII. arterial spin labeling, ASL) —
ASL-11epdy3MOHHOTO MCCIETOBaHNS, OLIEHUTD paguKalb-
HOCTb U 0e30IacHOCTb yaajieHus: omnyxoJieit b2K npu
TPaAULIMOHHBIX T1OCTyMaX — TPAHCKAJIJIE3HOM U TPAaHCKOP-
TUKAJbHOM, a TaKXe MPOaHAIM3MPOBATh PUCK PA3BUTHUS
TeMOpPPArnyecKrx OCJIOKHEHU B paHHEM Tocjieonepany-
OHHOM I€pUOJIE BO B3aMMOCBSI31 C OCOOEHHOCTSIMU JIOKa-
JIM3aLMU U KPOBOCHAOXEHUS OITyXOJIH.

MATEPHAJIBI 1 METO/IbI

B HMMII neitpoxupyprum um. akan. H.H. bypaenko
B rrepuon ¢ 2017 mo 2019 . o6cireqoBaHBI 1 IIPOOTIEPUPO-
BaHHI 48 MallMEHTOB ¢ 00beMHBIMU O0Opa3oBaHusIMU B2K.
Cpennmii Bo3pact coctaBui 43,5 & 15 ner.

Kpureprunm BKITIOUeHMS TTALIMEHTOB B UCCIICIOBAHME:

— Bo3pacr 6osee 18 neT;

— obbemMHoe obOpaszoBanue b2XK, mo moBomy KoToporo
paHee He IIPOBOIMIIN OTIepaTUBHOE JICUCHHE;

— BBHITTOJIHEHHAS TIO CITCLIMAIBHOMY IIPOTOKOJIY MAarHUT-

Ho-pe3oHaHcHasg ToMorpadust (MPT) romoBHoro Mo3-

ra JIo ¥ 1nocje onepauuu (B redueHue 48 u).

B Tabn. 1 mpencraBiaeHa HeEBpoJioruueckasi U o Talb-
MOJIOTUYECKas CMMIITOMATHKA Y TTALIMEHTOB C 00 beMHBIMU
obpazoBaHusiMu b2K 10 XUpypruueckoro jJe4eHusl.

Y 26 (55 %) nauyeHTOB BBISIBJICHBI CUMIITOMBI BHYT-
pUYEpEITHON TUIIEPTeH3NN. ACUMIITOMHOE TeUCHHE 3a-
OoJieBaHMSI HE BBISIBJICHO. JIOBOJIBHO YacTOe TIPOSIBIICHUE
BHYTPIZKETYIOYKOBBIX OITYXOJIei — HapyIlIeHUe TTaMsITH.
Bcex 00IbHBIX 10 ¥ TTOCIE OTIepallii OCMaTpHUBaI Hepo-
ricuxosor. OleHKa IMaMsATH ITPOBOIMIACH B paAMKaX KOM-
IUIEKCHOTO HEMPOIICUXOJIOTMIECKOTO MOIX0Aa K aHAJTU3Y
ncuxuyeckou aesareabHoctu no A.P. Jlypus u Bkitouana:

OPUEHTHUPOBKY B MECTE, BpeMEHU, JIMIHOI CUTYalllN; Ta-
MSTh Ha TEKYyIIHWe COOBITHS; MMPOOBI Ha CIYXOPEUEBYIO
U 3pUTENIBHYIO TaMSITh [4].

Ta6muua 1. Cumnmomamuka 0o xupypeu4eckoeo Ae4eHus y NayUeHmos
(n = 48) ¢ obsemHbIMU 00PA308AHUAMU OOKOBBIX HCENYOOUKOB

Table 1. Symptoms prior to surgical treatment in patients (n = 48)
with space-occupying lesions of the lateral ventricles
Yucao
NalUeHTOB
Cumnro- >
MATHKA TIposiienus n (%)
IMapesst
b 4(8)

Paresis

DnuaenTuIecKue IIPUCTYIIbL

Hesposnoru- Epileptic seizures 24
yecKas
Neurological PeueBbie HapyiieHUs 0 (0)
Speech disorders
Hapymeﬂy{ﬂ naMsITh 22 (46)
Memory loss
[l1azonBuraTeibHbIE HAPYIIEHUS 0 (0)
Oculomotor disorders
BrimaneHue mojei 3peHust 1)
Visual field loss
M3MmeHeHus ra3Horo aHa:
Odranbmo- Changes in ocular fundus:
JIOIMHCCKA A BEHO3HBII 3aCTOM 20 (42)
Ophthalmo- venous stasis
logical BEHO3HBII 3aCTOM 6 (13)
C KPOBOUSJIUSIHUEM
venous stasis with hemorrhage
HOpMa 16 (33)

normal
MOJTHOKPOBUE BEH
venous hyperemia

6(13)

ITporokon MPT-ucciaegoBaHust 10 U Tociie onepa-
1M BKIovan ciaenyomue pexkumsbl: T1, T1 ¢ KoHTpacToMm,
3D SPGR, T2, T2-FLAIR, DWI, T2 FLAIR CUBE, SWAN,
ASL-nepdysus.

KapTbl M0O3roBoro KpoBOTOKa IOJTYYCHBI TIpA 0Opa-
060TKe maHHBIX mociemoBaTeabHOCTH 3D pCASL (aHTI.
pseudo-continuous arterial spin labeling — riceBmoHerpe-
PBIBHOE MapKHUPOBaHNE apTepUATBHBIX CITMHOB), KOTOpas
npoBogMIIach co cienyiommnmu napamerpamu: 3D FSE,
8-3axomHOE CrTMpalbHOE CKAHNPOBAHUE C 3aXBATOM BCETO
00beMa TOJIOBHOTO MO3Ta 1 MOCIeAYIOINM pedopMmIpo-
BaHMEM C TOJIIMHOI cpe3oB 4 MM; FOV = 240 x 240 Mwm;
marpuna 128 x 128, ZIP 512; TR 4717 mc; TE 9,8 mc;
NEX = 3; mocrMapkupyroras 3anepxkka (PLD) — 1525 mc;
pixel bandwidth — 976,6 Ii1/nukcenb. JJIMTENbHOCTD CKa-
HupoBanus — 4 muH 30 c.

O0OpaboTKa IIOJYYeHHBIX MaHHBIX BBIITOJHSIACH
npu momoinu nakera rmporpamm READYView (GE Health-
care). 51 m3MepeHMsT KPOBOTOKA B OITyXOJIM 0003HaYa-
Jlachk obJyracth MHTEpeca (aHri. region of interest, ROI)



wiomanso 20 £ 10 Mm? B 30He ¢ HAMOOJIBLIUM 3HAYEHUEM
mepebpaabHOTO KpoBOTOKA (aHTi. cerebral blood flow,
CBF), xoTopy1o BBIICISUIN TI0 IIBETOBBIM KapTaM KPOBO-
ToKa. B 0003HaYeHHOIT 00JIACTH OTIPEIEeISIN CpeIHee 3HA-
YeHHe OITyX0JIeBOro KpoBoToKa (aHTJI. tumor blood flow,
TBF). [Ina uckio4YeHNUS WHAWBUIYATbHBIX pPa3Iddmnid
KPOBOTOKA Y Pa3HBIX MALIMEHTOB IIPOBOIMIN HOPMHUPOBA-
Hue TBF (nTBF) K KpoBOTOKY B MHTaKTHOM O€JIOM BelIIe-
CTBE CEMHMOBAJILHOTO IIEHTPa KOHTPJIATePAIIBHOTO IOy~
mapud. s aToro B JaHHO# 30He pacnojnaraau ROI Takoit
ke wiomanpio (20 = 10 mm?), kak u ROI B oryxonu. J1jist
TTOTy4eHMSI HOPMaIM30BaHHOTO 3HAYCHUS IC/IVITA JTaHHBIC
TBF Ha kpoBOTOK B cemnoBaibHOM LieHTpe: nTBF = max
TBF/CBF nHTakTHOTO 6€JI0T0 BEellleCTBa CEMUOBAILHOTO
IIEHTpa KOHTPJIaTePAIbHOTO TTOIYIIAPHSI.

Bo Bcex ciydasx KapTbl KpOBOTOKAa COBMEIIAINCH
¢ aHarommueckumu nszoopaxkenusmu T2, T2-FLAIR, T1
I1oCjIe BHYTPMBEHHOTO BBEICHNST KOHTPACTHOTO BEIIIECTBA,
a TakxXe IPUMEHSUIACh MpoTrpaMMa KOPPEeTUCTpallud —
NeuroRegistration (GE Healthcare).

O0BEMBI OITyXO0JIe11 U3MEPSIIN CITOCOOOM TTI0JTyaBTOMA-
TUYECKOU cerMeHTallMM Ha pabodeiil ctanunu AW Server
(Bepcust 4.2, GE Medical Systems), MCITOJTb30BaIN PEXKU-
™Mbl T2 FLAIR CUBE u FSPGR nocye B/B BBeeHsI KOH-
TPaCcTHOTO BEIIeCTBA.

ITo noxkanuzanuu o6 beMHOTo 00pa3oBaHUs B IPOEK-
v b2K Bce manmeHTH pacipeaesieHbl Ha 3 TPYIIIEL: C 3a1-
HUM pacIoJIOXeHUeM — 7, co cpemHuM — 14, ¢ mepen-
HUM — 27 caydaeB. O0beM OIMyxou BapbupoBai oT 1,24
1o 112,0 (meauana — 18,9) cm3.

7151 o11eHKY J0O0MepalliOHHOTO 00BeMa OITYXOJIH MC-
M0JIb30Baiu 3 rpagauuu: Goubioi (>39 cM’), cpeaHuii
(10—39 cm?), manenbkuii (<10 cm?). 1o cTopoHe ToKaIn-
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3aLK 00pa30BaHMsl HAOIIONAIN CIIEAYIOIINE €r0 BApUAHTHI:
naByctopoHHee — 7 (14,6 %), neBoctopontee — 19 (39,6 %),
npaBocTopoHHee — 22 (45,8 %) nauueHTa.

OTMe4YeHbl Ceayole aHATOMUUECKIE OTHOLLIEHUST
00BEMHOT0 00pa30BaHUsI K OKPYXAIOIIUM CTPYKTypaM:
B 4 clly4asix IIaTOJIOTUYECKOe 00pa3oBaHUe PAacIpoOCTpa-
HSJIOCh B MO30JIMUCTOE TEJIO, B 2 — B TaJlaMyC, B 2 — B IO-
JIOBKY XBOCTATOTIO sIApa, B 2 — B T€JI0 XBOCTATOIO siapa.

¥ 26 (55 %) nauueHTOB BhISIBJIeHA THApOLedanus.

BosbHbBIE OIIEpUPOBaHbI TPAHCKOPTUKAIBHBIM JOCTY-
oM B 28 (58 %) ciaydasix (depe3 JIOOHYIO 1010 — B 24,
4yepe3 BEPXHIO BUCOYHYIO — B 2, Uepe3 TEMEHHYIO — B 2),
TPaHCKaJJIE3HBIM J0CTYIIOM — B 16 (33 %), KOMOMHUPOBaH-
HBIM (IIpH pacrpocTpaHeHHbIX ormyxojisix b2K) — B 3 (6 %),
MH(bPaTEHTOPUAIIBHEBIM cylpalepebe/uisipHbiM — B 1 (2 %)
HaOJIIONEHUMN.

J1oCTyIT BbIOMPAIIH [TOC/IE TILATEIBHOIO N3Y4EeHMUS] JAHHBIX
MPT, yuuTsiBasi pacronoxkeHue 1 00beM OIyXOJId, CTeTIeHb
ruapornecdamn. [1py 3ToM B KayecTBe MepBOCTEIICHHO 3a-
a4 pacCMaTpPUBAIN BO3MOXKHOCTD YIAJICHMSI BCEX YIACTKOB
OIIyXOJI IO, BU3YaJIbHbIM KOHTPOJIEM IPYU MUHMMAIEHOM
TPaBMUPOBAaHWM Mo3ra (Taoi. 2). B Tabsm. 3 mpencrasieH aj-
TOPUTM IPUHSITHSI PELLIEHNUST O BEIOOPE AOCTYIIA B 3aBUCUMO-
CTU OT JIOKAIM3ALIUH OITYXOJIU, €€ PACIIPOCTPAHEHHOCTH M Pa3-
MepoB, TIpeutoxkeHHbIH V.A. D’Angelo u coaBr. [5].

ITockonbky s ynaneHust omnyxoieir b2K nHanbosee
4aCcTO UCII0/Ib30BAIM TPAaHCKAJLIE3HbIH (n = 16) 1 TpaHc-
KOPTUKAJIBHEIH (7 = 28) TOCTYITBI, MBI IIPOAHATM3UPOBAITA
pe3ysbraThl ¥ (haKTOPhl PUCKA XMPYPIHUECKOTO JICYEHUS
B IPYIIIaX MalMEHTOB, OIIEPUPOBAHHBIX C ITOMOILIBIO 3TUX
JIOCTYMOB MO KJIaCCUYECKUM METOAUKaM [5].

J171s1 MpOBEPKU I'MIIOTE3 O pa3inyUsIX B pe3yjibTaTax
OIEPATUBHOTO JIeUeHUs IIPU UCIIOJIb30BAHUU PAa3HBIX

Tabmua 2. Taxmuka evi60pa xupypeuueckoeo 00Cmyna, C8sI3aHH020 ¢ PA38UMueM OnyXoau, npu yoaireHuu onyxoneli omoenoe 60Ko068bix JHceaydouKos

Table 2. Tactics for selection of surgical approach associated with tumor growth in removal of lateral ventricular tumors

Otnen

HWHTpaBeHTpUKYIsIpHAsK

Intraventricular
Ilepennuii por
U TIEpeHUE
OT[EJIBI TEA
Anterior horn
and anterior parts
of the body

WHTpaBeHTpUKYIsIpHAsi, TpaHCAMNEHAUMAapHast laTepajbHas
C JOMWHAHTHOM CTOPOHBI
Intraventricular, transependymal lateral from the dominant side

Bucounsbliii por
Temporal horn

TpaHcaneHaumapHast 3aIHsIs1 UM B 00J1aCTU TPEYroJibHUKA
Transependymal posterior or in the trigone area

Jlokamm3anust Oonyxo.Jm

TpaHCC-)HCHI[I/IMapHaﬂ BEpXHEIaTCpaibHadA
Transependymal superolateral

TpaHCSHCH,I[I/IMapHaH BEpXHEMEIHUAIbHasA
Transependymal superomedial

TpaHcaneHaMMapHas JaTepajibHas v/ WiId TIepeTHsIs
Ha HEIOMUHAHTHOW CTOPOHE
Transependymal lateral and/or frontal on the nondominant side

Hocryn

INepenHuit TpaHCcKaIe3HBIN
Frontal transcallosal

CpenHsisi 1oOHast U3BUIMHA
Middle frontal gyrus

INepenHuit TpaHCcKaIE3HBIN
Frontal transcallosal

Cpe)lHHﬂ/HI/DKHSIH BUCOYHasd U3BUJIMHA
Middle/inferior temporal gyrus

TlepenHsis uim paciiMpeHHas J003KTOMMUS
Frontal or expanded lobectomy

Yepes 3aThIJIOUHO-BUCOYHYIO U3BWIMHY
Through the occipitotemporal gyrus
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Tadmuua 3. Bei6op xupypeuueckoeo docmyna npu yoaseHuu onyxoaei mpeyeoibHuKa u 3a0Hux omoenos 60K08bix Hcenyo0ouKos

Table 3. Selection of surgical approach for removal of tumors in the trigone and posterior parts of the lateral ventricles

JlocTynbt

Cas13aHHbBIE C Pa3BUTHEM ONYXO0JIH

JIOKAJIM3anus

ocTyn
OINyX0JI! 2
BepxHsist TeMeHHas 1OJIbKa,
MHTpaBeHTpUKY- Yyepe3 BIMK MO30JIUCTOTO
JIsIpHas Tea

Intraventricular Superior parietal lobule, through

the corpus callosum splenium

3aIHUI TpaHCKAIIE3-
HbI1/BepXHsIs TEMEHHAs
JOJIbKa
Posterior transcallosal/superior
parietal lobule

Tpancanenaumap-
Had BEpXHIA
Transependymal
superior

3agHuUii TpaHCKaLIe3-
HBII /BepXHSIS TEMEHHAs
JOJIbKa
Posterior transcallosal /superior

TpancaneHaumap-
Has CpeauHHas
Transependymal

EEHED parietal lobule
TpaHcaneHAMMAap- CpenHas BUCOYHASL
Has JJaT€pajbHasa N3BUJINHA

Transependymal lateral Middle temporal gyrus

XUPYPITUUECKUX JOCTYTIOB IIPUMEHSITN TEXHOJIOTHIO TICEBIO-
PaHIOMU3ALMK — MOAOOP MAIIMEHTOB 10 MHAEKCY COOT-
BeTcTBUs (aHIJI. propensity score matching, PSM) [6].
Merton o3BoJIsIeT MOA00PATh M3 2 TPYIII paBHBIC 10 YUCITY
MMAIIMeHTOB MOATPYIITEI TAKMM 00pa3oM, YTOOHBI pacrpe-
IeJIeHe X OCHOBHBIX XapaKTePUCTUK (ITOTEHIIMATBHO
BIMSIOIINX HAa PaTUKAIbHOCTb XHUPYPTUM WM PHUCK
OCJIOXHEHMIT) OyIeT IpuMepHO OOMHAKOBBIM. B pe3yib-
Tare B TAaKWX 2 TICEBIOPAaHIOMU3UPOBAHHBIX MOATPYIIIAX
MOXHO ¢ OOJIbIIEH HAAEXKHOCTBIO ITPOBEPSITH THITOTE3BI
0 paznmmumsIx. B HaleM mccaenoBaHUM ¢ TIOMOIIBIO TeX-
Hosorur PSM u3 yyactHukoB rpymi I v I1 cpopmupoBaHbl
2 TICeBIOPaHIOMM3NPOBAHHBIC ITOATPYIIIHI O 13 marm-
eHTtoB. [Tog6Gop mpoBoOaMIIN 110 3HAYCHMIO MHAEKCca DBaH-
ca, MOJ0BO MpUHAMIEXHOCTU, ypoBHIO NTBF u daxry
HaJIMIMSI OITyXOJIU B TIepeHeM IipaBoM pore b2K.
MHoromMepHBI aHaIU3 (GaKTOPOB PUCKA Pa3BUTHS
ITOCJICOTICPAITMOHHBIX TEMATOM B JIOXKE YIAJICHHOM OITyX0-
JIN B paHHEM ITTOCJICOTICPAIIMOHHOM TIEPUOIE TTPOBOIIIIN
C TIOMOIIBIO MOJEIN OMHAPHON JIOTMCTUIECKOI perpec-
crun. B KkauecTBe OGMHAPHOTO MCXOIA B MOJIETN PaCCMaTPH-
BaJI HAJIMIKE YUIM OTCYTCTBHE TEMATOMEL.
CTaTuCcTUYECKUI aHAIN3 JaHHBIX BEITIOTHSUICS C T10-
MOIIBIO SI3BIKA CTATHCTUYIECKOTO IIpOorpaMMHpoBaHms R
(www.r-project.org, Bepcus 3.6.3) B UHTeTpUPOBAHHOM
cpene pa3padbotku RStudio Server (Bepcust 1.3.1056). Cue-
Hapuii CTaTUCTUYECKOTO aHaJIM3a 3alicaH B BUIAE IIPO-

pasmepbl ONMyXO0JIH

MarneHbKHe /CpeTHIE MEIUAITb-
HOTIO pacCIiOJIOKECHMUA
Small/medium with medial location

MarneHbkue/cpeaHue
JIaT€PaJIbHOTO PaCIIOJIOXKEHUA
Small/medium with lateral location

Bonbliine 6e3 BelageHUs
MOoJIeN 3peHUs
Large without visual field loss

Bosbiive ¢ BeimageHueM
TOJIEV 3pEHUST
Large with visual field loss

Cas13aHHbBIE ¢ pa3MepaMH OIyXO0JIN

AOCTYH

BepxHsis TeMeHHas1 noibKa, 3aIHUI
TPAHCKAJUIE3HbIN, YepE3 BAIMK
MO3O0JIUCTOIO TE€1a
Superior parietal lobule, posterior transcallosal,
through the corpus callosum splenium

TpaHCBUCOYHBII/BepXHSISI TEMEHHAS
JOJIbKa
Transtemporal /superior parietal lobule

BepxHsisa TeMeHHas 1oJIbKa/9epe3 BaTuK
MO3O0JIUCTOIO T€J1a
Superior parietal lobule /through the corpus
callosum splenium

BepxHsist TeMeHHas1 oJIbKa,/9epe3 BaIuK
MO30JIUCTOTO TeJia/3aThIIIOYHBIH
TPAaHCKOPTUKAIBbHBINA
Superior parietal lobule /through the corpus
callosum splenium/occipital transcortical

TPaMMHOTO Kofa 1Tt 00eCcIIedYeHIsI aBTOMATHU3aII ¥ BOC-
MIPOU3BOAVMOCTH PACUCTOB.

3amaum OIIEHKM CTATUCTHYECKON 3HAYMMOCTH Pa3jiu-
YU B pacHpeae/IcCHUSX KaTeropHUabHBIX ITepeMEHHBIX
pelragy ¢ IMOMOIIbI0 KpuTepusl Xu-KBaapat IlupcoHa
(Pearson’s y? test) u Tounoro tecta @uinepa (Fisher’s exact
test). JJ1sT 9MCITOBBIX ITOKA3aTeNIeil OLIEHUBAIN Pa3IMIUST
¢ momotsio t-kpurepust CtelogeHTa (Student’s t-distri-
bution) (m1s HOpMaILHO pacIpeneIeHHBIX CIyJailHbIX
BeanunH) wim U-kputepus ManHa—Yutau (Mann—
Whitney U Test) (ripu onpoBepKeHNU THIIOTE3BI O HOP-
MAaJIbBHOM pacIpeIe/ICHUN).

PesynbraThl TeCcTMpPOBaHMS THITOTE3 NMPU3HABAIUCH
CTaTUCTUYECKN 3HAYMMBIMU IIPU YPOBHE 3HAYMMOCTHU
p <0,05.

AHanu3 paIuKaJIbHOCTHU YIAJIEHUS OMyXOJEN U3 pas-
JIMYHBIX TOCTYIIOB ITOKAa3aJI, YTO Yepe3 TPAaHCKOPTHUKAIb-
HBIE TOCTYITBI YIAISUTICH OITyXOJI! OOJIBIITNX 00beMa 1 pa3-
MEpOB U Yallle TP HAJTMIUH TUAPOIIeATH, 9TO CITYKUAT
OCHOBHBIM OTJIMYMEM 2 TPYITH MalleHTOB.

Bba3zoBbie moomnepannoHHBIE XapaKTEePUCTUKHI 00JTb-
HBIX, XUPYPTUIECKOE BMEIIATEILCTBO KOTOPBIM ITPOBO-
TN C TIOMOIIBIO TpaHCKayie3Horo (rpyrma I) u TpaHc-
KopTukajabHoro (rpynna II) moctymnos, nmpeacTaBiaeHbl
B TabI1. 4.

JlaHHBIE 0 COCTOSTHUY KPOBOTOKA B 30HAX MHTepeca 10
XUPYPTHUUECKOTO BMeEIIaTeIbCTBA IIPUBEACHEI B Ta0. 5.



OTenpHO TTPOaHAIM3UPOBAHEI PE3YIBTaThl PaINKAaTb-
HOCTH U pa3BUTHE TeEMOPPArnIeCKUX OCTOKHEHMI B 2 OIM-
HAKOBBIX MOATPYIIIaX MAIlMEHTOB, B OTHOM M3 KOTOPHIX
OIIepHPOBAIN Yepe3 TPaHCKaJUIe3HBIN moctyn (n = 13),
a B Ipyroit (n = 13) — yepe3 JIOOHBII TPAaHCKOPTUKATBHBIMA.
BbazoBbie XxapaKTepUCTUKU IOATPYIII, TTOHO00OpPaHHBIX Me-
tomoMm PSM, nipencrasiieHs! B TaoJI. 6.

Kak BugHo n3 ta6i. 6, momoop metomoM PSM obec-
Imeynsi c6alaHCUPOBAHHOCTD 0a30BBIX XapaKTePUCTUK
CpaBHUBAEMBbIX ITOATPYIII, OMHAKO NCXOMHBIC ITPUHITUIIA-
ajbHBIC pa3IWuMs B pa3Mepax OITyXOJIM HUBEIUPOBATH
HE yIanaoch.

XapaKTepHCTUKN KPOBOTOKA B OITYXOJIM M IPYTUX 30HAX
WHTepeca B aHAJIOTMYHBIX TOATPYITIAX, ITOT0OpaHHBIX ME-
TogoM PSM, nipencrasieHbl B Ta0J1. 7. B 3TUX moarpymmax
ITOKa3aTe I KPOBOTOKA B MICCIICAOBAHHBIX 30HAX MHTepeca
CTaTUCTUIECKH 3HAYMMO He OTImIanuch (p >0,05).
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PE3VJIBI'ATHBI

OneHKa paanuKaJIbHOCTH YAAJIEHHS OIMyXOJIei

B 3aBUCHMOCTH OT XHPYPrH4ecKoro A0CTyna

Yae Bcero onyxonu b2XK B Hallleit koropre ObLIU 10-
OpoKaYeCTBEHHBIMUA MEIUICHHO PaCcTyIIMMU 00pa30BaHM-
sMu. PacnipeneneHue naureHToB ¢ onyxoyisiMu b2K no ru-
CTOJIOTMYECKOMY MTMATHO3Y IIPEICTABICHO B TA0I. §.

IToce omepary 0TMeYanoCh: yCUJICHUE TTMPAMUI -
HOI CUMIITTOMATUKM — 2, TIOSABJICHHME PEYEBBIX HapyIIe-
HUI — 2, HapacTaHWe MHECTUYECKUX HapylIeHU — 7,
VXYOIIeHWE TIOJIeH 3peHUs] — 2, MOSIBICHUE T1a30BHUTa-
TeNAbHBIX HapyllleHuii — 1 HaOmoneHue. BoisgBieHo (cpenu
4 MaIMeHTOB C TEMUIIAPE30M): IO OIlepalliy HapacTaHMe
MMPAMUTHON CUMITTOMATUKH — 2, TIOCJIE OTIepaITiy ITOSIBIIC-
HHE reMuIiape3a — 2 HabmoneHus. [{nHaMrKa HeBPOJIOTH -
YeCKO M 0(PTATBMOJIOTMYECKOM CUMITTOMATHKH JI0 1 T10-
cJIe oTlepalny IpeacTaBieHa B Tadir. 9 u 10.

Ta6aunua 4. bazosvie 000nepayuoHHbIe XapaKmepucmuky NAyUeHNMo8, ONePUPOBAHHbIX Yepe3 MPaHCKariesnbli (epynna 1) u mpanckopmukanbHblil

(epynna I1) docmynot

Table 4. Baseline preoperative characteristics of the patients who underwent surgery through transcallosal (group 1) and transcortical (group I1) approaches

ITapameTtp

Pasmep omyxonu, n (%):
Tumor volume, 7 (%):

00JIbIION

large

CpemHUIA

medium

MaJIeHbKUIA

small

O6beMm onyxomu (MPT, T2), cm? (MennaHa [KBaHTHIIN])
Tumor volume (T2-weighed MRI), cm? (median [quantiles])

Tunpouedanus, n (%)
Hydrocephalus, n (%)

HMupexc DBaHca 10 onepanuy, MeauaHa |[KBaHTUIH |
Evans index prior to surgery, median [quantiles]

Ilpumeuanue. MPT — macnumno-pe3onancuas momoepaghus.
Note. MRI — magnetic resonance imaging.

Ipynma P-ypoBens
SHAYUMOCTHU
T(n=16) Il (n=28)
3(19) 11(39.3)
2(12) 11(39,3) e
11 (69) 6 (21.4)
3.8 34,0
[2,6:15.7]  [15.4: 54.2] 0,003
6 (38) 19 (68) 0,06
0,29 0,38
[0.27:032]  [0.27-0.41] 0,04

Tabmuna 5. JJoonepayuonnsie noxazamenu kpogomoka (ASL-nepdhysus) s nayuenmog, onepuposanivix yepe3 mpaHckanriesuulil (epynna ) u mpanc-

Kopmukanwhsiil (epynna I1) docmynot

Table 5. Preoperative blood flow characteristics (ASL perfusion) in patients who underwent surgery through transcallosal (group 1) and transcortical

(group I1) approaches

XapakTepucTHKa KPoBOTOKA, MJi/ 100 r/MuH, Meauana [KBanTum]

TBF

CBF B ceMnoBabHOM LIEHTpPE
CBEF in the semioval center

nTBF

Ipynna

P-yposenn
3HAYMMOCTH
I (n=16) II (n=28)
49,9 [32,5;91,4] 72,2 [45,4; 114,8] 0,27
20,3 [16,8;22,3] 16,3 [14,3;19,9] 0,07
3,1[1,43; 4,4] 4,413,0;7,0] 0,13

Ilpumenanue. TBF — onyxonesviit kposomox; CBF — yepebpanvhbiii kposomok,; nTBF — nopmanuzoéantoe cpednee 3Hauerue

onyxoneeo2co Kpoeomoka.

Note. TBF — tumor blood flow; CBF — cerebral blood flow; nTBF — normalized tumor blood flow.
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M3 44 manmeHTOB, KOTOPBIE OIIEPUPOBAHBI YepPe3 TPAHC-
KaJIJIe3HbII 1 TPAHCKOPTUKAIBHBIN JOCTYIIBI, PATNKATHHOE
yaajgeHue (OCTaTOYHbIM 00beM OMyXo/au 1o JaHHbIM MPT
B pexxume T2, memuana — 0) mocturayTo y 30 (68 %) GONMBHBIX.

HUcxonbl xupypruueckoro jedeHus: omnyxojeinr bK
B rpynnax [ u Il npencrasnens! B Tab. 11.

B cpaBAUBaeMbIx rpymmax (I — tpanckauresnsnit, 11 —
TPAaHCKOPTUKAJIBHBIN TOCTYIT) HAOTIOOAIA COTIOCTABUMYIO
4aCTOTY paauKalbHOro yaaaeHus onyxoiau (71 u 63 % co-
OTBETCTBEHHO). [Ip1 3TOM reMaToMEI B JIOXKE YIaJeHHON
OITyXOJT! YaIlle BEISBIISIIN Y ITAIIMEHTOB TPAHCKOPTUKAIb-
Hoii rpymnsl (64 vs. 31 % B TpaHCKajIe3HOM) — Ge3 cra-
TUCTUIECKOM 3HAYMMOCTH. B 11e;10M cTaTuCTUIeCKY 3HA-
YYMBIX Pa3JIMUUi B pe3yJIBTaTaX XUPYPTrUIECKOTO JICUCHUS
B I u Il rpynmax He BeIsIBICHO (p >0,05). [JaHHBIN BHIBOI

MOATBEPAWIICS ISl TOATPYII MALMEeHTOB, IICEBAOPaHI0-
MM3UPOBAHHBIX C IIOMOIIbLIO0 MeToaa PSM.

B nmomoGpaHHbBIX NOArPYIIaxX OMyXOJU YAAJISIM TO-
TaJIbHO Yallle Yepe3 TPaHCKOPTUKalbHbIi goctyIl (70 %),
YyeM 4epe3 TpaHcKallie3Hblit (54 %), HeCMOTpsI Ha TO YTO
C IOMOIIBIO TPAHCKOPTUKAIBHOTO JOCTYIIA OIIEPUPOBAIA
omyxoJiu 00Jblero oobema (B cpeaHem 23,6 u 3,8 cm?co-
OTBETCTBEHHO). OHAKO JaHHbIE pAa3IMYKsl HE JOCTUTATN
CTaTUCTUIECKOM 3HAUMMOCTH (Tab1. 12).

Anam3 ()aKTOpPOB PHCKA Pa3BHTHS reMOPPArnIecKux

OCJIOKHEHHIA B PAHHEM TI0CJIe0NepaAnOHHOM IepHOIe

JlaHHbBIE 0 HAJIMYWY UM OTCYTCTBMU TTOCIIEOIEPALIM-
OHHOTO BHYTPUYEPEITHOIO KPOBOU3IUSHUS OBLIN JOCTYII-
HBl 1019 44 n3 48 manuueHTOB MCXOIHO HAOJI0gaeMoOn

Tabmuna 6. bazogvie xapakmepucmuxu nayuenmos, no00OpanHbix no unoexcy coomgeememeus PSM: nodepynnut I (mpanckannesnviii docmyn)

u 11 (mpanckopmuianvhoiii docmyn)

Table 6. Baseline characteristics of patients selected using propensity score matching (PSM): subgroups I (transcallosal approach) and 11 (transcortical

approach)

IToka3arenn

CpenHuit BO3pacT = cTaHIapTHOE OTKJIIOHEHME, JIET
Mean age * standard deviation, years

Ton, n (%):

Sex, n (%):
MYKCKOM
male
XEHCKU
female

Pasmep omyxonu, n (%):
Tumor size, n (%):

OOJIbIIION

large

CpemHUIA

medium

MaJICHbKU I

small

0O06BeM ormyxoJu Mo naHHbIM MPT B pexxume T2, cM? (MennaHa
[kBaHTWIM])
Tumor volume per T2-weighted MRI, cm? (median [quantiles])

CropoHa JIoKaau3anuu onyxoiu, # (%):
Tumor location side, n (%):

CJIeBa

left

crpaBa

right

JIBYCTOPOHHSIS

bilateral

Hanuane ruapouedanuu, n (%)
Presence of hydrocephalus, n (%

WMunexc DBaHca 10 orepaiyu, MearMaHa [KBaHTWIH |
Evans index prior to surgery, median [quantiles]

Ilpumenanue. Cm. npumeuarue k maoa. 4.
Note. See Note for Table 4.

IHoarpynma
P-ypoBenb
3HAYUMOCTH
1(n=13) I (n=13)
44+ 15 44+ 14 0,9
4(31) 5(38) |
9.(69) 8 (62)
3(23) 5(38,5)
1(8) 3(38,5) 0,36
9.(69) 5(23,0)
3,802,6;18,4]  23,6[8,1; 54,7 0,08
6 (46) 431)
431 8 (61) 0,37
3(23) 1(8)
5(38) 6 (46) 1
0,28 [0,27;0,34] 0,27 [0,26; 0,36] 0,7
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Tabmua 7. Joonepayuonnsie danuvie ASL-nepghy3uu nayuenmos, nodobpartvix no undexcy coomeemcmeus PSM: ¢ mpanckannesnsim (I nodepynna)

u mpauckopmukansHolm A100H6M (11 nodepynna) docmynamu

Table 7. Preoperative ASL perfusion data of patients selected using propensity score matching (PSM): subgroup I (transcallosal approach) and 11 (trans-

cortical approach)

XapakTepucTHKa KpoBoToKa, Mii/ 100 r/MuH, MeaHaHa [KBAHTHJIH ]

TBF

CBF B ceMroBabHOM LIEHTpPE
CBEF in the semioval center

nTBF

Ilpumeuanue. Cm. npumeuanue k maoa. 5.
Note. See Note for Table 5.

Tabmmua 8. Pacnpedenenue no eucmonoeuveckomy ouazrosy éceii KO2opmol
RAYUEHMO08 ¢ 006eMHbIMU 00PA308AHUIMU OOKOBBIX JICeny00UK 08

Table 8. Distribution per histological diagnosis in the total cohort of patients
with space-occupying lateral ventricles lesions

TucTonornyeckuii AMarHo3 Yuciao nauuentos, n (%)

[urantokierouHas acTpouuToMa

Giant cell astrocytoma 2(4.2)
Cy0OaneHaumoma

Subependymoma 10 (20,8)
XopuouananuuioMa 1 2.1
Choroid plexus papilloma >
OrneHauMoma

Ependymoma 4(8,3)
DnuaepMouIHas KUCTa 1)
Epidermoid cyst >
JloOpokayecTBeHHas TIMoMa

Benign glioma 5(10,4)
310KayeCcTBEHHAs TJIMOMa

Malignant glioma 5(10,4)
KaBepHoma

Cavernoma 2(4,2)
Konnounnas kucra

Colloid cyst 1(2,1)
MeHuHrnoma

Meningioma 4(8,3)
Meracras

Metastasis 2(4,2)
HeilipoiuToma

Neurocytoma 11(22,9)
Hmoeo

Total 48(100,0)

koroptsl. B 23 (52 %) HabmoneHUsx B paHHEM IOCJIeoTTe-
PaIlMOHHOM IIepHO/Ie BEISIBJICHA TeMaToMa B JIOXKE yIaJIeH-
HOM OIyX0JI1. XapaKTepUCTUKU 3TuX 601pHBIX (¢ B2XKK)
M TeX, Y KOTO paHHUI ITOCIICOTe palliOHHBIN TIEPUO ITPO-

Hoarpynna P-yposenn
3HAYMMOCTH
1(n=13) I (n=13)
39,7 [31,0;97,0] 65,3 [47,0; 116,0] 0,29
20,1[16,3;21.8] 17,3 [14.2: 20.2] 0,26
3,6 [1,3; 4,6] 4,412,7;7,0] 0,19

Tabmuua 9. Hesponoeuueckas cumnmomamuxa y nayueHmos ¢ 00seMHuIMU
00pazosanusmu 60K08bIX Jiceaydouxos (n = 48) 0o u nocae xupypeuuecko-
20 neuenus

Table 9. Neurological symptoms in patients with space-occupying lateral
ventricles lesions (n = 48) before and after surgical treatment

Yucio nanuenTos, n (%)

Hespostornueckas
CUMIITOMATHKA Hocie
AL OLEENINIY onepanuu

[Tape3ssl
Paresis 4(8) 6 (13)
DNuaenTUYeCKUe MPUCTYTIbI 2 4) 2 (4)
Epileptic seizures
PeueBbie HapyleHUsI
Speech disorders 000 24
Hapyiienus namsitu 22 (46) 27 (56)

Memory loss

TeKaj 0e3 reMopparuueckux ociaoxHeHuii — 21 (48 %) na-
IIMEHT, IIPeaCTaBIeHBI B Ta0. 13.

ITo pe3ynbsraTaM OMTHOMEPHOTO aHAIM3a JaHHBIX, KaK
BUIHO 13 Tab. 13, 11071, 00beM OITyXOJIN, HAJTUUKE TUAPO-
nedannu 10 oIepaluyd M MHIEKC DBaHCa IO OIlepaliy
CTaTUCTUYECKH CBSI3aHBI C pa3BUTHUEM IeMaTOMEBI B JIOXE
yIaJeHHOI OITyXOJIH.

AHaJIN3 B3aMMOCBSI3U Pa3BUTHS TeMaTOMBI B TIOCIIE-
OIIepallMOHHOM TIEPHOJIE ¥ MICXOTHOTO YPOBHS KPOBOTOKA
B 3aIaHHBIX 30HaX MHTEpeca IoKa3ajl, 9YTO B TPYIIIIE C T10-
cieornepaloHHBIMU TeMatoMamMu 3HadeHusT TBF mo ome-
pauu OBUIM ITOYTH B 2 pa3a BHIIIE, 9YeM B Tpymiie 0e3
reMopparndecKux ITOCTONEPAIIMOHHBIX OCIOXHECHMU
(80,6 vs. 49,4 mu1/100 T/MuH) (Tabn. 14).

C pa3BUTHEM TeMaTOMBI B JIOXKE YIAJIEHHO OITyXOJIH CTa-
TUCTHYECKH 3HAYMMBIMH OKA3JIMCh CIICAYIONINE TIOCIICOITe-
PalMOHHEIC TTAPAMETPhL: HAIMIKe THAponedaTni 1 MHICKC
DBaHca B paHHEM ITOCJICOTIEPAllMOHHOM rieproze (Tao. 15).

B MHOTOMEpHOM aHalM3e C TTOMOIIBIO MOIEIN JIO-
TUCTUYECKON PerpecCu OIPEASININ, YTO C Pa3BUTHEM
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reMaTOMBI B paHHEM TIOCJICONIePAIIMOHHOM TIepHUOIE CTa-
TUCTUIECKH 3HAYMMO CBSI3aHBI CIICIYIOIINE TTOKA3aTeIIH:
* TOOTICPAIMOHHBIN MHACKC DBaHca (B TPYIIIC MallieH-
TOB XXEHCKOTO IT0JIa POCT JAHHOTO ITOKa3aTe I YBeJ -
YUBaEeT PUCK Pa3BUTHUS TeMaTOMBI B OOJIBIIIE CTeITe-
HU, YeM Yy MYXUMH);
* TI0JI — Yallle TeMaTOMBI Pa3BUBAIOTCS Y MYKIWH,
* TI0Ka3aTeJId KPOBOTOKA B OITyXOJIM — IPU YBEIMICHUN
5TOTO ITOKa3aTeIsl BO3pPAacTaeT PUCK pPa3BUTHUS BHYTPH-
XKenynouykoBoro kpopousnusiHus (B2XKK);

Taomuua 10. Ogpmansemonoeuueckas cumnmomamuxa y nayuenmos

¢ 00BeMHbIMU 00pa308aHUAMU OOK08bIX Jcenydouxos (n = 48) do u nocae
XUPYp2UHecko2o eMelamenscmed

Table 10. Ophthalmological symptoms in patients with space-occupying
lateral ventricles lesions (n = 48) before and after surgical treatment

Yuciio nanuentos, n (%)

Odramsmonormueckas
CUMIITOMATHKA
J10 onepanun nmocJjie onepanuu

[1azonBurarenbHbIe
HapyIIeHUs 0(0) 1(2)
Oculomotor disorders
Boimanenue mnosnei 3peHUs:
Visual field loss 1) 3(6)
CocTosiH1€ TJI1a3HOTO JTHA:
Condition of the ocular fundus:

BEHOBHBIN 3aCTOM 20 (42) 2 (4)

venous stasis

BEHO3HBII 3aCTOM 6 (13) 0 (0)

C KPOBOUBJIMSTHUEM

venous stasis with

hemorrhage 16 (33) 35 (73)

HOpMa

normal 6 (13) 11 (23)

MIOJIHOKPOBHME BEH
venous hyperemia

* JIOKAJIM3AIIHSI OITYXOJIM — B CIydae ee pacIIoOXKeHUS
B IIPOEKIINU TIepeaHero pora nmpaBoro b2K rematombr
pa3BUBAIOTCS pEXKe.

JlaHHbBIN aHaan3 BEITIONHEH 11 40 mareHToB (22 —
¢ ocnoXHeHHneM, 18 — 6e3 Hero). Pe3ymsraTel mocTpoeHMS
Monenn (Ko3(pPUIIMEHTHI TIpH MPEeINKTOpax) IMOKa3aHbI
B Tab1. 16.

TectupoBaHUe MOIEN HA T€X TaHHBIX, IT0 KOTOPBIM
OHa TI0JTy9eHa, IIPOIeMOHCTPUPOBAJIO XOPOIIIee KaueCTBO
MozaenpoBaHus: miomanb mon ROC-kpusoit — 0,952;
TOoYHOCTh — (,95; YyBCTBUTENBHOCTh — 1; criennduy-
HocTh — 0,889.

OBCYXIEHUE

O6bemMHBIe o6pa3oBanust b2K mpeacrasisior codoit
TPYMITY OIMMYyXOJIeil TOBOJIBbHO Pa3HOPOIHBIX TMCTOJOTH-
YyecK, HO 00beIMHEHHBIX O0IIeil JJoKaau3alueil B mpo-
exuun b2K. PagukanbHOCTh yaajieHUs 3TUX OITyXoJjei
JIOBOJILHO BbIcOKast 1 cocTasisieT 80—90 %, 1o maHHBIM
Pa3IUYHBIX aBTOPOB, B 3aBUCHMMOCTH OT JIOKAJIWU3allNH,
pa3MepoB M TMCTOJIOTUM caMoii orryxonu [7—9]. B nurepa-
Type JOBOJIBHO TTOAPOOHO OMUCAHBI XUPYPrUUECKUE TOCTY-
Bl K HOBooOpazoBaHusaM b2K, xopollio n3BecTHBI moKa3a-
HUS ¥ BO3MOXHOCTH/OTpaHNICHUS YIaJCHUS OITyXOJIei
W3 Pa3IMYHBIX JOCTYIIOB C YIETOM JIOKAIM3AIINN, THIPOIIE-
damm 1 pacrpoCTPaHEHHOCTH B XKeJTyTOUYKOBOI CUCTEME,
a TakKe OIMMcaHa paguKaJlbHOCTh YIaJIeHUs] 00pa3oBaHUIit
BbX 11,2, 5, 10].

Ilepsas 3adaua naweeo uccaedosanuss — 6b100p docmyna.
OH OCHOBBIBAJICSI HAa XOPOIIIO M3BECTHBIX MOKa3aHUSIX
¥ TIPOTUBOITOKA3aHUIX C YIETOM JIOKATU3ALWN, HATNIUS
rugpouedaIny, pacpoCcTPaHEeHHOCTH OIMyXoJau. TpaHc-
KOPTUKAIBHBIN HOCTYIT TIpeyiaraeT O0JbIINi 0030p, UTO
nMeeT 3HaueHne, 0COOEHHO MPU OOILIIIOM BHYTPIMKEITY-
JIOYKOBOM PacIpoCTpaHeHNH OImyxoun. [1pn BeIpaskeHHOM

Ta6auna 11. Pezyavmamot Xupypeuueckoeo Aeuerus onyxoneii 60K08bix Jceny0oukoe npu mparckaiiesHom (epynna 1) u mpanckopmuranviom (epynna I1)

docmynax 60 éceli koeopme

Table 11. Results of surgical treatment of lateral ventricular tumors through transcallosal (group 1) and transcortical (group I1) approaches in the total cohort

Ipynna

XapaKkTepucTHKA sﬁ;ﬂ(xgh
I(n=16) II (n = 28)
PanukansHoe ynanenue, n (%)
Radical removal, n (%) 10(63) 20 (71) 0,74
OcTtaTo4HbIi 06BbeM omyXou 1o faHHeIM MPT B pexkume T2, cm® (MenuaHa 0.0 0.0
e . o [0,0; 0,35] [0,0; 0,41] B
esidual tumor volume per T2-weighted MRI, cm? (median [quantiles])
Hanuaue runpouedanun, n (%)
Presence of hydrocephalus, n (%) 6 (36) 17.(61) 0,06
Munexc OBaHca, MenuaHa [KBaHTUIH | 0,29 0,33 0.12
Evans index, median [quantiles] [0,27; 0,31] [0,27; 0,37] >
BXK, n (%)
IVH, 1 (%) 5(31) 18 (64) 0,06

Ilpumeuanue. BXKK — snympuicenydoukosoe kposousiusuue; MPT — maenumuo-pe3oHancHas momoepapus.
Note. IVH — intraventricular hemorrhage; MRI — magnetic resonance imaging.
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Tabmua 12. Pesysvmamol xupypeuueckoeo AeveHus onyxoneil 60K08biX JHceaydouKos nayuenmos, no0oopaHHsix no uHoekcy coomeemcemeusi PSM,

¢ mpanckannesnsim docmynom (I nooepynna) u mpanckopmukanvrsim (11 nodepynna)

Table 12. Results of surgical treatment of lateral ventricular tumors in patients selected using propensity score matching with transcallosal approach

(subgroup 1) and transcortical approach (subgroup 11)

XapakTepucTuka

PanukansHoe ynanenue, # (%)
Radical removal, n (%)

OcrarouHblit 00beM orryxou o faHHeiIM MPT B pexume T2, cm3
(MenuaHa [KBaHTUIU])
Residual tumor volume per T2-weighted MRI, cm?® (median [quantiles])

Hamuuwre ruaponedanuu, n (%)
Presence of hydrocephalus, 7 (%)

HNHpexkc DBaHca, MenrMaHa [KBaHTUIH |
Evans index, median [quantiles]

BXK, 1 (%)
IVH, n (%)

Ilpumenanue. Cyu. npumeuanue k maba. 11.
Note. See Note for Table 11.

Hoxrpynma P-ypoenn
3HAYMMOCTH
I(n=13) II (n=13)
7(54) 9 (70) 0,69
0,0[0,0; 0,35] 0,01[0,0; 0,41] 0,98
5(38,5) 4 (31) 1,00

0,2910,27;0,31] 0,28 [0,26; 0,32] 0,66

4(31) 5(38,5) 1,00

Ta6mmua 13. Hpe()(mepauuouﬂble xXapakmepucmuxku naUeHmoe ¢ paHHUMU NOCAeonepauuUoOHHbIMU ceMoppacUHeCKUMU OCAONCHeHUAMU U 0e3 Hux

Table 13. Preoperative characteristics of patients with early postoperative hemorrhagic complications and without them

XapakTepucTHKa

Ion, n (%):
Sex, n (%):
M
m
X
f

CpenHuii Bo3pacT, JeT £ cTaHAapTHOE OTKIIOHEHWE
Mean age, years + standard deviation

Pasmep omyxomu, n (%):
Tumor size, n (%):

OOJBIION

large

CpEeIHUI

medium

MaJIEHbKUI

small

06wem omyxou (MPT, T2), cm® (MearaHa [KBaHTUIIH])
Tumor volume (T2-weighted MRI), cm? (median [quantiles])

Jlokanu3zanus omyxonu, # (%):
Tumor location, n (%):

CJieBa

on the left

cIrpasa

on the right

JIBYCTOPOHHSIS

bilateral

Hanuuwe runponedamin, n (%)
Hydrocephalus, n (%)

MHunexkc DBaHca 10 onepaluu, MeavaHa [KBaHTUIIN |
Evans index before surgery, median [quantiles]

Ilpumeuanue. Cm. npumeyarue k maba. 11.
Note. See Notes to Table 11.

Ipynna
P-yposens
¢BXKK(m=23) 6e3 BKK (n=21) 3HAYMMOCTH
15 (65) 5(24) 0.008
8(35) 16 (76)
40+ 15 46 + 14 0.2
9(39,3) 5(19)
10(39,3) 3(12) 0,009
31,2[16,0; 57,2] 6,2 [3,1; 38,2] 0,009
10 (43,5) 7(33)
10 (43,5) 12 (57) 0,7
3(13) 2(10)
18 (88) 6 (29) 0,001
0,38 [0,32; 0,41] 0,27 [0,26; 0,30] <0,001
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Taomua 14. Jannvie ASL-nepgyzuu 0o onepayuu 6 3a6ucuMocmu oOm HAAUMUSL 2eMAMOMbL

P-v:

Table 14. ASL perfusion data prior to surgery depending on the presence of hematoma

Blood flow characteristic, ml/100 g/min (median [quantiles]) ¢ BXK (n = 23) 6es BKK (n = 21) alue
TBF 80,6 [50,3; 169,1] 49,4 132,5; 83,7] 0,04
CBF B ceMrnOBaJIbHOM IIEHTpE . .
CBF in the semioval center 16,7[14,7; 20,8] 18,1114,3;21,2] 0,76
nTBF 5,04 [2,98; 9,83] 3,4511,8; 4,5] 0,04

Ilpumeuanue. Cm. npumeuanue k maba. 5u 11.
Note. See Notes to Tables 5 and 11.

Tadmuua 15. Pesyasmamol xupypeuueckoeo neueHus RAYUEHMOo8 ¢ Hanu4uem u OMcymcmeuem 6Hympuuepentoix 2eMoppacU4eckux 0CAONCHeHUL

1
OcrarouHblil 00beM orryxou 1o faHHeiM MPT B pexume T2, cm?

(MenuaHa [KBaHTHIIH]) 0,0[0,0; 0,64] 0,0[0,0; 0,35] 0,9

Residual tumor volume per T2-weighted MRI, cm? (median [quantiles])

Table 15. Results of surgical treatment of patients with and without intracranial hemorrhagic complications

LRI cBXKK(m=23) 6es BKK (n=21)

PanukanbHoe ynaneHue, n (%)
Radical removal, n (%) 16 (70) 14.(67)

Hanuune rugpouedanuu, n (%)
Presence of hydrocephalus, # (%) 18(78) 5024 0,001

Mheke Dparica, MenaHa [KaHTn] 0,33[0,31:0,38] 0,28 [0,26: 0,29] 0,001

Evans index, median [quantiles]

Ilpumenanue. Cym. npumeuanue x maba. 11.
Note. See Notes to Table 11.

Ta6mma 16. Modens nocucmuueckoil peepeccuu, 00ssACHANWAS 83AUMOCEA3b UHOCKCA Deanca, hokaszamens KpOBOMOKA 8 ONYX0au, N0KAAUZAUULU ONYX0-
AU U NOA0BOU NPUHAONEIHCHOCIU NAUUEHMA C BEPOSIMHOCMbIO PA3BUMUS BHYMPUICEAYOOUKOBOO KPOBOUSAUSHUS

Table 16. Logistic regression model explaining interdependence between Evans index, tumor blood flow, tumor location and patient sex and probability
of intraventricular hemorrhage

KoncraHnTa

Constant —30,562 11,624 —2,629 0,009

e 68,362 25,941 2,635 0,008
vans index

Myxckoit mio 23,741 10,133 2,343 0,019

ale sex

nTBE mi/100 r/mMun

nTBE, ml/100 g/min 0,864 0,403 2,144 0,032

Jlokanu3anms ormyxoJiv B IPOEKIINY TIEPeTHEro pora

TIPaBOro OOKOBOTO XKeJIyaI0uKa _ _

Tumor location in the projection of the anterior horn of the right 4,282 1,8760 2,283 0,022

lateral ventricle

VAL BRI 5 Dy —64,392 27,761 2,320 0,02

Evans index in males

Ilpumenanue. Cyu. npumeuanue xk maoa. 5.
Note. See Note for Table 5.
|



ruapolieaaTni TPAaHCKOPTUKAIBHBIM TOCTYH ITO3BOJISII
VIAJISITh OITYXOJIH, PACIIPOCTPAHSIIOINECS K3aIu — B TEJIO
b2K 1 ux natepanbHble oTAebl. Yepes TpaHCKOPTUKAIbHBIN
JIOCTYTI Yepe3 MepeaHUA por ObUTO BO3MOXKHBIM yIaJICHUE
ONyXOJiel MepenHen, CpeaHEN M 3aaHE JIOKaIn3alnuu
Ha CTOPOHE IOCTYyNa, IMPU 3TOM MMEJINCh OTPaHNICHMUS
I10 YIAJICHUIO OITyXOJIel TpOTUBOOIOXKHOTO B2K.

TpaHcKame3HbIN TOCTYIT ITO3BOJISUT YAAISTE B HAIIIeH
paboTe OIMyXO0JIM MepeIHeit ¥ cpeaHel JIOKaIU3alni 000-
nx b2K, Ho 6e3 naTepanbHOro pacrpocrpaHeHus. [1pu 3ana-
HEM paCIOJIOXEHUH OITYXOJIM TPaHCKAJUIC3HBIN TOCTYII
umeeT orpannyeHus. [1pu cpeIMHHOM WX OZHOCTOPOH-
HEM MeIMaIbHOM PACIIOIOXKEHUH OITyXOJIM 0¢3 BEIpaKeH-
HOTO JIATePAJIBHOTO POCTa IIPEATIOYTCHIE OTIASTCS TPAHC-
KaJIJIE3HOMY IOCTYIy. DTOT JOCTYH MCITOJIb30BAIMN IS
yaajaeHusl onyxoJjeil HeOOAbIIOro U CPEIHETO pa3Mepa
U B CJIy4Jasix, KOTma ruaporiedanis OTCyTCTBOBAJIA WITH ObI-
J1a c1abOBBIpAXXEeHHOM. [1pernMyIIecTBO TpPaHCKAJIIE3HOTO
JIOCTyIla — BO3MOXHOCTb Itoaxoaa K ooouM bXK u otcyr-
CTBME KOPTUKAJIbHOTO pa3pe3a [1, 2, 5, 10].

BozHUKAaIOT KITMHIYECKHE CUTYalluH, KOTIa OMHY U TY
ke omyxoiab b2K MOXHO ymamuTh TpaHCKOPTUKAIBHBIM
¥ TPaHCKAJUIE3HBIM TOCTyIIaMu. B Takoil cuTyalmu BIOOD
JIOCTYIIa 3aBUCUT OT IIPEANIOYTECHHS U OITBITA XUPYpPTa.

Cpenn 48 malieHTOB ¢ 00bEMHBIMU 00pa30BaHUSIMU
B b2K, oneprpoBaHHBIX pa3TMIHBIMUI JOCTYIIAMH, TOTAIEHOE
yaaneHue TOCTUTHYTO B 67 % ciydaeB. Yallie BCero ommyxosu
B2K orrepupyrot 4epe3 TpaHCKaJUIE3HBIN JIMOO TPAaHCKOPTH-
KaJIBHBIN TOCTYIT Yepe3 JOO0HYIO 10i1i0. [1oaToMy MBI TIpo-
aHAJIM3UPOBAIIN 2 TPYIIIIHI TAIIMEHTOB, COOTBETCTBOBABIIIIX
KPUTEPHUSIM BKITIOYCHMSI, KOTOPBIE TTPOOIIEPUPOBAHBI C MC-
MOJIb30BaHUEM 3THX JOCTYTOB. [Tombop meTomom PSM obec-
TIeYIT COAJTAaHCUPOBAHHOCTH 0A30BbIX XapaKTePHUCTUK CPaB-
HUBaeMbIX TTOATPYIIL. B pe3yibsrare aHanmm3a BeISIBUIM, YTO
pamvKaaIbHOCTh yaajaeHus1 HoBooOpa3oBaHuii b2XK mipu mc-
TTOJIB30BAaHUY 2 OCHOBHBIX JOCTYIIOB comocTtaBuMa. OTcyT-
CTBUE CTAaTUCTUYICCKN 3HAYMMBIX Pa3IMUUif TOBOPUT O TOM,
YTO B Halllel ceprM HAOJIIOAEHUI BbIOOP 1OCTYyMA C yYETOM
HaJTMIUS WIM OTCYTCTBUS TUApOIedaIni, BEPOSITHO, OBUT
aleKBaTeH pa3MepaM, 00beMY, JIOKAJTM3AINH, pacipoCcTpa-
HEHHOCTU HOBOOOpa3oBaHus B rpoekuu b2K.

Ha ocHOBaHMM MPOBEICHHOTO CTATUCTUYECKOTO aHAa-
JIn3a CTAHOBUTCS TOHATHBIM, YTO ITPAaBUJIBHBIA BEIOOD
IIOCTYyTIA C YYETOM JIOKAJIM3aIU, pa3MePOB 1 pacIIpoCcTpa-
HEHHOCTH OITyXOJIY HE TT03BOJISIECT BBIICINTh CTATUCTUYEC-
KU 3HAYMMBIe (DaAKTOPBI, KOTOPHIE MOTYT BJIUSITh HAa PaIy-
KaJIbHOCTb yaaneHus onyxonaei b2K. Kak nmpaBuiio, yepes
TPaHCKOPTUKAJIBHBIEC TOCTYITBI YAACTCS YOAISATH OITyXOJIU
0OJTBIIIETO 00BEMa, UTO CBSI3AHO C JIYYINei BU3yaau3aeid
u 0oJiee IMMPOKUM YIJIOM aTaKM B OTJIMYHE OT TPaHCKaJ-
ne3Horo goctymna [1, 5, 10].

ITo MHEHMIO OOJIBIIMHCTBA aBTOPOB, OMHO M3 CAMBIX
OITACHBIX OCJIOXKHEHWI ITOCIeONePallnOHHOIO IIeproIa
B XUpypruu HoBoobpazoBaHuii b2K — passutue remoppa-
TUYECKUX OCJIOXKHEHWI, HApYIIEHNE TNKBOPOLIUPKYJISIIIAN
Y HapacTaHUe HEBPOJIOTMYECKO cuMIToMaTuku [1, 11].
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ITo nanHbiM M. Baroncini u coaBT., yacToTa BCTpeya-
€MOCTH ITIOCJIEOTICPALIMOHHBIX MHTpAapeHXNMAaTO3HBIX
KpOBOU3IUsIHUIA cocTaBisieT 5,2 %, u B2XKK mocie ynane-
nus onyxoneit B2K Bcrpevarorcs B 6 % caydaes [1]. Han-
6onee yacro BXKK mocie ynaneHust BHyTpUXKeTyTOUKOBBIX
HoBooOpa3oBaHuil b2K BcTpeuatoTest B cirydasix yaajaeHMS
HevipouuToMm. ITo nanHeiM A.H. KoHoBanoBa u coasT.,
reMaToMa B JIOXE YIAJICHHOM OITYyXOJIM TUATrHOCTUPYETCS
B 20 % cnyuaeB, mpu4eM [Ijisi OOJBLIMHCTBA U3 HUX Tpe-
OyeTcsl Xupyprudeckas peBU3US M yOalleHHE TeMaToM.
B xupypruu onyxoneii b2K vaiie Bcero remopparnueckue
OCJIOKHEHMS BCTPEYAIOTCS TTOCIIE YIAICHUSI HEHPOIITUTOM
roJiopHoro moara [10].

Bmopas 3adaua uccaedosanus — ouenka pakmopos,
BAUAIOWUX HA pA38UMUE 2eMOPPAUHECKUX OCAONCHEeHUI
6 PaHHeM NOCAeonepayuoHHoM nepuode. 3HaHUE (PAKTOPOB
pPHCKa 3TUX OCJIOXKHEHUH TOJDKHO CITIOCOOCTBOBATh X HAM-
JIyqimreir mpo@uIaKTHKe P IMOATOTOBKE K OIEpaIiH.
Ha ocHoBaHUM IPOBEIeHHOTO aHAaIN3a BBHISIBICHO, UYTO
TocJie orepanuu B 23 HaOMIONEHUSIX B paHHEM TTOCIeoTTe-
PaIOHHOM TIepHO/Ie BEISIBJICHA TeMaTOMa B JIOXe yIalIeH-
Holi ormyxonn. B 3 cirygasix reMaTtoma BhI3bIBaIa OKKITIO3UIO
JIMKBOPHBIX ITyTEH ¢ pa3BUTHEM THIpOLIehaTUN U TUTIeP-
TeH3WMOHHOW CUMIITOMATUKU. B 3TrX 3 HaOMIOneHUSIX TT0-
TpeOOBAIMCh PEBU3MS U yAajeHue reMaToMbl. B octalib-
HBIX 20 cily9asxX IIPOM3OILIM JIM3UC U paccachiBaHUE
remMaToM. OOBEMBI TeMaTOM He M3MEPSIIN, BaXKHO OBLIO ee
HAJIMYUE WIKA OTCYTCTBUE MOCIE YIATEHUS OMYyXOJIA U aHa-
Jm3 (aKTOPOB, KOTOPHIE MOTJIY BJIMSTH Ha Pa3BUTHE T'eMa-
TOMEL.

[MocaeonepauroHHbIE TeMaTOMbI Yailie (B 64 % ciy-
YaeB) BBISIBJISUIN ITOCIIE UCITOIb30BAHUS TPAHCKOPTHKAITb-
Horo goctyma. [Ipu TpaHCKa/Ie3HOM HOCTYIIE 9acTOTa
BBISIBJIEHUSI TeMaToM coctaBuia 31 %.

CTaTuCTUYeCKN 3HAYNMBIMU TIPEIUKTOPAMM Pa3BH-
THSI TEMAaTOM B JIOXE yIaJeHHOM OIyXOJIM OKa3aJI1uCh UH-
JIleKc DBaHCca, JTJOKAIM3AIHsI OITyXO0JI1 B 00JIaCTH IIPaBOTO
TepeaHero pora (IIpy TAKOM PaCIIOIOXEHUH OITyXOJIH T'e-
MaTOMBI pa3BUBAIOTCS PeXe), MY>KCKOM TTOJI ¥ BeJTMYMHA
00bEeMHOT0 KPOBOTOKA B OITYXOJIM HA OCHOBAHWU JTaHHBIX
ASL-nepdy3un. MoxXHO MPeanoaoXnTh, YTO XKeHIIWHBI
C JTOKaJTN3alle OIyXOJI B IIPABOM IIepeTHEM POre MeHee
MTOABEPKEHBI PUCKY ITOCICONEPAIIMIOHHOTO KPOBOM3IHSI-
HUS, 9eM MYXIYUHBI. [1py 5TOM prcK Bo3pacTaeT C yBeJI-
yeHUeM IoKa3aTeneil nHaekca OBaHca u ypoBHs nTBE
Hanuuue nocneonepallMOHHON reMaToOMbl CBSI3aHO C UH-
JIeKCoOM DBaHCa B CBSI3W C T€M, YTO IIpU TUApoliehaInm
OIYXOJIM JOCTUTAIOT OOJbIIMX 00beMOB. B rpymnme ¢ mo-
cJIeoTepallMOHHBIMU TeMaTOMaMM TUAponedaIns OTMe-
yajiachk B 78 % ciy4yaeB. Takxke B HallleM UCCIeI0BAaHUM
B TPYIITIC pa3BUTHSI ITOCICONIEPALIMOHHON TeMAaTOMBI CPEeI-
HUI 00beM ormyxosii coctaBmi 31,2 cMm?, B rpymiie 6e3 re-
MaTtoMmbl — 6,2 cm3. [lpu GOJBILINX, PACIPOCTPAHEHHBIX
OITYyXOJISIX CJIOKHO KOHTPOJHUPOBATh HEOOJIBIITNE OCTATKI
OITyXOJIU TIOCJIe yaaleHusl. Busyanuszammst ocioXHIeTCs
TeM, YTO K KOHIIy OIlI€palliy XeJIYTOUYKOBas CHCTeMa
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crmagaetcs. OCTaTKU OIMyXOJIH, KaK IIPaBWIIO, CIIYKAaT IIPH-
YMHOM KPOBOM3IUSHUI B TTOC/IEOIIEPALIMOHHOM TIEPHOIE,
0COOEHHO IPY HAJIMINU BBHICOKOTO OITYXOJIEBOTO 00BEM-
HOTO KPOBOTOKA.

[Ipu pacronoxeHNN OIyXOJH B MIPOCKIIUM ITPaBOTO
TepeIHETO Pora reMopparndecKue OCIOKHEHNST BOZHIKA-
10T peke. DTO CBSI3aHO C TeM, YTO IMPU TPAHCKOPTUKATb-
HOM ¥ TPaHCKAJJIC3HOM TOCTYIaX UMEETCSI MaKCUMaJTbHASsT
BU3yalu3alus CTeHOK uMeHHo npaBoro b2K. /Ipyrue ot-
JIEJTBI XKEJTyIOYKOBOM CHCTEMBI OCTAIOTCSI MCHEE BU3yaJI-
3UpoBaHbI nocie ynaneHus omyxosneit b2K. ITo aToit mpu-
YHE UMEHHO B IIPaBOM OOKOBOM POT€ Yallle BCETO YIaeTCsT
BU3YAJIM3NPOBATh OCTATKH OITYXOJIM U YIaJIUTh nx. Kop-
PEJSIINIO T10J1a ¥ PA3BUTHUSI KPOBOMBIMSHUM OOBSICHUTD
cioxHo. [ToaTBepXXaeHNsT 3TOMY MBI HE HAIILIU B JIUTEpa-
type (PMC free article, PubMed, Google Scholar). UmeH-
HO M3 HEYTAJICHHBIX OCTATKOB OITyXOJIM BO3HUKAIOT KPO-
BousnusiHus. 1o manHeiM J.W. Kim u coaBT., a Takxke
L.E Chen u coaBT., MpUYMHOM ITOC/IEONIepallMOHHBIX KPO-
BOM3IMSTHUM CITyKaT CIeIyonme (paKTophl: THTEHCUBHOE
KPOBOCHAOXEHUE OITyXOJIM, HaJIMIMe B Helf MHOXeCTBa
MEJIKMX TMATOJIOTUYECKUX COCYAOB, MPEUMYLIECTBEHHO
apTepwuii, INIIEHHBIX TIaIKOMBIIIICYHBIX 3JIEMEHTOB 1 Ka-
BEPHO30ITOJ00HBIX BeH [11, 12].

Ha ocHoBaHMM TIpomeIaHHOTO HAaMM HMCCJICTOBAHMS
BBISIBJICHBI 3HAUYNMBIC (DaKTOPBI, KOTOPHBIE ITO3BOJISIOT
IIPOTHO3MPOBATh Pa3BUTHE TeMOPPArmIecKNX OCIOXHE-
HUI B paHHEM IIOCJICONICPALIMOHHOM TIepHOIe: MHICKC

DBaHca, JJOKaJIM3aI1sl OIyXOJIr B 00JIACTH IIPaBOTO IIe-
pPEeIHETO pora, JOKaIM3aus B IIPOSKIINY TIePeIHEeTo pora
npasoro b2K (rmpu TakoM pacmoioXXeHNN OITyXOJIr TeMa-
TOMBI Pa3BUBAIOTCS pexXe), MYKCKOM IMOJ M BeIUYMHA
00BEMHOT0 KPOBOTOKA B OITyXOJIM Ha OCHOBAHWHU TaHHBIX
ASL-nepdy3un. 3HaHune 3TUX PaKTOpOB, KOTOPHIE MOTYT
BIIMSITH HA Pa3BUTHE TeMOPPArNIeCKNX OCIOXHEHMI, T10-
3BOJISIET XUPYypraM IPOTHO3MPOBATh TaKWe IMaTOJIOTHU
¥ TIPAaBUJILHO TOTOBUTHCS K XUPYPITUISCKUM OTICPAIIASIM
o ygajaeHuto onyxonei b2K.

SAK/TIOYEHME

Ha ocHOBaHMM TPOBEIEHHOTO MCCISIOBAHUS MOXHO
caeaTh BEIBOI O TOM, YTO MPABUJIBHBINA W aleKBaTHBIN
BBIOOP XMPYPIUUECKOTO TOCTYIIA C YYETOM aHATOMUIECKO-
TO PACITOJIOXEHUS U PACIIPOCTPaHEHHOCTH HOBOOOPAa30-
BaHUS, HAJTMIUS TUIpOlieaTny 1 PeaITOITCHUN XUPYP-
ra o0ecIieunBacT BHICOKYIO PaIMKaJbHOCTh yIaJICHMUSI.
OTCyTCTBHE CTATUCTUICCKN 3HAYMMBIX KPUTEPHUEB B pa-
JTUKAJTbHOCTU PE3eKIIMU YEPE3 TPAHCKAUIE3HbIN U TPaHC-
KOPTUKAJIBHBIN TOCTYITBI CBUACTEIBCTBYET O MPABUILHOM
X BBIOOpE UIST JOCTMKEHMST BHICOKOM paanKaabHOCTHU
yaaneHust HopooopazoBaHuit b2K. B kauecTBe pakTOpOB,
OIPENEISIONINX PUCK PA3BUTHS TeMOPPArMIeCKUX OCIOXK-
HEHMI1 B paHHEM IOCJICOIIePAlIMIOHHOM TIepUOE, CeayeT
YUMTBIBATH IT0OJ TTALIMEHTA, HAJTMIKe TUIpoIedannu, JIo-
KaJn3aIlii0 HOBOOOPa30BaHMSI M BEIUUYMHY OOBEMHOTO
KPOBOTOKA B HEM.
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Cepreit Anekceesuy lopsiiHoB sgoraynov@nsi.ru

BeepeHue. Metabonuyeckas Hasuraums ¢ 5-AJIK — 0AMH U3 METOAOB MHTPAONEpPaLMOHHON BU3yaNu3aLnmM B Hetpo-
OHKO/IOTUMK.

Llenb nccnepoBaHmA — NnpoBECTU CPAaBHUTENbHBIN aHaNN3 YyBCTBUTENbHOCTU MeTabonnyeckoit Hasurauuu ¢ 5-AJIK B xu-
PYPruv NepBMYHbIX U BTOPUYHbLIX ONYXOJei roN0BHOMO MO3ra PasfnUyHON rMCTONOTMYECKON NPUPOSLI U CTENEHU 3/10Ka-
4eCTBEHHOCTU.

Marepuans! u metoabl. 3a nepuog ¢ 2013 no 2020 r. ¢ UCNoNb30BaHMEM METAOONNYECKON HaBUTAL MW HaLleil rpynnon
npoonepuposaHo 403 nauneHTa: MUKPOXUPYPruyecKue pe3ekLumn BbinoaHeHbl y 384 yenosek C ONyX0NAMU FONOBHOIO
M03ra, U3 HUXx 220 — ¢ muanbHbIMK onyxonsamu, 101 — ¢ MHTpakpaHWanbHLIMU MEHUHITMOMAMK, 63 — C MeTacTaTUYeCKUM
nopaxeHuem ronoBHoro mo3ra. CpeAn nauneHToB € MeTacTasamu y 39 nauMeHTOB 0TMEYaNoCh CONUTApPHOE NopaXeHue,
y 16 — MHOrooyaroBoe, N03TOMY B laHHOI rpynne pacCMOTPeHO 72 cyyas MeTactaTudeckux y3nos. CTepeoTakcuyeckue
6uoncum c 5-AJIK-accucteHumeit BbinonHeHsl y 19 YenoBek. MeTabonuyeckas HaBuraLus BbINONHANACL C TPENapaToM
5-AJK, koTopblit npuHMManu B go3e 20 Mr/Kr 3a 2 4 4o onepauuu nepopanbHo. MHTpaonepaymuoHHas dhnyopecueHumus
OLLeHMBANach C NOMOLLbIO MUKPOCKONA C (hlyopecLeHTHbIM MOAYNEM.

Pesynbrarbl. MeTabonnyeckas HaBuUraLus ¢ NpUMEHEHMEM MUKPOCKONA UMEET BbICOKYIO YyBCTBUTENLHOCTb NPU MUKPO-
XUPYPruyecKkux onepauusx (B TOM 41cie NOBTOPHbIX) B Cy4Yasx aHannacTuyeckux rmuom (65 % — B uenom, 58 % — apkoe
cBeyeHue), muobnactom (94 % — B uenom, 53 % — ApKoe CBEYEHWE), UHTPAKPAHUANbHBIX MEHUHTUOM (94 % — B Lesom,
64 % — sipkoe cBeyeHue). icnonb3oBanue 5-AJTK umMeeT cyliecTBeHHbIE OTPaHUYEHNS B YYBCTBUTENLHOCTU NpU Anddys3-
HbIX rnoMax (46 % — B Lienom, 27 % — ApKOe CBEYEHWe) U MeTacTa3ax B roloBHOM Mo3re (B LenoM 87 % — Ans CONUAHOIA
yactu, 52 % — Ans noxa, Apkoe cBeyeHne — 51 %). Mpu Anddy3HbIX MUOMax y4acTKU CBEYEHUS UMENU [OCTOBEPHO
6onee BbICOKWI NPoaNdepaTUBHbIA UHAEKC U NIOTHOCTb Afep KJETOK, YeM QJyopoHeraTuBHble 30HbI. M3 BaxHenwnx
(haKTOpOB, BAUAOWMUX HA CBEYEHUE [IMOM, MOXHO OTMETUTb: CTaTyC MyTauun IDH1, 06bem KOHTpacTUpyloLWencs yacTu
TUOMbI N0 AaHHbIM MPT, MHAEKC HaKONNEHUA METUOHWMHA NO AAHHBIM NO3UTPOHHO-3IMUCCUOHHON TOMOrpadum, Nnokasa-
TenW ONyxoNeBOro KPOBOTOKA N0 AaHHbIM METOf,A MaPKUPOBAHMA apTepuanbHbix cnuHoB — ASL-nepdy3uu.
3aknioueHue. icnonbzosanue 5-AJIK c npuMeHeHMEM MUKPOCKONA UMEET BbICOKYIO YyBCTBUTENbHOCTb NPU mnobnacTo-
Max, aHannacTMyeckux mmomax (0CobeHHO AN BbIABNEHUA HEKOHTPACTUPYIOLWENCA YAaCcTU OMYyXO0NK, KOTOpas BU3yanbHO
He U3MeHeHa B 6eNoM CBETE ONepaLMOHHOTO MUKPOCKONA) M MEHMHTMOMAX roNI0BHOMO Mo3ra. MeTos MeHee 3t deKkTUBEH
Npu MUOMaxX HU3KOM CTENEHU 310Ka4eCTBEHHOCTU U MHTPAKPaHMUaibHbIX MeTacTa3ax.
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Introduction. Metabolic navigation with 5-ALA is one of methods for intraoperative imaging in neuro-oncology.
Aim. To perform a comparative analysis of sensitivity of metabolic navigation with 5-ALA during surgery of primary and
secondary brain tumors of various histological nature and degree of malignancy.

Materials and methods. During the period from 2013 to 2020, our group have performed surgery to 403 patients using
metabolic navigation: microsurgical resections were performed in 384 people with brain tumors, 220 of them were with
glial tumors, 101 were with intracranial meningiomas, 63 were with metastatic brain damage. Among patients with
metastases, 39 patients had a solitary injury, 16 had a multi-focal injury, so 72 cases of metastatic nodes were considered
in this group. Stereotactic biopsies with 5-ALA-assistance were performed in 19 people. Metabolic navigation was
performed with the drug 5-ALA, which was taken orally at a dose of 20 mg/kg 2 hours before surgery. Intraoperative
fluorescence was evaluated using microscope with a fluorescent module.

Results. Metabolic navigation using microscope has a high sensitivity when employed during microsurgery (including
repeated implementation of surgery) in cases of anaplastic gliomas (65 % in total, 58 % with bright glow), glioblasto-
mas (94 % in total, 53 % with bright glow), intracranial meningiomas (94 % in total, 64 % — with bright glow). The use
of 5-ALA has significant limitations in sensitivity in cases of diffuse gliomas (46 % —in total, 27 % — with bright glow)
and brain metastases (in total 87 % — for the solid part, 52 % — for the bed, with bright glow — 51 %). In diffuse gliomas,
the glow areas had significantly higher proliferative index and cell nuclei density than the fluoronegative zones. Among
the most important factors affecting the glow of gliomas it can be noted: the status of the IDH1 mutation, the volume
of the contrasting part of the glioma according to MRI data, the methionine accumulation index according to positron
emission tomography, the tumor blood flow indicators according to the arterial spin marking method — ASL perfusion.
Conclusions. Implementation of 5-ALA navigation with the use of microscope provides high sensitivity in cases of glio-
blastomas, anaplastic gliomas (especially for detecting of non-contrasting part of tumor that is not visually altered
in the white light of operating microscope) and brain meningiomas. The method is less effective in low-grade gliomas
and intracranial metastases.

Keywords: metabolic navigation, brain tumors, 5-ALA, protoporphyrin, fluorescence
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BBEJIEHUWE

B pexkoMeHaauuy Mo MpOBEAEHUIO HEMPOOHKOIOTY-
YEeCKUX OTTepaliii BXOOUT MH(OPMAIINsI, TIOCBSIIICHHAS] MaK-
CUMAaJIbHOM PE3eKILIMU OMYyXOJU C MMHUMAaJIbHBIM PUCKOM
(YHKIIMOHATBHBIX OCJIOXHEHUI ¢ 00513aT€JIbHBIM UCITOJIb-
30BaHMEM MPEIOIECPALIMOHHOTO TNTAHNPOBAHUS ((DYHKIIIO-
HaJIbHas MarHUTHO-pe30HaHCHas1 Tomorpadust (ODMPT),
TpakTorpadust), MUKpPOXUPYPIHUECKON TEXHUKA 1 MHTPA-
ornepaioHHou ontuku [1]. HagexxHas nadopmanms ob
00beMe pe3eLMPOBAHHON OMYyXOJX MOXET ObITh MOJyYeHa
MyTeM UHTpaollepallMOHHON BUu3yanu3aluu. PeilieHue atoit
Mpo0JIEMbI peaT3yeTCsl BOCHOBHOM C MOMOILIBIO TTPUMEHE-
HHUS ONTUYECKUX CUCTEM (OITepalliOHHBIE MHUKPOCKOITBI
W HIOCKOITHI ), THTPaOIepallMOHHOM KOMITBIOTEPHOM TOMO-
rpacdum, MPT, ybrpa3ByKOBOTO CKAHMPOBAHUS U TPEXMEP-
HOI1 0e3paMHOI YIBTpa3ByKOBOM HEMIPOHABUTALIMU, HEHPO-
HABUTALIMOHHBIX CUCTEM, META00IMUYECKON HaBUTALMU
(MH) 1 pa3nuaHBIX KOMOMHAIM THX MeTOIOB [ 1, 2].

C y4eToM TOTO, YTO BO3MOXHOCTH MCITOJIb30BAHMS
WHTpaonepaumoHHol MPT orpaHuyeHHbI, a UHTpaoIe-
pallMOHHOE YJIBTPa3BYKOBOE UCCIEJOBAHUE HE TTO3BOJISIET
ITOJTYIUTh WH(POPMAIINIO 0 METAOOJIMIECKHX TTapaMeTpax

OITYXOJIX, aKTyaJdbHBIMH IIPEICTaBISIOTCS pa3paboTKa
¥ COBEPIIIEHCTBOBAHME MHTPAOIIEPAIIMOHHON ONTIIECKOM
HEPOBU3YaIN3alMI 1 METOIOB OIITHYECKOM CIIEKTPOCKO-
MUY B HEMPOOHKOJOrnN [3].

OnHa 13 OCHOBHBIX MHTPAOTICPAIIMOHHOM BU3yan3a-
WU B XUPYPTUH OIYXOJel TOJIOBHOTO MO3Ta pa3InIHON
TUCTOJIOTHYECKOI Tiprponsl — Metoguka MH. B 1947 1.
OITyOJIMKOBAaHO TEPBOE KIMHUIECKOE COOOIIICHHE O TIPH-
MeHeHNH (iIyopeciienHa BO BpeMsI HEMPOXUPYPTAISCKIX
oIepanuii MpY yIaJICHUM OITyXOJieii TOJIOBHOTO MO3Ta
y 46 maLKeHTOB, YTO A0 MOSBIEHUs METOAOB HEMPOBU3Y-
aJM3aIy CITOCOOCTBOBAIIO O0JIee TOYHOMY OIIPEACICHIIO
JIOKAJTM3aIlH OITyXOJI BO BpeMsI OIIepaTUBHOTO BMeIla-
TenbcTBa [4]. B xoH1e 20 B. MOSIBUIIUCH NEepPBbIe TaHHBIE
0 BO3MOXHOCTY IIPUMEHEHMST 5-aMIUHOJIEBYIMHOBOI KHC-
sotel (5-AJIK) B HelipoXUpypruu, B OCHOBHOM 3JI0Kade-
ctBeHHBIX TIioM (IJT) [5].

B Hacrostimee Bpemst 5S-AJIK npuMeHsieTcs: B XUupypruu
IPYTHX OITyXOJIei TOJIOBHOTO M CITMHHOTO MO3Ta KaK y Jie-
Teil, TAK U y B3POCJIbIX, B YACTHOCTH IIPU MEHMHIUOMaX [6],
MeTacTa3ax |7, 8], HelipoluTomax, sreHauMoMax [9] u npy-
I'MX HOBOOOPA30BaHUSIX TOJIOBHOTO M CITMHHOTO MO3Ta.
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Ienm uccnenoBanus — o600IIEHNE OMbITA XUPYPryuyec-
KOT0 JICUYCHHS OITyXOJel TOJJOBHOTO MO3Ta pa3IndHON
TUCTOJI0oTIYecKOM Tprupoasl — I'J1 HU3KOM 1 BBICOKOI CTe-
MeHN 3JI0Ka4eCTBEHHOCTH, MHTPaKpaHUAIbHBIX MEHUH-
oM (MKMH) u meractazoB (MKMC), a Takke cpaBHEHMe
YyBCTBUTEILHOCTU (hryopecteHmu (PJI) B omyxoseBoid
XUPYPTUMN.

MATEPHAJIBI 1 METO/IbI

Kimanmgyeckasi XapakTepuCTHKA NANHEHTOB

PabGota npencrapiisieT co00i OMHOLIEHTPOBOE KOTOPT-
Hoe ucciegoBanue. 3a nepuon ¢ 2013 mo 2020 . B HMUAI],
Heiipoxupypruu uM. akaa. H. H. Bypmenko ¢ ncnonb3oBa-
HrueM MH mpooniepupoBano 403 mammeHTa: MUKPOXAPYP-
TMYECKIE PE3CKIINH BBITIOIHEHBI Y 384 4eJI0BEK C OITyXOJIsI-
MM TOJIOBHOTO MO3Ta, B TOM umcie y 220 — ¢ TTHaTbHBIMU
omnyxonsmu, y 101 —c UKMH, y 63 — ¢ MmeTacrarnyeckum
MMOpaxkeHNEM TOJIOBHOTO Mo3ra. Cpeln MalMeHTOB ¢ Me-
TactazamMu y 39 oTMedasoch COJMTAapHOE ITOpaXeHUeE,
y 16 — MHOroouaroBoe, 0O3TOMY B JAHHOI I'pYIIIIE pac-
CMOTpPEHO 72 cIyJast MeTacTaTUIeCKUX y3710B. CTepeoTak-
cryeckue ouoricnm (CTB) ¢ 5-AJIK-accrcTeHImei BBITION-
HeHHI y 19 yenoBek. [TompobHOe pacmpenesieHe CIydaeB
C YYETOM THCTOJIOTMH IpeACTaBieHO B Ta0. 1. B uccieno-
BaHMe BKIIOUEeHO 183 mMyxxumH n 220 XXeHIIWH, CpeTHUit
BO3pACT MaLMEHTOB cocTtaBwi 46 £ 15,3 roma, MUHNMAaITb-
HBII Bo3pacT — 17, MaKCUMaTbHBIN — 78 JIeT.

MeToaMKa MUKPOXUPYPrUYeCKUX ONepaTUBHBIX

BMeIIaTeJbCTB ¢ MpuMeHeHneM duryopecueHImumn

TIPH OMYXOJISIX TOJIOBHOTO MO3ra

IMocte MHOOPMUPOBAHHOTO COTIACHUS M TIPEIOCTaB-
JICHUsI TaHHBIX 00 OTCYTCTBUM 3HAYMMOU ITATOJIOTHH CO
CTOPOHBI TIEYEeHHN M TTO0YEK ITAIIMECHTHI TOIyJaId pacTBOP
rugpoxiopuaa 5-AJIK (Anacenc®, THL «Hayuno-uccre-
JIOBAaTEJIbCKUIT MHCTUTYT OPTaHMYECKUX ITOIYIIPOIYKTOB
" Kpacuteeit», Poccust) B mo3uposke 20 mr/kr. Haznayanu
5-AJIK 3a 2 4 1o onepaTuBHOro BMmeliareabcTa (90 % na-
LIMEeHTOB) Wi 3a 3—4 4 (9 % nauueHToB), pexe mperapar
BBOIMJICS HETIOCPEACTBEHHO ITepel Mogavdeil mammeHTa
B onepatioHHyo (1 % HabmoneHuit). Bee onepatiyu mpo-
BOIWJIM C UCITONIb30BaHMeM MuKpockomna Pentero ¢ ®JI-mo-
mynem (Carl Zeiss) — B pexkume BLUE 400. Onepanu-
OHHas MPHU ATOM 3aTeMHSJIAch (OTKJIIOYaJN BHEIITHEE
OCBEIIEHNE), HEUPOXUPYPT BBIMOIHS TTEPUOTNISCKOE
nepekiaoyeHme o6emoro ceera u MJI-pexuma. Paborta
BOJMIM3M (PYHKIMOHAJBHO 3HAYMMBIX 30H IPOBOIMIACH
C YU4ETOM JaHHBIX HeMPO(PU3NOIOrNIeCKOr0O MOHUTOPHH-
ra. [1pm BeIpaxkeHHOM KPOBOTCUCHNHN Ha OCHOBHOM 3Ta-
e ymajJeHUsI OIyXOJIM BHaJajie IMPOBOMMIM STAITHBIN
TeMOCTa3 C TTOCICIYIOIINM TTePEKIIOYCHIEM MUKPOCKOTIa
B DJI-pexxuM.

HNurencuBHOCTS, PJI olleHMBaAIACh B OKYJISIpaX MU-
KPOCKOTIa CYOBEKTUBHO: sIpKasi (MHTEHCUBHOE OKpAIIH-
BaHWE B KPaCHBbIN LIBET), yMepeHHasl (po30Bblii), ciabas
(6116 THO-PO30BHIIT), OTCYTCTBUE CBeUeHMSI. OOBbeKTUBHAS

OLIEHKA CBEYEHMS BBITTOIHEHA B 46 HAOIIOAEHMSIX C TTOMO-
IIIbI0 METOJIA JIa3ePHOM CIIEKTPOCKOITHH.

IIpu CTB oueHka cBeyeHMsI OMOITAaTa BHITIOJIHSIIACH
HETTOCPECTBEHHO ITOC]Ie €T0 U3BJIeYeHNsT U3 KaHon Ha-
moJipaa Ha yamke Iletpu o diryopeciieHTHBIM CBETOM
MUKpPOCKOTIA.

PE3VJIBI'ATHBI

1. CpaBHUTEIbHBINA AHAJIN3 YYBCTBUTEJIHHOCTH

(hryopecuieHTHOIi TMATHOCTHKH B XUPYPrU¥l TJIHOM,

HHTPAKPAHAAJIBHBIX MEHMHITHOM M METACTA30B

Hawnb6onee apdpekTnBHO TprMeHeHMEe (QIIyOPECLIEHT-
"ot muarHocTuku (PJIHA) B xupyprun MKMH u I'J1 BbI-
COKOI1 CTeTIeHM 37I0KaueCTBEHHOCTH (CM. TaoOI. 1).

Tauomwt. Cpenu I'J1 BRICOKOI CTeTIEHU 3/10KAYECTBEH-
HocTH 10 12,9 % onyxoseii (hiyopoHeraTUBHbIE, IIPU 9TOM
WX 9aCTOTa B TpyIiie aHarutacTuaeckux IJ1 (crernmeHp 3710-
KauectBeHHOCTU onyxonu — Grade 111) moxonur 1o 34,5 %,
a B rpymiie ¢yoponeratuBHbIX ['J1 — 10 6 %. B pesyibra-
Te MCCIETOBAaHUS YCTAHOBJICHO TOCTOBEPHOE BIMSIHUE
CTETIeH! 3JIoKadecTBeHHOCTH omyxoiun (Grade) Ha ¢axT
CBEUCHUS U €ro CTEeTIeHb BO BPeMsI OIepallii, B3auMO-
CBsI3b cTaTucTHYecKH 3HaumMa (p <0,05). Haubosee gyacTo
spkast @JI orMevanach y MallMeHTOB C aHATUTACTUYECKUMU
I'J1 (58 %), uTO, BEpOSITHO, CBSI3aHO C OTCYTCTBUEM Y HUX
30HBI HEKpO3a 110 CPAaBHEHUIO C TTAIIMEHTaMU C TJIMO00JIa-
ctoMamu (53 %). UHTepecHo otMeTHUTh, 4To 10 % rimo-
0J1acTOM MMeNIu cj1a0yio CTeleHb CBEYCHUSI OITYXOJIH,
1o cpaBHeHMIO ¢ 32 % y nmatmenToB ¢ I'JI HU3KOii cTeneHun
3JI0KaYeCTBEHHOCTH (CM. TaOI. 1).

AHamm3 1okasai, yto Ha PJI-adexT B rpyrme naum-
eHTOoB ¢ ['JI T0JI0BHOTO MO3Ta IOCTOBEPHOE BIIUSIIN CIICY-
forue (paKTOPBL: IMPUEM IPOTHBOCYIOPOXKHEIX IMperapa-
TOB 10 ollepaluu; o0beM KoHTpacTtupyemoit yactu IJI;
YPOBEHb OOBEMHOTO KPOBOTOKA B OITYXOJIM IO JTaHHBIM
nep¢y3NMOHHBIX UCCICIOBAHNIT; MHIECKC HAKOIJICHHS Me-
THOHWHA 1O JAaHHBIM TOONEPAIMOHHON MO3UTPOHHO-
smuccrnorHoi Tomorpaduu (I19T); moxrun IJ1 u Hamm-
yue MyTanuud. PayopecleHTHBIH 3(E(EKT 3HAYNMMO
He 3aBHCEI OT (paKTa ITOBTOPHOI OTIepaIlim.

Cpemu I'/T Grade II-III miaoTHOCTS siiep KJIETOK Oblia
JIIOCTOBEPHO BBIIIIE B 30HE CBEUYCHUSI OITyXOJIM, YeM B He-
ceetsieiics: 2180 £ 920 vs 1510 £ 630 mm? (r = 0,68;
p = 0,03). IIponudeparuBHbiii nHaekc Ki-67 Takxke GbLI
3HAYMMO BBIIIIE B 30HaX cBeueHUd omyxonu: 7,41 &+ 2,2 vs
2,52+ 1,1 % (r=0,62; p =0,04). [Ipumenernne MH mo-
3Bosiuiio B 7 (25,9 %) u3 27 ciay4aeB Ipu BBIIOJIHEHUU
MHOXECTBEHHBIX OMOTICUI U 3a00pa OMONTATOB U3 (hITy-
opecHupyoIel 1 HedIyopecHUpyOIIei 9acTeil OITyXoJIr
TIpY TIPULIETIBHOM OMOTICHM M3 30HbBI CBEUCHMSI BBISIBUTH aHA-
TtacTiaeckuit pokyc u moctaButh guarHo3 I'J1 Grade I11.
ITpum 3TOM OCHOBHAST YaCTh OITyXOJIM He (piryopecpoBaiia
(I'JT Grade 1I).

Humpaxpanuaavrvie menuneuomot. 113 101 (100 %) ma-
uuenta ¢ UKMH y 95 (94,05 %) nabmomanach MHTpa-
onepaunonHas MJI onyxonu. [Tpu onenke BupumMoit OJ1
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Taomuna 1. CpagrumenvHoiil aHanu3 4y6cmeumenbHOCMuU MemaboAuHecKoi Hagueayuu NPU MUKPOXUPYPUHECKOM YOaieHUuU eAUOM 20108HO20 MO32a
Huskoil (LGG) u evicokoii (HGG) cmenenu 310KavecmeeHHocmu, uHmpakpanuanviolx menuneuom (MKMH) u memacmazoe (HKMC)

Table 1. Comparative analysis of metabolic navigation sensitivity during microsurgical removal of brain gliomas of low (LGG) and high (HGG) malignancy,

intracranial meningiomas (ICM) and metastases (ICMs)

TucToaoruyeckuii Tum OINyX0J/i1, CTENEHb 3JI0KA4Y€CTBEHHOCTH

LGG

Actpouuroma nunouaHas, Grade I
Piloid astrocytoma, Grade I

ActpounromMa nuddysHas, Grade 11
Diffuse astrocytoma, Grade II

Actpouuroma remuctouutapHas, Grade 11
Hemistocytic astrocytoma, Grade 11

lanrnuroactpoumroma, Grade 11
Ganglioastrocytoma, Grade I1

I/IH(I)aHTI/U[I)HaH JeCMoOIlTaCTUYECKasd raHrjimorimoMma
Infantile desmoplastic ganglioglioma

Onuroactpouutoma, Grade IT*
Oligoastrocytoma, Grade IT*

OnurogenaporanomMa, Grade 11
Oligodendroglioma, Grade I1

ITneomopdHas kcanroacrpouutoma, Grade I1
Pleomorphic xanthoastrocytoma, Grade I1

HGG

AHarutactuuyeckas actpouutoMa, Grade 111
Anaplastic astrocytoma, Grade 111

Amnariactndeckast onmuroactporuroma*, Grade I11
Anaplastic oligoastrocytoma*, Grade I11

AHarutactuyeckas onuroaeHaporauoma, Grade 111
Anaplastic oligodendroglioma, Grade I11

Imo6macroma, Grade IV
Glioblastoma, Grade IV

I'nocapkoma, Grade IV
Gliosarcoma, Grade IV

NKMH
ICM

Grade 1
Grade 11
Grade 111

MNKMC, commanas 4acTh
ICMs, a solid part

Pax nerkoro

Lung cancer

Pax MonouHoOI1 xesne3bt
Breast cancer

HpO‘{I/Ie MeTacTa3bl
Other metastases

HUmoezo
Total

Yucao cayyaes

obuiee, n ¢ duryopecuenuueii, n (%) 6e3 dayopecuenunu, n (%)

56
3

24

164
29

115

101
78

21

63**

24

19

20

384

26 (46,4)
3(100)

6 (25)
3 (100)
0 (0)
1(100)
8 (50)
3(50)

2 (100)
143 (87,1)
19 (65,5)

5(62,5)
4(66,7)
108 (94)
6 (100)

95 (94,05)

75 (96,2)
18 (85,7)
2 (100)

55 (87,3)

21 (87,5)

17 (89,4)
17 (85)

302(78,7)

30 (53,6)
0 (0)

18 (75)
0 (0)
1(100)
0 (0)
8 (50)
3(50)

0(0)
21 (12,9)
10 (34,5)

3(37,5)
2(33,3)
7 (6)
0 (0)

6 (5,95

3(3,8)
3(14,3)
0(0)

8 (12,7)
3(12,5)
2 (10,6)
3(15)

82(21,3)

* PempocnexmueHbtil anaiu3z eucmonoaueckozo mamepuana (2012—2020): y wacmu nayuenmos, onepuposannuvix do 2016 e., ommeua-
JOMCA CMEUWaHHble 2AUOMbL — 0AU0ACMPOUUMOMbL U AHANAACMUYECKUEe 0AUL0ACTPOUUMOMDI.
**Y nayuenmose ¢ HKMC (n = 63) 3aghuxcuposano 72 onyxoaesuvix ouaea; 6 mabauuye npueedervl 0aHHbvle O NAUUEHMAM 8 UEeNO0M.
*Retrospective analysis of histological material (2012—2020): some patients that have undergone surgery before 2016 had mixed gliomas —

oligoastrocytomas and anaplastic oligoastrocytomas.

**72 tumor foci were recorded in patients with ICMs (n = 63); the table shows data from patients as a whole.
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yepe3 OIepallMOHHBIN MUKpocKoIl sipkast PJI ormedga-
nacky 60 (63,15 %), ymepennas —y 23 (24,2 %), cinabast —
y 12 (12,63 %) GonbHBIX. MeanaHa Bo3pacTa MalueHTOB
¢ (JIyOpOITO3UTUBHBIMM ONYXOJISIMU COCTaBuiaa 56 jeT
(o1 25 mo 79 net, n = 95), ¢ HeIIyopeCIUPYIOITUMH Me-
HuHruomamu — 41,5 (ot 38 10 59 net, n = 6), paznuuus
MEXIy TPYIIIaMU IO BO3PaCcTy OBUIM CTATUCTUICCKH 3HA-
gyuMmbeMu (p = 0,02).

3Haunmo He Biusud (p >0,05) Ha PJI-3¢pdhexT Bo Bpe-
MsI OTIEPaTUBHOTO BMEIIATEILCTBA CICAYIONMNE (PaKTOPHI:
CTETIeHb 3JI0KAa4eCTBEHHOCTH MEHMHTHUOMEI 1 €€ JIOKAJIH-
3a1Msl, IPUEM TTPOTUBOOTEUYHBIX 1 IIPOTUBOCYIOPOKHBIX
MIperapaToB, TUCTOJIOTUICCKHUI TTOATUII MEHUHTUOMEI,
HaJIM4Ye COITYTCTBYIOIINX 3a00/IeBaHU, (PaKT TOBTOPHOM
onepauuu. 3Haunmo st (p <0,05) Ha CBeYeHHE OITyXOJIU
BO BpeMs pe3eKUnU (PaKT MHTPAOIEePalIMOHHOTO KpPO-
BoTeueHUs. KpoBb, HaxomsIasica B paHe, OJIOKUPYET
DJI-3dhdekT BeaeacTBUE CBOE BBLICOKON OITHYECKOM
IUTOTHOCTH.

[Toce ymaneHnsI OCHOBHOTO y3J1a OITyXOJI1 3a(pUKCH -
poBaHo DJI-ceeueHue: B 10 ciryyasix — mopaskeHHOM TBEp-
nmoit Mo3roBoit obonouku (TMO), He BUIMMOIL B O€JIOM
CBETE, B 5 — IMOpaXXeHHON apaXHOMTAIHHON 000JIOUKHU
MIPIJICKAIINX COCYIOB, B 4 — aIBEHTHUIINY TIOIJICXKAIITNX
COCYIOB K OITyX0Jid, B 11 — TMIIepOCTO30B MOpaKeHHOM
KOCTH, B 6 — MEJIKMX OCTATOYHBIX ()parMEHTOB OMYXOJIH,
He BUIMMBIX B 0ej1oM cBeTe. Takum o6pasoMm, y 36 (35,6 %)
n3 101 maumenTa B xone ynaneHuss MKMH BoisiBiaeHBI
JIOTTOTHUTEIbHBIC 30HBI IIOPAXKEHMST 000JI0UEK — TBEPHOM
MO3TOBO# M apaxHOMAAIBHOM, OCTATOYHBIC (hparMEHTHI
OIyXOJIH, IIpU 3ToM B 27 (26,7 %) HabII0AEHUSIX XUPYP-
ruJyeckasi TeXHMKa OblJIa CKOPPEKTUPOBAaHA: BRITIOJHEHA
TIOTIOTHUTEIbHAS pe3eKIIus mopaxeHHoit TMO, ctaunBa-
HUEe (GIyopecHUpPYOIINX YIaCTKOB TUIIEPOCTO3a OOPOM
WIN yIaJIeHe KOCTHOTO JIOCKYTa, OCTaTOYHBIX (DparMeH-
TOB OITYXOJIY, KOATYJISILIMS IOUTIeKAIIe apaxHOUIATbHOM
000JI0YKH, TTOPaXKEHHOM OITyXOJIBIO.

Humpakpanuaavnvie memacmaswt. B Hactosei pa-
6ore MH npumensutace y 63 marmenros ¢ MKMC. Bunymast
®J1 3apeructpupoBaHna B 61 (84,7 %) u3 72 oIyxojeBbIX
o4aroB, u3 HuX ciabas — B 14 (22,9 %), ymepeHHast —
B 16 (26,3 %), BeIpaxkenHas — B 31 (50,8 %) ouare. OTcyrCT-
Bue DJI 3adukcuponano B 11 (15,3 %) ouarax. Apkas ®JI
3HAYUTEIbHO Yallle BCTpedajach IPM MeTacTa3ax paka
serkoro (81 %) no cpaBHEHUIO C pAKOM MOJIOUHOIM XeJjie-
3bl (22,2 %). [1pu ageHOKApLIMOHOMAX SIPKOE CBEYEHME
OTMEYaJIOCh JOCTOBepHO pexe (p <0,05).

Ha creneHp cBeuyeHMsI METaCTa30B B TOJIOBHOM MO3T
JIOCTOBEPHO BIIMSIET IEPBUYHBIN NCTOYHUK. Tak, MHTCH-
cuBHOCTHh PJI TOCTOBEPHO BHIIIIE B TPYIIIIE paKa JIETKOTO
(uactora sipKoro cBeyeHust — 10 81 %), B TO BpeMsi KaK Hau-
MeHbIIas 1o BeipaxkeHHocTr PJI HabMomanack B TpyIIie
paKka MOJIOYHOM XeJie3bl (4acToTa cJIaboro CBEYCHUS —
10 50 %). Kpome storo, 3Haunmo Ha DJI-3¢hdekT Bausior
Takue (DaKTOPHI, KaK MHTPAOIIEPAIIMOHHOE KPOBOTCUCHIE
(p <0,05), a Takcke BpeMmsI, TIpOIIIEeAIIee C MOMEHTA palHo-

XUPYPriyeCcKoro BO3NEUCTBUSA (MTpenorepaiioHHast paauo-
xupyprust) (p <0,05).

2. MeTtabomdecKasi HABUTAIMS TPH CTEPEOTAKCHIECKHX

OHMOICHSIX BHYTPMMO3TOBBIX OITyXOJIei

B mannyto moarpymmy Boru 19 marmeHToB — 11 Myk-
YMH U § XKEHIIWH, Bo3pacT — oT 29 1o 77 (MemuraHa — 50) JieT.
PaMouHBIIT cTepeoTakCcuC ¢ MCIIOJIh30BAaHMEM CHUCTEMBI
CRW (Integra Radionics, CIIIA) ucnosb3oBaH B 16 ciy-
yasx, B 3 — pobotusnpoBaHHasg cuctema ROSA. CBeueHue
omnyxosieBeIx 6nomnratoB nmpu CTh ¢ 5-AJIK monyyeHo
y 12 (63,1 %) u3 19 naumrenToB. DyopecLieHIMsI OKa3a-
Jlach OoJiee XapaKTepHa IJisd MAalMeHTOB ¢ TuMdOoMaMu
u I'J1 BbIcOKOI# cTenenu 31o0KadecTBeHHOCTH: y 10 (83,3 %)
u3 12 manueHToB, mpu 3ToM B 50 % ciyyaeB 0TMEYaI0Ch
spkoe cBedeHue. [1pu aHanmm3e (ryopecnpyronux 61o-
TaToB Y 00JBHBIX ¢ I'J1 BBICOKOI CTeTIeHN 37TOKAYeCTBEH-
HoCcTH 1 mMdomMamu (20 omonTaToB oT 10 MaLIMEHTOB)
BO BCEX BBISIBJICHBI OITYXOJICBBIC KIJICTKU.

3. UccnenoBanue cBedeHus uryopecuupyomero

JIOXKA Yy MANMEHTOB C INOMAMH BbICOKOIi CTENeHn

3JI0KA9€CTBEHHOCTH M HHTPAKPAHHAIbHBIMHA

MeTacTazamu

BrimonHeHO HMccIegoBaHUE TOCIEOIepallMOHHOMN
TIOJIOCTH B JIOXKe yaaneHHBIX [JI BBICOKOM CTeTICHM 3JT0Ka-
YEeCTBEHHOCTH y 75 mammeHTOB (21 aHAmiacTmdecKas
aCTPOIINTOMA, 8§ aHAIUIACTUICCKUX OJUTOACHIPOTIIMOM,
46 ruo6nacToM). Y 50 mauyeHTOB IIPYU BU3yalbHOM OLIEH-
Ke JIOXXa yIaJeHHOU OITyXOJIM B OEJIOM CBETe OCTaTKOB
omnyxosiu He BbisiBieHO. OnHako y 32 (64 %) u3 50 60/1b-
HBIX BBISIBJICHO CBEUCHME TTepU(hOKaITBHOI 30HBI OITyXOJIN
B J1oxe. [1pu 3ToM sipkoe cBeueHue otMeueHo y 18 (36 %),
ymepeHHoe —y 9 (18 %), cnaboe —y 5 (10 %) nmaLneHTOB.
I1pu sgpxom cBeueHum B joxe yaaneHHbIX ['JI BbICOKOI
CTEIeH! 37I0Ka4eCTBEHHOCTH YaCTOTA BBISIBJICHMSI OITYXO-
JIEBBIX KJIETOK B OuomnTarax cocraBuwia 74 %, cneuuduy-
HocTh — 92,5 % (puc. 1).

M3 63 nauueHTOB ¢ ONepUpPOBAHHBIMU METacTa3aMU
y 56 (89 %) 60nbHBIX JIOKE YIaJIeHHbIX 00pa3oBaHuii Gity-
OpECIIPOBaJIO0, U3 HUX Y 22 IMaIlMEeHTOB BHIITOJIHEHB MHO-
>KECTBEHHBIE OMOTICUY U3 JIOXKA JIJIST OLIEHKU HATWMY S UJTN
OTCYTCTBUS B HEM OIIYXOJIEBBIX KJIETOK. Bcero nccienona-
Ho 48 6uortaros: B 25 (52 %) u3 Hux B 30He DJI BBIsIBIIC-
HbI OITyXOJIeBbIe KJIETKHM, B 23 (48 %) (iryopecLipyoimx
OmoITTaTax OIMyXOJIeBbIe KJICTKN HE BHISIBICHBI.

4. JIazepHas CIEKTPOCKONHUS B XHPYPrUH

HHTPAKPAHUAJIbHBIX MEHUHTHOM ¥ METACTA30B

KonuyecTBeHHast CLIEKTPOCKOIMS BBIIOIHEHA Y 46 I1a-
meHToB ¢ UKMH 1 UKMC. JlazepHast CIIeKTpOCKOIUS
BbIsIBUJIA HakoIuieHue npoTtonopdupunos (ITI1) B 46 Ha-
OJTIOIEHUSIX, C OTCYTCTBHEM BHIMMOTO CBEUYECHHSI B OKYJISIpax
mukpockona y 11 (23,9 %) u3 46 nalieHToB, a TAKXe M0-
Kazana y manmeHToB ¢ MKMC, 4To MHIEKC HAaKOTUICHUS
I1IT IX Bapbuposain ot 9,39 mo 121,93 yc1oBHOI eTMHUIIBL
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Puc. 1. Cea3v ghayopecyenyuu 6 r0sice yoareHHol 310Kauecm@eHHOU 2AuoMblL U Haiuuus (a) uau omcymemaeust (6) 6 el onyxonesvix kaemok, I — onyxone-
6ble KaemKu 6 nodice ecmy; 11 — onyxoneswix knemok 6 noxce Hem; ROC-kpueas (8): npu Apkom ceeveHuu 4yy8cmeumenbHoCnb 0OHAPYICEHUS ONYXO0NeBbIX
Kaemok 6 aoxce cocmasasem 74 %, cneyuguurocms — 92,5 %

Fig. 1. The relationship between fluorescence in the bed of removed malignant glioma and the presence (a) or absence (6) of tumor cells in it; I — there are
tumor cells in the bed; II — there are no tumor cells in the bed; ROC curve (8): with a bright glow, the sensitivity of detecting tumor cells in the bed is 74 %,

specificity — 92.5 %
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Puc. 2. Illoxazamenu cnexmpockonuu npu yoareHuu UHMpaKpaHuaibHoll MeHUH2UOMbL @ COAUOHOL 4acmy ONYX0AU U 30He 2unepocmo3a (a), Koppeaayus

ghayopecuenyuu 6 Mukpockone u cnekmpockonuu (6)

Fig. 2. Spectroscopy parameters during removal of intracranial meningioma in the solid part of tumor and the hyperostosis zone (a), correlation between

Sfluorescence from the microscope and spectroscopy (6)

(ycn. eni.), 9To cocTaBwiIo B cpeaHeM — 39,92 (min — 9,39,
max — 121,93) ycn. en. B 30He runepocTo3a MHAEKCHI Ha-
koruteHus [1I1 6bir 3HaYMMO HIKE (10 CPAaBHEHUIO C CO-
JIMIHOM YacThlo onyxoiun) — 14,6 (min — 7, max — 19,6)
yei. en. (p = 0,04). BeisiBnena moctoBepHast KOppesiin-
OHHas CBSI3b MEXIY KauecTBeHHbIMU olileHKaMu DJ1 uepe3
MUKPOCKOTI 1 TTOKAa3aTeISIMA KOJTMYECTBEHHOTO HAKOTLIe-

nHus [T IX (yen. en.), mosry4eHHBIMY € TIOMOIIBIO JIa3ep-
Hoii criektpockoruu (r = 0,82; p <0,001) (puc. 2).

ITpu usmepennu cnektpos HakoruieHus 111y nanu-
entoB ¢ MKMC ypoBeHb TpoTONIOpOUPUHOB OKa3ancs
3HAYMMO HUXeE (TT10 CPAaBHEHUIO C OOJIBHBIMU C MEHUHTHO-
MaMU) — TPU HAOJIOEHNH SIPKOTO CBEYEHUSI CPEAHUI NH-
nekc ®DJI cocraun 35 (22—42), ymepenHoro — 18,5 (15-22),
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cnaboro — 9 (8—11) ycn. en. I[pu oTcyTcTBUYM BUTUMOTO CBE-
yeHust cpeauuii uaaexc MJI cocrapun 7,5 (6—9) yeu. en.

KIIMHUYECKUWE ITPUMEPDI

Kimnnaeckwnii mpumep 1

Ilayuenm 2K., 34 nem, 6Hympumoseogas onyxons npasoii
memeHHOI 00U ¢ npopacmanuem 8 2AyOUHHble CMPYKMYypbl
(mMo30aucmoe meno, 60K060i JHceaydotex, NOOKOPKOBble 2aH-
eauu) (puc. 3). OcnosHnas wacmo onyxoau — Grade 11, komo-
pas He ghayopecyuposana 6o epems onepayuu. O0HaKo 6 npo-
yecce peseKuyuu 8bls81eH HeboAbIUOIL POKYC APKO2O CaeHeHUs
(puc. 3 2), npu eucmonoeuueckom uccaedo8anuy 8 Imoii 30He
0Ka3anoce, ymo oH coomeemcmeosan onyxoau Grade 111,
ananaacmuueckoil acmpoyumome IDH [ +.

Kimnnyeckwuii npumep 2

Ilauyuenmra K., 61 eoda. Couemannoe npumenenue
DJIT u xupypeuu ¢ UHMPAONEPAYUOHHbIM «IPOOYICOCHUEM»
Y nauueHmku ¢ enuobaacmomoil negoii 1061oil doau (puc. 4).
Bo epems onepayuu Ha smane yoaneHus Onyxoau OMme4aucs
peuegnle HapyuleHuUs 8 8ude couemanHoll agasuu. Pesexyus
ocmarosaena, y 6oavroil ommenena ocmamounas DJI é aoxce.

B nesponoeuueckom cmamyce 8 nocieonepayioHHoOM nepuode
OmMeveHa couemaHHas apasusn: MOMOPHAs 8 COYeMAaHUuu
¢ amMHecmu4eckoil U OUHAMUYecKoil, 00cy1061eHHAs pa3oo-
weHuem cesseil mexcdy 1e6oil N00HOU U BUCOUHOU D0AAMU 34
cuem Yacmu4Ho20 No8pelCcOeHUs apKyamHo20 NyHKa 60 8pems
onepayuu. Iloanslii peepecc agrenuil agasuu Habarodancs
K 7-m cymkam nocieonepayuonnoeo nepuoda. lucmo-
noeuneckoe uccredosanue: eauoonacmoma IDHI1 NOS.

Kimamyeckuii npumep 3

Ilayuenmra C., 37 rem, ¢ KOHBEKCUMANbHOU MEHUHUO-
moti (Grade 1) npasoii memennoii obaacmu. Ommeuanace
obuemoseo6as cumnmomamuxa. Ilposedena kocmuo-naa-
cmuueckas mpenanayus, yoaieHue MeHUHeUoMbl U nopa-
acennoti TMO. Ilpu sxarouenuu DJI-pexncuma 3agpuxcupo-
sana apkas OJI yuacmxoe TMO no xkpasm mampukca
u yuacmiu DJI na adsenmuyuu cocydos 6 aoxce yoareHHou
meHuneuomsl. Cdenana donoanumensvras pezekyus TMO
¢ DJI-ynacmramu, a maxxce naacmuxka TMO c60600HbIM
HaoKoCmHU4HbIM Aockymom. Buoncus gayopecyupyroujeii
adgeHmuyUU KOPKOBbIX cocy008 He npogoodunacs U3-3a pucka
HapyuieHus 10KanbHo20 KOPK08020 KPOBOMOKA. 3ajicuenerue
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Puc. 3. IIpumep gokycnoeo ceevenus 6uonmama nayuenma c ananiacmuyeckoi acmpoyumomoii Grade I11; 63ama buoncus u3 ceemsujeiics yacmu eauo-
Mot (yuacmok Grade 111), ocnognas yacme onyxoau He gayopecyupogana (yuacmox Grade I1). Jloonepayuonnvie MPT (axcuanvhuiii cpe3): a — T1 ¢ kou-
mpacmuposanuem; 6 — T2. Humpaonepayuonnsie homoepaguu: 6 — gvinonnerHoie 6 6enom ceeme; e — 6 DJI-pesxcumax (ommeuaemces apkoe céeuerue
00noti 30Hb1 onyxoau npu omcymcemeuu DJI 6 ocmanvhoil ee uacmu); 0 — nocaeonepayuonnas MPT (T1 ¢ koumpacmuvim ycunenuem). Mopghonoeuveckoe
uccaedoganue buonmama: e — U3z OCHO8HoU Heghayopecyupyloujeii yacmu onyxoau (yuacmok Grade 11); sc — obpazey 63sm u3 neboavuoll gayopecyupyroueil

uacmu onyxoau cnpasa (yuacmok Grade 111)

Fig. 3. An example of focal glow of biopsy from patient with Grade 111 anaplastic astrocytoma, the biopsy was taken firom the luminous part of glioma (Grade 111 site),
the main part of the tumor did not fluoresce (Grade 11 site). Preoperative MRI (axial section): a — T1 with contrast, 6 — T2; intraoperative photographs: 6 —
performed in white light, ¢ — in FL modes (there is bright glow of one tumor area with absence of FL in the rest part of it); 0 — postoperative MRI (T1 with
contrast enhancement). Morphological examination of the biopsy: e — sample is from main non-fluorescent part of the tumor (Grade 11 site); s — sample on

the right is from small fluorescent part of the tumor (Grade 111 site)
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Puc. 4. Couemannoe npumenenue memaboauueckoii Hagueayuu U KPAHUOMOMUU 8 COHAHUU Y RAUUEHMKU ¢ 2AU0OAACTOMOLL 1e80ll 100HOU 004U 8 30He
Bpoxa: a — MPT (T1 ¢ konmpacmuposanuem), axcuarvhwlii cpes; 6 — MPT (T1, caeummanvwhuiil cpes), coemeuenue ¢ ASL-nepghysueii; 6 — MPT-mpak-
moepagust apkyamnozo nyuka (804u3u ONyXoau, 4acme 8040KOH 6 A0OHOU NOPYUU MPAKMA He NPOCMPAUEAeMCs — MO 30HA OMeKA-UHDUABMPALUL);
e — MPT-mpakmoepaghus ¢ nocmpoenuem nupamuoHo2o mpaKkma, mpaKm e onyxoau,; 0 — doonepayuonnas gyuxyuonassias MPT (kapmuposana 30na
Bpoka); e — ASL-nepghyzus (nogoiuentblii KpOGOMOK y ONYX0Aau); UHMPAOnepayuoHHole gpomoepaguu: xc — 6 bearom ceeme, 3 — 6 pexcume BLUE 400
(ocHogHOI y3en onyxoau apko gayopecuyupyem), u — 6 beaom ceeme (8uU0 nOAOCMU NOCAE YOAACHUS OCHOBHOU YACMU ONYXO0AU, NPU SNCKMPUYECKOL CUMY-
AAUUU 8 10J4ce NOAYHEHbl HAPYUWeHUS peyU 8 sude nepcesepayuil, pesekuyus ocmanosiena), k — 6 pexcume BLUE 400 (ocmamounas gayopecuyenyus aoxca
6 30He uHguavmpayuu); nocreonepayuonnas MPT (T1 ¢ koumpacmuposanuem): 1 — aKcuanbHuiil cpe3 (8via6uUn CyoOmMomanvhoe yoaneHue KOHmpacmupy-
eMotl Yacmu OnyxXou), M — Ca2ummanbHolil cpe3

Fig. 4. Combined use of metabolic navigation and craniotomy in awake patient with glioblastoma of the left frontal lobe in the Broca’s area: a — MRI (T1 with
contrast), axial section;, 6 — MRI (T1, sagittal section), combined with ASL perfusion; 6 — M RI-tractography of arcuate bundle (near tumors, part of the fibers
in frontal portion of the tract is not revealed — this is the zone of edema-infiltration); e — MRI-tractography with construction of a pyramidal tract, the tract
is outside the tumor; 0 — preoperative functional MRI (the Broca’s area is mapped); e — ASL-perfusion (increased blood flow in the tumor). Intraoperative
photographs: sc — in white light; 3 — in BLUE 400 mode (the tumor main node is brightly fluorescing); u — in white light (view of the cavity after removal
of the tumor main part, speech disturbances in the form of perseverations were observed in response to electrical stimulation of the bed, the resection was
stopped); k — in BLUE 400 mode (residual fluorescence of the bed in infiltration zone). Postoperative MRI (T with contrast): 1 — axial section (revealed
subtotal removal of the contrasted part of the tumor); m — sagittal section

PaHbl NPOULN0 NEPBUYHBIM HamsceHuem. Teuenue nocaeone-
PayuoHHo20 nepuoda — 6e3 ocobernocmeii. Padukanrvnocmo
onepayuu — I (no kaaccugpurkauyuu D. Simpson) (puc. 5).

Kimnnyeckwnii npumep 4

Y nauuenmru 2K., 60 sem, gvisenrenvt MHONCECmEeH-
Hble Memacmasvl paKa MOoAO4YHOIL Jicene3bl 8 201068HOL MO3e.
Bo epems onepayuu ommeuanacw crabas DJI noxca yoanren-
Holl onyxoau. Pezynsmamet donoanumensroii buoncuu u3 30-
Hbl CBeUeHUs: ONYX0eable KAemKU He 8bisieaeHbl. Boigod: DJ1
6 10d1ce obycaosaena cunmesom I111 IX 6 omeunoii mo32060ii
mxaHu (puc. 6).

Knunuyeckuii npumep 5

Ilayuenm M., 59 sem, c nodo3peruem Ha aumgomy eny-
OuHHbIX 0M0en08 npagoii 100Hoil doau. [lpu CTE npumensau
MH, ¢ xode gvinoanenus buoncuy y nayueHma omme4aiach
sapkas DJI 6uonmamos (puc. 7). Iocaedyowee eucmonocu-
yeckoe Uccaedo8anue 8bisiGUN0 NAAZMOYUUMOMY.

OBCYXJIEHUE

INepBoHavyanbHO MeTon M H ucnosnbs3oBaics B Xupyp-
ruu 310KadyecTBeHHbIX [JI roloBHOro Mo3ra, B pe3yyibraTe
yero ObLIO JOKa3aHo rpeumyitiecTBo MJIJ B xupypruu omy-
XOJIEH MO CPaBHEHUIO C KJIACCUYECKON pe3eKneil B 0e1oM
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Puc. 5. Chumxu (nayuenmxa C., 37 aem, ¢ meHuHeUOMOU npagoii memenHou obnacmu): a, 6 — npedonepayuonnas MPT (T1 ¢ konmpacmuposanuem),
KOPOHAPHYLIL U Ca2UMmAnbHblil Cpe3bl COOMEEMCMBEHHO; 8 — 2UCHOA02UYECKULl NPenapam onyxoau; e, 0 — UHMpPaonepayuoHHie goomoepaguu 6 beaom
ceeme u gayopecuyenmuom pexcume mukpockona BLUE 400 coomeemcmeenno, 6uonsl yuacmxu UH8a3uu ONYyXoneabiMu KAemKamu UHmMumbl cocyoos
(cmpeaka 1) u meepdoii mo32060ii 0borouku (cmpeaku 2, 3); e — nocaeonepayuonnas KT

Fig. 5. Images (patient S., 37 years old, with meningioma of the right parietal region): a, 6 — preoperative MRI (T1 with contrast), coronary and sagittal
sections, respectively; ¢ — histological preparation of the tumor; 2, 0 — intraoperative photographs in white light and fluorescent mode of the BLUE 400
microscope, respectively, areas of tumor cells invasion to intima of vessels (arrow 1) and dura mater (arrows 2, 3) are visible; e — postoperative CT

cgete. [1pu aHammM3e MCXOMOB JIEYSHUST TALIMEHTOB, OTIEPH -
poBaHHBIX ¢ 5-AJIK, oTMEUeHO CTaTUCTUUECKU 3HAUMMOE
yBeIMYeHKe 001Ul U 6-MeCa4HOM Oe3peIUANBHON BHLKU-
BaeMOCTH, a TakKXe 3HAUUTETbHOE YBEIIMUYEHNE YaCTOThI
JIOCTVKEHUST TIOTHOW pe3eKIIMU KOHTPacT-HaKarInBa-
IolIeit yacTu orryxoiu [2]. B mocnenHue roapl 4ucio myom-
kauuit o npumeHeHuu MH B HEIIPOOHKOIOTUY HEYKIIOH-
Ho yBennuuBaetcs. [To HalmM TaHHBIM, 3TOT METOIT UMEET
PSII TIPEUMYIIIECTB M HEAOCTATKOB (Ta0II. 2).

Kak BuaHo u3 ta6j. 2, ®JIJ1 — ObICTpbIiA U yIOOHbIIA
METOA UHTPAOTIEPALIMOHHOW JUAarHOCTUKU B HEMPOOHKO-
soruu. COTIacHO MOJTYYeHHBIM JaHHBIM, MAKCUMAaJIbHAS
yyBCTBUTEIBbHOCTh MH BBISIBNIEHA MTPU 3710KAYECTBEHHBIX
INTu UKMH.

B coBpeMeHHOI uTepaType MMEIOTCSI eAUHUYHbBIE
MyOIMKAIMKY 00 MCCIeNOBAHUY PA3TUIHBIX TTPEIUKTOPOB
®JI-addexra B xupypruu [JI romoBHOro Mo3sra, B 4acT-

HOCTH KOHTpacTupoBaHus ormyxoiu [10]. OmHako He COB-
ceM sicHo, Kakoe BiusiHue Ha DJI-addexT oka3biBaOT
cnenyoonye GakTopwl: mokaszaTeau KpoBoToka (ASL-
nepdy3us); nHaeKc HakorieHuss metuonuna (I19T);
00bEM KOHTPACTUPYEMOI U HEKOHTPACTUPYEMOIi yacTeit
OITyXOJIW; HAJIMYMEe WA OTCYTCTBHE OJUTOKOMITOHEHTA
B I'JI; mpueM npoTUBOCYAOPOXKHBIX IpernapaToB. ITo Ha-
MM TaHHBIM, 00heM KOHTpacTtupyiieiics yactu [J1 (mo-
omnepannonHass MPT), mHaeKc HaKOTIJICHUS METUOWHH -
Ha (moormepannonHas [19T) m mokazaTeau KpoBOTOKa
B omyxonu (ASL-mepdy3ust) mokazanm MakCUMaibHO
HaNIeXKHYIO TPOTHOCTUYECKYIO IIEHHOCTb JJIs1 MHTpaoIie-
paunronHoi OJI.

CornacHo TaHHBIM HacTosiiero uccienoBanus, OJI
MO3BOJISIET MPU 370KaYeCTBEHHBIX [JI Bu3yanusupoBath
KaK KOHTPACTUPYIOIIYIOCS, TAK U HEKOHTPACTUPYIOIITYIO-
cs 9acTb omnyxoiu. [1pu s3Tom B 6€710M CBETE TPU OOBIYHOM
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Puc. 6. Knunuueckuii npumep ghayopecuyenyuu 6 aoxice yoaieHHo20 Memacmamu4eckoeo y3ia y nayuenmiu XK., 60 1em, ¢ MHOJCECMEEHHBIMU Y3AAMU HA (hOHE
paxka moaounoll xceaesvl. Bzamue donoanumenvhvix 6uonmamos: a, 6 — doonepayuonnas MPT ¢ konmpacmuposanuem, aKCuaabibie cpe3vi Ha PA3HbIX
yposnsx; 6 — T1 ¢ konmpacmuposanuem, cazummanvhwiii cpes; e — MPT (T2) 6 pannem nocaeonepayuonnom nepuode; 0, e — NOCAE006AMENbHASL BU3Y-
anu3ayus UHMpaonepayUoHHbIX pomozpaduii 6 6ea0M U YayopecyeHMHOM PeNCUMAxX MUKPOCKONA 8 KOHUE 0CHOBHO20 IMana yoaneHus y3aa, jic, 3 — mo dce
npu 83amuu 0ONOAHUMEAbHOU OUONCUY U3 10J4Ca (8U3YAAUZUPYEMCS N0XCe YOALeHHO20 Memacma3sa 6 beaom U CUHEM céeme, OmMe1aemcs ApKoe ceevenue),
6 nuHyeme — Gayopecyupyrouuii OUORMam; u—m — HAMOMopPoa02u4ecKoe Ucciedo8anue: U — Mamepuan OCHOBHO20 ONYX01e8020 Y31d, i, M — COOePICU-
Moe ayopecuupyouUx 301 8 10J4ce YOaAeHHbIX Y3108 — M03208d51 MKAHb, d ONYX01e6dsi MKAHb He ebisieaena. Yeeauvenue: x 100 (u), x200 (k)

Fig. 6. Clinical example of fluorescence in the bed of removed metastatic node in patient Zh., 60 years old; the patient had multiple nodes of the breast cancer.
Additional biopsy sampling: a, 6 — preoperative MRI with contrast, axial sections at different levels; ¢ — T1 with contrast, sagittal section; e — MRI (T2)
in the early postoperative period; 0, e — sequential visualization of intraoperative photographs in white and fluorescent microscope modes at the end of main
stage of node removal; xc, 3 — the same during sampling of additional biopsy from the bed (the bed of removed metastasis is visualized in white and blue light,
a bright glow is noted), a fluorescent biopsy is in the tweezers; u—m — pathomorphological examination: u — the material of the main tumor node, 1, m — the contents

of fluorescent zones in the bed of removed nodes, the sample contains brain tissue while tumor tissue is not detected. Magnification: x 100 (u), x200 (k)

pexumMe paboThl MUKPOCKOTIA TIOCTIEAHSISI 4aCTO MPENCTaB-
JIeHa HEU3MEHEHHOU TKaHbBIO B JIOXKE.

Huckyrabenex Borpoc o diyopectieHumu [J1 Huzkoi
CTEINEeHU 3710Ka4eCTBeHHOCTU. B yacTHOCTH, B psige pabot
MoKa3aH BBICOKMI pa3dpoc uyBcTBUTENbHOCTH DJIJ]
y DaHHOI KaTeropuu manumeHToB: oT 0 1o 40 % [11, 12].
B 10 Xe BpeMmsi, 110 JTaHHBIM HEKOTOPLIX aBTOpOB, PJI Mo-
JKeT BBISIBIISATH 30HBI aHarnasuu npu nuddysasix [
Grade II-III [10]. ITo HaIITMM JAaHHBIM, YIACTKA CBEUCHHUS
B nuddy3Hbix [J1 MoryT Kak coBmaaarh Mo TUCTOJIOTUU
C OCHOBHOI1 4acThlo HecBeTsierocst oobema I'JI, Tak u mmo-
Ka3bIBaTh aHATIACTHYECKMe (DOKYCHI C y4aCTKAMU TTOBBI-
IIEHHOW TUIOTHOCTH B SIAPAxX KJIETOK U TPonudepaTuBHO-
TO MHAEKCA.

WM3-3a HEMHOTrOYMCIEHHOCTU MyOAuKauuii od uc-
nosib3oBanuu PJI mpu UKMH TpebyeTcst yrouHeHUe He-
00X0aMMOCTH UCTOJIb30BaHus MeToga DJI/] mpu ynaneHun
JaHHBIX omyxoseii [12—14]. B To xe BpeMsi mpuMeHeHue
5-AJIK momMoraeTt Xupypry BeISIBUTh JIOTTOJTHUTEbHBIE 30-
HBI cBeueHMsI mopaxkeHHOH TMO, KOCTHBIX CTPYKTYpP
¥ apaxHOUJATBHBIX 000I09Y€K, YTO TTOATBEPKAAETCS U pe-
3yJIETATAMU HAlLIEro UcciaeaoBaHus: B 36 % HaOIoaeHUI
npu MKMH naHHbIM METOIOM BBISIBIECHBI JOMOJHUTEIb-
HbIE YYACTKU MOPAKEHUsI B KOCTHBIX CTPYKTYpaXx, TBEPIOM
¥ apaxXHOMAATLHON 000JIOUKAX MO3Ta.

B xupyprum MUKMH ¢ ncnonszoBanueM 5-AJIK otme-
YaeTcsl BBIPAKEHHBIN pa30poC YyBCTBUTEILHOCTU MeTOA [ 7,
15]. Ipu aTOM HECMOTPSI HA BBICOKYIO YyBCTBUTEIHLHOCTh
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Puc. 7. Hnmpaonepayuonnas gayopecuyenmunas ouasnocmuxa y nayuenma M. ¢ naasmoyumomoii eryOuHHbIX 0moenoe npagoii 100Hoil doau. Jloonepayu-
onnass MPT 2on06n020 mosea (T1 ¢ konmpacmupoganuem): a — akcuaibHas nPoeKyus, 6 — KOPOHAPHAs POeKUUsl, 8 — casummanvias npoexyus. Mumpa-
ONePAyUOHHAs PACYEMHAsl CHUPAAbHAS KOMABIOMEPHAS, MOMO2paQUsi ¢ KOHMPACMOM: & — AKCUanbHblil cpe3. buonmamoi: 0 — 6 beaom cgeme; e — 60 Pay-
OpecueHmHOM pedcume MUKPOCKONA (pKoe céeveHue onyxoau,)

Fig. 7. Intraoperative fluorescent diagnostics in patient M. having plasmocytoma of deep parts of the right frontal lobe. Preoperative MRI of the brain (T1 with
contrast): a — axial projection, 6 — coronary projection, ¢ — sagittal projection. Intraoperative spiral computed tomography with contrast: ¢ — axial section.
Biopsies: 0 — in white light; e — in fluorescent microscope mode (bright glow of the tumor)

Tabmuua 2. O6wue 045 6cex munog onyxoAeil npeumyujecmea u Hedocmamiu memaboauueckoti Hasueayuu ¢ 5-AJIK 6 neiipoonronocuu

Table 2. Advantages and disadvantages of metabolic navigation with 5-ALA in neuro-oncology that are common to all types of tumors

IIpeumymectsa Hepnocrarku

®diyopeclieHIIUsS HE BU3YaIU3UPYETCS: IO TeMOCTaTUYECKIM MaTepUAaIOM
WJIM CBEPTKAMM KPOBU (BBICOKAsI ONTUYECKAsI INIOTHOCTD)
Fluorescence is not visualized: under hemostatic material or blood clotting (high optical density)

I/ICCJ'[e,Z[OBaHI/Ie B p€aJIbHOM BPEMEHU
Real-time examination

OTCYTCTBYET BAUSIHUE CMEIICHUS] MO3Ta Hanuuure HeromMoreHHO c1a00CBETSIIMXCS MU HECBETSIIMXCS OIyXOJIei

There is no effect of brain displacement Presence of inhomogeneously weakly luminous or non-luminous tumors
DryopeclieHIVST CHIXKASTCS TIPY [UTUTETbHOM U YaCTOM MEePEKITI0YeHIN MUKPOCKO-

TTpsimas Busyanusanusi (MUKPOCKOIT) na BBUAY (hOTOOIMUMHTA («BbIOETMBAHMSI»)

Direct visualization (microscope) Fluorescence decreases during prolonged and frequent switching of the microscope due

to photobleaching (“bleaching”)
Ilepenauya nHdopmalu HerocpeacTBeHHO Ilocie oumnosipHoi Koaryasiuuu 3 dGeKT CBeUeHUs He BUAEH IO CJI0EM KoaryJisi-

OT TKaHU, a He IIOCPEACTBOM «KapTUHKU» LIMOHHOIO CTPYyIla U TEMOCTATUYECKUX MATEPUAIOB
Transmission of information directly from After bipolar coagulation, the glow effect is not visible under layer of coagulation scab and
the tissue and not by the use of a “picture” hemostatic materials

Bo03MOXHOCTH MHOTOKPATHOTO U OBICTPOTO
IIOBTOPCHMSA B TCUCHUE OIICpallv

The possibility of multiple and rapid repetition
during the surgery

Wcnonbp3oBaHue U301MpoBaHHO (6e3 Apy-
TUX METOIWK HEHPOBU3YATN3AIINH)

NPU HAJIMYUU IPKOTO TOMOT€HHOIO
CBEUYCHUS OMYXOJIN

Possibility of use regardless of other methods
(without other neuroimaging techniques)

in the presence of bright homogeneous tumor glow



®JI OTHOCUTENTBHO COJTMIHOMN YaCTH OITYXOJIH, CITCIIN(DIY-
HOCTB BBISIBJICHHSI OITYXOJICBBIX KJIETOK BO (DIIyopecmpy-
OIIEeM JIOXKE yIaJeHHBIX METaCTa30B OCTACTCS HU3KOM.

B nurepartype He pellleH BOIpOC 00 MCIOJIb30BaHNU
meToma DJIJ] mpu cTepeoTakCMYeCcKUX orepanusax. MUme-
J0TCSI eMMHNYHBIE padoThl 0 mpuMeHeHn MJI B xone CTh
[16, 17]. Mo Hammm manHbiM, MeTon DJI mokasan BbICO-
Ky©o 2(hGhEKTUBHOCTh MPU OLIEHKE CBEYEHUS ex Vivo
pu OMoTcugx TMM@oM 1 310KadyecTBeHHBIX [J1.

Ocob6eHHO cioXeH Bompoc o mpuMeHeHun 5-AJIK
B xupypruu I'JI ¢pyHKIIMOHAIFHO 3HAYUMBIX 30H MO3Ta,
B YaCTHOCTM COBMECTHOTO NpuMeHeHus S-AJIK-HaBura-
IUY U XUPYPTUM C MHTPAOIICPALIMOHHBIM «ITPOOYKICHM -
em» nipu [JI, ToKaiMM30BaHHBIX B PEYEBBIX 30HAX MO3Ta
¥ BOJIV3M IUTMHHBIX aCCOLIMAaTUBHBIX TPaKTOB [18].

IMTommnmo kauectBeHHOTO aHaM3a DJI-addexra mpu-
MEHEHME CTICKTPOCKOITNY TTO3BOJISIET BBITIOJIHUTD €T0 KO-
JIMYECTBEHHYIO OLICHKY. B MMeroIieiicss tureparype nme-
[0TCSI eIMHUYHBIE Pa0OTHI O TIPUMEHEHUH CITEKTPOCKOIINN
B xupypruu I'JI ronoBHoro mosra [13, 19]. ITo gaHHBIM
HaIIleTO UCCIIe0BaHMsI, HanboJiee BEICOKOE HAKOTUICHUE
I1IT ormeuanock nmpu UKMH.

BBIBOJIBI

1. MetaGonmueckast HABUTALIVS C TIPUMEHEHNEM MUKPO-
CKOITa TTOKA3aJia BEICOKYIO YyBCTBUTEILHOCTE TTPH MU~
KPOXUPYPTUUECKUX OTIEPALIMSIX (B TOM YUCIIE TOBTOP-
HbIX) npu aHarutactudeckux IJI (B wmemom — 65 %,
spkoe cBeueHue — 58 %), I'J1 (B ueaom — 94 %, sipkoe
cBeuenue — 53 %), UKMH (B uenom — 94 %, sipkoe
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cBeueHue — 64 %). Ognako 5-AJIK nmeeT cyliecTBeH-
HbI€ OrpaHUYEHUS B YyBCTBUTEIbHOCTH ITpU AUDdY3-
weIx [J1 (B memom — 46 %, spkoe cBeuermne — 27 %)
M METAcTa3ax B roloBHOM Moare (87 % — 1151 COJIMIHOMN
yacTu, 52 % — a1 loxa, sipkoe cBeueHue — 51 %).

2. MerabonnyecKkast HABUTaLUsI IIO3BOJISIET BBISIBUTD (PO-
KyChl aHamuia3uu Inpu pedekuuu auddysubix Il
(25,6 %), Ipy 3TOM ILIOTHOCTb SIIEP KJIETOK U IIPOJIM-
¢depaTUBHBIN MHICKC BO (DIIyOPOIIO3UTUBHBIX 30HAX
I'JT Grade II-III mocToBepHO BEILIE, Y4eM BO (hIyOpO-
HeraTUBHBIX (B cpeaHeM 7,41 vs 2,52 %). Slpkas @J1
6uonrara omnyxoau npu CTh — HanmexHblit (83 %)
npenukrop nHdopmatnBHocT CTh.

3. [Ipu MH makcuManabHYIO YYBCTBUTEJIBHOCTh Cpeay
BCEX OITyxo0JIeit rojjoBHOro Mo3ra nmeioT MKMH (st
conuaHomi yact — 94 %, mist runepocto3oB — 42 %).
Apkas ®DJI ormevanach y 64 % malueHTOB, yMEPEH-
Hast —y 24 %, cnabast —y 12 % naumenToB. Hecmotpst
Ha TO YTO OIYXOJib BHEMO3TOBasi K B OEJIOM CBETE XO-
POLLIO OTJIMYAETCS OT MO3roBoit TKanu, MJI mo3Boss-
€T BbISIBUTb 30HbI JOIOJHUTEIbHOIO IOPaXKEHUS KO-
CTH, TBEPJOI MO3TOBOI 1 apaxHOUIAIBLHOI 000I0UeK
B 36 % ciyuaes.

4.V 87 % 6onbHbix ¢ UKMC ormeuaetcss DJI, u3 Hux
cnabas OJI — y 23 %, ymepenHas — y 26 %, Boipa-
xkxeHHast —y 51 %. Ha crereHb cBeueHUSI METACTa30B
B FOJIOBHOM MO3I JOCTOBEPHO BJIMSIIOT MEPBUYHBINA
HMCTOYHMK, BPEMS C MOMEHTA PagHMOXUPYPruyecKoro
BO3IEMCTBUSI U HAIMYKME MHTPAOIIEPALIMIOHHOTO KPO-
BOTEYECHMUSI.
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Article submitted: 07.07.2022. Accepted for publication: 07.09.2022.
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BO3MOKXHOCTDB BESOITACHOT'O BBITIOJTHEHMA
3ATHEN TPAHCAPTUKVJIIPHOU ®UKCALIMU
[TO3BOHKOB C1-2: KI-MOP®OMETPUYECKOE
NCCJIIEAOBAHUE

N.C. JIsoB, A.A. Ipunb, A.D. Taxemos, C.1O. Poumn, B.A. Ilapudgynmn, 3.A. Bapoakanse, E.E. Anexun,
A.B. Tymukun, E.A. CocnoBckuii, P.A. Hukorocsn, /1. A. Taxsmosa, H.B. 2Kanosa, O.A. MunbKuHA,
JI.B. IlImenéna, JI.T. Xamuaosa

T'BY3 «Hayuno-uccaedosamenvckuii uncmumym ckopoi nomowu um. H. B. Ckaugocosckoeo Jenapmamenma 30pagooxpanerus
2. Mockewr»; Poccus, 129090 Mockea, boavwas Cyxapesckas na., 3

KoHntakTthbi: Wean Cepreesuy Jlbos dr.speleolog@gmail.com

BeepeHue. TpaHcapTukynspHas dukcaums C1-2-no3soHkoB no TexHuke F. Magerl — oguH 13 Haubonee HageXHbIX Me-
TOA0B BMHTOBOI cTabunusaumum C1-2-no3BOHKOB. BaxKHbIM aCNEKTOM TOYHOW YCTAHOBKM MMMAAHTOB NPU TPAHCAPTUKY-
NApHOI UKCALMK NOL PEHTTEHONOTUYECKUM KOHTPONEM CYXWT NpaBubHbIA BbIGOP CTApTOBOM U KOHEYHOW TOYEK
TpaekTopuu. [pn onpepeneHHbIX 3HaUEHUAX BbICOTbI U WWPUHBI UCTMUYECKOI YacTu C2-N03BOHKA HEKOTOPbIE TPAEKTOPMUH
YCTaHOBKM BUHTOB MOTYT CONPOBOXAATbCA HYEBOI BEPOATHOCTLIO MaNbNO3NLMWN BUHTA C NOBPEXAEHMEM NO3BOHOYHOW
apTepuu.

Llenb uccnepoBanua — nsyuntb KT-mopchomerpuyeckue xapaktepuctuku C2-no3BoHKa Ans OLEHKU BO3MOXHOCTU Bbl-
nonHeHus 6esonacHoil TpaHCapTUKyNApHoN ukcaumn C1-2.

Matepunan n metopbl. [poBefeH aHanu3 AaHHbIX 7672 NaLUEHTOB C KOMNbIOTEPHOI ToMorpacdueit WwWeliHoro oTAena no-
3BOHOYHMKA, NOCTYNMUBLIMX C Nofo3peHuem Ha Tpasmy B HUW ckopoii nomowm um. H.B. Cknucdocosckoro B nepuog
€ 01.01.2019 no 31.07.2019. B uccnegoBanuu npuHumManu yyactue 6 Heipoxmpypros 1 6 Bpayei OTAENEHMA PEHTIeH-
ANarHocTuku. M3mepenus npoxoaunu B 2 atana. Kaxablit napametp (Bbicota nepelweiika — IsthH, wupuHa nepeweiika —
IsthW, Bbicota 60K0BOII Macchl — LmH) u3mepsncs 2 pasa. B ciyyae BbICOKOW MHTPAKNACCOBOW KOPPENALMM BIYUCAAIM
cpefHee 3HaueHue U3MepeHUni, KOTopoe BKNKOYaNK B hUHaNbHBIA aHanu3.

Pe3synbrartbl. KoathduLMeHT MHTPaKNACCOBON KOPPENALMUM NS BCEX U3MEPEHUN NPUBAMKANCA K OTIUYHBIM 3HAYEHUAM
Koppensauum u coctasun 0,852 (95 % [1 0,844-0,860). MopcdhomeTpuyeckue xapakKTepUCTUKN NOLCYUTAHBI HA OCHOBAHNUU
AaHHbIX 795 nauueHToB. 3HayeHue IsthH cocrasuno 7,45 + 1,66, IsthW — 8,56 + 1,48, LmH — 5,56 + 1,84 MM. Y MyXUuH
LOCTOBEPHO Yalle BO3MOXHO Obl0 BbINOJHEHWE TPAHCAPTUKYNAPHON duKcaumn 6e3 paHeHUs NO3BOHOYHOI apTepuu
(B 66,1 % cnyyaes; x2-tecT, p <0,000001), TOrAa KakK y XeHWWH — ToNbKo B 29,9 % cnyyaes.

3akntoueHue. MonyyeHHble pe3ynbTaTbl NO3BOAIOT YTBEPKAATb, YTO NEPKYTaHHas OunatepanbHas TpaHCApTUKYNApHas
(bUKCcaumMs C NPUMEHEHWEM B KaYECTBE OPUEHTUPOB 3afHell CMTMHONAMUHAPHOM TOYKM U CepeamnHbl Gyropka nepefHei
DY)KKU aTnaHTa NnoTEHLUMANbHO CNYXKUT METOAOM BbiGopa y 88,3 % nauneHToB. N3 Bcex 60bHbIX C HOPMaNbHON aHATOMU-
el nepeweika C2-N03BOHKA Y MYX4YMH BEPOATHOCTb BbLINMOSHEHWUA TPAHCAPTUKYNAPHOI duKcaumn 6e3 noBpexaeHus
NO3BOHOYHOI apTepuu B 2 pa3a Bbllle, YeM Y KEHIWWH, U npeBblWwaeT 66 %. OaHaKO pUCK paHeHWs AaHHOTo COCyAa Y npo-
YMX NALMEHTOB He NpeBbilWaeT 2,3 %, YTO CONOCTaBMMO C APYrUMU METOAAMU BUHTOBOI cTabunnsauum C1-2-no3BOHKOB.

KnioueBble cnoBa: nepeweek C2-n03BoHKa, MOPHOMETPUYECKOE UCCNEL0BaHME, CTabuAM3aLus no3BoHKos C1-2

Ansa uutuposanusa: Jbsos W.C., Tpunb A.A., Tanbinos A.3. u Ap. Bo3mMoxHOCTb 6€30MacHOro BbINONHEHWA 3afiHeN TpaHC-
apTukynapHoit hukcaumn nossoHkos C1-2: KT-mopdometpuyeckoe nccneposanue. Helipoxupyprus 2022;24(4):59-66.
DOI: 10.17650/1683-3295-2022-24-4-59-66

Feasibility of safe posterior C1-2 transarticular screw fixation: CT morphometric study

LS. Lvov, A.A. Grin, A.E. Talypov, S. Yu. Roshchin, V. A. Sharifullin, Z.A. Barbakadze, E.E. Alekhin, A.V. Tupikin,
E.A. Sosnovskiy, R.A. Nikogosyan, D.A. Talypova, N.B. Zhadova, O.A. Minkina, D.V. Shmeleva, L. T. Khamidova
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Background. C1-2 transarticular fixation according to the F. Magerl technique is one of the most reliable methods
of C1-2 screw stabilization. An important aspect of the precise placement of implants during transarticular fixation
under X-ray control is the use of correct selection of start- and end-points of the installation trajectory. At certain
values of the height and width of (2 isthmus some screw installation trajectories may be accompanied by a zero pro-
bability of vertebral artery damage that might be due to the screw malposition.

Aim. To evaluate CT morphometric characteristics of the C2 vertebra to assess the possibility of safe C1-2 transarticu-

lar fixation.

Materials and methods. The analysis performed was based on the data obtained from 7672 patients having admitted
with suspected injury to the N.V. Sklifosovsky Research Institute of Emergency Medicine during the period from
01.01.2019 to 31.07.2019. The study involved 6 neurosurgeons and 6 medical doctors of the X-ray diagnostics depart-
ment. The measurements were carried out in 2 stages. Each parameter (isthmus height - IsthH, isthmus width - IsthW,
lateral mass height — LmH) was measured 2 times. In case of high intraclass correlation, the mean value of the mea-
surements was calculated, which was included in the final analysis.

Results. The intraclass correlation coefficient for all measurements approached an excellent correlation values and was
0.852 (95 % CI 0.844-0.860). Morphometric characteristics were calculated basing on data from 795 patients. The
IsthH value was 7.45 + 1.66, IsthW — 8.56 + 1.48, LmH — 5.56 + 1.84 mm. In men, the transarticular fixation was signi-
ficantly more likely to be performed without injury of the vertebral artery (in 66.1 % of cases; x*-test, p <0.000001),

whereas in women — only in 29.9 % of cases.

Conclusions. The results obtained suggest that percutaneous bilateral transarticular fixation with the use of posterior
spinolaminar point and middle of the atlas anterior arch as landmarks potentially serves as a method of choice in 88.3 %
of patients. Of all patients with normal anatomy of (2 isthmus, men are twice more likely to undergo transarticular
fixation without damage of vertebral artery than women, the probability exceeds 66 %. However, the risk of injury of this
blood vessel in other patients does not exceed 2.3 %, which is comparable with outcomes of other methods of C1-2 screw

stabilization.

Keywords: C2 isthmus, morphometric study, C1-2 fusion

For citation: Lvov L.S., Grin A.A., Talypov A.E. et al. Feasibility of safe posterior C1-2 transarticular screw fixation:
CT morphometric study. Neyrokhirurgiya = Russian Journal of Neurosurgery 2022;24(4):59-66. (In Russ.). DOI: 10.17650/

1683-3295-2022-24-4-59-66

BBEJIEHUWE

TpaucaptukynsipHass ¢pukcamust (TAD®) Cl1-2-mo-
3BOHKOB 1o TexHuke F. Magerl u P.S. Seemann ciryxxut
HaJIeXXHBIM METOJOM BUHTOBOI CTaOMJIM3AIINHU 3THUX I10-
3BOHKOB (puc. 1) [1]. CornacHo mocieIHUM ONyOINKO-
BaHHBIM MeTa-aHaJIi3aM, TaHHAas METOIUKA COTIOCTaBMMa
¢ metonoMm Goel—Harms (A. Goel, J. Harms) 110 9acTtote
dopmMupoBaHUS CIIOHIMIONAE3a M MMILIAHT-aCCOIIMMPO-
BaHHBIX ocIoXXHeHMI [2, 3]. Takke TAD BHICOKOUYBCTBU-
TeJIbHA K TAKUM acIIeKTaM OTIepalliy, KaK XKeCTKOCTb M-
MOOMJTM3AILINY TOJIOBEI BO BPeMsI YCTAHOBKU BUHTOB, THII
WMILIAHTOB, JIOKAJTU3ALMST MBIIIICYHOTO TOHHEIIS TS 3a-
BEICHNSI BUHTOB U CITOCO0 MHTPAOIICPALIMOHHON BHU3yaIH-
3ammn. MeTa-aHamm3 [2] IpoaeMOHCTPUPOBAJI, YTO TOYHOCTD
YCTaHOBKY BUHTOB I101] OMTUTAHAPHBIM (DIIFOOPOCKOITHYEC-
KVM KOHTPOJIEM MICHTHYHA TAKOBOM IPH NCTIOIb30BaHNN
HelipoHaBurauuu. Haubosee BaxKHbINA aceKT TOYHOM
YCTaHOBKY UMITIAHTOB 1pu TA® mon peHTreHOIorndec-
KHUM KOHTPOJIEM — TIPaBWILHBIN BEIOOP CTAPTOBOM M KO-
HEYHOM ToueK TpacKTopun. CUMYJISIIMOHHOE UCCIIeIOBa-
Hue [4] TIPOIEeMOHCTPUPOBAJIO, YTO MPH OIpPeaeIeHHBIX
3HAUYCHUSIX BBICOTHI W IMMPUHBI UCTMHYECKON JacTU
C2-1103BOHKA HEKOTOPBIC TPACKTOPHUH YCTAHOBKH BITHTOB
(puc. 2) MOTYT COITPOBOXIATHCS HYJIEBOI1 BEPOSITHOCTHIO
MaJIBIIO3UIIH BUHTA C TIOBPEXKICHUEM ITO3BOHOYHOM ap-
tepun (ITA). Bo3MOXHOCTP MUHUMAIBHO MHBAa3UBHOTO

Puc. 1. Cxemamuueckoe uzobpaxicerue 8binoaHeHus 3a0Hell mpancapmuxy-
aspHoll hukcayuu nozeonxoe C1—2 (puc. evinoanen nelipoxupypeom C.JI. Apa-
KenstHom)

Fig. 1. Scheme of C1-2 posterior transarticular fixation (Fig. made by neuro-
surgeon S. L. Arakelyan)
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Puc. 2. Penmeenoepammol 6 60k060ii (a) u npsmoii (6) npoexyusx, deMoHCmpupyiouue Haubonee 6e30nacHy0 mpaeKmopuio mpaHcapmuKyaapHoU gukcayuu

Fig. 2. Roentgenograms in lateral (a) and straight (6) projections demonstrating the safest trajectory of transarticular fixation

BoeirtoJiHeHUST TAMD Hapsay ¢ ee 6€30MMaCHOCTBIO elaeT
JIaHHYIO METOOUKY TIPEAITOUTUTETLHOM Y HEKOTOPHIX Ma-
LIMEHTOB MPU MPOBEICHUYN XUPYPIrUIECKOro BMeIIaTeb-
ctBa Ha C1—2-TI03BOHKAX.

Iean uccaenosanusa — uzyuntb KT-mopdomerpuuec-
Kue xapakrepuctuku C2-1T03BOHKA JJIsT OLIEHKUA BO3MOXK~
HOCTH BBITIOJTHEHMST Oe3omacHoi pukcanuu C1-2.

MATEPHAJI 1 METO/IbI

O0BbeKTbI HCCIEIOBAHUS

HanHast paboTa — peTpOCHEKTUBHOE MOPGhOMETpH-
YeCcKOe OTHOLICHTPOBOE HcciaemoBane. OOBEKTOM CTaIn
IaHHBIe KoMITbIoTepHO ToMmorpadum (KT) meitHoro ot-
Iesia Mo3BoHOYHMKA. [10CKOIBKY MBI MICTIOJIB30BAJIH MOJI-
HOCTBIO O0e3IMYeHHBIC JaHHBIC, COTJIacHe IMAllMeHTOB
Ha yJacTHe B MCCJIeIOBaHIN He TpeboBajock. IIpoBencHa
HeTpepbIBHAS BEIOOPKA MTAIIMEHTOB, ITOCTYITUBIINX B CTa-
mmoHap 3a mepuon ¢ 01.01.2019 o 31.07.2019. Kpurtepunu
BKJTIOUCHUS B UCCIIEIOBAaHNE:

— TIOCTYIUICHUE TTAlIeHTa B 3KCTPEHHOM TIOPSIIKE C T10-
IIO3peHNEM Ha TPaBMY;
— BemotHeHe KT 1meifHoro otmenra mMO3BOHOYHUKA

C TONMIUHO cpe3oB 0,5 MM.
Kpurepun nckimrodeHUs:
BO3pacT 00JbHOro MeHee 15 JieT;
— aHOMAaJIVsI pa3BUTHUS KPaHUOBEPTEOPATLHOTO YPOBHS,
nepenom C2-TT03BOHKA;
BBITIOJTHEHHOE BMeIIaTeIbcTBO Ha C1—2-1T03BOHKAX;
MeTaJUIMIecKue apTedakThl B KpaHUOBEPTEOPaTbHOM
obnacTu.

Hccnenosaresm

B mMopdomeTpruuecKoM McclIenoBaHNN TPUHUMAIN
y4yactue 6 HeiipOX1pyproB 1 6 Bpaueil OTAeIeHUS] PEHTIeH-
nuarHoctuku. Ilepen Hayaaom paOoThl ObLI MpoOBeacH
OpudUHT ¢ TOKa3aTeJIbHBIM N3MEPEHNUEM TPEOYeMBIX ITa-

PaMETPOB Y HECKOJIbKUX MALIMEHTOB, KOTOPbLIE HE y4acCT-
BOBa/IM B MCClIeNOBaHUU. TakKe BCeM YdyaCTHUKaM ObLIN
IIpEAOCTAaBJICHbI METOANYCCKMUE PEKOMEHIALIMH 110 U3ME-
PECHUIO UCCIICAYEMBIX ITapaMETPOB.

N3mepenns

Wsmepenns nposomyy B mporpamme RadiAnt DICOM
Viewer 2021.2.2 (Medixant, Pecrryonuka [Tonpmra). B pe-
XKrMe MyJIbTUIIIaHapHO# peKoHCTpyKLu MPR usmepsi-
JI1 BBICOTY McTMHUYecKoi yactu C2-mo3BoHKa (IsthH), ee
mmpuHy (IsthW) u BeicoTy 60K0BO#1 Macchl C2 B obacT
6opo3snet [TA (IntH) (puc. 3).

B cootBercTBUM ¢ Knaccudukaumeir M. H. Nogueira-
Barbosa u H.L. Defino [5] BeizensioT 4 Tumna nepenieika
C2-no3BoHKa (puc. 4). Tum I coorBercTtBYeT HOpMe. T Ila
COMPOBOXIAETCS CHIDKeHreM 3HayeHMit IsthH u IsthW —
meHee 5 MM. I[Tpu Time IIb otmevaercst ymeHbienne LmH —
Hike 2,5 M. Tun Ilc conmpoBoxXmaeTcst CHIDKEHUEM BCeX
3 mapaMeTpoB.

TIpenpinymiee Halle ucciaegoBaHue [4] mokasano, 4To
HanboJjiee Oe30ITacHa TPAaeKTOPHS YCTAaHOBKU BUHTA M3
3aHEH CIMHOJIAMIMHAPHOM TOYKH IO HAIIPABIICHUIO K Ce-
penmHe Oyropka IepemaHel TIyXKH aTjaHTa (CM. puc. 2).
[Ipu Takoi1 ycTaHOBKE BUHTA AUAMETPOM 4 MM TTOBpEKIIe-
nusa I1A He 3apeructpupoBano npu IsthH Gonee 6,6 MM
u IsthW 6osee 7,6 mMm [4]. Puck moBpexnenus T1A cocra-
Buna 2,3 % y nauuenTos ¢ IsthH 5,0—6,59 mm u IsthW
5,0—7,59 Mm.

Bce manmeHTHI B paBHOI CTeNIeHN OBITN pacipenecHbI
MeXIy McciienoBaTeisiMu. MiaMepeHsI TIpoBOIIIN B 2 3Ta-
ma. IToce mepBoOro arama MpoBeAeH CayJailHBIT 0OMEeH
MMAIIIEHTOB MEXIY UCCIICIOBATEIISIMUA C TIOBTOPHBIM M3Me-
penuem. TakuM 00pa3oM, KaxKIablii MALIMEHT ObLT OCMOTPEH
IBaKIbl pa3HBIMU CIIeIIMATUCTaMU. B ciaydae BHICOKOTO
Tmoka3atesnst KoaghuImeHTa MHTPAKIaCCOBOI KOppes-
1 (ICC) Mexxmy oTBeTaMU SKCITEPTOB TS 2 U3MEPEHUIA
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Puc. 3. Mopgomempuueckue noxkazamenu C2-nozeonka: LmH — evicoma
6okoeoil maccel; IsthH — evicoma nepeweiika; IstW — wupuna nepeuwteiixa

Fig. 3. C2 morphometric parameters: LmH — height of lateral mass; IsthH —
height of isthmus, IstW — width of isthmus

F

Puc. 4. Bapuaumosr npoxoxcdenus no3eoHo4HOU apmepuu 6 nepeuleiike
C2-no3sonka (M.H. Nogueira-Barbosa u H.L. Defino [5]), munei:a — I; 6 — Ila;
6 — Ilb; e — Ilc

Fig. 4. Variants of vertebral artery passage in isthmus of C2 vertebra
(M. H. Nogueira-Barbosa and H.L. Defino [5]), types: a — I; 6 — Ila; 6 — I1b;
e—1Ilc

1 mapaMeTpa BBICUMTBIBAIM CPEAHEE 3HAYEHUE, KOTOPOE
YYUTHIBIN B (DUHATHLHOM aHAIN3E.

VY psiga nauueHToB pa3HULA MEXAY 3HAYEHUSIMU OJl-
HOTO ¥ TOTO Xe TapaMeTpa Obl1a 6016110 (3 MM 1 OoJ1ee).
WX oTnenpbHO M3ydas 3KCOEPT, U B CIy4Yae BBISBICHUS
ONIMOOK MPU TIPOBEIEHUN U3MEPEHMIA 3TU JaHHbIE B (hu-
HAJIBHOM aHaJIu3€e He y4acTBOBaIu. Eciu y omHOTO U TOro
JKe TaIMeHTa B orpeneieHnu 2 u 6oJiee mapaMeTpoB OT-
MEYaIUCh OIIMOKM, OH MOJHOCTBIO UCKITIOYAJICS U3 Jallb-
HEWMILEero aHaIn3a.

Crarucrnyeckuii aHam3

IMonmyueHHBIe JaHHBIE 00PAOOTAHKI B ITporpaMMax Sta-
tistica 10.0 (StatSoft Inc., USA) u IBM SPSS Statistics 23.0.

HopwmanbsHOCTD pacipeneeHIS TaHHBIX OTIPe SIS
MIpH TIOMOIIM cTaTUCTUYecKoro Tecta Illanmupo—Yuika
(Shapiro—Wilk’s W test). I1pu cpaBHeHUHU psIIOB TaHHBIX
C HOPMAaJIBHBIM pacrpeaesieHIeM HCTIOb30BaId Koadhdu-
mueHT Koppensun [Tupcona (Pearson’s 7). B ciaygae He-
HOPMAJILHOTO pacIipee/IeHUST pPacCUNTHIBAIN KO3 DUIIH-
eHt Koppensiiuu Cniupmena (Spearman’s p).

MeXTpyTIIIOBBIEC Pa3IIUs PACCUNTHIBAIIMCH IIPH T10-
momm U-tecta ManHa—YutHu (Mann—Whitney U Test)
n xkputepusa Kpackena—Yommca (Kruskal—Wallis Test).
IIpu cpaBHeHNM MapaMeTPOB, U3MEPECHHBIX B HOMIHAIb-
HOM 1 ITOPSIIKOBOI ITKaJIaX, MPUMEHSIIN XU-KBaapat [Tup-
coHa (Pearson’s y? test). [1pu 3HaueHusx p <0,05 pasHuiia
MEXITy TPYITIIaMy ObTa CTATUCTUYECKH JOCTOBEPHOIA.

MexaKcnepTHOE CoTacye OLIEHUBAIIM IIPY TTOMOIITH
Koa(ppuieHTa mHTpaKIaccoBoii Koppeistimu (ICC 2.1 —
IBYCTOPOHHSISI MOZEJb CIy4altHBIX 3(h(HeKTOB, adOCOIIOT-
HOE COTJIacHe); pe3yJIBTaThl — B COOTBETCTBUY C CUCTEMOM
JIsunuca—Koxa (J.R. Landis, G.G. Koch) [6]. Koppensi-
IO OTBETOB CUMTAIM HU3KOM ITpu 3HaYeHUU MeHee 0,5,
ymepeHHoi — 0,5—0,75, xopomreit — 0,75—0,90, mpeBoc-
XogHO# — BbI1e 0,9.

PE3VJIBI'ATHBI

OT100p nmanuenToB

Bcero 3a mepuog ¢ 01.01.2019 mo 31.07.2019 B KT-
kabunetre HUMU ckopoii momomm um. H.B. Cximmdocos-
CKOTO BBIIIOJIHEHBI MCClleAoBaHust 7672 MalKeHTOB, MO-
CTYNIMBIINX B 3KCTPEHHOM nopsinke. [Tocite mpuMeHeHMs
KPUTEPUEB BKIIIOYEHUST OTOOPaHBI 853 OOJIBHBIX JIJIsI TIPO-
cmotpa DICOM -apxuBoB. M3 Hux 24 manyieHTa NCKITIOUEHBI
W3 WCCIeOOBAaHUS B CBSI3W C aHOMAaJIMEel KpaHUOBEPTE-
OpaJIBHOTO TIepeXo/ia WIIM YCTAHOBJICHHON METaJUIOKOH-
crpykuuneii B oomactu C2-1mo3BOHKA.

PesynbraTsl 1ocie 3aBepiieHus 2-TO 3Tala UCCIea0-
BaHMS:

— OLIMOKY U3MEPEHMI He BhISIBIIEHBI — 683 MmalueHTa;

— BKCIIEPTOM HaliieHa OIMnOKa M3MepeHus B 1 u3 mc-
CIIeMyeMbIX ITapaMeTpPOB, TaHHEIN TTapaMeTp MCKITIO-
YyeH 13 GPUHaILHOTO aHaimm3a — 112 GONbHBIX;

— BBIBJICHBI OITMOKN M3MEpPeHMS 2 U 0ojiee Imapame-
TPOB, TaKWe IMAIlMEHTHI MCKIIIOUEHBI U3 MCCIIeIOBa-
HUA — 34 manmenra.

Takum oOpa3zoM, B GMHAIBHBII aHAI3 MOPDOMETPH-
YeCKMX XapaKTepUCTHK BOILUIM JaHHBIC 795 MallMeHTOB,
a B KJTacCU(PUIIMPOBaHNE NCTMUUYECKOI 9aCTH B COOTBET-
ctBun ¢ knaccudukaumeir M.H. Nogueira-Barbosa
u H.L. Defino — 683 60/1bHBIX.

OneHka MeKIKCIEPTHOTO COMIACHS

KoaddutmenT narpakinaccosoit koppensunu ICC s
u3mepenuii IsthH cocrasun 0,786 (95 % 11 0,765—0,805),
IsthW — 0,763 (95 % AN 0,738—0,786), nis LmH — 0,790
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Tabmuua 1. Paccuumannsie mopghomempuueckue noxazamenu C2-no360HKa: 0arHbvle Opyeux agmopos u co6cmeeHHble

Table 1. Calculated morphometric parameters of C2 vertebra: data from other authors and from our present study

ITapameTp S. Raut et al. [10]

M. H. Nogueira-Barbosa,
H.L. Defino [5]

JlaHHbBIE, MOJyYEHHBIE B ITOM HCCJIeIOBAHUI
(HA.C. JIbBOB U COABT.)

IsthH cneBa, Mmm — 7,73 £ 1,75 7,40 + 1,63
IsthH on the left, mm
M 6,00+ 1,10 8,19 £ 1,71 7,85+ 1,57
M
X 5,77 £ 1,23 7,02 £ 1,58 6,55+ 1,39
F
IsthH cripaBa, MM — 8,23 +1,72 7,51 £ 1,70
IsthH on the right, mm
M 5,90 £ 1,22 8,59 £ 1,66 7,91 + 1,65
M
X 6,11 1,04 7,66 = 1,70 6,77 £ 1,51
F
IsthW cireBa, MM - 7,77 £ 1,33 8,68 £ 1,45
IsthW on the left, mm
M 5,95+ 1,13 8,20 +£ 1,03 9,08 + 1,39
M
X 5,70 £ 1,18 7,11 £ 1,47 7,94 + 1,27
F
IsthW cnipaBa, MM — 7,75+ 1,23 8,43+ 1,50
IsthW on the right, mm
M 5,78 £0,93 8,03+ 1,10 8,83+ 1,42
M
X 5,84 £ 0,95 7,31 £ 1,31 7,71 + 1,38
F
LmH cnesa, Mm
LmH on the left, mm - - 542179
LmH cnpasa, Mmm _ _ 570 + 1,87

LmH on the right, mm

Ilpumeuanue. Mopgpomempuueckue noxazamenau C2-nosgonka: IsthH — évicoma nepeweiixa; IsthW — wupuna nepeweiixa; LmH —

8vicoma 60K0BOU MACChL.

Note. Morphometric parameters of C2 vertebra: IsthH — isthmus height; IsthW — isthmus width; LmH — lateral mass height.

(95 % 1 0,770—0,808). OO1ast MHTpaKIaCCOBasi KOppe-
TS JIUIST BCEX U3MEPEHUI TIPUOIIIKAIACh K OTIIMIHOMN
u cocrauna 0,852 (95 % AU 0,844—0,860). C yueTtom
BBICOKOI CTEITEHN KOPPEJISILIUN OTBETOB MEXIY SKCIIEP-
TaMU PE3YIBTAThI BCeX 795 MalMEeHTOB YYTEHE B (hUHAIb-
HOM aHaJIn3e.

Ananm3 napameTpos C2-no3BoHKa

MopdoMeTpuueckre XapaKTepUCTUKMU IMOACYUTA-
HBl Ha OCHOBAaHUM NaHHBIX 795 mauueHToB. U3 Hux 514
(64,7 %) — myxuunbl, 281 (35,3 %) — xeHiuHbl. Cpem-
Huli Bo3pacT coctaBmit 42,9 (15—93) rona.

Cpennee 3HaueHue IsthH B neBbix oTnenax C2-mo3BoH-
Ka coctaBuio 7,40 + 1,63 mm, B ripaBeix — 7,51 £ 1,70 mM.
O61uee 3Hayenue IsthH mst o6enx cropod — 7,45 £+ 1,66 mm
(tadm. 1).

st IsthW cpennee 3HaueHue ciaeBa — 8,68 £ 1,45 mm,
cnpaBa — 8,43 £ 1,50 mm. Obmee 3HaueHne IsthW mig
00enx cTopoH — 8,56 £ 1,48 mm.

Jua C2-no3Bonka LmH cneBa B cpenqHeM cocTaBmia
5,42 £ 1,79 mm, cripaBa — 5,70 = 1,87 mm. B netom LmH
IJIsT 00enX CTOPOH — 5,56 + 1,84 MM.

ITpu mpoBeneHUM CTAaTUCTHMYECKOTO aHAJIM3a HE BhI-
SIBJICHO Koppesstuu Bo3pacTta ¢ IsthH (»r=0,012, p >0,05)
u LmH (r = —0,05, p >0,05). OnpeneieHa o9eHb caadast
oTpHUIIaTeIbHAs Koppesius Bo3pacta ¢ IsthW (r = —0,08,
p <0,00001). ITpu ananmze pacmpeneIeHIs 10 IOy U3Me-
psiemble TTapaMeTpbl C2-TI03BOHKA Y MYKYMH OBLIN J0-
CTOBEpPHO OOJIBIIIe, YeM Y KEeHIIMH (TecT MaHHAa— YUTHH,
p <0,0001) (puc. 5).

Pesynbrats! pacripeeieHus MAlMeHTOB B COOTBETCTBUN

¢ xiaccndukammeir M.H. Nogueira-Barbosa n H.L. Defino
npexacTaBiieHbl B Tabi. 2. Bemmomnenne TA® C1—2-110-
3BOHKOB mpoTuBomnoka3aHo npu tumax Ila n Ilc. Coot-
BETCTBEeHHO, TpoBeaeHe TAD ¢ 0b6enx cTOpOH OBLIO BO3-
MOXHBIM Yy 602 (88,3 %), TOIBKO C OJHOI CTOPOHBI —
v 59 (8,6 %) maumeHnToB. HeBO3MOXHO OBLIO BHITIOJTHUTD
TAD n3-3a aHaTOMUYECKUX 0coOeHHOCTel C2-TT03BOHKA
y 22 (3,2 %) GoabHbIX. B3auMocBsi3u ThIa Imepelieiika
C2-1103BOHKA 1 BO3pacTa He BBISIBJICHHI (TecT Kpackema—
Yomnuca, p = 0,38). ¥ My>XauH HOpMaJibHass aHATOMMSI
nepemreiika C2-1T03BOHKA, ITO3BOJISIONIAST BBITIOJTHUTD
TAD c 06enx cTOpOH, BCTpedaslach JOCTOBEPHO YaIlle, 9eM
y XeHIuH (2 Tect, p <0,00001).
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Tabmuua 2. Pacnpedenenue nayuenmos no CO4eManuro pa3nuyHbiX munog
16020 U npasoco nepeutelikoe C2-no360HKaA (6 cOOMEEMCMBUU ¢ KAACCU-
urayueii M. H. Nogueira-Barbosa u H. L. Defino [5])

Table 2. Distribution of patients depending on different types of left and right
C2 isthmus (according fo classification by M. H. Nogueira-Barbosa and
H. L. Defino [5])

IIpaesiii nepemeek C2, THIbI
JleBblii mepeiieex

C2, Tumbt
I Ma I Tic Beeo
I 585 17 7 6 615
Ia % 14 0 3 43
Ib 7 1 3 3 14
I 5 1 1 4 11
Beeeo 623 33 11 16 683

Total

M3 585 manmeHTOB ¢ HOPMAaJIBHOM aHAaTOMMUEN Tepe-
meiika C2-103BOHKA MOXHO ObLIO BBIIOJHUTh MOJHO-
cthio O6e3omacHyio TA® B 319 (54,5 %) HaGmoneHUSIX
¢ 00eux cTopoH, B 153 (26,2 %) — TOJIBKO C OAHOM CTOPO-
HblL Y ocraBiumxcs 113 (19,3 %) nauueHTOB pUCK MOBpe-
xkaenus 1A coctaBui 2,3 %. JlocTOBEpHOIA CBSI3M MEXIY
BO3pPacTOM M BEPOSITHOCTbIO IPOBeAcHMSI Oe30MacHOM
TA® we BHIIBICHO (TecT Kpackena—Yomnuca, p = 0,78).
Y My>K4MH JOCTOBEPHO Yallle BO3MOXHO ObLIO BHIIOJIHE-
Hue TAD 6e3 panenust 1A (y? tect, p <0,000001). Taxk,
y MYXYMH €€ MOXHO ObLIO BBIIOJHUTH C 00EUX CTOPOH
B2 u3 3 (66,1 %) HabnoneHUi, Torga Kak y KEeHIIUH —
TONBKO B 29,9 %.

OBCYXIEHUE

Bomnpoc Beibopa MeToma cradbunmuzanuu Cl—2-mo-
3BOHKOB IIpY TpaBMaTU4eCKUX moBpexaeHnssx C1—2-1o-
3BOHKOB JI0 CMX IIOp OCTaeTcsd HepellleHHbIM. B onpeneneH-
HBIX yeaoBugx TAD nMmeeT cylecTBEeHHBIE IPeUMYIIECTBA
nepen MPOYNMM MEeTOIaMU CTabmiam3anvu. Tak, MUHU-
MaJIbHOE YMCJI0 YCTAHABIMBAEMbBIX UMITJIAHTOB M OTCYTCT-
BYe KOHHEKTOPOB IMO3BOJISIIOT BBIMTOJHUTH pPa3IudHbIe
BapMaHThl CHIDKEHUST MHBA3WM BMeENIATeIbCTBA: TTpUMe-
HeHMe MEXXMBIIIEUHBIX JOCTYIOB [7], a TaKKe pa3TuUHbIe
BapMaHTHI TIEpKyTaHHOTO BMelIaTeabCTBa [8, 9]. Boimos-
HEeHUeE TTOJOOHBIX MUHUMAJIbHO MHBA3UBHBIX TEXHUK TT0-
3BOJISIET JOCTOBEPHO CHU3UTH 00bEM KPOBOIIOTEPU U Bpe-
MEHH TpeObIBaHMS TTallIeHTa B HApKO03€e B HECKOJIBKO pas.
B HacTosiee BpeMsi Haubosiee COPHbIN 1 00CYXIaeMblid
acnekT — 6e3onacHocCTh BeITToHeHUsT TA®D. Ee Hanbonee
IPO3HOE OCJIOKHEHNE — MaJIbITO3ULIMSI BUHTA B HATIpaBJie-
Hum ITA. CuMynsgMoHHOe uccienqoBaHue [4] HaTISIIHO
MMPOJEMOHCTPUPOBAIO BO3MOXKHOCTD BBHITIOJTHEHUS TIep-
KyTaHHOM TeXHUKH C VCTIOIb30BAHUEM WCKIIIOUNUTEITBHO
PEHTIEeHOIOTMYeCKHX OprueHTHPOB. [1pyr 5TOM Oe301macHOCTh
TAD nipu cobmoneHUN OIpeeICHHOM pEeHTTEHOJIOTYEC-
KOM TPaeKTOPUM MOXKET COOTBETCTBOBATH MJIU MPEBOCXO-
JIINTh TAKOBYIO TIpU KJtaccudeckux MeTonax F. Magerl nnn
Goel—Harms. OcHoBHag 1ie/1b HAIIETO UCCIAEIOBAHUSI —

O 25-75 % O Mepguana / Median

I [lmana3oH 6e3 Bbinagaolmx 3HaueHun / Non-Outlier Range
Q Boinagatowme 3HaueHwus / Outliers

% KpaiiHue 3Hauenus / Extreme

a 14

12 =

_
o

IsthH, mm / IsthH, mm
o

M/ M XK/F

Mon / Gender
o 16

IsthW, mm / IsthW, mm

M/ M K/F

MNon / Gender
6 14

00O

LmH, mm / LmH, mm

M/ M XK/F

Mon / Gender

Puc. 5. Pazmepoi uccaedyemoix mopgpomempuueckux napamempos C2-no-
360HKA 6 3ABUCUMOCHMU OM NOAA NAYUEHMA: d — 6blCOMA nepeuieixa
(IsthH); 6 — wupuna nepeweiixa (IstW); 6 — evicoma bokoeoii maccot (LmH)

Fig. 5. Dimensions of evaluated morphometric parameters of the C2 vertebra
depending on the patient’s gender: a — isthmus height (IsthH); 6 — isthmus
width (IstW); ¢ — lateral mass height (LmH)



OIIPENEINTH ITyJI MAIIMEHTOB, KOTOPHIM BO3MOKHO BBITION-
HeHne Takoit TAD.

MopdomeTpruuecKne UCCIeI0BaHNS BO3MOXHOCTH
BBITIOJIHEHMST (PUKCHPYIOITAX BMEIIATEILCTB Ha KPaHNO-
BepTeOpabHOM YpOBHE Ha ocHOBaHMU maHHBIX KT-pe-
dopManmit B IuTEpaType BCTPEUAIOTCS KpaliHE PeIKo.
K HacTog1emMy MOMEHTY OIyOJIMKOBAHO JIMIIB 2 TTOHX00-
HBIX MCCIICIOBAaHNS aHATOMUYECKIX OCOOCHHOCTEH TTepe-
mreiika C2-mmo3BoHKa pu BeittoHeHUn TAD [5, 10]. JlaH-
HBIe paOOTHI UMEIOT CYIIECTBEHHBIE HemocTaTKu. OmmH
U3 HUX — BEPOSTHOCTH AOIYIICHUS CUCTEeMaTHIECKOM
olmMoKku u3mepeHuii. Bce qaHHbIe ObLIN TTOJIy4eHbI HA OC-
HOBaHWU JINIIh OJHOTO MU3MEPEHUSI OTHOTO 3KCIEepTa.
B pabGote [5] aBTOpHI OLIEHWIN BOCHPOMU3BOAUMOCTh U3ME-
PEHMIT OMTHUM U TeM K€ aBTOPOM C IIPOMEXYTKOM B 2 MecC.
B npyrom nccnemoBannu [10] aHaIOTMYHO MCITOJIB30BAIA
nmapHbii t-kpurepuit CteioneHTa. TeM He MeHee OOuUH
M TOT e 3KCIIePT MOXET AOIYCKATh CHCTEMAaTHIECKYIO
OIIMOKY M3MEPEHUSI U TIOBTOPSITH €€ B JIF000I BpeMEHHOM
IIPOMEXYTOK. JIJIsI ycTpaHeHHST OITMOOK 1 TTOTPEIITHOCTEIA
KaXXIoe n3MepeHne KaxXmoro MophoMeTpUIeCKOro mapa-
MeTpa HeOOXOIMMO BBITIOHSTH 2 pa3a pa3HBIMH SKCIIEP-
tamu [11]. I[Tpu ycaoBuM BBICOKOU CTETIEHU KOPpEIsILUn
OTBETOB MEXIY Pa3HBIMU dKCIIEPTaMU CpeaHee apupme-
THYECKOe OymeT MpUOIIKaThCsI K HCTUHHOMY 3HAYECHUIO
MopdomeTprudeckoro napamerpa. Kpome Toro, B ogHOMU
pa6ote [5] mpumeneHs! cepym KT ¢ TommHol cpe3a B 3 MM,
YTO MOXET JaBaTh TaKXXe€ CYILIECTBEHHYIO MOTPELIHOCTh
MOp(dOMETPUIECKOT0 IapaMeTpa IIPH BBITTOJTHEHUH MYJTh-
TUILUIAHAPHBIX peKoHCTpyKuuii MPR.

B Hamem umccnegoBaHNM OBUIM YCTpaHEHBI BCE BO3-
MOXXHBIE HEIOCTATKM, KOTOPBIE MOTJIN OBl TIOBIUSTH Ha
OKOHYATeJIbHBIN pe3ybTaT. Bo-TiepBhIX, cleiaHa CIUIOI-
Has BBIOOpKA M3 BCeX SKCTPEHHBIX MAIlMeHTOB, He TIaHM-
POBABIIINX OOpaIIeHNE B CTAIIMOHAp 3apaHee. Takue 001b-
Hble BbinoHWIM KT He mo mpuuMHe Kakoro-iudo
OPTONEINIECKOTO MJIM HEBPOJIOTUYECKOTO 3a00JIeBaHNS,
W JAHHBIHA (DaKT IT03BOJISIET TPUOIM3UTh IIPOLIEHT aHOMAJTHIA
KpPaHUOBEPTEOPATBLHOTO TIepexoaa K peajJbHO BCTpeda-
fOIIeMyCsI B IIOMYJISIIUA. Bo-BTOPBIX, KaXKObIil ITapaMeTp
OBLT M3MEPEH ABAXKIBI, a TTOACUYET MHTPAKIACCOBOI KOP-
PEJISIIIY TI03BOJIMI BBISIBUTH M YCTPAHUTD T€ N3MEPEHUS,
KOTOpPBIE MOIJIM CoAepKaTh OIMOKN. CpaBHUB yXe OITy-
OMKOBaHHBIE HaHHBIE [5, 10], oTMeuaeM pa3HUILY B pe-
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3yJbTatax. OTH pa3Indusl MOTYT OBITh OOYCIIOBICHBI KaK
BBIIIICYKAa3aHHBIMU HEITOCTATKAMM METOIOJOTUM, TaK
¥ TIPUHAJIEKHOCTBIO TTAIIMEHTOB K pa3HBIM MaKpPOPETHo-
HaMm. Tak, B ucciaegoBaHuu [5] ObLIM MALIMEHThI JIATUHO-
aMepUKaHCKOTO peTuoHa, B Apyrom [10] — xwurenu a3uatc-
KOTr0, B HaIlleM — IIPEUMYIIIECTBEHHO €BPOIEHCKOTO.

B pesynbrate mpoBeNEeHHOIO aHajiu3a BbISIBIEHO,
yto TA® (OmmarepanbHast 1 MOHOJIATEpaIbHAS) B IICJIOM
BO3MOXHa y OOJIBLIMHCTBA MOCTYIMAIIMX 00abHBIX. [Tpo-
THBOIIOKA3aHa JaHHas mpoleaypa auiib 3,2 % oT Bcex
nanueHToB. MopdomeTpruecKue mapameTpbl C2-03BOH-
Ka y My>KUWH OOJIbIIIe, YeM Y >keHIIrH. [TlapameTpsl miepe-
meiika C2-1103BOHKA IMTO3BOJISTIOT BRITOIHUTE TAD 110
HUCKITIOYNTETFHO PEHTTCHOJOTHYECKIM OpUEHTHPAM I10JI-
HOCTBIO 6e30macHo y 66 % myxuuH u modytu 30 % xeH-
LLMH, a ¢ pucKoM noBpexnenus [TAB 2,3 % —y 34 % myx-
ypH 1 70 % XeHiuH. TakuMm o06pa3oM, Ha Halll B3LJISI,
TP OTCYTCTBUM IIPOYMX ITPOTHUBOIIOKA3aHUA (HEIIOJIHOE
BIIpaBJICHNE aTJAHTOAKCHAIBHOU AMCIOKAIIUY, HEO0XO0-
IUMOCTh CO3IaHMS KOCTHOTO CPAIIeHUS B MEXKIY>KKOBOM
npoMexyTke C1—2 1Mo3BOHKOB, aHATOMUYECKIIE OCOOCH-
HOCTH IIIeW ¥ TPYITHOM KIIETKH) C YIETOM BBIIIOJTHUMOCTH
u 6e3onacHocTn TAD omnpaBabIBaeT cedsT KaK METO, BbI-
0opa y BceX ITOCTYITAIOIINX ITalleHTOB.

SAK/ITFOYEHME

B HacrosIeM nccaeqoBaHUM BIIEPBBIC OIIPeaeIeHBI
MOpGhOMETPUIECKIE MapaMeTPhI TTepelneiika 1 00KOBOM
macchl C2-m03BOHKA C MaKCHUMaJIbHO COKpaIlleHHBIM
YHUCJIOM METOMOJIOTUIECKHMX OIMMOOK M TOTPEITHOCTEH.
[MonyaeHHBIC pe3yabTaThl ITO3BOJISIOT YTBEPXKAATh, YTO
nepKyTaHHas ounaTtepanbHast TAD ¢ mpuMeHeHeM B Ka-
YeCcTBE OPUEHTHPOB 3agHell CIMHOJAaMUHAPHON TOYKU
U cepeauHbl Oyropka nepeaHei Ay>KKU aTJiaHTa MOTEeH-
LIMAJIBHO MOXET OBITh METOIOM BbIGOpa y 88,3 % maru-
eHTOB. Y 11,7 % G0JIbHBIX 0KAa3aJ10Ch HEBO3MOXHO BbI-
nosHUTH TAD yHUIaTepaibHO Ui 00enx cTopoH. M3 Beex
NAalMEHTOB C HOPMAJbHOW aHATOMMUEW Tepeleinka
C2-1103BOHKA Y MY>KYMH BEPOSITHOCTD BBIMTOJTHEHUST TAD
0e3 nmoBpexxaeHusa 1A B 2 pa3a BBIIIE, YeM Y XKCHIIUH,
u rnpesbiiaet 66 %. B To xe Bpemst puck paHeHnus [1A
y IIPOYMX MALMEHTOB He MpeBbiiaet 2,3 %, 4To corocTa-
BUMO C TAKOBBIM IIpH APYTUX METOIAaX BUHTOBOM CTaOM-
mu3anuu C1—2-1103BOHKOB.

NUTEPATYPA / REFERENCES

1. Magerl E, Seemann P.S. Stable posterior fusion of the atlas and axis
by transarticular screw fixation. In: Cervical spine I. Eds.: P. Kehr,
A. Weidner. New York: Springer-Verlag, 1987. Pp. 322—7.

DOI: 10.1007/978-3-7091-8882-8_59

2. Lvov 1., Grin A., Talypov A. et al. Potential intraoperative factors
of screw-related complications following posterior transarticular
C1-2 fixation: a systematic review and meta-analysis. Eur
Spine J 2019;28(2):400—20. DOI: 10.1007/s00586-018-5830-7

3. Elliott R.E., Tanweer O., Boah A. et al. Atlantoaxial fusion with
transarticular screws: meta-analysis and review of the literature.
World Neurosurg 2013;80(5):627—41. DOI: 10.1016/j.
wneu.2012.03.012

4. Lvov 1., Grin A., Talypov A. et al. Fluoroscopic landmarks and
trajectories for safe posterior percutaneous transarticular C1—C2
screw insertion: a CT-based simulation study. Eur
Spine J 2021;30(6):1651—61. DOI: 10.1007/s00586-021-06744-0

4’2022

OpurvHanbHas paboTa | Original report

65



4’2022

HEMPOXUPYPIUA
TOM 24 Volume 24

Russian Journal of Neurosurgery

5. Nogueira-Barbosa M.H., Defino H.L.A. Multiplanar
reconstructions of helical computed tomography in planning
of atlanto-axial transarticular fixation. Eur Spine J 2005;14(5):
493—500. DOI: 10.1007/s00586-004-0838-6

6. Landis J.R., Koch G.G. The measurement of observer agreement
for categorical data. Biometrics 1977;33(1):159—74.

7. Lvov 1., Grin A., Kordonskiy A. et al. Minimally invasive posterior
transarticular stand-alone screw instrumentation of C1—C2 using
a transmuscular approach: description of technique, results and
comparison with posterior midline exposure. World Neurosurg
2019;128:¢796—805. DOI: 10.1016/j.wneu.2019.04.259

8. Lvov 1., Grin A., Godkov I. et al. Posterior percutaneous
transarticular stand-alone screw instrumentation of C1—-C2
with endoscopic assistance: a report of two cases. Neurocirugia

Bkianx aBropoB

(Astur: Engl Ed) 2021;32(2):78—83. (In Eng., In Span.).
DOI: 10.1016/j.neucir.2019.08.006
9. Alhashash M., Shousha M., Gendy H. et al. Percutaneous posterior

transarticular atlantoaxial fixation for the treatment of odontoid
fractures in the elderly: a prospective study. Spine (Phila Pa 1976)
2018;43(11):761—6. DOI: 10.1097/BRS.00000000000024177

10. Raut S., Kundnani V.G., Meena M.K. et al. Anthropometric
evaluation for surgical feasibility of C1—C2 transarticular screw
stabilization in Indian population. J Craniovertebr Junction Spine
2021;12(2):129—35. DOI: 10.4103/jcvjs.jevjs_175_20

11. Maki S., Koda M., lijima Y. et al. Medially-shifted rather than
high-riding vertebral arteries preclude safe pedicle screw insertion.
J Clin Neurosci 2016;29:169—72. DOI: 10.1016/j.jocn.
2015.11.026

OpurvHanbHas paboTa | Original report

N.C. JIbBoB: pa3paboTka au3aiiHa UCCIICIOBAHNUS, aHAINU3 TAHHBIX, HAMCAHKUE CTAThHU;
A.A. TpuHb: pa3paboTKa AM3aifHa UCCIe0BaHUs, HAyYHOE pelaKTUPOBAHKUE CTaThU;
A.D. Tanbinos: pa3paboTka AM3aiiHa UCCIIEI0BaHUS, HAyYHOE PelaKTUPOBAHKE CTaTbhU;

66

C.10. PouiuH: 0630p uTepatypsbl, COOp U aHAIU3 JaHHBIX;

B.A. lllapudynnuH: cOop 1 aHAIU3 TaHHBIX;

3.A. bapb6akanse: cOop ¥ aHaIU3 TaHHbIX;

E.E. AnexuH: cOop 1 aHaJIN3 TaHHBIX;

A.B. TynukuH: cOOp 1 aHaJIU3 JaHHBIX;

E.A. CocHOBCKMit: cOOp M aHAIU3 TaHHBIX;

P.A. HukorocsiH: c60p ¥ aHaIu3 1aHHBIX;

J.A. Tanbinoa: cOop 1 aHAJIU3 JaAHHBIX;

H.b. XKanosa: coop 1 aHaIU3 NAHHBIX;

O.A. MuHBKHHA: COOp U aHAJIN3 JaHHBIX;

I.B. llImenéna: cOop ¥ aHAIU3 TaHHBIX;

JI.T. XaMuaoBa: HaydHOE pelaKTUPOBAaHUE CTATbU.

Authors’ contributions

[.S. Lvov: research design of the study, data analysis, article writing;
A.A. Grin: research design of the study, scientific editing of the article;
A.E. Talypov: research design of the study, scientific editing of the article;
S.Yu. Roshchin: literature review, data collection and analysis;

V.A. Sharifullin: data collection and analysis;

Z.A. Barbakadze: data collection and analysis;

E.E. Alekhin: data collection and analysis;

A.V. Tupikin: data collection and analysis;

E.A. Sosnovskiy: data collection and analysis;

R.A. Nikogosyan: data collection and analysis;

D.A. Talypova: data collection and analysis;

N.B. Zhadova: data collection and analysis;

0.A. Minkina: data collection and analysis;

D.V. Shmeleva: data collection and analysis;

L.T. Khamidova: scientific editing of the article.

ORCID aBropos/ ORCID of authors

N.C. JIsBoB / I.S. Lvov: https://orcid.org/0000-0003-1718-0792

A.A. T'punb / A.A. Grin: https://orcid.org/0000-0003-3515-8329

A.9. Tansimos / A.E. Talypov: https://orcid.org/0000-0002-6789-8164

C.10. Pounn / S.Yu. Roshchin: https://orcid.org/0000-0002-9660-3214

B.A. Wapucdynnun / V.A. Sharifullin: https://orcid.org/0000-0001-7483-7899
3.A. bap6akan3se / Z.A. Barbakadze: https://orcid.org/0000-0003-3835-4317

E.E. Anexun / E.E. Alekhin: https://orcid.org/0000-0002-0752-2720

E.A. CocHoBckuit / E.A. Sosnovskiy: https://orcid.org/0000-0002-4673-2712
P.A. Hukorocsin / R.A. Nikogosyan: https://orcid.org/0000-0001-8442-6778

H.A. Tansimosa / D.A. Talypova: https://orcid.org/0000-0001-7188-450X
JI.T. Xamupgosa / L.T. Khamidova: https://orcid.org/0000-0002-9669-9164

KondumKT nHTEpECcOB. ABTOPHI 3asIBJISIIOT 00 OTCYTCTBUY KOH(JIUKTA MHTEPECOB.

Conflict of interest. The authors declare no conflict of interest.

(Duﬂaﬂcuposaﬂne. PaboThl BBITTOHSITUCH 6€3 BHEIIHETO CI)I/IHaHCI/IpOBaHI/Iﬂ.

Funding. The work was performed without external funding.

Co0umonenue NpaB NAUEHTOB U NMPaBUJI 0103THKH. VCIIOTB30BAIHCH MTOJTHOCTBIO 00e3TMYCHHBIE JAHHBIC, TIO3TOMY COIJIaCUE€ IMMALIUEHTOB Ha y4acTue

B UCCJICAOBAHUU HE Tpe60Ba.HOCI).

Compliance with patient rights and principles of bioethics. Completely depersonalized data was used, so patients’ consent to participate in the study was not required.

Crarbs noctymuia: 06.08.2022. ITpunsra k myoankauuu: 07.09.2022.
Article submitted: 06.08.2022. Accepted for publication: 07.09.2022.



Russian Journal of Neurosurgery ‘ HEHPOXUPYPTUA
TOM 24 Volume 24

DOI: 10.17650/1683-3295-2022-24-4-67-72 ()BY 40 |

KOMBUMHUWPOBAHHDBIN [TOAXO/1

K BOCCTAHOBJIEHUIO ITOCTTPABMATHUYECKOU
NED®OPMAIIMU CBOJIA U OCHOBAHU YEPEITA,
KOCTEW CPEJIHEN 30HDI JIULIA

B.B. Komap, T.M. fApomuk, O.H. dymuu, K.B. Annpiok, A.A. Beuepckas

Topodckas kaunuueckas 6oavHUYa ckopoii meduyurckoi nomowu e. Muncka; Pecnybauka beaapyce, 220024 Munck,
ya. Jleimenanma Kuscesamosa, 58

KoHnTakTbl: Bnagumup Bnagumuposuy Komap vovkomviad@mail.ru

BeepeHue. B cBA3M C pacTyiuum TpaBMaTU3MOM, COBPEMEHHbIM COCTOAHMEM YEPEnHO-MLIEBOI TPAaBMATONOr MK, AUCKYTa-
6eNbHOCTbIO U HE33aBEPLIEHHOCTbIO BONPOCOB TAKTUKM NPU YCTPAHEHUM TPaBMaTUYeCKNUX AedeKToB U fedopmauuii yepe-
na v auua Tema CTaTbW NpefCTaBAAETCA KpaiiHe akTyanbHO. B cBoem pa3BuTUM nnacTuka gedeKToB Yepena npowna
3Tanbl OT NPOCTOro 3aKpbiTUA AedekTa 0 HOPMUPOBAHUA ICTETUYECKM NPUBEKATENbHOW 30HbI Yepena, no hopme no-
BTOPAIOWEN MHAMBUAYANbHBIE 0COOEHHOCTU CTPOEHUA YYaCTKA, YTPAYEHHOTO BCIEACTBUE TPABMbl UK OMNEPaTUBHOMO
neyeHus (pe3eKUMOHHOI TpenaHaLmu, KOCTHO-NNACTUYECKOI TpenaHauuK, 06paboTKu BAABAEHHOTO NepenomMa U T. 4.).
[ns BocctaHoBNeHMA fedeKTOB UCNONb3YIOTCA ayTo- U aNNoTpaHCnnaHTaThl. B nocnegHee Bpema matepuanel ons u3ro-
TOBJIEHUA UMNNAHTATOB MogenupytoTca no 3D-dopme.

Llenu nccnepoBaHuA — onucath KIMHUYECKUIA Cly4ait KOMOUHUPOBAHHOMO NOAXO0AA BOCCTAHOBEHUA NOCTTPABMATUYECKOA
Jedopmauum KocTen CBOAA, OCHOBAHWUA Yepena U KOCTel cpefjHen 30Hbl 1MLa B OTAANEHHOM NEPUOE TAXKENO! YepenHo-
MO3r0oBOil TPABMbl; MOKA3aTh 3HAYUMOCTb MYNLTUAMCLUUNIMHAPHbLIX OpUraj B OKa3aHUW NOMOLWM AAHHOM Fpynne nauneH-
TOB, @ TaKXe UCMONb30BaHUA ANA PEKOHCTPYKTMBHBIX OnepaLuin uHaMBMAYyanbHelx 3D-MofenMpoOBaHHbIX TUTAHOBbIX
NNACTUH; aKLEHTUPOBATb HEOOXOAMMOCTb BbINONHEHUS PEKOHCTPYKTUBHBIX ONepaLuii B Hanbonee paHHWe CPOKK.
Matepuansl u metoabl. MaumenT L., 43 net, nocTynun B OTLANEHHOM NepUOLE TAXKENON YepenHO-MO3roBON TPaBMbl
B Heipoxupypruyeckoe otaeneHne lopoacKoil KNMHUYECKON 6ONbHULbI CKOPOil MeaULMHCKO nomMowm (MUHCK) ¢ Hanu-
unem edeKToB CBOAA M OCHOBAaHMA Yepena u aedopmanum KocTei nuuesoro Yyepena cnesa. C Lenblo ycTpaHeHMa 3TUX
JedeKToB CMOLENMPOBaHbl TUTAHOBbLIE UMNNAHTaThl Ha 3D-NpuHTEpe, KOTOPLIE MCMNO/Ib30BaHbI B XOAE ONepaLum, npose-
AEHHOI MyAbTUAUCUMNAMHAPHON BPUTafoil B COCTaBE HEMPOXUPYPra, YENOCTHO-NULEBOrO XUpypra U odranbMonora-
xupypra. [lJaHHble UMNAAHTaTbl NPUMEHANNCH A5 3aKPbITUA AedeKTOB CBOAA Yepena, HUKHEN CTEHKM Ma3HULbl U Npu
yCTpaHeHun aedopMaL MM KOCTHOMO CKeneTa CpefHei MMHUM nnua. TUTAHOBbIE MMNNAHTATbI BbIMOIHEHbI CNELUANMCTaMK
HM 000 «Mep6uoTex» (Munck, Pecnybnuka benapycs).

Pesynbratbl. [1034HKI NoCNeoNepaLMOHHbI Nepuoa npotekan 6e3 0co6eHHOCTEN, paHbl 3aXWW NEPBUYHBIM HaTsKe-
HueM. NocneonepaunorHas KT nokasana, 4To COCTOAHWE UMNIAHTATOB YAOBNETBOPUTENBHOE.

3aknioyeHue. [laHHoe KAMHWUYECKOe HAG/AeHWe NPOAEMOHCTPMPOBANO HEOOXOAUMOCTE MYNLTUAUCLUNANHAPHOTO
noaxofa, a Takxe 3D-moaennpoBaHHbIX TUTAHOBBIX MMNIAHTATOB NPY BOCCTAHOBAEHMW NOCTTPAaBMAaTUYECKOW AedopMaLmu
KOCTeW CBOAA, OCHOBAHMUA Yepena 1 KOCTel CpefHei TMHUM nuua.

KnioueBble cnoBa: ,qe(bEKT CBOJa M OCHOBaHMA Yepena, nnacTnKa 4yepena, 3D-MOAEJ’IVIpOBaHHbIe TUTAHOBbLIE UMNNAHTATHI

IOna uutuposanus: Komap B.B., Apowuk T.M., dyauy 0.H. v ap. KoMGMHMpPOBaHHBI N0AX0A K BOCCTAHOBMEHUIO NOCT-
TpaBMaTuyeckoil fedopmaLMm CBOAA U OCHOBAHWSA Yepena, KocTei cpefHeit 30Hb! uua. Heiipoxupyprus 2022;24(4):67-72.
DOI: 10.17650/1683-3295-2022-24-4-67-72

A clinical case of a combined approach to restoring post-traumatic deformation of the bones
of the arch and base of the skull, bones of the middle zone of the face

V.V. Komar, T.M. Yaroshchik, O.N. Dudich, K. V. Andryuk, A.A. Vecherskaya
City Clinical Emergency Hospital, Minsk; 58 Lieutenanta Kizhevatova St., Minsk, Republic of Belarus

Contacts: Vladimir Vladimirovich Komar vovkomvlad@mail.ru
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Background. The article is extremely relevant due to growing traumatism, current condition of craniofacial traumato-
logy, debatable and incomplete tactics of restoring traumatic defects and deformations of bones of the skull and face.
Plastic surgery of the skull defects has developed from simple defect closure to restoring an aesthetically attractive
area of the skull, which shape repeats the individual structure of the area lost due to trauma or surgical treatment
(trepanation surgery, osteoplastic trepanation, treatment of a depressed skull fracture, etc.). To restore the defects
specialists use auto- and allografts. In recent years, materials to manufacture implants are simulated using a 3D-shape.
Aims. To describe the clinical case of a combined approach for the restoration of post-traumatic deformation of the
bones of the arch, base of the skull and bones of the middle zone of the face. To show the importance of multidiscipli-
nary teams in providing assistance to this group of patients, as well as the use of individual 3D simulated titanium plates
for reconstructive operations. Emphasize the need to perform reconstructive operations as soon as possible.
Materials and methods. Patient Sh., 43 years old, was admitted to the neurosurgical department of the City Clinical
Emergency Hospital (Minsk), in the long term severe traumatic brain injury, with defects of the arch and base of the
skull and deformation of the bones of the facial skull on the left. Titanium implants were modeled on a 3D printer, which
were used during the operation performed by a multidisciplinary team consisting of a neurosurgeon, maxillofacial
surgeon and ophthalmologist-surgeon. Us for closing defects in the cranial vault, the bottom wall of the orbit and
in eliminating deformation skeleton midface line. Titanium implants are made by specialists of Medbiotech SP LLC,
Minsk, Republic of Belarus.

Results. The late postoperative period proceeded without peculiarities, the wounds healed by primary tension. Post-
operative CT showed that the condition of the implants is satisfactory.

Conclusion. This clinical observation demonstrated the need for a multidisciplinary approach, as well as the priority
in using 3D simulated titanium implants to restore post-traumatic deformation of the bones of the arch and base of the skull
and midline bones.

Keywords: defect of the arch and base of the skull, skull plastic, 3D simulated titanium implants

For citation: Komar V.V., Yaroshchik T.M., Dudich 0.N. et al. A clinical case of a combined approach to restoring post-trau-
matic deformation of the bones of the arch and base of the skull, bones of the middle zone of the face. Neyrokhirurgiya =

Russian Journal of Neurosurgery 2022;24(4):67—-72. (In Russ.). DOI: 10.17650/1683-3295-2022-24-4-67-72

BBEJIEHUWE

B cBs3M ¢ pacTyimmM TpaBMaTU3MOM BOIIPOCHI yCTpa-
HEHMS MOCTTpaBMaTUUECKUX Ie(PeKTOB M medopMaiinii
yeperna Kak HUKoraa aktyaibHbl [ 1, 3]. B cBoeM pazsButun
IUIACTHKA Ie(PEKTOB Yeperra IPoIIlIa 3TAITbl OT IIPOCTO 3a-
KpHITUSA AedekTa 10 GOpMUPOBAHUS ICTCTUICCKU TIPH-
BJIEKATEJILHOTO U 10 (hOpME ITOBTOPSIIONIETO OCOOEHHOCTH
CTPOEHMSI yYacTKa Jyeperia, yrpaueHHOTO BCICACTBUE TPaB-
MBI, 3200J1eBaHUS UJIU OTIEPATUBHOTO JICUCHUS (Pe3eKIIH-
OHHO TpenaHaIn1, KOCTHO-TIJIAaCTUIECKOM TpeTTaHalllH,
00pabOTKM BIABICHHOTO IepeioMa M T.1.) [2, 4]. Jas
BOCCTaHOBJICHMS 1e(DEKTOB HCIIOJB3YIOTCS ayTO- U aJlJIOo-
TpaHCIUIAHTATHL. B mmocienHee BpeMst MaTepUaiIbl, IprUMe-
HSIeMBbIC IIJIST U3roTOBIeHMS 3 D-MMILTaHTaTOB MOACIMPY-
forcs o ¢opme [3, 3, 6].

IMemm — onmcaTh KIIMHUIECKU CITydail BOCCTAaHOBJIC-
HUS TpaBMaTUIECKO# medopMaliny KOCTeil cBoma, OCHO-
BaHUS Yyepena U KOCTel CpeIHe 30HbI JTMLA B OTAAJIEHHOM
TIepHOIe TSDKEIIONM YepeITHO-MO3TOBOI TpaBMBbI; TTIOKA3aTh
3HAYMMOCTh MYJIBTUANCIIATIIMHAPHBIX OPUTAI B OKa3aHU
TTOMOIIIY 3TOU TPYIIIEe MAIIMEHTOB, a TAKXKE BAXKHOCTD UC-
ITOJIb30BAaHMSA IS PEKOHCTPYKTUBHBIX OIlepallvii MHIM-
BUIyaIbHBIX 3D-MomenMpoBaHHBIX TUTAHOBBIX TUIACTHH;
aKIIEHTUPOBATh HEOOXOIMMOCTDH BBIIIOJTHEHUS PEKOH-
CTPYKTUBHBIX OIIepallrii B HanboJiee paHHUE CPOKH.

MATEPHAJIBI 1 METO/IbI
Ha 6a3e [oponckoii KTMHNYECKO O0JIbHULIBI CKOPOIA
MEIUIIMHCKOM oMol I. MUHCKA ISl YCTpaHEHMS JIe-

(eKTOB yeperna Mbl UCTIOIb3yeM ayTO- M aJUIOTPaHCIUIaH-
Tathl. 7151 MI3roToBIeHUs TTOC/IEAHMX UCTTIONIb3YeTCsI KOCTHBIM
LEMEHT, MOAeIMpPYyeMbIii Ha 3D-nipuHTEpe, M TUTAHOBLIE
nnactuHbl, 3D-MomenupyeMmbie o ¢opme. M3 momo-
XKUTEJIbHBIX XapaKTEePUCTUK THUTAaHA MOXHO OTMETUTh
HeOOJIBIION BeC, BHICOKYIO TIPOYHOCTh, HU3KYIO TEILIO-
MPOBOJHOCTh, KOPPO3UOHHYIO YCTOMYMBOCTD, a TaKXKe
BO3MOXXHOCTh PUMEHEHUS TIPSIMOI 3-MepHOI TeYaTH,
0Cc00eHHO 1151 POPMUPOBAHUS AETUKATHBIX Y4aCTKOB Ue-
pemna (B HaIleM ciIydae — IUTACTHH TS yCTpaHeHUs nedek-
Ta HUKHEN CTeHKM TJIa3HUIBI, TJIACTUH I (PUKcaluu
KOCTel cpeHei 30HbI JINLIA).

KIIMHUYECKOE HABJIFO/JEHWE

Ilayuenm III., 43 nrem, noayuun msjiceayro COHemMantyo
UepenHO-M03208Y10 U YeACMHO-AULEeBYH0 MPABMY 8 pe3yib-
mame 0OPOICHO-MPAHCHOPMHO20 NPOUCUIECMBUSL 8 anpene
2019 e. Thaemamuueckue no8pescoeHUs: MHO200CKOAbYAMbL
denpeccuoHHblll hepeaom 1e8oil N00HOI U 8UCOUHOI Kocmell,
nepenom HUdICHell CMeHKU 160l opoumol, nepesom Kocmet
cpedHell 30Hbl auya caesa. Takoce 3aguxcuposan eemoppa-
euveckuil yuub aeoil 100HOU U 8UCOUHOU oaell 20108HO20
Mmo3ea. B ycaosusx yenmpanvHoil paiionHotl 60abHUYbL nAYU-
eHmYy GblNOAHeHA NepeuyHas xupypeuueckas obpabomka,
YyoaneHsl 0CKOAKU A00HOI KOCMU U UCOYHOU KOCMU CAe8d.
Ilocae 6bi300posnenus u eoccmanosaenus @ dekabpe 2019 e.
00/1bHOIL HANPABAEH HA KOHCYAbMALUIO 8 HelpoxupypeuvecKoe
omdenenue 1opodckoil KauHu4eckoi 60AbHULbL CKOPOU Medu -
yunckoii nomowu e. Muncka 045 OUeHKU 803MONCHOCMU



BbINOAHUMb NAACMUKY OeheKma uepena u yempanums ocm-
MPaAsMamueckyro 0eqhopmayuro auya.

Ilpu ocmompe navyuenm Obia 6 y0081eMEOPUMENLHOM
COCMOSIHUU, KPUMUYEH, ODUEHMUPOBAH, HA BONPOCHL OMEeYa
adekeamuo, co3HaHue sicHoe (15 6annoe no wkanre Komol
Thaseo). [lamonoeuu co cmopoHbL yepenHo-mo3208biX HEPBOE,
a maxwce 08ULAMENbHBIX U 4YECTNEUMENbHbIX HAPYUIeHUL
ne ommeueno. [lpu susyarvHom ocmompe (puc. 1) auyo 6viao
ACUMMEMPUHHbIM 34 CHem 0eqhopMayul 1amepaibHoeo Kpas
cpeOHell 30HbL AuUa, eunogpmanvma caesa, deghekm obnacmu
HaO0OpPOBbS U BUCOYHOU KOCMU CAe8d.

s ymounenus pasmepa u gopmut degpekmos yepena
nayuenmy 6vinoaHena Komnviomepuas momoepagus (KT)
20108601 (puc. 2): 8bls6eHbl KUCMO3HO-ampopuyecKue uzme-
HeHUsl NOCMIMPasMAMU4ECcK020 XapaKmepa cie6a 6 8UCOHHOUL
U N06HOU 004X 20408H020 MO32d, OeheKm 8UCOUHOU KOCMU

Puc. 1. Ilocmmpasmamuueckas deopmayus: acummempu4HoCms Auyd,
eunogpmansm cresa, deghekm obaacmu HaddPoOBbs U BUCOUHOL KOCMU CAe8a
Fig. 1. Post-traumatic deformation: face asymmetry, left, defect of upper brow
area and left temporal bone

Puc. 2. Komnvromepras momoepagus: KUucmosHo-ampoghuueckue usmeHeHus
nocmmpasmamu4ecko2o xapakmepa c1e6a 8 GUCOHHOIU U A100HOU 00X 20-
JN068HO20 M0O32a; DegheKm 8UCOUHOU KOCmU caeda,; deghekm HAOOPOBHO20 Ha-
DPYICHORO0 Kpas A00HOU Kocmu cae8a; 0edhopMayus HUNCHel CIMeHKU 1e6oll
opOumbl U 3acMapenslii HeNnpagUAbHO CPOCUWIUIICA nepeaoM Kocmell cpeoHell
30HbL AUUA

Fig. 2. Computer tomography: cystic-atrophic changes of post-traumatic type
to the left of temporal and frontal lobe; defect of upper-brow outer edge of the
frontal bone to the left; deformation of the lower wall left and outdated
improperly fused fractures of the middle face area

HENPOXUPYPTUA
TOM 24 Volume 24

Russian Journal of Neurosurgery ‘

Puc. 3. 3D-modens uepena ¢ nospescoenusimu (a); UHOUBUOYANbHASL MUMA-
Hogas naacmuna (6), 60cCMAaHABAUBANOWAS KOHMYPbI NOBPENHCOCHHBIX KO-
cmeil ocHogaHus uepena nayuenma I1I.

Fig. 3. 3D model of skull with injuries (a) personal titanium plate (6) that
restores contours of the damaged bones of the base of the skull (patient Sh.)

cnesa, deghekm HAOOPOBHO20 HAPYICHO20 Kpasi AOOHOU Kocmu
caesa, deghopmauyus HUdNCHel CIMeHKU 1e60ll opoumsl U 3a-
cmapenslil HenpasuUAbHO CPOCUUTICS NepesoM Kocmell cpeoHell
30HbL AUYA. DNeKmposHUeparoepamma 20108H020 M032a HO-
Kazana, Ymo cyO0opOICHOU HACMOPOICEHHOCIU Hem.

B obwem u buoxumuueckom anaiu3ax Kpogu, Koazyno-
2pamme U aHaAU3e MO4U 6ce NOKA3amenu cOOmeemcmeosant
6o3pacmHoil Hopme. Pezyromamur anarusa kposu na BUY,
supycHoie eenamumst B, C u cuguauc ompuyamenshole.
Ilo pezyasmamam penmeenoepaguu opearnog epyoHoil noao-
cmu U 21eKmpoKapouoepamMmmbl NAMOAORUU He BblsIGAEHO.

Koncunuym 6 cocmase xupypeos — Heiipo-, 4earoCmHO-
AUYe6020 U 0PManbmon0ea, OUeHU8 8ce N08peNCcOeHUs KOCH -
HO20 ckenema uepena, npedaodcus RAACMUKy degexmos
U 80CCMAHOBACHUE CUMMeMPUU AUUA MUMAHOBbIMU UMHAGH-
mamamu. B xode obcyscoeHuss npUHAMO peuleHue: Ucnonb-
306amb 3D-m00eaupoeanuyr0 mumanogyr0 nAACmMuHy 01
3aKpeimus depekma Kocmeli coda uepena caeea,; copmu-
p0o8amb U yCmMpanums Oehem HUMCHell CMeHKU Ae60ll 2Aa3-
Huybl omdenvHo cmodeauposantoli 3D-naacmunoil, mem ca-
MbIM YCMPAHUG CMeljeHUe KHU3Y 18020 2Aa3H020 A010Ka;
npogecmu pedpeccayuro, peno3uUyUIo U 4pe304azobslii 0Cmeo-
CUHME3 MUMAHOBbIMU MUHU-NAACMUHAMU HA ULYPYNAX Henpa-
BUNBHO cpoCULe20Cs nepeaoma Kocmell cpedtell 30HbL AUUA.

Cneyuanucmot HIT 000 «Medouomex» (Munck, Pecny-
bauxa benapycs) evinoanusu 3D-modens (puc. 3) uepena
nayueHma ¢ nogpexdcOeHusMU, Ha ee 0CHOGe NPpU Y4acmuu
8cex MeQUUUHCKUX CReyualucmos, 0cCMampugasuiux 601s6Ho-
20, Ha 3D-npunmepe 6vi1a chopmuposana uHOUEUOYANbHAS
MUmMaHo8as NAACMUHA, KOMopas 80CCMAHABAUBANA KOHMY-
Dbl no8pedcoeHHbIX Kocmell ocHoganus vepena. Tlpu smom ee
cmpoenue 0bl10 3ePKanbHo NPasoil NoA0GUHe Yepend.

Ha naacmuny Obiau HaneceHsl uKCcAyUOHHbIE MOYKU
05 obaeeuenus ee gukcayuu k kocmam uepena. Ilo ackusy
U320MO06AeHA UHOUBUOYANbHASL NAACMUHA 0451 YOPMUPOBAHUS
HUJICHeTl CIMeHKU Ne801l 2AA3HULbL.

B naanosom nopsadke 27.01.2020 nayuenmy npose-
deHa onepayus NAACMUKU UHOUBUOYANbHbIMU MUMAHOBIMU
3D-naacmunamu deghekmoe uepena, HuMCHel CMeHKU N1e60i
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Puc. 4. Dman ocmeocunmesa: guxcayus 0miomMKos MUmMaroBbIMU NAGCMU-
Hamu Ha Wypynax

Fig. 4. The stage of osteosynthesis: fragments’ fixation with titanium plates
with screws

Puc. 5. Popmuposanue HuicHeil cmeHKU Ae601l 2AA3HUUbL C ROMOULbIO UHOU-
8UAYANbHO20 MUMAHOB020 UMNAAGHMAMA HA 08YX MUKPOBUHMAX

Fig. 5. The formation of eye socket’s lower wall with the help of personal tita-
nium implant on two microscrews

2AA3HUYbL, peopeccayist U Peno3uLls U 4pe3ouazosblii 0Cmeo-
CUHME3 MUMAHOBLIMU MUHU-NAACMUHAMY HA WYPYNAX He-
NPABUAbHO CPOCUIEC20CS NePesoMa KOCIel CPeOHell 30HbL AUYA.

OnepamueHoe neuerue nposoousocs Opueadoil 6 cocma-
8¢ Helipo- U UeACMHO-AUUE8020 XUPYP208, 4 MAKICe XUPYp-
ea-opmanvmonoea. llpu naanuposaruu onepamueroeo eme-
wamenvbcmea peuero 1-m smanom ycmpanumo degpopmayuro
Kocmeil cpedHeil 30HbL AuYa U co30ams 00CMyn 015 Gopmu-
DOBAHUSA HUJICHEI CIEHKU 1601 2AA3HULbL.

IIpu nposederuu onepamueHo2o emeuamenscmea nayu-
eHm Haxo0uACsl Ha CNUHe, 204084 nogepHyma Ha 40° enpaeo.
1100 s3HdompaxeanvHbiM HAPKO30M CYOUUAUAPHBIM OOCIYNOM
OMCAOCH KONCHO-MbIUEHHDLI JOCKYM, MYNO U OCMPO NPOLi-
0eHOo 00 HENpagUABLHO CPOCUIE20CS NEPEAOMA HUNICHET CIEHKU
U HUdMCHe20 Kpas neeoll erasnuysl. B xode onepayuu nao-
KOCMHUYA pacceyena u omcenaposand, npoeedena peausus
30HbL nEepeaoMa, 0CMeoOmoMuUs KOCMHbIX OMAOMKO8 HUNCHET
U MeOUQNbHOLL CIMEHOK 2AA3HUUDbL, 8bl0eNeH UHDPAopOUManbHbLLL

HY4HOK, MKAHU 36AKYUPOBAHBL U3 8EPXHEUENOCMHOLL NA3YXU.
Brympupomossim paspezom om 22-20 do 26-20 3y6a no ne-
PEX00HOII CKAadKe cAU3UCMOL 000A0YKU OMCAOEH CAUBUCIO-
HadkocmuuuHblii nockym. I[lpu smom euzyasusuposaics
MHO200CKOALYAMbLIL, HENPAGUALHO CPOCULLIICS NePesom 8 00-
aacmu nepeoHeil U 1amepanrbHoil CMeHoK AeB0ll 8epxXHeue-
JAHOCMHOU NA3YXU U CKYA0aAb62015pH020 epebHst. C noMOoubio
MOAOMKA U 0010MA BbINOAHEHA OCIEOMOMUSL NO CKYA0ANb-
8€0NSAPHOMY 2peOHI0 U AAMePANbHOMY KPar 2pyuleguoH020
omeepcmust 00 MOOUABHOCIU OMAOMKO08. B npoexyuu ae6oii
CKYn0860l1l dyeu evinoaneH paspes Kodxcu do 0,5 cm. B pany
nomeueHo 00A0Mo, NPU NOMOUU He2o npogedeHa 0CMeomo-
MUsL HEeNPABUABHO CPOCULE20CS NEPeNoMA CKYA080i dyau 00
nodsuxcrhocmu. B obaacmu mena ckynoeoii kocmu ceepiom
U MEm4UKOM COeAaHO MpenanayuoHHoe omeepcmue, CKya0-
8451 KOCMb HA MemuuKe YCMaH08AeHd 8 NPABUIbHOe AHAMO-
MuuecKoe noaoiceHue.

Buinoanen nadesicHulii ocmeocurnmes, obecnevusaroujuil
NPOUHOCMb (PUKCAUUU OMAOMKO8 MUMAHOBIMU NAACMUHAMU
Ha wypynax (puc. 4). Ocmeocunmes 8bIN0AHAAU OM nepugepul
K YeHmpYy: no CKyA0anb8eonspHomy epedHI0, nepedHell cmeHKe
BEPXHEYeNOCMHOU NA3YXU U HUIICHE20 KPAsl 2AA3HULbL.

Yemanoenen unousudyanvruiii mumarosbstii umnaaumam
(puc. 5), komopblii PuUKCUPOBAH K HUNICHEMY KPAH 2AA3HULbL
2 MUKDOBUHMAMU, MeM CAMbIM 0bl1a cHOpMUPOBAHA HUNCHAS
CMeHKa Ae60ll 2Aa3HULb.

Jlanee pazpezom Kodcu u npenaposkoll MaeKux mkauei
8 116011 N00HO-8UCOYHOI 00AaCmU 0OHAXCeHbL Kpasi dedhekma
N006HOU obaacmu creea u nAe6oll 8ucoyHoll kocmu. Janee
yCcmanoeaeH UHOUBUOYAAbHbLIL MUMAHOBbLI UMHAGHMAM,
Komopblil 0bi1 3apuKcuposan Kk KOCMAM 4epena ¢ NOMOUbI0
5 mumanogusix camopesos (puc. 6). 3amem nposedero no-
CAOLIHOe YWUBAHUe ONePAUUOHHbIX PAH U HAA0dCeHUe 0a6si-
weil NoBsA3KU Ha 1e8yH N002AA3HUMHYI0 00aacmb 0451 npogu-
AAKMUKU OMeKa 1e60l napaopoumanvroil obaacmu.

B pannem nocaeonepayuonrom nepuode nayueHm sKkc-
myoupoearn 8 ycaosusix onepayuorHoli. Bpems onepayuu
cocmasuno 3 u 30 mun, nocae nee 604bHOIU HAXOOUACS 8 OM~-
denenuly UHMEHCUBHOL mepanuu noo HabaloOeHueM 8 meye-
Hue 8 u.

Ilo30nuii nocaeonepayuontolii nepuod npomexkan 6e3
ocobeHHOCMell, NAYUEHM NOAYYAA AHMUOAKMEPUANbHYIO,
obesboausarouyo mepanuio, nepegsasku. Panvi 3axcuiu nep-
suunvim Hamsaxcenuem. Ilocaeonepayuonnas KT nokasa-
aa (puc. 7), umo cocmosiHue UMAAGHMAMO8 Y0081emeopu -
menbHoe.

OBCYXIEHUE

Pocrt yncira maneHTOB ¢ KpaHHOMaIIaIbHBIMU MOCT-
TpaBMaTUICCKUMHU TIOBPEXKICHUSIMU TUKTYeT HEOOXOIM-
MOCTb Pa3paboTKu 3(h(PEKTUBHOTO ITOIXO0/IA K MX JICICHUIO.
OnuH 13 BaXXHEMIIINX MOMEHTOB B JICUCHNH TaHHOM KaTe-
ropuu OOJIBHBIX — BpeMeHHOM (pakTop. Ciiemayer OTMETUTb,
YTO BBHITIOJIHEHWE PEKOHCTPYKTUBHBIX OIepaliiii Heo0Xo-
MO TIPOBOAUTH B MaKCMMAJIBHO paHHME CPOKH ITOCTIE
CTaOMIM3alIMM COCTOSTHUSI MAlIMEHTa, YTO CIIOCOOCTBYET
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Puc. 6. Hnousudyanviviii mumanoewiii umMnAaHmam, QUKCUPOBAKHbILL K KOCMAM Yepena (1001as odnacms c1eea u 1e6as 8UCOHAS KOCHb) MUMAH08bIMU

camopesamu

Fig. 6. Personal titanium implant fixed to skull’s bones (frontal area on the left and left temporal bone) with titanium screws

Puc. 7. Ilocreonepayuonnas Komnotomepras momoepagpus: 6uoHo yodosie-
meopumensHoe CMosiHUe MUMAHOBbIX UMHAGHMAHMO8

Fig. 7. Postoperative CT: satisfactory fixation of titanium implants is seen

OoJiee JIETKOMY CEMaprupoOBaHUIO TKAHEU, 4TO yIydiiaeT
Ppe3yJIbTaThl BMEIIATeThCTBA. BTOPOIt BaXKHBII MOMEHT B Jie-
YEHWW NaHHOW TPYMIbl MAIMEHTOB — MCIIOJIb30BaAHUE
JUtst TTacTuky 3D-MoaemMpoBaHHBIX TUTAHOBBIX TUTACTHH,

TTO3BOJISTIONIMX HanboJiee TOYHO 3aKPhIBATh Ae(HEKTHI Ue-
perna. M3 MOIOXUTENBHBIX XapaKTEPUCTUK TUTAHA OTME-
TUM HEOOJIBIION BEC, BEICOKYIO MTPOYHOCTD, HU3KYIO Te-
TUIOMPOBOIHOCTh, KOPPO3UOHHYIO YCTOMUYUBOCTD, & TAKXKE
BO3MOXKHOCTb IIpMeHeHwMsI TIpsiMoit 3D-nieuaTn. [1epeunc-
JIEHHOE OCOOEHHO BaXKHO it (POPMUPOBAHUS JAETUKAT-
HBIX YYACTKOB Ueperna M 3CTeTUIeCKH MPUBJIEKATETbHbBIX
WMIUTAHTATOB, MO (hopMe MOBTOPSIIONIUX UHIANBUAYATb-
HblE 0COOEHHOCTH CTPOEHUSI YIaCTKa, yTPAaYeHHOTO BCIIE/I-
CTBHE TPABMbI UJIA ONEPATUBHOTO JICUECHUS.

SAKJTFOYEHUE

Ha nmanHOM KIWMHWYECKOM TpUMepe IMOKa3aHo,
YTO WHAWBUAYAIBHBIA U MEXAVCIUTUTMHAPHBIN TTOIXOT
(yuactre B IMarHOCTUKE Y JICYEHUY TTOCTPAABIIETO MYJTh-
TUAUCLUTIJIMHAPHOW BpayeOHOI Opuraabl — HEHPOXHU-
PYPT, YETIOCTHO-JIULIEBOU XUPYPT U O(PTATBMOIOT-XUPYPT)
K TJTACTUKE CJIIOXHBIX U KOMOMHUPOBAHHBIX Ne(PEKTOB
KOCTei1 yeperia He TOJbKO HEOOXOANM, HO U BBICOKO3(-
(extusen. [IpogeMOHCTPUPOBAHO, YTO B KAYECTBE TIPU-
OPUTETHOTO MaTepuajia yCIelurHO MOXHO UCTIOJIb30BaTh
3D-MonenvpoBaHHBIE TUTAHOBBIE TUTACTUHBI.
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DHIOCKOITMYECKAS CAHALIVA JKEJTYIOUYKOBOM
CHUCTEMBI TOJIOBHOTI'O MO3TA B JIEHEHUU
BEHTPUKVJIUTA YV ITALIMEHTA C OCJTOKHEHHBIM
TEYEHMEM HOBOUY KOPOHABUPYCHOW MH®EKIINU
(COVID-19)

K.E. ITomaraes, /I.JI. ITacxun, A.M. [Toponos, P.B. 3adoaorusiii, C. H. Muponos, I1.B. Ky3smun, A. M. ABaaisiH,
E.B. IlltemmieBckas
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KoOHTaKTHhI:

Kupunn Esrenbesuy Mowaraes Poshataevke@gmail.com

BesepeHue. Hosas kopoHaBupycHas uHdekumns (COVID-19) umeeT WUpOKMiA CNeKTp OCNoXHeHU. YacToTa HeBpoaoru-
4eCKUx NposABAeHU nocne uHdekumu sapbupyetca ot 17,3 no 36,4 %. B 8 % cnyyaes COVID-19 moxeT conpoBoxAaTbCcA
pasBuTUeM GakTepuanbHoi Unu rpubKoBoil MHdEKLUK. [ToCKONbKY HaNAEHO BCEro HECKONBKO ONUCAHUIA Pa3BUTUSA Bak-
TepuanbHOro MEHUHIUTA y B3pocabix nayueHTos ¢ COVID-19 u eanHCTBEHHOE ONMCAHWE XUPYPrUYECKOro eYeHus rHom-
HOTO MEHWUHTUTA, OCNOXHEHHOTO 3Mnuemoit IV enypouka, y naymenta ¢ COVID-19, a 0606watowumx ucciefoBaHuii B 3o
006N1aCcTH NOKa HET, TO ONUCaHME KaX[oro NoAo6HOro cnyyas NpeAcTaBnseT 60/blWOoN HayYHbIA U NPAKTUYECKNIT UHTEpeC.
Llenb uccnepoBaHma — onucatb Cy4ail XMpYpruyeckoro IeYeHns rHOMHOTO BEHTPUKYNUTA Y B3POCOro YenoBeka (BO Bpe-
M5 leYeHns HOBOI KOopoHaBupycHoii nHtekuynu COVID-19).

Marepuansl u metoabl. MyxuuHa, 69 NeT, ¢ yCTaHOBNEHHbIM paHee AMArHO30M HOBOW KOPOHABUPYCHOW MHMEKLUM
COVID-19 u komopbuaHoi natonorueit noctynun B flopoAckyto KnmHuyeckyo 6oabHuLy N240 r. MockBbl ¢ BNepBble Bbl-
SBJIEHHBIM CYAOPOXHbIM cuHAPOMOM. Mo faHHbIM KT-uccnefoBaHua AUarHoCUMpoBaH BEHTPUKYANUT, NOATBEPKAEHHbIN
MPT, ¢ OKKNIO3WOHHOW r1MNepTEH3MOHHON TPUBEHTPUKYAAPHOI ruapoLedanuen.

Pesynbrarsl. [aumeHTy npoBeAeHO eYeHne: TpEXKpaTHasA IHAOCKONUYECKas CaHaLMsA XKeNy[o4KOBON CUCTEMBI, yiaNeHue
HOBO0OPa30BaHHbIX HUOPUHOBBLIX MEMOPAH C MEXIKENYLOYKOBOI CENTOCTOMUEN, YCTPaHEHME OKKIIO3UW Ha YPOBHE CUJb-
BMEBA BOJONPOBOA], 3aBEPLIEHME ONepaliun — HapyXHOe fpeHUpoBaHue GOKOBbLIX XeNyLOYKOB MO3ra, BBEAEHUE aHTU-
OMOTUKA B XENYNOYKOBYIO CUCTEMY U BHYTPUBEHHO. TOK NIMKBOPA OblN BOCCTAHOBIEH, ABNEHUA BEHTPUKYNNTA KyNuUpoBa-
Hbl MOJIHOCTBIO.

3akntoueHue. PasBuTie BEHTPUKYIUTA KAk OAHOM U3 NepBbIX MaHU(eCTaLMii 6aKkTepuanbHoi MHGEKLMM, CONYTCTBYIOLLEI
COVID-19, - kpaiiHe pefKoe 1 ONacHoe s KU3HU OCNOXHEHMeE, Tpebyloliee aKTUBHOI XMPYPruyeckoi TakTuku. Moka-
3aH0, YTO IHAOCKONMYECKAA CAHALUA KENYLOYKOBOI CUCTEMbI NPU BEHTPUKYAUTE — 3ddeKTUBHas Mepa 60pbObl ¢ MHGbEK-
LMel U HapyLIeHWeM TMKBOPOAMHAMUKK. [TpUMeHeHMe BHYTPUKENYA0UKOBOW IHLOCKONUM NPU BEHTPUKYIUTAX UMEET PAL
NPenMyLLEeCTB N0 CPaBHEHMIO C NYHKLMOHHOM BEHTpUKynocTomMueit. Heob6xoanmo fanbHeiilee 0606LeHMe onbiTa leyeHus
GaKTepuanbHbIX BEHTPUKYANUTOB C NPUMEHEHUEM 3HAOCKONUYECKON XMPYPruYeckon TEXHUKM Y NaLMEHTOB KaK C HOBOM
KOPOHABMPYCHOM UHDeEKLMel, TaK U Be3 Hee.

KnioueBblie cnosa: COVID-19, BeHTPUKYNUT, OKKNIO3MOHHAsA rugpoLedanus, 3HA0CKONUYECKas caHaLWA XKenyaouKoBoi
cucTeMmbl

Insa uutuposanusa: Nowaraes K.E., Macxud O.J1., Dopogos A.M. 1 ap. IHAOCKONUYECKAs CaHALUA KENYA04YKOBOMN CUC-
TEMbl FOJIOBHOTO MO3ra B IeHEHUU BEHTPUKYIUTA Y NALMEHTA C OCIOXKHEHHbBIM TEYEHUEM HOBOW KOPOHABUPYCHON MHGEK-
umum (COVID-19). Heitpoxupyprus 2022;24(4):73-83. DOI: 10.17650/1683-3295-2022-24-4-73-83

Endoscopic lavage of the cerebral ventricular system for ventriculitis treatment in a patient
with complicated new coronavirus infection (COVID-19)

K. E. Poshataev, D.L. Paskhin, A. M. Dorodov, R.V. Zabolotnyy, S.N. Mironov, P.V. Kuzmin, A. M. Avdalyan,
E.V. Shtemplevskaya
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Introduction. The new coronavirus infection (COVID-19) has a wide spectrum of complications. Frequency of neurolo-
gical symptoms varies between 17.3 and 36.4 %. In 8 % of cases, COVID-19 can be accompanied by bacterial or fungal
infection. Since few descriptions of bacterial meningitis in adult patients with COVID-19 and a single description
of surgical treatment of purulent meningitis complicated by empyema of the 4% ventricle in a patient with COVID-19
were found, and there are no meta-analyses in this area, descriptions of such cases are of high scientific and practical
value.

Aim. The describe a case of surgical treatment of purulent ventriculitis in an adult (during treatment of the new coro-
navirus infection COVID-19).

Materials and methods. A man, 69 years old, with previously established diagnosis of the new coronavirus infection
COVID-19 and a comorbid pathology was admitted to the Moscow City Clinical Hospital No. 40 with newly diagnosed
seizure disorder. Computed tomography imaging showed ventriculitis confirmed by MRI with obstructive hypertensive
triventricular hydrocephalus.

Results. The patient underwent treatment: three-time endoscopic lavage of the ventricular system, removal of newly
formed fibrin membranes with interventricular septostomy, removal of obstruction at the level of the Sylvian aqueduct;
the surgery was concluded by external draining of the lateral ventricles, administration of an antibiotic intro the ven-
tricular system and intravenously. Cerebrospinal fluid flow was restored, ventriculitis manifestations completely negated.
Conclusion. Development of ventriculitis as one of the first signs of bacterial infection accompanying COVID-19 is a very
rare and life-threatening complication requiring active surgical intervention. In was shown that endoscopic lavage of
the ventricular system for ventriculitis treatment is an effective action against infection and cerebrospinal fluid flow
disorders. Use of intraventricular endoscopy for ventriculitis treatment has several advantages compared to needle
ventriculostomy. Further studies and analysis of treatment of bacterial ventriculitis using endoscopic surgical techniques
in patients with and without the new coronavirus infection are needed.

Keywords: COVID-19, ventriculitis, obstructive hydrocephalus, endoscopic lavage of the ventricular system

For citation: Poshataev K.E., Paskhin D.L., Dorodov A.M. et al. Endoscopic lavage of the cerebral ventricular system for
ventriculitis treatment in a patient with complicated new coronavirus infection (COVID-19). Neyrokhirurgiya = Russian
Journal of Neurosurgery 2022;24(4):73-83. (In Russ.). DOI: 10.17650/1683-3295-2022-24-4-73-83

BBEJIEHUWE

HoBas koponaBupycHast undekuus (COVID-19)
WMeeT IMIMPOKHIT CIIEKTP OCIOXKHEeHU. YacToTa HEBPOJIO-
TUYECKUX TPOSIBJICHUM TTocie MH(PEKIIMKU BapbUpPyeTCs
ot 17,3 00 36,4 %, 1o pa3nuyHbIM 1aHHbIM [1]. B 8 % ciy-
gaeB COVID-19 MoXeT COmpoBOXIATHCS Pa3BUTHEM OaK-
TepHabHON WJIN TpUOKOBOI nHbeKIuM [2]. B uHTEepHET-
pecypce PubMed (https://pubmed.ncbi.nlm.nih.gov/)
HalIeHO BCeTro HECKOJIbKO OITMCAHUI Pa3BUTHSI OaKTepH-
aJIbHOTO MEHUHTUTA Y B3pocbix mamueHToB ¢ COVID-19
[3—5]. Kakux-11160 00001IaI0mmx UCCAeT0BaHWI B 3TOM
obnactu He HalimeHo. OmmMcaHWe XUPYPTUUECKOTO Jie-
YeHHSI THOWHOTO MEHUHTHTA, OCJIOKHEHHOTO SMITMEMOM
IV xenynouka, y manmenta ¢ COVID-19 npencrasieHo
€IMHCTBEHHBIM clTydaeM [5].

ITean paboThl — ONMKMCATh CIIydail XMPYyPTUIECKOTO Jie-
YeHUSI THOMHOTO BEHTPUKYJINUTA Y B3POCIOTO YeIOBEKa
BO BpeMs JledeHus nHPpekuun COVID-19.

PE3VJIBTATDBI

Kivnuyeckuid coryyai

Mpyacuuna, 69 rem, dgaxcovt cocnumanuszuposar 6 I'Kb
No40 JI3M. Ilepsas kpamkospemeHHAs 0CRUMANUZAYUSL:
¢ 21 no 30 urons 2021 e. ¢ duaerHo3om HOBOU KOPOHABUPYCHOU
unexyuu COVID-19 cpedneii cmenenu msxcecmu. Ilogoi-
UleHHble YPOBHU CReUUDUUECKUX UMMYHO02A00YAUHO8 Y NALU-
eHma omme4asuch euje 00 MOMEHMA 20CHUMAAU3AUUU.

OcHogHble HCan0bbl npu NOCMYNACHUU 68 CIAUUOHAD — 20-
N080KpYduceHue 6 meyerue 1 ned. HUndexc komopbuonocmu
Yapacona (Charlson) — 6 6annoe [6]. Ilpu kaunuko-srabopa-
MOpHOM 00C1e0068aHUL, 4 MAKICe NO OGHHbIM KOMIbIOMEPHOLL
momoepadghuu (KT) npusnaxoe unghexyuu ueHmpanbHoi Hepe-
noil cucmemot (LIHC) ne obnapyxcero (puc. 1). Ilayuenm
BLINUCAH C YAYHUEeHUeM Ha amOyaamopHoe AeueHue noo Ha-
oa00eHue mepanesma, OHK0A02a U IHOOKPUHOA0RA.

Tlosmopro smom nayuenm e0CRUMANUUPOBAH HA CKOPOLL
nomouu 06.07.2021 nocae gnepagole pazgusuiuxcs eeHepanu-
308anHbIX cydopoe. OCHOBHbIE HEEPOAOUMECKUE NPOSBACHUS
npu NOCMYNAeHUU — CHYMAHHOE CO3HAHUe, 0e30PUeHmMU-
DPOBAHHOCMb 68 NPOCMPAHCIMEE U BPEMEHU, INeMeHMbL Napa-
gaszuu. Ilpu obcredosanuu noomeepiucoenv: danuvie KT
om 21.06.2021 — 6e3 dunamuxu (puc. 2).

Tlpu npogederuu unmeHcugHOl mepanuu Omme4eHa om-
puyamenvHas QUHAMUKQ: YcuaeHUue 0e30pUeHMUPOSAHHOCIIL.
Konmponvnoie KT u maeHumuo-pe3onancuas momoepagpust
(MPT) 201061020 MO32a NOKaA3aAU pazeumue HymMpeHHel
2UNEPMEH3UOHHOT MPUBCHMPUKYAAPHOU eudpoueharuu, ée-
POSMHO, pazeusuielicss gcaedcmeue OKKAO3UU HA YPOGHe
cunveuesa sodonposoda (puc. 3, 4). Ilpednonoxcero pazeu-
mue 8eHMpUKyAUMa.

boavromy 19.07.2021 évinonnena onepayus 6 obseme sH-
0OCKONUYEeCKOU CAHAUUU HCeTYO0UKOBOU CUCIEMbL 20106HO20
M032a ¢ YCMPAaHeHUeM OKKA3UU Ha YPO8He 6000npoeooa U 3a-
KPbIMbIM HAPYICHbIM OPEHUPOGAHUEM NPAB020 OOK08020
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Puc. 1. Komnoromeprnas momoepamma (danee — KT) eonosnoco mozea
om 21.06.2021: npusnaxu uepebparbHoil MUKPOGHSUONAMUU, UepeOpanrbHo-
20 amepockaeposa

Fig. 1. The brain computed tomography (farther — CT) scan from
06/21/2021: the signs of cerebral microangiopathy, cerebral atherosclerosis

Puc. 2. KT e0106n020 mozea om 06.07.2021: npusnaku yepebpanrvhoii mu-
KpoaH2uonamui, yepeGpanrbHo20 amepockAeposa; 6e3 OUHAMUKU NO CPABHe-
Huto ¢ 21.06.2021

Fig. 2. The brain CT scan from 07/06/2021: the signs of cerebral
microangiopathy, cerebral atherosclerosis; no dynamics from 06/21/2021

acenydouka. Ha onepayuu nosocme 60k06020 jicenyoouka
ObL1a 3an0aHeHa PUOPUHOBbIMU NACHKAMU (puc. 5), SneHouma
OMEYHAs ¢ UHBEUUPOBAHHBIMU cocydamu (puc. 6). Busyaausu-
POBaH 8000NPOBO0 M032A, OKKAHOOUPOBAHHYLI (PUOPUHOBBIMU
membpanamu (puc. 7), komopble Y0aieHbl MeXaHUu4ecKum
cnocobom (puc. 8), 3H00CKOn c60600HO nposedeH 6 NOAOCMb
1V acenydouxa. Oonako nocae nepuoda KpamrxoepemeHHO20
YAYHUEeHUs] HeBPOA0UYECKOU KAPMUHbL BHOBb OMMeUeHA Om-
puyamenvHas OUHAMUKA.

Ha koumponsnoii KT om 23.07.2021 éudno pazeumue
CAUNYUBORO (a02e3UBHO20) NPoUecca ¢ pazoduieHuem JHcenyooH-
K060l cucmembl U opmMuposanuem MHoxdcecmaa noaocmeil
(puc. 9). IIpogedena nosmopras 3HOOCKONUUECKAs CAHAUUS
2#Ceny00MKO0BOU CUCIEMbL 20108HO20 MO32a C MENCHCENYOOHKOBOIL
cenmocmomuell U 3aKpblmbiM HapyICHbIM OPEHUPOBAHUEM je-

Puc. 3. KT 201061020 mo3ea om 13.07.2021. Hauanvuvie npusnaku oughghys-
HO20 OMeKa 20108H020 M0O32a: CHUdICeHUe OuddhepeHuuposKu cepo2o u 6eno-
20 gewecmaa, cenaxiceHHocms 60po30. CybapaxHoudanvHole NPOCMPAHCMEa
U 60p030bl MO32a HECKONBKO C2AAMNCEHbL (paHee Obliu He3HAUUMENbHO PACULL~
PeHbl), NpeumyujecmeeHHo 8 6a3anbHuvix omoeaax. Boipascennas enympennss
eudpovepanus (BKK2 — 36 %, panee — 26 %)

Fig. 3. The brain CT scan scan from 07/13/2021. Initial signs of diffuse cerebral
edema: there is a decrease in the differentiation of gray and white matter,
smoothness of the furrows. The subarachnoid spaces and grooves of the brain are
somewhat smoothed (previously slightly dilated), mainly in the basal regions.
Severe internal hydrocephalus (VKK2 — 36 %, previously it was — 26 %)

Puc. 4. Maenumuo-pesonancras momoepagus (daree — MPT) eono6Ho20
mozea om 19.07.2021. Pescumor MPT (axcuanvuas npoexyus): a — T2; 6 —
FLAIR. BuympeHHss mpugeHmpukyasapras euopovyehaius, 6eposmuo, pasz-
BUBUIAACS 8CACOCMBUE OKKAIO3UU HA YPOBHE CUAbEUEEA 6000nP0600a, C Kap-
MUHOU 6EHMPUKYAUMA U UHMEPCMULUANbHO20 NepUSCHMPUKYAPIHO20
omeka 6enoeo eewjecmea. Codepiucumoe 8 nepedHem poze 60K08020 Hceny-
douKa npasoeo noayuapus u ampuymax 60koesix xceaydouxos. Jughgysroe
acummempu4Hoe pacuiuperiie 60K08bix JHceay0oukos u ouggysHoe cummem-
puuroe pacuiupenue I11 xcenydouxa. «Opeon» eunepunmencusnozo MP-cu-
enana Ha T2- u FLAIR-u3o6paxcerusx no nepughepuu cynpamenmopuanbHbix
Hceny0ouKos u 600onpogoda. B npedenrax eenosnbix cnaemenuii nepedreeo
D02a HeenydouKa nPpasozo NOAYWAPUs U HCeAYOOUKOBbIX AMPUYMOE 30Hbl
8apuabenbHo2o oepanuyenus oupgysuu

Fig. 4. The brain magnetic resonance imaging (farther — MRI): from
07/19/2021; MRI modes (axial projection): a — T2; 6 — FLAIR. Internal
triventricular hydrocephalus, probably due to occlusion at the level of the Sylvian
aqueduct, with ventriculitis and interstitial periventricular edema of the white
matter. Content in the anterior horn of the lateral ventricle of the right
hemisphere and atriums of the lateral ventricles. Diffuse asymmetric expansion
of the lateral ventricles, and diffuse symmetric expansion of the 111 ventricle.
“Halo” of hyperintensive MR-signal on T2 and FLAIR along the periphery
of the supratentorial ventricles and aqueduct. Within the venous plexuses
of the anterior horn of the ventricle of the right hemisphere and ventricular
atriums of the zone of variable diffusion limitation
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Puc. 5. Dndockonus: pubpurossie naeHku 8 NOAOCMU HcenydoUKO8 Mo3ea

Fig. 5. Endoscopy: fibrin films in the cavity of the brain ventricles

Puc. 6. Bocnasennas snenduma snceayoouxos mosea

Fig. 6. Inflamed ependyma of the brain ventricles

6020 60K06020 Hcenydouka. Ha onepayuu evisenero, umo no-
A0CMb JicenydouKa 3anoaHeHa PUOPUHOBbLIMU NACHKAMU, OM-
8epCmusl 6eHMPUKYASPHORO OPEHANCA 3aKPblMbl HUOPUHOM
(puc. 10). IIposedero yoanenue nieHok, blNOAHEHA MedcHCe-
aydouxosas cenmocmomus (puc. 11): mok aukeopa éoccma-
HogneH. B I-m u 2-m cayuasx sndockonuueckas Kapmuna
eéenmpuxysuma coomeemcmeosana I11 muny (GIII) no kaac-
cugpuxayuu, npedroxcenroii F. Guan u coasm. (2018) [7].

B nocaeonepayuonrom nepuode 6 cs3u ¢ 1a60pamMopHoli
KapmuHot 6aKkmepuanbHo20 MeHUHeuma npoooadceHa aHmu-
baxkmepuanvHas mepanusi, 3a60p NPo6 CHUHHOMO3208011 JHCUO-
Kocmu (AUK80pa) uz 6eHMPUKYASPHO0 OPeHa’ca ¢ 86e0eHlU -
em amukayuna 20 me 0o noanoi canayuu. Coenanvt nocegul
4 npob aukeopa: pe3ysbmamsl ompuyamensHole (pocm

Puc. 7. Okkaro3us 600onposoda mo3ea pubpuHosbIMU NACHKAMU

Fig. 7. Occlusion of the brain aqueduct with fibrin films

Puc. 8. Yempanenue oxiarozuu 6odonposoda mosea

Fig. 8. Elimination of occlusion of the brain aqueduct

He gviasaen). Tlocae npubaudiceHus GUOXUMUHECKUX U YUMO-
JA02utMecKux noKkazamedneil GHaAU306 AUKBOPA K peqhepeHCHbIM
3HAUEHUAM BeHMPUKYAAPHbLI OpeHadic Obin ydanen. TIpodon-
JCeHa GHYMPUBEHHASI AHMUOAKMEPUANbHAS Mepanus.

Ha 4-e cymku nocae ydanenus opeHaxica u3 1€8020 dce-
Aydouka y nayueHma CHo8a cmana Hapacmams o0ouemMo3eo-
8451 CUMNMOMAMUKA, PACCMPOUCME0 CO3HAHUSL 00 CONOpa
(9 6annoe no wkane komot Inaseo). Ha konmponsnoix KT
omMmeueHbl ycuneHue eHympenteil euopoyegharuu (puc. 12).
IIpogedena (05.08.2021) sxcmpennasn onepayus Ne 3: sndo-
CKOnU4ecKas Canayus xHceayooukog mosea ¢ YCmaHo8Koll
BEHMPUKYAAPHO20 Operadica. YoanreHo MHOMCecmeo Memopan
u cnaek, oopmupyrouwux omoenstoie norocmu (puc. 13). Ilo-
ceonepayuorHoe gedeHue 6eHMPUKYAUMAa 0blA0 MAKUM dice,



Puc. 9. Konmpoavnaa KT eonosnoeo mosea om 23.07.2021. B dunamuxe
ommeuaemcs ymeHvuieHue pacuiuperus 6okoswix u 111 xcenydouros moszea: 60ko-
8ble Ha Momenm uccaedosanus — 13 mm (npaeotit) u 23 mm (aeswiit); 111 nceny-
douex — 19 mm. Takoce ommeuaemes cHudiceHue omeka eeujecmaa 6obuioeo
MO32a, yMepeHHOe paciiupeHue cyoapaxHoudaibHo20 NpOCMpaHcmea

Fig. 9. Control CT scan of the brain from 07/23/2021. In dynamics, there is
a decrease in the expansion of the lateral and 111 ventricles of the brain, late-
ral at the time of the study — 13 mm (right) and 23 mm (left), I11 ventricle —
19 mm. There is also a decrease in the phenomena of edema of the substance
of the large brain, a moderate expansion of the subarachnoid space

Puc. 10. Konuuk éenmpukyasaproeo kamemepa oKKA0OOUPOBaH uOpUHoebl-
MU NACHKAMU

Fig. 10. The tip of the ventricular catheter is occluded by fibrin films

Kak u 6 npedvidyujue nepuoodst. Cdenanol 4 nocesa nocae
onepayuu: pezyromam ompuyamensuolii. XKenydoukosoiii
Kamemep 8 C853U C peepeccom 80CHAAUMENbHBIX USMEHEHUI
8 auxeope ydanen 25.08.2021 (puc. 14).

Ha koumpoanwvhbix KT 201061020 mo3ea (58-e cymku no-
cne onepayuu Ne 3) npusnakoe npoepeccupoganuisi OKKA3U-
oHHoll eudpoyeparuu Hem (puc. 15). Ileasv cepuu onepayuii
(canayus xceny0douKosoil cucmemsl 20108H020 M032a HO NO-
600y GeHMPUKYAUMA C OKKAIO3Uell AUKBOPHbIX nymeil) Obiaa
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Puc. 11. Cenmocmomuueckoe omeepcmue (8epxHss cmpeaka) u 0ceobo-
HCOeHHbBLI OM ChaeK KOHYUK 6eHmpuKyasapHoeo kamemepa 6 111 xcenydouke
(HUMCHAS cCMpeKa)

Fig. 11. The septostomy opening (upper arrow) and the adhesions-fiee tip of
the ventricular catheter in the I11 ventricle (lower arrow)

Puc. 12. KT 201061020 mo3ea om 05.08.2021: ompuyamenvhas OuHamuka —
noseaeHue MUHUMAALHO20 HAPACMAHUS NEPUBCHMPUKYAAPHOU UHGUAILMPA-
yuu ¢ obeux cmopoH, 6onee 8bipadiceHHas 8 0baacmu nepedHux poeos (6oc-
nasumenvHovie UMEHEHUs U OMeK), yMepeHHoe yeeauueHue eHympeHHell
euopouepanruu

Fig. 12. CT scan of the brain from 08/05/2021: negative dynamics in the form
of the appearance of a minimal increase in periventricular infiltration on both
sides, more pronounced in the area of the anterior horns (inflammatory
changes and edema), a moderate increase in internal hydrocephalus

docmuenyma. Ha 43-u cymku nocae noemopHoii onepauuu
npeKpaujeHo aKkmueHoe Haba0eHue HellpoxXupypeamu.

Ha 127-e cymku nacmynua aremanwvHuiil ucxod. Ilpu na-
MOA020AHAMOMUYECKOM UCCACO08AHUU 6 20A08HOM MO32¢
MAKPOCKONUMECKU OOHAPYIHCEHbL NOCMBOCHANUMEAbHbIE U3Me-
HeHUs1 8 MACKOLL U NAYMUHHOIL M03208biX 000104Kax (puc. 16).

4’2022

(O]
|9}
-
(9}
©
S
o
€
(o]
S
L
s
X
=
-
X
©
o
|y
m
s
(]
s
I
(]
o
=}
=
]
©
I

77



HENPOXUPYPTUA
TOM 24 Volume 24

Russian Journal of Neurosurgery

4'2022

)
9
=
9
©
S
a
€
)
S
L
s
X
=
l_
1%
©
o
=
m
=
9]
=
I
9]
=
Q
=
O
©
I

78

Puc. 13. Oxkaroduposannoe pudpurosbiMU NAEHKAMU CERMOCMOMUYECKOe
omeepcmue

Fig. 13. Septostomy foramen occluded by fibrin films

N\

Puc. 14. KT 201061020 mozea om 25.08.2021: cocmosinue nocae dpenuposa-
Hus. Benmpuiynonnesmoyepanus. Munumanvroe cemoppazuueckoe 8k~
uenue ¢ 000104eYHOM npocmpancmee Aeeoil A100Hou obnacmu. Ilpusnakxos
Hapacmanus omeka b6en0eo eeujecmea He goiséneHo. Ilpasocmoponnss cyo-
dypanvhas euepoma 10010l 0baacmu

Fig. 14. CT scan of the brain from 08/25/2021: condition after drainage.
Ventriculopneumocephalus. Minimal hemorrhagic inclusion in the meningeal
space of the left frontal region. No signs of increased white matter edema were
found. Right-sided subdural hygroma of the frontal region

H3zmenenus cepoeo u 6en0eo gewyecmea UHmMepnpemupo8ansl
KaK uwemuueckull unghapkm 20108Ho20 mo3ea (puc. 17). XKe-
AY00uKU pacuiupersl, 6e3 NPU3HAK08 8OCNANEHUSL, C O0AbUUM
KoAu1ecmeom npo3pauHoil 6ecysemuoil Hcu0Kocmu, INeHOU-
Ma enadkas, brecmauas.

IIpu uccaedosanuu opeanog dbixamenbHoOU cucmembl U3-
MEeHeHUs1 COOMBEemCcmMaE08aaLU 04a2080-CAUBHOU BUPYCHO-0AK -
mepuanbHoll NHeBMOHUU € NOPadCceHUeM 000UX Ne2KUX.

Tucmonoeuuecku 6 20108HOM MO32e NOOMEEPIHCOCHBL PAH-
HUe nocmeocnanumenvHole UMeHeHUsl: MA2KAsl M03208d5
000/104Ka 3HAUUMENbHO YMOAUEHA, PA3PbIXAeHd, PA3680-
JNOKHEHa 3a cuem omeKa, ommeueHsl cAab0 GblpANCEHHAS

Puc. 15. KT 201061020 mozea om 22.09.2021. Omek éeuecmea mo3ea 6 ne-
DPUBCHMPUKYASPHBIX U KOHBEKcUmanvhulx omoenax. Jegopmayus nepednux
0208 BOKO0BbIX JIcenyd0UK08, YMepeHHOe paculiipeHue 8UCOYHbIX PO208 ¢ 00e-
ux cmopon. OkKA03UOHHOU eudpoyegaruu Hem

Fig. 15. CT scan of the brain from 09/22/2021. Edema of the brain substance
in the periventricular and convexital regions. Deformation of the anterior
horns of the lateral ventricles, moderate expansion of the temporal horns on
both sides. There is no occlusive hydrocephalus

4

Puc. 16. Mackas mo3eoeasn 060404Ka 201081020 MO32a ¢ NOCMBOCHAAUMENb-
HbIMU USMEHEHUAMU — HePAGHOMEPHAS OKPACKA C YHACMKAMU JHCeAMO8amo-
20 yeema (cmpeaka)

Fig. 16. Pia mater of the brain with post-inflammatory changes — pia mater
of uneven color with yellowish areas (arrow)

P — P -

Puc. 17. Qokycvt uwemunecko2o ungapkma 201061020 Mo3ea (cmpeaxu)

Fig. 17. Focuses of ischemic cerebral infarction (arrows)



Puc. 18. Crabosvipasicennas aumpoyumapnas UHGUALMPAYUs MAKUX MO3-
206b1X 000104eK. OKpACKa 2eMAMOKCUAUHOM U 203uHoM; %200

Fig. 18. Mild lymphocytic infiltration of the pia mater. Staining with
hematoxylin and eosin; x200

T

Puc. 19. Crabosvipasicennas aumpoyumapras UHGUALMPAYUS MALKUX MO3-
208bIX 000404€K, NepUBACKYAAPHbLIL U nepuyeintonapHelii omek. Okpacka
2eMAMOKCUNUHOM U 303uHOM; %200

Fig. 19. Mild lymphocytic infiltration of the pia mater, perivascular and peri-
cellular edema. Staining with hematoxylin and eosin; magnification <200

L "

e T el

Puc. 20. Yuacmku mranu 201061020 M032a ¢ POKycami KOANUKEAUUOHHOO0
Hekposa. OKpacka eeMamoKCcUAUHOM U 303UHOM; yeeauyerue <200

Fig. 20. Areas of brain tissue with foci of colliquation necrosis. Staining with
hematoxylin and eosin; <200
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Puc. 21. Juggpysnoe anveeorsproe nospescoenue mxanet neekoeo. Anveo-
bl 3ANOAHEHbL IKCCYOAMOM ¢ PUOPUHOM, ANbEEONAPHDILL INUMeAUt: 0ecKea-
MUPOBAH, eOUHUUHbIE 2UANUHOBbIe MeumOpaHbl. OKPACKA 2eMAMOKCUAUHOM
u 303unom; x200

Fig. 21. Diffuse alveolar damage to the lung tissue. The alveoli are filled with
exudate with fibrin, the alveolar epithelium is desquamated, and there are single
hyaline meimbrans. Staining with hematoxylin and eosin; x200

npoaughepayusi coeOUHUMENbHOMKAKHBIX 21eMeHmo8, dua-
nedeznoe nponUMbIBAHUE IPUMPOUUMAMU, UHDUAILMPAUUS
aumpoyumamu; Kpo8eHOCHble coCcydbl pe3K0 pacuiupeHbl;
8 KOpe 20108H020 M032a NePUBACKYAAPHbLIL U NePUUENNI0NAD-
HbLil omeK, Oughghy3H0-04a06blil cem4amblii 2AUANbHYLIL OMEK
(puc. 18, 19). B mkaHu 20106H020 M032a onpedensiemcs
Y4ACMOK KOAAUKBAUUOHHO20 HEKPO3d C NPUBHAKAMU 2AU03d
(puc. 20).

Mukpockonuueckoe uccaedogarue necKux NOKa3vléaem
MOPPON0UHECKYIO KAPMUHY 04A2080-CAUBHOL BUPYCHO-0aK -
mepuanvHoil nHeemonuu (puc. 21): HepasHomepHoe KpoBeHa-
NoAHeHUe N1e204HOI MKAHU; GOAbUASA HACTMb ANbEE0A IMPU-
3eMAamo3HO pACUUPEHa; MelCcanbeonspHble nepecopooKu
oughghy3rno ymonuernot 3a cuem golpaiicerHoll npoaugepavuu
gubpobracmos 6 unmepcmuyuu; eOUHU4HbIE 2UNEPHAAZUPO-
BAHHblE NHEBMOUUMbL C NOOO3PeHUeM HA HAAUYUe 8UPYCHOLL
UHMPAHYKAEAPHOU UHKAIO3UU,; 00UAbHOE KOAUHecmeo epa-
HYAUPOBAHH020 I03UHOPUABHORO dKCCYOama 6 npoceemax
anbeeos ¢ BKAIOYEHUeM UHMPAANbBEONSPHBIX CKONAEHUL Op-
2aHUBYIOWUXCS Mace uOpuHa, UHGUABMPUPOBAHHBIX AUM-
goyumamu; MHOMCECMBeHHble MOHKUE 2UANUHO8ble MeMOpa-
Hbl 8 NPOC8eMAax AnbBeo; 0eCK8amMUupo8aHHblll Anb8eoNPHbL
SnUMenUil; bipadNCceHHOe NOAHOKPOBUE KPOBEHOCHBIX COCY008
€ 04a208bIMU KPOBOUBAUAHUAMU U3 UEAbHbIX IPUMPOUUMO8
8 npoceemol ANbBEON; 8 NPOCBEMAX KPOBEHOCHBIX COCY008
«KpacHvle» mpomosl, cocmosuue uz Humei gubpuna, c oou-
AUeM UeAbHbIX IPUMPOYUMO8, ¢ eOUHUYHBIMU HOAUMOPHO-
HykaeapHoimu neiikoyumamu. TIIIP-uccaedoéanue aymon-
cutinoeo mamepuana va SARS-CoV-2 dano noaoxcumensoie
pe3yabmamel.

Muxkpogomoepaghuu coenanst ¢ nomMousbr0 MUKPOCKONA
Zeiss u ckanupyroujeeo muxkpockona Leica Aperio AT2. Bce
npenapamoi OKpaueHbl 2eMamoKCUAUHOM U IO3UHOM.

Ilamonocoanamomuueckue uccae008aHus NO3604510M
cOeaama 6b1600, YMO cMepmb O0AbHOLO HACMYRUAAQ OM HOBOLL
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KOPOHABUPYCHOU UHPDEKUUU, OCAONCHUBUIELICS 08YCTNOPOHHEL
BUPYCHO-0AKMEPUANbHOLU NHEBMOHUEl ¢ OUCMPecc-CUHOPO-
MOM, CENCUCOM, OCIPbIM HAPYULEHUEM M03208020 KP080OOpa-
WeHUS N0 UUeMUHeCKOM MUNy, OMmeKom U HaOyXanuem 2o-
N06H020 MO32a. Senenuil eenmpukyiuma npu aymoncuu
He 0bHapyICceHo.

OBCYXIEHHWE

HoBas koponaBupycHast undekuus (COVID-19)
AMEET IIUPOKUIA CITIEKTp ocoxHeHunid. [Tatodusnomorn-
YEeCKUI MEXaHU3M 3TUX IPOIECCOB JOCTATOUYHO ITOJTHO
ormmcaH. JIerkne oKa3bIBalOTCS HanmboJIee IMTopakKeHHBIMU
opraHamu. OgTHAKO HaKOIUICHO 3HAYNTEILHOE YMCIIO Ha-
OI0JIeHNTT, B KOTOPBIX OCJTOKHeHUs MHpekun SARS-
CoV-2 nposBISIIOTCA M B IPYTUX OpTaHaX M CHCTEMaXx.
IMaTorene3 nopaxenuii [IHC, BO3HMKAOMINX B pe3yJIbTa-
Te TaHHOU MHMEKIINH, 10 KOHIIa He n3ydeH [8]. [Ipemarro-
JraraeTcsi, 9To Bupyc mmoiaydaeT goctym K [ITHC myTtem cu-
CTEMHOTO COCYIMCTOTO pacIIpOCTpaHEHMS WIIM Ke Oolree
JIOKAJIbHO — 4Yepe3 MPOABIPSBICHHYIO TNIACTUHKY pellleT-
yaToil KocTH. ONHMCaHHBIC HEBPOJOTHUYCCKIE TTPOSIBIICHUS
ITocJie HOBOM KOPOHABUPYCHOI MH(MEKIINK 09eHb Pa3HO-
00pa3HbI M MOTYT MPOSIBIIATHCS B 17,3—45 % Bcex city4aes,
110 pa3INYHBLIM JaHHBIM [2, 8].

B 8 % cayuaes teuenme COVID-19 MoxeT corpoBo-
XKIAThCS pa3BUTHEM OAKTEePUATbHON MIIM TPUOKOBOI MH-
dexmum [1]. OmHako abcuecc Wi 3MIMeMa TOJIOBHOTO
mo3ra y nanyeHToB ¢ COVID-19 — penkue ocioXXHEeHUS.
OrnmcaHo JUIIb HECKOJIBKO MTOTOOHBIX citydaes [3, 4, 9].

B HacTosimeM cooOIIeHII MBI OTTHCANIN XUPYPTAIecC-
KO€ JIeUeHNe BEHTPUKYJINTA Y TAlIeHTa, O0JIEBIIETO HO-
Boli KopoHaBupycHoit mHpekmmeit COVID-19 (mateHTHOE
TeueHue). [1epBONIPMIMHBI pa3BUTHS TAKOTO OCIOKHEHMS
TpeOyIOT TOMOIHUTETbHOTO n3ydeHus. [IpemmomoxuTesnsb-
HO, B OCHOBE 3TOTO OCJIOXKHEHMS JICXKUT OCIabIeHe M-
MYHHTETA B Pe3yIbTaTe MEePEHOCUMBIX COIYTCTBYIOIINX
3a00J1eBaHUI 1 MX JiedeHUA. [1prcoennHMBIIASICS TTO3XKe
BHYTPUOOJBHIUIHAS CYTTepUHMEKIINSI, BO3MOXKHO, ChITpa-
JIa 3HAYUTEIBHYIO POJIb B ICXOE JiedeHus [9].

JoormepalilnoHHasT AUATHOCTUKA TCUCHUS] BEHTPUKY-
JINTA B OIMCBHIBAEMOM CJIydae IIPOBOAMIACH HA OCHOBAaHUM
IUHAMUKU KIMHUYeCcKoi KapTuHbl, faHHbIX KT 1 MPT,
aHanM30B JMKBopa. [Ipu JledeHUM MalMeHTa M3Yy4eH
U TIPUMEHEH OITBIT MUPOBOI M OTEUECTBEHHBIX IITKOJI HEi-
POXUPYPIHM.

CraHgapTHOE JiedYeHUE BEHTPUKYINTA — SMITUPUICC-
Kas WX TapreTHass aHTUOMOTUKOTepanus. B Hauane e-
YEHMSI, 1O TIOJIYICHUS Pe3yIBTaTOB MUKPOOMOIOTMYECKITX
IIOCEBOB JINKBOPA, IPOBOAUTCS SMITMPUICCKAsT TePaITHs
AHTUOMOTUKAMHM ITUPOKOTO CIIEKTPa IEHCTBUS — codeTa-
HHEM BaHKOMUIIHA C MEPOTICHEMOM WJIH 11e(haoCTIOpH -
Hamu 4-ro rokojieHud [10, 11]. B psnae ciaydaeB BHYyTpU-
BEHHOI aHTHOAKTepHAaIbHON TepallMd W HAPYKHOTO
BEHTPUKYJISIPHOTO IPSHUPOBAHUS HEMOCTATOYHO IUIST 3(D-
(eKTUBHOTO JIEUeHUs BEHTPUKYIUTA, YTO CBSI3BIBAIOT
C TUTOXUM MMPOHNKHOBEHNEM aHTHOMOTHKOB Yepe3 reMaTo-

SHIIe(haTNIeCKNil Oapbep U HapyIIeHUeM JINKBOPOIMHA-
muku [7, 11].

I[IpuMeHeHNEe MeTOMA SHIOCKOIIMICCKOTO JICUCHMS
BEHTPUKYJINTA HE HOCUT OOJIMTaTHOTO XapaKTepa. DHIO0-
CKOIMMYecKasl CAaHAIIMS JIMKBOPa IIPU BEHTPUKYJIUTaX I10-
3BOJISICT TT0/] BU3YaTbHBIM KOHTPOJIEM ITPOMBITH KETYI09-
KOBYIO CHCTEMY MO3Ta, YIAINTh (PUOPMHOBBIC TUICHKH,
BOCCTAaHOBUTD JINKOBOPOIMHAMMKY M TIOCTaBUTH ITPEAIIO-
JIOKUTEJTbHBIT MUKPOOHBIN TMArHo3 Py MaKpOCKOIIH-
YeCKOM ocMoTpe. JlaBax KeTymOouYKOBOM CMCTEMBI MO3ra
P SHIOCKOIMNYECKON CaHAIlUM 3HAYUTEIPHO CHITKAET
MHKPOOHYIO 00CEMEHEHHOCTB, TTOBHITIAS 3(D(HEKTUBHOCTD
aHTHOaKTepuanbHOM Tepanuu [7, 12, 13].

B ommmceiBaeMoM citydae v IpUBOIUMBIX COOOIIEHMSIX
[7, 12] TexHn4eckn 3HIOCKOTMUECcKasl CaHALIMsI HauMHa-
JIach C BBEACHMS SHIOCKOTIA B OOKOBOII JKeTyIoUueK uyepes
Touky Koxepa. Takoii onepaTUBHBII JOCTYIT TIO3BOJISIET
TTOJTHOIICHHO OCMOTPETh XKeJTYIOUYKOBYIO CHCTEMY MO3Ta:
BU3YaJIM3MpPOBaTh OTBepCcTHe MOHPO, CTCHKM M 3aTHUI
por OOKOBOTO XXeTyIouKa, MEXKKETYIOYKOBYIO IIeperopo-
Ky. st co3maHust cooOIIeHUsT MeXIy OOKOBBIMM KeJTy-
MOYKAMU U C 1IeIbI0 CAHAIIMY ITPOTHBOITOJIOXHOTO KeJTy-
IOYKA M3 OTHOTO JOCTYITa MBI BBITTOJTHIIIN TTepdopamunio
MPO3PavYHOIT TIEPETOPOIKH.

DHOocKonm4YecKass TPUBEHTPUKYJIOCTOMUS TIPU BEH-
TpUKyJINUTe — criopHas onusa. G. Qin 1 COaBT. MpUMeEHSI -
10T nepdopaumio nHa I xenynouka npu Ty6GepKyIe3HOM
MEHUHTUTE, OCIIOXKHEHHOM OKKITIO3MOHHOI THApOIIehaT-
eii [14]. T. Shimizu 1 COaBT. UCTIONTL3YIOT TPUBEHTPUKYJIOCTO-
MMIO BO BpeMsI yaaJieH!ST MTH(UIIMPOBAHHON IITYHTUPYIOIIICH
CHCTEMBI ¥ CIMTAIOT e 3(PDEKTUBHOI aTbTepHATUBON WIH,
T10 KpaitHelt Mepe, TOMOJIHEHNEM K TTOBTOPHOMY IITYHTHPO-
Banuio [15]. Bmecte ¢ Tem C.E. Deopujari 1 coaBT. moyiara-
10T, yTo nepdopaius aHa I11 xxenyaouka rnpu 3HAO0CKONU-
YeCKOW caHallMu MOXET BbI3BaTb JOMOJHUTEIbHOE
VHGUIIUPOBAHNE TIPSATTOHTHIHHON LIMCTEPHBI, ITO3TOMY
JAHHbII [IpUEM B CBOEil MpaKTUKe He MCIOJb3YIoT [16].
B nammem ciyqae TpUBeHTPUKYJIOCTOMMS HE BBITIOTHSLIACH
BBUAY HEBO3MOXKHOCTH TTOJTHOIICHHOM BU3yaTU3allly JTHA
111 >kemymouka n3-3a HAIMYKST OOJIBIIOTO KOJIMYecTBa (U~
OPUHOBBIX IICHOK, YTO CO3IaBAJIO BEICOKIE PUCKU TPABMEBI
OCHOBHOI1 apTepry U TTOCIICIYIONICH OKKITIO3UH CTOMBI.

F. Guan u coaBT. [7] nIpeaioXuin HEMPOIHITOCKOI-
YecKylo Kimaccudukanmio BeHTpukyiauTa (I-1V crenenn):

— I crenens (panHsa cramust, G1) — IMKBOP TIpo3pad-
HBII WY KeJITOBATOTO IIBETa, BU3YAITM3UPYETCS Tpa-
HYJIOMAaTO3HbI 3NEHAUMMUT, HEOOJIbILIOE KOJUUYECTBO
(GUOPMHOBBIX TIEHOK, OJIGTHO-PO30BOE COCYIMCTOE
CILUTETEHNE, OTKPBITOE OTBepcTre MOHPO 1 HOpMaJib-
Hoe nHo III xxenynouka;

— II crerrens (arpeccuBHast cragust, G2) — KT WA
CJIeTKa MYTHBIN JIMKBOP, TPaHYJIOMAaTO3HBEIN BIICH-
JIVUMWT, Han4re (puOpMHOBBIX MeMOpaH, OeroBaToe
I 3KEJITOBATOE COCYIHMCTOE CIUIETCHUE, OTKPBITOE
¥ yBeJIWYCHHOE OTBepcTrie MOHpPO, VTOJIIECHNE THA
11 xxenynouka;



— III crerrens (Tsokenast ctanust, G3) — MyTHBIH JIMKBOP,
IPaHYJIOMATO3HBIN 3MEHINMHT, MHOXECTBO (pUOpH-
HOBBIX TUICHOK, YTO 3aTPYIHSIET aHATOMUYECKYIO OPH-
EHTAaIINIO, MOKPHITOE (PMOPMHOM COCYIMCTOE CILIETE-
HHE, 3aKPBITOC W pacIIMpeHHOe OTBepcTrie MOHpO,
yroneHue aHa 11 xxemymouka u BropyuyHasi TuIpo-
nedanug;

— IV creniens (G4) — Helipo3HIOCKOITMYECKast KapTUHA
cxoxa ¢ takoBoit nipu 11l crereHu, HO conmpoBOXKAa-
eTCsT 00pa30BaHMEM BHYTPIDKEITYIOYKOBOTO a0dcIiecca;
pacuIMpeHHBIE COCYIbI STICHINMbI CIUTAINCH ITOTCH-
IIMAJTbHBIM UICTOYHNKOM KPOBOTCUCHUSI.
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B onuchiBaeMOM cilydae M3MEHEHUS B XKeJIyd04Kax
pacuieHnBaMCh Kak BeHTpUKyuT 111 ctenenu (G3). Iep-
BYIO M CJICAYIOIINE SHIOCKOITMYECKIE CAaHAIINY 3aKaHIH-
BaJIM YCTAHOBKOM HAPYKHOI'O BEHTPUKYJ/ISIPHOTO ApeHaxa.
BHyTpuXenyno4koBoe BBedeHUE aHTUOMOTHKA MOXET
BBIMOJIHATLCS KaK MMePUOAUYSCKU (PEKOMEHIYETCS st
G1), TaK ¥ ¢ TIOMOIIBIO TOCTOSTHHOI MPPUTAIIUH PACTBO-
pa anTnomoruka (G1-2). [IpeumyiecTBa MOCTOSTHHOM
HppUTaLUK — NOAAEPXKAHNE TOCTOSTHHOM KOHLIEHTpaLUK
aHTHOAKTepUAIbHBIX IPerapaToB B JUKBOPE, YaalcHUE
MHOUIUPOBAHHON CIIMHHOMO3TOBOM XUIKOCTUA C MEIM -
aTopaMu BOCIAJIeHUSI M TeMOPPAaruyeCKMM KOMIIOHEHTOM

11y6auxayuu o npogedenuu 3HA0CKONUHECKOL CAHAUUU JHCeAYOOUKOBOL CUCIEMbL NPU BeHMPUKYAUME

Publications on endoscopic lavage of the ventricular system in ventriculitis

ABTOpBI Yuco ciyyae Hcxon
Canauwms LHCXK — 13;
Z.Q.Huetal., 14 CSF lavage — 13;
2018 [17] JieTalbHbIN ucxon — 1
death — 1
Canauwms LICXK — 30;
FE Guan et al., 3 CSF lavage — 30;
2019 [12] JIeTaJIbHBIN ucxon — 12
death — 12
Canauwmst LHCXK — 14;
CSF lavage — 14;
Y. Terada et al., ” HeTaﬂbeIXdHF:)(}OFlOB HET;
2016 [18] _ nodeaths
(DYHKIIMOHAIBHBIN pe3y/IbTaT — yIydileHue B 66,7 %
CIIy4aeB
functional result — improvement in 66.7 % of cases
A. Kalbarczyk Canamus IICXK — 1
et al., 1999 1 CSF lavase — |
[19] avag
Canauums LICXK — 38;
E Wanget al., 41 CSF lavage — 38;
2017 [20] JIeTalbHbIN ucxon — 3
death — 3
Canamust HCXK — 12;
A. Al CSF lavage — 12;
Menabbawy 16 (meTn) JIeTaJlbHBIN ucxon — 4;
et al., 2020 16 (children) death — 4;
[21] (byHKIIMOHAIBHBIN pe3yJIbTaT — XopoIuii B 68,8 % ciydaeB
functional results — satisfactory in 68.8 % of cases
Mukpobuonornueckast caHauust — 7;
Microbiological lavage — 7,
JIeTabHbIN ucxom — 1 (yxKe Imocjie HopMaIu3aun
?[' ;l(u%al% 7 noka3zareneit LICXK);
[22]" death — 1 (after normalization of CSF characteristics);
(YHKIIMOHATBHBIN pe3yJbTaT — KIMHUYECKOE U3JIeYeHUE
B 86 % ciy4aeB
functional results — clinical cure in 86 % of cases
BHyTprBeHHass aHTUOMOTUKOTEPpAMUS U HEUPOIHAOCKOTIH -
YeCcKM JIaBaXX B COUETAHUM C CeNTOCTOMUER — 1;
G. Qinetal., 1 Intravenous antibiotic therapy and neuroendoscopic lavage
2020 [14] with septostomy — 1;

(bYHKLIMOHAJIbHBIN Pe3yJIbTaT — BbI3IOPOBJIEHUE
functional result — recovery

TTepnon Hab.monenus

Cpennuii: 12,5 mec
Mean: 12.5 months

Ot 6 1o 76 mec
Between 6 and 76 months

PerpocnekTuBHO ¢ 2001
mo 2015
Retrospective from 2001 to 2015

1 ron
1 year

CpenHuil CpoK UppUTaIun
KEJTyTOYKOB: 27,6 THS
Mean duration of ventricular
irrigation 27.6 days

5,7 + 3,4 mec
5.7 £ 3.4 months

ITponomKuTeIbHOCTh
uppuranuu: 3—8 Hex
Irrigation duration 3—8 weeks

J1o BBI3TOPOBICHUS
Until recovery

Ilpumeunanue. [[C2K — yepebpocnunarvHas #cudkocms, AUKE0p.
Note. CSF — cerebrospinal fluid.
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[7]. B HalieMm ciydae BBeAeHUE aHTUOMOTUKOB U UpPUTA-
LIMST TIPOBOAMJINCH 2 pa3a B CyTKH. Bo m3bexaHue cymo-
POXXHBIX IIPUIIAIKOB IPEBEHTUBHO HAa3HAYAIMCH AaHTUKOH-
BYJIBCAHTHI.

B merom, 1o JaHHBIM JINTEPATYPHI, SHIOCKOITMYECKAsT
CaHaIIMS XKeJIyIOIKOBO CUCTEMBI TP BEHTPUKYIUTE —
a¢ddexkTBHAS Mepa 00pbObI ¢ MHbeKIMe (Tadbmmiia) [12,
17—22]. Onepanyisg moka3aHa Ipyu Hed(GEeKTUBHOCTH aH-
THOAKTEPUATBbHON Tepalmy Wi HAJTMIUW THOMHOTO OT-
JIESIEMOTO B XKeJTyIOYKax MO3Tra ¢ HapyIIeHHeM JTUKBOPO-
IUHAMUKU 1o naHHbiM MPT [7].

SAKJITFOYEHHME

XOoPpo1110 U3BECTHO, YTO HOBasi KOPOHABUPYCHAST MH-
dexausgs COVID-19 moxet moBpexnatsh LITHC. Pa3zsurue
BEHTPUKY/IMTA KaK OIHON U3 ITEPBbIX MaHMPecTaunii 6ak-
TepuaabHOU MHMeKLMK, conyrcTByomieiit COVID-19 —
KpaifHe peaKoe 1 OITaCHOE JJISl XKU3HU OCIIOXKHEHUE, TPE-
Oyrollee aKTUBHOM XMPYPru4eCKOi TAKTUKHA.

DHIOCKOIMMYECKast CaHALINS KETYI0YKOBOI CUCTEMBI
MpY BEHTPUKYIUTE — 3¢ PeKTUBHAS Mepa OOPHOBI C MH-
dekumen n HapylIeHUEM JTUKBOPOINHAMUKHU.

IIpuMeHeHUe BHYTPUXKEJIYAOUYKOBOW 3HAOCKOIMUU
MPU BEHTPUKYJIUTAX UMEET Psill TPEUMYILECTB MO CpaBHE-
HUIO C MyHKLIMOHHOU BEHTPUKYJOCTOMUEM:

* OCMOTpP CTE€HOK KeJTyI04YKOB C MOMOIIIbIO 9HA0CKOMNA
MO3BOJISIET TOATBEPAUTD AMATHO3 Y OLIEHUTD TSIXKECTh
MHOEKIIMOHHOTO IMTOPaXKEHMS, a TAKKE TIPESIITOTIOKUTE
MUKPOOHBIN Mei3ax;

* sHIocKomms 3(pheKTUBHA MPU YIAJICHNN T'YCTOTO THOM-
HOTO OTIEIIeMOTO N (PMOPMHOBBIX TIJICHOK M3 TPY/I-
HOIOCTYITHBIX MECT (3aIHIE U BUCOUHBIC pora XKeiy-
JIOYKOB);

* BO BpeMsI NIEPBUYHOM M MOBTOPHOM HEMPOIHIOCKO-
MU BO3MOXXHO BOCCTAHOBUTb HOPMAaJIbHBIN Maccax
JIMKBOpA 0 XeTyA0YKOBOI CUCTEME MO3Ta;

* MOA KOHTPOJIEM BSHIOCKOIIA MOXHO ONTUMAaJIbHO
M 6€30MacHO PaCIOJ0XUTh BEHTPUKYJISIPHBIN ApeHAX
JIJIs1 TIOCJIeyIolIe caHalluM JTMKBOpA U JJIUTETbHOM
MHTpATeKaJIbHOU aHTUOAKTEPHAJIbHOM Tepamnuu.
Heobxomnmo manpHeiee 0000I1IeHIE OITbITA JICYSHUST

OaKkTepUalbHbIX BEHTPUKYJIUTOB C MPUMEHEHUEM DHIIO0-
CKOMUYECKOUN XMPYypruuyecKoi TEXHUKM y MALIMEHTOB KakK
C HOBOI1 KOpOHAaBUPYCHOM MH(peKIIne, Tak 1 0e3 Hee.

NUTEPATYPA / REFERENCES

—_

. Correia A.O., Feitosa PW.G., de Moreira J.L.S. et al. Neurological
manifestations of COVID-19 and other coronaviruses: a systematic
review. Neurol Psychiatry Brain Res 2020;37:27—32.

DOI: 10.1016/j.npbr.2020.05.008

2. Rawson T.M., Moore L.S.P., Zhu N. et al. Bacterial and fungal
coinfection in individuals with coronavirus: a rapid review
to support COVID-19 antimicrobial prescribing. Clin Infect Dis
2020;71(9):2459—68. DOI: 10.1093/cid/ciaa530

. Meguins L.C., Rocha A.S., Laurenti M.R., de Morais D.F.
Ventricular empyema associated with severe pyogenic meningitis
in COVID-19 adult patient: Case report. Surg Neurol Int
2021;12:346. DOI: 10.25259/SNI_514_2021

4. Hurn E., Dickinson L., Abraham J.A. Bacterial meningitis and
COVID-19: a complex patient journey. BMJ Case Rep
2021;14(3):€239533. DOI: 10.1136/bcr-2020-239533

. Ronan N., Jackson M., Juhasz V., Scarr D. Relapsing Klebsiella
pheumoniae meningitis in a patient with COVID-19. Anaesth Rep
2021;9(2):e12136. DOI: 10.1002/anr3.12136

6. Charlson M.E., Pompei P, Ales K.L., McKenzie C.R. A new

method of classifying prognostic comorbidity in longitudinal

(95

wn

studies: development and validation. J Chron Dis 1987;40(5):373—83.

DOI: 10.1016/0021-9681(87)90171-8
7. Guan E, Huang H., Ren Z.Y. et al. Neuroendoscopic evaluation
and treatment for cerebral ventricular infection. Chin Med J (Engl)
2018;131(17):2114—6. DOI: 10.4103/0366-6999.239319
. Ahmad I., Rathore EA. Neurological manifestations and
complications of COVID-19: a literature review. J Clin Neurosci
2020;77:8—12. DOI: 10.1016/j.jocn.2020.05.017
9. Moriguchi T., Harii N., Goto J. et al. A first case of meningitis/
encephalitis associated with SARS-Coronavirus-2. Int J Infect Dis
2020;94:55—8. DOI: 10.1016/j.ijid.2020.03.062
10. ITortanos A.A., KpbsutoB B.B., Jluxrepman JI.b. Acconmanmst
Helipoxupypros Poccun u ap. KinvHnueckre peKoMeH Il u:
JIeYeHHe IMOCTPAIABIINX C TSIKEIOM YeperTHO-MO3rOBO TPAaBMOIA.
M., 2014.

oo

Potapov A.A., Krylov V.V,, Likhterman L.B. Assotsiatsiya
neyrokhirurgov Rossii et al. Clinical recommendations: treatment
of victims with severe traumatic brain injury. Moscow, 2014.

11. Tunkel A.R., Hasbun R., Bhimraj A. et al. 2017 Infectious Diseases
Society of America’s Clinical Practice Guidelines for Healthcare-
Associated Ventriculitis and Meningitis. Clin Infect Dis
2017;64(6):¢34—65. DOI: 10.1093/cid/ciw861

12. Guan E, Peng W.C., Huang H. et al. Application
of neuroendoscopic surgical techniques in the assessment and
treatment of cerebral ventricular infection. Neural Regen Res
2019;14(12):2095—103. DOI: 10.4103/1673-5374.262591

13. Gaderer C., Schaumann A., Schulz M., Thomale U.W.
Neuroendoscopic lavage for the treatment of CSF infection with
hydrocephalus in children. Childs Nerv Syst 2018;34(10):1893—903.
DOI: 10.1007/s00381-018-3894-7

14. Qin G., Liang Y., Xu K. et al. Neuroendoscopic lavage for
ventriculitis: Case report and literature review. Neurochirurgie
2020:66(2):127—32. DOI: 10.1016/j.neuchi.2019.12.005

15. Shimizu T., Luciano M.G., Fukuhara T. Role of endoscopic third
ventriculostomy at infected cerebrospinal fluid shunt removal.
Neurosurg Pediatr 2012;9(3):320—6. DOI: 10.3171/2011.12.
PEDS11229

16. Deopujari C.E., Padayachy L., Azmi A. et al. Neuroendoscopy
for post-infective hydrocephalus in children. Childs Nerv Syst
2018;34(10):1905—14. DOI: 10.1007/s00381-018-3901-z

17. Hu Z.Q., Guan F, Huang H. et al. A multi-center study of neuro-
endoscopic treatment for ventricular infection. Int J Clin Exp Med
2018;11(3):2398—405.

18. Terada Y., Mineharu Y., Arakawa Y. et al. Effectiveness
of neuroendoscopic ventricular irrigation for ventriculitis.

Clin Neurol Neurosurg 2016;146:147—51. DOI: 10.1016/j.clineuro.
2016.05.010

19. Kalbarczyk A., Krauss J.K., Seiler R.W. Endoscopic stereotactic
surgery for intraventricular loculated empyema: case report. Surg
Neurol 1999;52(4):412—7. DOI: 10.1016/s0090-3019(99)00109-3



Russian Journal of Neurosurgery ‘ HEVPOXHUPYPTUA
TOM 24 Volume 24

20. Wang F, Yao X.Y., Zou Z.R. et al. Management of pyogenic a prospective controlled study. J Neurosurg Pediatr 2020;26(6):
cerebral ventriculitis by neuroendoscopic surgery. 682—90. DOI: 10.3171/2020.5.PEDS2063
World Neurosurg 2017;98:6—13. DOI: 10.1016/j.wneu.2016. 22. Kumar A., Agrawal D., Sharma B.S. The role of endoscopic lavage
10.103 in recalcitrant multidrug-resistant gram-negative ventriculitis

21. Al Menabbawy A., El Refaee E., Soliman M.A.R. et al. Outcome among neurosurgical patients. World Neurosurg 2016;93:315-23.
improvement in cerebral ventriculitis after ventricular irrigation: DOI: 10.1016/j.wneu.2016.06.022

Bkuag aBTopoB

K.E. INoiaraeB: HanucaHue U peJaKTUPOBAaHUE CTAThU;

J.JI. TTacxuH: HanmucaHue U peJaKTUPOBaHUE CTaThU, BBIMOJIHEHWE ONepaluii;

A.M. [10poz1oB: BBITIOJIHEHUE OTEPALIVY;

P.B. 3a00710THBII: HalMCaHUE U PeAaKTUPOBAHUE CTAThH;

C.H. MupoHOB: BbIIIOJIHEHUE OTEePALIMiA;

I1.B. Ky3bMuH: pe1akTUpOBaHUE CTaTbU;

A.M. ABiajisiH: HalTMCaHUE U PeAaKTUPOBAHUE YACTU CTAThU;

E.B. ItemmieBckas: 06paboTKa MaTepraioB MaTaJoroaHaTOMUYeCKOro UCCIeI0BaHMSI, HAMCAHUE CTaThU.
Author’s contribution

K.E. Poshataev: writing and editing of the article;

D.L. Paskhin: writing and editing of the article, surgical operations;

A.M. Dorodov: surgical operations;

R.V. Zabolotnyy: writing and editing of the article;

S.N. Mironov: surgical operations;

P.V. Kuzmin: editing of the article;

A.M. Avdalyan: writing and editingapart of the article;

E.V. Shtemplevskaya: obtaining and analysis pathoanatomic materials, writing of the article.

ORCID aBtopos / ORCID of authors

K.E. INomaraes / K.E. Poshataev: https://orcid.org/0000-0003-0290-3978

J.J1. IMacxuu / D.L. Paskhin: https://orcid.org/0000-0003-3915-7696

A.M. Joponos / A.M. Dorodov: https://orcid.org/0000-0003-1259-7871

P.B. 3a6onoTHbiii / R.V. Zabolotnyy: https://orcid.org/0000-0003-0489-2504

I1.B. Ky3pmuH / P.V. Kuzmin: https://orcid.org/0000-0003-1071-504

A.M. ABpansiH / A.M. Avdalyan: https://orcid.org/0002-2229-1713

E.B. lltemmueBckast / E.V. Shtemplevskaya: https://orcid.org/0000-0001-9776-272X

KonhamkT unTepecoB. ABTOPHI 3asIBJISIOT 00 OTCYTCTBUU KOH(IMKTA UHTEPECOB.
Conflict of interest. The authors declare no conflict of interest.

®@unancupoBanue. VccienoBaHue npoBeneHo 6€3 CIIOHCOPCKON MONIEPXKKHU.
Funding. The study was performed without external funding.

Crartba nocrymuna: 08.01.2022. Ilpunsra k myommkamuu: 07.09.2022.
Article submitted: 08.01.2022. Accepted for publication: 07.09.2022.

4’2022

HabniogeHune 3 npaktukm | From practice

83


https://pubmed.ncbi.nlm.nih.gov/?term=Al+Menabbawy+A&cauthor_id=32886918

4’2022

KommeHTapui | Commentary

84

HENPOXUPYPTUA
TOM 24 Volume 24

Russian Journal of Neurosurgery

DOI: 10.17650/1683-3295-2022-24-4-84-84

KOMMEHTAPUN

Commentary

OCOXHEHMS 1 TTOCICACTBHUSI HOBOI KOPOHABUPYCHOM
WHQEKINMN OCTAIOTCS MpeaMeToM n3ydeHust. OcoOeHHO
peOKOoe OCJIOXHEHME JAaHHOTO 3a00€BaHUSI — BEHTPUKY-
murt. B cratee K. E. [Torraraesa u coaBT. « DHIOCKOITNYEC-
Kasi caHalusl XXeJIyTOYKOBOM CUCTEMbI TOJJOBHOIO MO3ra
B JICUEHUHN BEHTPUKYJIMTA Y MALMEeHTa C OCIOKHEHHbBIM Te-
YeHeM HOBOM KopoHaBupycHo# nHpexkumu (COVID-19)»
MPEeICTaBICHO ONMKUCAHUE PA3BUTHS OAKTEpUATbLHOTO BEH-
TPUKYJIMTA y MaLKeHTa, 69 jJet, ¢ KOMOpOMIHO IaTojI0-
rueii (6 6ayutoB o Charlson) yepe3 1 Hea mocjie peMUCCUU
HOBOT KOPOHABUPYCHOU MH(EKIINN CPeTHEH CTETICHU TSI-
JKE€CTU U BBIMMCKU MAlIMEHTA U3 CTallMoHapa. BBumy Tsoke-
JIOTO TeUeHUsI 3a00JIeBaHUS TAIICHTY IIPOBEICHBI 3 9HIO-
CKOMUYECKHE ONepaliu, HalpaBlIeHHbIE HA UCCEUYEHUE
CITaeK, pa3pelleHe OKKIIO3MOHHOM THapoedaTun 1 ca-
HALIMIO XXeJIyTOYKOB rOJIOBHOTO MO3ra. YTBEPXKICHUE aB-
TOPOB O TOM, YTO ruApouedanus y nauueHTa uMesaa ok-
KJIIO3MOHHBIM XapakTep, MPEeACTaBIsSIETCS CIOPHBIM
Kak Mo MaToreHesy, Tak v Mo OMMCAaHUIO MPOTOKOJIa OIle-
pauuu. B cBSI3U € 3TUM 0COOBI MHTEPEC MOTYT MPEACTaB-
JISITb TOMOTPAMMbl B CAarMTTAbHOU MPOEKIIMU, T€MOH-
CTpUPYIOLIME YPOBEHb OKKITIO3UU.

TeM He MeHee SHIOCKOMUYECKUI JJaBaXK XKeJTyT104KOBOM
CHCTEMEBI JaeT BO3MOXKHOCTE 0ojice 3(pDEeKTUBHO yIaIATh
COAEPXXMMOE XKeJIyTOYKOB U BOCIIOJIHSATbh 00beM MH(MULIN-
POBAaHHON 11epeOpPOCTIMHAIBHONM XUJAKOCTU PacTBOPOM
Punrepa, 4yto octapisieT 00Jbliie IIaHCOB IS MOCAEAYIO-
meil aHTubakTepuaabHON Tepanmuu. O BO3MOXHOCTSIX
YMEHbIIEHMSI JIETATbHBIX UCXOA0B Y NALIMEHTOB C BEHTPU-
KyJIMTOM MpU MPOBENCHUN 3HIOCKOMMYECKOW CaHALIMMU
KeJTyI0YKOB TaKXKe CBUAETELCTBYIOT PE3YIbTaThl HECKOJIb-
KHX paboT, MPOLIMTUPOBAHHBIX aBTOPAMU B OOCYXXIEHUH.

ITpakTiuecku obolineHBI BHUMAHUEM B IIpoLIecce 00Cy-
KIEHMS BOITPOCHI HAPY>KHOTO BEHTPUKYJISIPHOTO IPEHUPO-
BaHUs, 11€J1€CO00Pa3HOCTY IBYCTOPOHHETO APEHUPOBAHUS

MepeaHUX pOroB OOKOBBIX XeJIYyI0UKOB AJIs1 00ecTieueH s
HaJEXHOCTU JpeHaXka U paBHOMEPHOTO pacIipeneacHusI
aHTUOAKTepUAIbHBIX TIPEIapaToB, a TAaKXKe MpodieMa pe-
TYJSIPHOI 3aMEHBI BEeHTPUKYJISIPHBIX IPeHaXei, KOTOPhIe
C OIpeneIeHHOr0 MOMEHTA CAMU CTAHOBSITCS MICTOYHMKA-
MU TIoAiepXKaHUS MHOEKIINH.

B nocneonepaiinoHHOM TeproAe NalMEeHTY IIPOBOIM -
JIM HAPY>KHOE BEHTPUKY/ISIPHOE APEHUPOBAHNE U aHTUOAK-
TepuajbHYyI0 Tepanuio. HeogHokpaTHbIe moceBbI Liepedpo-
CIIMHAJIbHOM KUAKOCTH ObLIM CTEPUILHBIMM, YTO HE AAeT
OTBeTa Ha Borpoc 00 uctounnke nHdexunu. Crrycts 2 mec
YAAJIOCHh JOCTAYb Pa3pellicHMs] MEHMHIUTA M BEHTPUKYJINTA,
OIHAKO COCTOSIHME Mal[eHTa OCTABaJI0Ch TSKEJIbIM BBUILY
pa3BUTHUSI TTHEBMOHUU U cercuca. [lalumeHT cKoHuancs
Ha 127-e cyTKM TI0 MpUYMHAM, He CBSI3aHHBIM C BOCTIAI-
TEJbHBIM MPOLIECCOM B LIEHTPAJILHOI HEPBHON CHUCTEME,
YTO OBIJIO TMOATBEPKAECHO pe3yabTaTaMu ITaToMOP(hOIOTH-
YeCKMX UCCIIeTOBaHUIA.

MeTon 3HIOCKONMUYECKON CaHALIUM XEeTydJ0YKOB ro-
JIOBHOT'O MO3ra IpU BEHTPUKY/IUTE MOKA HE MMEET LINPO-
Koro npuMeHeHus1. OmHAKO JAHHBIN TTOIX0A KaK HAaYaTbHbIIA
3Tal B KOMIUIEKCHOI Tepanuy MauueHTOB MPeaCTaBIIsIeT-
cs1 000CHOBaHHBIM U nepcneKTuBHBIM. [IpoBeneHHOE J1e-
YyeHMe MalueHTa ¢ BEHTPUKYJIUTOM U TSLKEI0M COMyTCT-
BYIOLIEH ITATOJIOTUEN O3BOJIMIIO JOCTUYD PELICHUS OTHOM
U3 KJIIOYEBBIX 3aa4y — peMUCCUM MeHUHIHUTA. [lanbHeri-
1iee HaKOIUIEeHUE MaTepualia MO3BOJUT caeaaTh Ooee
onpeaeaeHHbIE BRIBOABI 00 3(PMEKTUBHOCTH METOAVUKHI
¥ c(hopMUPOBATH TTIOKA3aHUS K €€ IIPUMEHEHMUIO.

HU.M. Todkos, k.m.H., 8pau-Helipoxupype,

cmapuiuil Hay4HoLil COmpyOHUK

omaoenerUsi HeOMAOICHOL HellpoxXupypeuu
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XUPYPITUYECKOE JIEHEHUE COYETAHUSA
IOYPAJIbHOM APTEPMOBEHO3HOUW ®UCTYJIbI
1 AHTUOTPA®OUYECKU CKPBITOM
APTEPMOBEHO3HOW MAJIbAOPMAIIN,
OCJIOKXHUBIIENCA BHYTPUMOI3TOBBIM
KPOBOU3ITUAHUEM

A.B. IIpuponos' 2, E.IO. baxapes!, P.M. Kozuosa', M.IO. Cunkun’ 2, A.A. Ipunp’2
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2. Mockewr»; Poccus, 129090 Mockea, boavwas Cyxapesckas na., 3;
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Poccuu; Poccus, 117997 Mockea, ya. Ocmposumsrosa, 1

KoHTakThl: Esrennii lOpbeBuy baxapes ads_nvkz@mail.ru

BeepeHue. LlepeGpanbHble apTepuoBeHo3Hble MaibHOPMaLUK U AypanbHble apTePUOBEHO3HbIE QUCTY/IbI — OTHOCUTESb-
HO pefiKas NaToNorusa ¢ YactToToi Bctpeyaemoctn 1-1,5 u 0,1-0,2 cnyyaes Ha 100 TbiC. HACENEHUS B rOf} COOTBETCTBEHHO.
BepoATHOCTb COYeTaHMs AaHHOI NaToNorMK y OAHOTO NaLMeHTa KpaiiHe HU3Ka. B nutepatype aBTopam He ynanoch HanTH
ny6nMKaLWK, NOCBALLEHHblE COYETaHUIO AAHHOM NaTONOrMK COCYA0B rONOBHOMO MO3ra.

Llenb pa6oTbl — NpeAcTaBUTb KNMHUYECKUIA CAyYail YCNeWHOro XUpPYypruyeckoro NeYeHus CoYeTaHHoi LepebpanbHoit
naToNoruu: fypanbHOi apTePUOBEHO3HOW (UCTYNBI U aHTMOrpadMyecku CKpLITOW apTepMoBeHO3HOW ManbhopMauum
y NalMeHTa C BHYTPUYEPENHbIM KDOBOU3IUAHUEM.

Martepuanel u meTopbl. poBefeH aHanu3 pe3ynbTaToB NIeYeHUs NalMeHTa ¢ AypanbHoi apTepuoBeHO3HOI hucTynoii
c remopparuyeckum Tunom Tevenus B FbY3 «HUW ckopoit nomowwm um. H.B. Cknudocosckoro» 13M (Mocksa). MauneHTy
BbINOSHEHA KOCTHO-MNACTMYECKas TpenaHaLuus Yepena, MCCeYeHue aypanbHoii apTepnoBeHo3Ho ducTynbl. NHTpaone-
paLMOHHO BbiABNEHA aHTUOrpatuyeckn CKpbITas apTepuoBeHO3Has Manb(opMaLna, KOTopas MOCAYXKMAA NMPUYNHON
KPOBOW3NUAHMSA.

Pesynbrarbl. [[poBefieHHOE XMPYpruyecKoe neyeHue no3BoNUAO AOCTUYb YOBAETBOPUTENLHOTO UCXOAA. BbisiBneHHas
MHTpaonepauynoHHO, aHTorpatuyecku CKpbITas apTepuoBeHO3Has Manb(opMaLMa NOATBEPIKAEHA TMCTONOTUYECKU.
3akntoueHue. MNpefcTaBneHHOe KAMHUYECKOe HABNIOAEHWE UANIOCTPUPYET HEOOXOAUMOCTb TILATENbHOW PEBU3UM NONOCTU
reMaToMbl NPy HaIMYNUU U30IMPOBAHHOTO NAPEHXMMATO3HOTO KPOBOU3MAHUS U3 lypaNibHOM apTEPUOBEHO3HOW DUCTYNbI.

KnioueBble cnoBa: aHrMorpatuyecku HeratuBHas apTepuoBeHO3Han ManbdopMauus, dypanbHas apTepuoBeHo3Has
Gu1cTyna, HeTpaBMaTUYECKOE NAapeHXUMATO3HOE KPOBOU3NUSHUE

Insa untuposanus: Mpupogos A.B., baxapes E.10., Ko3nosa P.M. u ap. Xupypruyeckoe neyeHue codetaHus gypanbHom
apTepuoBEHO3HOMN DUCTYNbI M aHTUOrpatMUYeCcKn CKPbITON apTePMOBEHO3HON ManbGhOpMaLMK, OCTOXHUBLIEACA BHYTPU-
MO3roBbIM KpoBou3nuaHueM. Helipoxupyprus 2022;24(4):85-94. DOI: 10.17650/1683-3295-2022-24-4-85-94

Case report: Surgical treatment of combined dural arteriovenous fistula and angiographically
occult arteriovenous malformation complicated by intracerebral hemorrhage
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IN.V. Sklifosovsky Research Institute for Emergency Medicine, Moscow Healthcare Department; 3 Bolshaya Sukharevskaya Sq., Moscow
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Background. Cerebral arteriovenous malformations and dural arteriovenous fistulas are relatively rare pathologies with
frequency of 1-1.5 and 0.1-0.2 cases per 100000 people per year, respectively. Probability of a combination of these
pathologies in a single patient is extremely low. The authors were not able to find publications describing a combination
of these pathologies of the cerebral vasculature.

Aim. To present a clinical case of successful surgical treatment of combined cerebral pathology — dural arteriovenous
fistula and angiographically occult arteriovenous malformation — in a patient with intracranial hemorrhage.
Materials and methods. Analysis of the results of treatment of patient with dural arteriovenous fistula with hemor-
rhagic disease course at the N.V. Sklifosovsky Research Institute of Emergency Medicine (Moscow) was performed.
The patient underwent osteoplastic cranial trepanation, resection of the dural arteriovenous fistula. Intraoperatively
an angiographically occult arteriovenous malformation was detected which caused the hemorrhage.

Results. Surgical treatment allowed to achieve a satisfactory outcome. Intraoperatively diagnosed angiographically
occult arteriovenous malformation was confirmed histologically.

Conclusions. The presented clinical observation shows the necessity of careful revision of hematoma cavity in the pre-
sence of isolated intraparenchymal hemorrhage from dural arteriovenous fistula.

Keywords: angiographically occult arteriovenous malformations, dural arteriovenous fistula, nontraumatic intraparen-
chymal hemorrhage

For citation: Prirodov A.V., Bakharev E.Yu., Kozlova R.M. et al. Case report: Surgical treatment of combined dural arterio-
venous fistula and angiographically occult arteriovenous malformation complicated by intracerebral hemorrhage.
Neyrokhirurgiya = Russian Journal of Neurosurgery 2022;24(4):85-94. (In Russ.). DOI: 10.17650/1683-3295-2022-24-
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BBEJIEHUWE

HypanbHbBIE apTepUOBEHO3HBIC/apTePUOCUHYCHEIC
COYCThsI COCTaBJISIIOT IIPUMEPHO 15 % OT Bcex apTeproBe-
HO3HbBIX Masibdopmarnii (ABM) [1—6]. [Tuk BcTpeyaemo-
CTH OypaJIbHBIX apTepUOBeHO3HBIX DTy (TAB®D) mipm-
xoauTcss Ha 50—60 jieT, XOTSI BBISIBJI€HHE BO3MOXHO
B 11000M Bo3pacte [7]. JypanbHble apTepUOBEHO3HBIC
GUCTYIIBI MOTYT OBITH KaK BPOXIEHHBIMU, TaK 1 ITpUoOpe-
TeHHBbIMU. [IprobpeTeHHBIe TAB® MOTYT BO3HUKHYThH
ITOCJIe YePeITHO-MO3TOBOI TPaBMbI, XUPYPTHUECKOTO BME-
IIaTeIbCTBA, CTEHO3a WJIM TPOMOO03a KPYITHBIX MO3TOBBIX
BeH U cuHycoB [8—9]. 1o onHoit u3 runote3, TAB® Bo3-
HUKAIOT B pe3y/braTe AecTBUs (paKTOPOB HEOAHTHOTCHE -
3a [8—10]. OCHOBHBIM MCTOYHUKOM apTEePUATLHOTO TTH-
Tanusa ntAB® ciyxaT 3KcTpalepeOpaabHBIC apTepuH,
JIPEHUPOBAHUE YalllE OCYILECTBIISIETCSI B BEHBI BOJIOCUCTOM
YaCTH TOJIOBBI WJIN AypaibHbIE CHHYCHI 1 KOPTUKAJIbHBIC
BeHbl [11-16].

B Hacrosiiee Bpemst HanboJjee OOILEeTTPUHSITHI ClIeIy-
foiue kiaccudukanu 1AB® (tabi. 1) o ux cTpoeHuo:

» J.A. Borden: ocHOBaHa Ha JlOKaaM3alMu BEHO3HOTO
orroka [17];

* C. Cognard: 6a3upyeTcs Ha apXUTEKType BEHO3HOTO
OTTOKa (aHTEepPO- WU PETPOrPAaTHBIA ApeHaX B Iy-
paylbHbIC CUHYCHI TN0O KOPTUKATbHBIC BEHBI, 3KTa31H1
KOPTHKAIBHBIX TN TIEPUMEIYJUISIPHBIX BeH) [18].
«3omoToit ctanmapt» nuarHoctuku ABM n tAB® —

IUTUTAJIbHAS CyOTpaKIIMOHHAasI IiepedpaabHast aHTHOTrpa-
¢us (LIAT), KoTopast To3BOJISIET UASHTU(DUIINPOBATh Ha-
muure ABM, paHHMI BEHO3HBIN ApeHaX, MUTAIOIINE
apTepuu U ApeHUpyIole BeHbl. [1pr mono3peHnn Ha TABD
clieyeT BBHITIOJHUTH celieKTuBHYI0 LIAI ¢ KoHTpacTh-
pOBaHMEM B3KCTpanepeOpaJbHBIX U MHTPaKpaHUATBHBIX
aprepuii. 1151 BU3yanu3anuu patemMo3Hon yactu ABM Bbi-
COKOMH(MOPMATHBHO BBHITIOJIHEHNE MAarHUTHO-PE30HAHC-

HO¥ TOMOTrpady TOJIOBHOTO MO3Ta (IIpU HAJTMINU KPOBO-
W3JIUSTHUS aJIBTePHATUBOI MOXET CIIY>KUTh KOMITBIOTEPHAST
tomorpacdus (KT) ¢ BHYTpUBEeHHBIM BBEICHHEM KOH-
TpacTHOTO BemecTBa) [1—3, 12, 14, 19-23].

Ieab padoThl — TIPEACTABUTH KIMHUIECKUN CITydaid
YCHEITHOTO XUPYPTrUIECKOTO JICYCHHST COUeTAHHOU 1Iepe-
opanbHOIt matonorun: TAB® 1 aHrnorpaduyeckm CKpbl-
toit ABM y nauyeHTa ¢ BHyTpAUEPEITHBIM KPOBOM3IIUSI-
HUEM.

KIIMHUYECKUN CITYYAU

Ilayuenm A., 69 rem, obpamuncs é npuemHoe omoeneHue
HUMH ckopoii nomowu um. H. B. Ckaughocosckoeo (e. Mockea)
€ XCan00amu HA 20108HYI0 00Ab, BBIPANCEHHYIO CAAOOCTDb,
dezopuenmauuto 6 npocmparcmee. M3 anamueza uzeecmHo,
umo 3a 1 cym do obpawerust 60abHOU (600umens) nocmpadan
6 ATII. Credoé mpasmbl Ha 20408 NPU OCMOMpe He Obl10
8bl5161€H0. B MoMenm noayvenus mpagmol ommeuan snu300
cnymanHoeo cosHanus. Ha momenm ocmompa é npuemrom
OmOoeneHUU 8 HeBPOA02UYeCKOM cmamyce y NAyUeHma omme-
uanu HapyuieHue 3peHus 8 8ude 1e80CMOPOHHEI 2OMOHUMHOLL
2eMUAHONCUU, 1e80CMOPOHHe20 eemunape3a 00 4 6ain108.
Ha KT 201061020 M032a eu3yanusupyemcs CyOKoOpmuKaibHas
2emMamoma npagsix memMeHHOU U 3amblio4Hol doneil 006eMom
42 cM’ ¢ ymepeHHO 8bIpaNCeHHbIM NEPUPOKANbHbIIL OMEKOM
(puc. 1). Tpasmamuueckoii namoaoeuu Kocmeil 4epena Hem.

C yuemom cyOKopmuKanbHo20 XapaKkmepa Kposousaus-
HUs (He MURUYHO20 045 YePeNnHO-M032080i Mpaembl), a Makx-
Jce N0KAAU3ayUY U (opmul eemamomsl 3ano003peHo Kpogo-
usausnue u3 cocyoucmoi mansgpopmayuu. Beinoaunero
KT-aneuoepagus u IIAT, evisenervt OABD, ¢ agpgpepenmamu
U3 NOBEPXHOCMHOI BUCOHHOU U 3aMbLIOYHBIX apmepuil, dpe-
HUpyrwasics uepe3 pacuiupernsle KOpKoavie 6eHbl 8 NPIMOI
cunyc. 3anoaHeHus U3 UHMPAKPAHUAAbHBIX apmepull Hem
(puc. 2, 3): mun no Borden — II1b, no Cognard — IV.



Tabmua 1. Kraccuguxayus dypanbHslx apmepuogeHo3HbIX gucmyn
(0AB®) no J.A. Borden u C. Cognard

Table 1. Classifications of dural arteriovenous fistulas (dAVFs) per
J.A. Borden and C. Cognard

Tun

ABD Tun BeHO3HOTO APEHAKA

Knaccudukanus J.A. Borden

HenocpencTBeHHO B CUHYC WM MEHUHTEATbHYIO
I BEHY C aHTETPAIHBIM KPOBOTOKOM
Directly into the sinus or meningeal vein
with antegrade flow

HeHOCpe,E[CTBCHHO B CMHYC UJIM MCHUHTCAJIbHYIO
BEHY C PETPOTpaJgHBIM APEHAXEM B Cy0apaxHOM-
11 JaJIbHbIE BEHbI
Directly into the sinus or meningeal vein with retrograde
flow into the subarachnoid veins

HenocpenctBeHHO B cybapaxHOMIAIbHbIE BEHbI
111 ) . R
Directly into the subarachnoid veins

JlpeHrpoBaHUE TOIHKO

II1a B cyOapaxHOMIaJbHbIC BEHbI
Drainage only into the subarachnoid veins
JpeHupoBaHuE KaK B OJIHY, TaK U B HECKOJIBKO
11Ib cybapaxHOUIAIbHBIX BEH

Drainage in one or several subarachnoid veins

Knaccudukamusa C. Cognard

HenocpencTBeHHO B CUHYC C aHTETPaHbIM
1 KPOBOTOKOM B CHHYCE
Directly into the sinus with antegrade flow in the sinus

HenocpencTBeHHO B CUHYC C PETPOrpagHbIM
I1a KPOBOTOKOM B CUHYCE
Directly into the sinus with retrograde flow in the sinus

C aHTEeTpamHBIM KPOBOTOKOM B CUHYC U PETPO-
I1b ) IT'paaHbIM ,E[pCHa.}KeM B KOPTUKAJIbHBIC BCH.LI
With antegrade flow in the sinus and retrograde drainage
into the cortical veins

C peTporpaiHbIM KPOBOTOKOM B CUHYC U PETPO-
I'pPaaHbIM JPEHAXEM B KOPTUKAJIbHBIC BEHBI
With retrograde flow in the sinus and retrograde drainage
into the cortical veins

Ila+b

HcknounTeabHO U HEMOCPEACTBEHHO B KOPTH -
111 KaJbHbIE BEHbI 0€3 BEHO3HOI 9KTa3uu
Directly into the cortical veins without venous ectasia

HenocpenctBeHHO B KOPTUKAJbHBIE BEHbBI
v C 3KTa3uen JPEHaXHbIX BEH
Directly into the cortical veins with ectasia
of the drainage veins

HemnocpencTBeHHO B CTIMHAIbHbBIE
A% TMepUMeNyUIIPHBIE BEHBI
Directly into the spinal perimedullary veins

C yuemom KpogoOUAUSHUSL C (POPMUPOGAHUEM GHYMPU-
Mmo32060ii eemamomvt (BMT), o6sem — 42 cm’, npunsmo pe-
wenue 0 npogedeHUuU MUKPOXUPYPeUHecKo20 UCCedeHUs
IAB® u BMT noo Heiipoghuzuonoeuueckum MOHUMOPUHEOM.
Ilepsoim smanom — nod KoHmMposem yAbmpaszeyKko8oil Hasu-
2ayuy U3 AUHelHbIX paspe308 2 cm (6 memMeHHOU U 3ambLaoy-
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Puc. 1. KT 201061020 mo3zea. CyOKkopmukanbHas eemamoma npaswix memeH-
HOII U 3amblao4HOL doneil 06semom 42 cm? (cmpeaxu). Tlonepeunoit u axcu-
anbHOU UCAOKAUUY Hem

Fig. 1. CT of the brain. Subcortical hematoma of the right parietal and occipital
lobes with volume 42 cm?’ (arrows). No transversal or axial dislocation

Puc. 2. Jlueumanvnas cyobmpaxyuonnas yepeopanvias aneuoepagus, nps-
mas npoexyus. Boisenena 0ABD. 1 — agpepenm (6emeu 3amoiaounoil ap-
mepuu); 2 — 6eH03HasA IKMazus; 3 — NPAMOI CUHYC

Fig. 2. Digital subtraction cerebral angiography, frontal projection. dAVF is
detected. 1 — afferent (branches of the occipital artery); 2 — venous ectasia;
3 — tentorial sinus

HOUl 0baacmsax) — GblNOAHEHA Nepe6sa3Ka MemMeHHOU 6emau
1€6011 NOBEPXHOCMHOIL 8UCOYHOI apmepuu U 2 gemaell 1e60il
3aMbLIOYHOL apmepull, Y4acmeyouux 6 KposocHablIceHUU
0AB®. Ilocne nepesszku nyavcayus NOOKOJCHOU yacmu ¢u-
cmynbl 3HayuUmenvHo ocaabaa (puc. 4, 5).

Bmopbsim smanom 6vinoaHeHa KOCMHO-NAACMUYECKAs
mpenanayus yepena @ npasoil MeMeHHO-3aMmblI04HOL 001a-
cmu. Ilpu opmuposanuu KoxicHo20 A10CKYyma omme4anocs
Haau4ue namoao2u4ecKu UsMeHeHHOU 6emau npasoii 3amaol-
A04HOU apmepuu (00NOAHUMENbHBII UCOYHUK KPOBOCHAD-
acerus 0ABD), komopwie makoce Oviau nepessazamvt. C no-
MOWbI0 Hellponagueayuu cCHAGHUPOBAHA 3HYedharomomus
6 npoexuyuu npeonosazaemoii 0OABD. Buvissrena u yoanrena
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Puc. 3. KT-aneuoepagus yepebpansuvix apmepuii, 3D-pexoncmpyxuyus. Boisearena 0ABD. 1 — agpepenm (memennas éemeb n08epxXHOCMHOU UCOHHOL
apmepuu); 2 — agpepernm (6emeu 3amula04HOU apmepuu); 3 — 6EHO3HASL IKMA3US

Fig. 3. CT angiography of the cerebral arteries, 3D reconstruction. dAV'F is detected. 1 — afferent (parietal branch of the superficial temporal artery); 2 —

afferent (branches of the occipital artery); 3 — venous ectasia

Puc. 4. Humpaonepayuonnas gpomoepagus. Pazmemka koxcrno2o docmyna:
1 — npoexyus memeHHOU 6emeu 1601l NO8EPXHOCHHOU BUCOUHOL apmepuu;
2 — npoekyus eemeeli 1e6oii 3amvlA04HOU apmepuu; 3 — 06aacmb NAGHUPY -
emoil mpenanayuu

Fig. 4. Intraoperative photo. Mapping of skin access: 1 — projection of the pa-
rietal branch of the left superficial temporal artery; 2 — projection of the bran-
ches of the left occipital artery; 3 — area of the planned trepanation

BMT o6semom oxono 40 cm’, nocne ueeo obnapyxcena namo-
Ao0euteckas cocyoucmas cems @ 00aacmu MeoudnbHvix omaoe-
108 meMeHHOU u 3amblaouHol doaeil. Haitidena cxkpoimas
ABM, kposocnabicaroujascsa u3 namosocueckozo cocyoa
6 obnacmu ¢hanvkca, dpenupyroujascsa 6 2nyOUHHblE GeHbl
(puc. 6). Bmecme ¢ 6eno3Holl 3xmasueil bvina ucceuena ABM
¢ npuMeHeHuem Mukpoxupypeuueckoii mexrnuku. Ilpu konm-
PONBHOU KOPKOBOII MOMOPHOU CIUMYAAUUYU CHUNICEHUS MO~

Ny

Puc. 5. Unmpaonepayuonnas pomoepaghus. Bvidenenue u nepesszka emeu
3amblAo4HOU apmepuu (cmpeaka)

Fig. 5. Intraoperative photo. Isolation and ligation of the occipital artery
branch (arrow)

MOPHBIX BbI36AHHBIX NOMEHYUA06 He bbiro. Tlpu eucmono-
2UYECKOM UCCAC008AHUU NAMOA0UYECKOI cemu cocy008
noomeepxucoerna ABM.



®danbkc / Falx

HENPOXUPYPTUA
TOM 24 Volume 24

Russian Journal of Neurosurgery ‘

3
I
S~
U
X
I
=
S
IS

Puc. 6. Humpaonepayuonnas pomoepagus (a). Cxema (6) unmpaonepayuonnozo usobpaxcenus. 1 — pacuupennas, openupyowas gucmyny eena; 2 —

BEHO3HAA SKMA3Us

Fig. 6. Intraoperative photo (a). Diagram (6) of the intraoperative image. 1 — expanded vein draining the fistula; 2 — venous ectasia

Puc. 7. KT 20106n020 mosea u KT-aneuoepagus yepebparvhoix apmepuii (nocaeonepayuorisiii Koumpoas). KT 20106H020 mo3ea (a): MunumanvHule uzme-
HeHus 6 0bnacmu onepamueHo20 6Meulamenbcmea; NONepetHoll U akCuanbHoll OUcioKauuy Hem, 00603navena odnacms cemamomvt (cmpenxa). KT-aneuo-
epaghus cocydos 201061020 mo3ea (6): npedcmagaena 6HymMpeHHss: NOBEPXHOCMb C800a Uepena; NamoAo2ul UHMPAKPAHUGAbHBIX COCY008 20108H020 MO32A

He ebiseneno; 0ABD ucceuena momanvHo

Fig. 7. CT of the brain and CT angiography of the cerebral arteries (postoperative control). CT of the brain (a): minimal changes in the area of surgical
intervention; no transversal or axial dislocation; area of the hematoma is shown (arrow). CT angiography of the cerebral vasculature (6): internal surface of
the cranial vault is presented; no pathologies of the intracranial vessels are detected; dAV'F is fully resected

B nocaeonepayuonrom nepuode Ha gore npogedeHH020
JeueHUsl OmMeUeH pezpecc 08U2amenbHbIX U KOOPOUHAMOPHBIX
HapywleHuil, a maxxice 4acmMu4Hblil peepecc 20MOHUMHOU 2e-
muaHoncuu. boavroil ebinucan 6 yooenemeopumenvnom co-
cmosHuu Ha 11-e cymku nocne onepayuu (puc. 7).

PE3VJIBT'ATDBI

BeisiBneHHAst THTpaoTiepallmoHHO aHTUOTpaduIecKn
ckpbiTass ABM nonreepxneHa rucronoruyecku. [Tpose-
IEHHOE XUPYPTrAUYECKOe JIEYEHUE IMO3BOJIMUIIO NOCTUYb
YIOBJIETBOPUTENBHOTO UCXOAA JICYEHUS.

OBCYXJIEHHE

B Hacrosiiiee BpeMsi CYLIECTBYET 3 MeTOoAa JIeUeHUsI
epebpaibHbix ABM u tAB®D:

* DHIOBACKYJISIpHAsT SMOOIMU3ALINS
* MUKDPOXUPYPTUYECKOE JICUEHUE;
* pagMOXMPYPIUSL.

Haunyuinve pe3ynbraThbl Jie4eHUs C BHICOKUM YpPOB-
HEM PaguKaJIbHOCTA M HU3KMMMU [MOKA3aTEISIMU ITOCJIE0-
MepalMOHHbIX OCJIOXHEHMIA obecrieunBatoTcs daaronapsi
MYJIBTUMOJAIBHOMY IIOAXOIY ¢ KOMOMHUPOBAHUEM JaH-
HBIX MeTomuK [11, 13, 24—27]. B To BpeMsI KaK MOIXOIBI
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IToka3zanus n npeumyuniecrsa

» CyOKOPTHUKAJIbHOE PaCIojIo-
xenue ABM;
Subcortical AVM location;

* ABM BHe (hyHKIIMOHATBHOM
30HbI IT'OJIOBHOI'O MO3ra,
AVM outside the functional zone of
the brain;

* Hamnuue BMI ¢ nmpuszHakamu
Macc-3¢dekra;
presence of ICH with signs of mass
effect;

* 00agaeT HauodOobIIEH
PaguKaIbHOCTBIO
has highest radicality

* TepMUHATBHBIA TUIT
achhepeHTOoB;

Terminal type of afferents;

* (h)yHKIIMOHAJIEHO 3HAUMMast
30Ha roJiIoBHOro Mo3sra,
functionally significant zone of the
brain;

* ABM 6Gosnblinx pa3Mepos;
large AVM;;

* KaK 1-i1 aTan KOMOMHUPOBAH-
Horo JeyeHuss ABM
as the 1* stage of combination
treatment of AVM

* [lyouHHas nokaau3anus
Majibhopmaluu;

Deep location of the malformation;

* MaJjiblii pa3mep (1o 3 cm);
small size (below 3 cm)

* (DyHKIIMOHAJILHO 3HAYMMas
30Ha roJIoBHOro Mo3ra,
functionally significant zone of the
brain;

* KaK 3aKJIIOYUTEJIbHBIN 3Tan
sneyeHust ABM nocnie yactuu-
HOTI'O XUPYPru4ecKoro
HWCCEYEHMST UIIM SMOOIU3aLUU
as a final stage of AVM treatment
after partial surgical resection
or embolization

Ilpumeuanue. BMI" — enympumo3zeosas eemamoma.

Russian Journal of Neurosurgery

Tabmuua 2. [Ipeumywecmea u Hedocmamiu, NOKA3aHUS K NPUMEHEHUI0 MeMOOUK BbIKAHOUEHUS apMepUuo8eH03HbIX marvgopmayuii (ABM)

Table 2. Advantages and disadvantages, indications for techniques of arteriovenous malformation (AVM) exclusion

Ol‘pa]-llfl‘le}[lflﬂ H HETOCTATKH

* Puck HapacCTaHUsA HCBpOJ’IOFI/I‘{CCKOfl CHUMIITOMATHUKU ITPU JIOKAJIMU3a-
U1 B GYHKIIMOHAIBHO 3HAYMMOM 30HE;

Risk of augmentation of neurological symptoms in case of location in the
functionally significant zone;

* Or'paHUYCHUEC Yy IMALITUCHTOB C COl'[yTCTByIOH.[CfI COMAaTUYECKON IMaToJIO-
THUEWH;
limitations in patients with concomitant somatic pathology;

* BO3MOXHO Pa3BUTUE CUHAPOMA IPOPbIBa HOPMAJILHOTO 1LIepeOpaibHO-
ro TTepdy3MOHHOTIO JaBJIeHUS — pernepdy3uMOHHOrO CHHIPOMA,
XapaKTePU3YIOIIETOCS KpOBOMU3IUsIHUEM B JIoxke ABM (1)
possible development of normal cerebral perfusion pressure breakthrough
syndrome — reperfusion syndrome — characterized by hemorrhage in the AVM
bed (!)

* BO3BMOXXHOCTb pa3BUTHS TSKEIIX MIIEMUYECKUX TTOBPEXKICHUIA
(GYHKIIMOHATBHO 3HAYMMBIX IIEHTPOB FOJIOBHOTO MO3Ta M3-3a OKKITIO-
31U MUTAIOIINX apTEPU IPU TPAaH3UTOPHOM THUIIE aHEepEeHTOB;
Possible development of severe ischemic damage of functionally significant
centers of the brain due to occlusion of nutrient arteries in case of transitional
type of afferents;

* puck pexkaHanusanu ABM (11,8 %);
risk of AVM recanalization (11.8 %);

* B YCJIOBUSIX OCTPOTO KPOBOU3IUSHUS Budyanu3auus supa ABM u ero
TOTaJIbHast SMOOJIM3a1MSI MOTYT OBITh 3aTPYIHEHBI B CBSI3U C €T0
YaCTUYHBIM TPOMOO30M;
in case of acute hemorrhage, visualization of the AVM nucleus and its total
embolization can be complicated by its partial thrombosis;

* BO3MOXHO pa3BUTHE CUHAPOMA IPOPhIBa HOPMAJIbHOTO 1LIepeOpaibHO-
ro nepdy3uoHHOro AaBiaeHuUs (pernepdy3MoHHbI CUHIPOM)
possible development of normal cerebral perfusion pressure breakthrough
syndrome (reperfusion syndrome)

* Prck oBTOpHOTO KpOBOTEUEHUSI COXpaHsIETCsI B TeueHue 1—2 et
1ocJjie 00JIyYeHUs ;
Risk of repeat hemorrhage remains for 1—2 years after irradiation;
* Pa3BUTHE JIy4€BOTO HEKPO3a;
development of radiation necrosis;
* orpaHuYeHue npu 6osbiIMX pazmepax ABM, Hanuuuu ductyn
U aHEBPU3M
limitations in cases of large AVMs, presence of fistulas, aneurysms

90

Note. ICH — intracerebral hematoma.

K JleueHnio ABM pernamMeHTUPOBAHBI PSIIOM KIMHUYE-
CKMX peKOMEHIAINIA, OOIIETIPUHSATOTO ITOAX0Ia K Jieue-
Huo TAB® B muTepaTtype He HaiieHo.

Bri6op MeTona onepatuBHoro jgedyeHust ABM onpene-
JISIETCSI TUTIOM KJIMHUYECKOro TeueHusi, oobemMmoM BMI,
JIOKaIM3aiei 1 pa3MepoM Maab(OopMaIiu, XapaKTepoM
MMUTAIOIINX apTeprii, PYHKIIMOHAIBHBIM CTaTyCOM 0OJIb-
Horo [11, 28]. B Tab1. 2 cyMMUpoOBaHbI TTOKA3aHUS U He-
JIOCTaTKM Kaxmoit merogukw [11, 28].

Ilooxo0bt K aeuenuro OypaibHbIX AGpMEPUOBEHO3HBIX
ducmya. lens neyenuss IABD — TotanbpHOe pa3obiieHne
coycths [29, 30]. Crparernu neuenust 1ABD 3akimrogaroT-
Csl B M30JIMPOBAHHOM WJIM KOMOMHUPOBAHHOM IIPUMEHE-
HUU METOJ0B MUKPOXMPYPIUU, SHAOBACKYJISIPHOM TpaH-
capTepUajbHOM MJIM TPAHCBEHO3HOUW 3MOOJM3aLUU
u pagnoxupypruu [10, 31, 32]. CornacHo TuTepaTypHBIM
KMCTOYHMKAM, MPH MCIOJb30BAaHUM TPaHCAPTEPHUAIBbHOMN
sMbom3any 1AB® 3¢ deKTUBHOCTh BMeIIaTeILCTBA



nmocturaer 20—30 %. TpaHcBeHO3HAsT OKKITIO3MSI TTO3BOJISIET
JIOCTUYb TOTAJIbHOrO BhiKI0YeHUsI TAB® y 80 % nauu-
€HTOB, XOTsI COTIPSIKEHA C PUCKOM YBEIIMICHUS peBEPCUU
KpOBOTOKA B liepedpanbHble BeHbI. [29] OnTuMalbHbII
MEeTOH SHIOBACKYJISIPHOTO JICUCHUST OCTAETCS OVMCKYCCH-
OHHBIM [33]. B TexHUUeCcKM CIOXHBIX CITy4assx BO3MOXEH
BapraHT KOMOMHMPOBAHHOTO JICYCHHST — SHIOBACKYJISIP-
HOE BMEIIATEILCTBO C ITOCICIYIOIICH MUKPOXUPYpPTrude-
ckuii pesekuneir. CTepeoTaKCMIecKask pagruoXUpypTHs
B KaUeCTBE CAMOCTOSITETbHOTO METO/IA JICYCHUSI arPeCCHUB-
HBIX TAB® ncnonb3yeTcs pexke 1, KaK IIpaBUjIo, IIpUMe-
HSIeTCsI I 00 IMTepallui ocTaTOUHBIX TAB® 1mocie Mu-
KPOXUPYPUIECKOTO M BHYTPUCOCYIUCTOTO JedeHus |8, 9,
13, 29]. locTyITHBI pa3IndHbIe BAPUAHTHI MUKPOXUPYPIH-
YeCKOM OIepalliy, BKITIOYasl Pe3eKIINI0 aHOMAJTBHOM TBep-
JTOIt MO3TOBOI 000JIOUYKH, TAMITOHUPOBAHNUE ITOPAKEHHOTO
CHHYCa, BEIKJIIOUEHHNE PETPOTPAaTHOTO JISIITOMEHUHTEATh-
HOTO BeHO3HOTrO0 npeHaxa [33]. OnpeneneHHbIC aHATOMM -
yeckue obiactu Jjokanuzaun tAB® mpearnouTuTenbHbI
IIJIST MUKPOXAPYPTUIECKOTO JICUCHUSI: THO TIepeIHel ue-
PEITHO# IMKHU 1 00JIaCTh BEPXHETO CaTUTTAIBHOTO CHYCA
[33]. XopommMmu KaHaugaTaMM Ha CTePEOTaKCUYECKYIO
panuoxupypruio MoryTt 661Th TAB® HU3KOTO pricka Kpo-
poreueHus (tum I mo Cognard/Borden) B cBSI31 ¢ HU3KUM
PYICKOM KPOBOMBIUSIHUS, XOTS ITOKA3aHMS K UX XUPYPIH-
YeCKOMY JICYCHUIO OCTAIOTCA NMCKYCCMOHHBIMU. DTHU
ITAB® moka3anm 0ojiee BBICOKYIO YAaCTOTY OOJIMTEpaliuyi
IIPY PATHOXUPYPIUU 6e3 KPOBOMBIUSIHUS B JTATCHTHBIN
nepro. Pagoxupyprust MOXeT OBITh pacCCMOTpPEHA B Ka-
YecTBe JICYCOHOM OIMIIMU, KOTIa SHIO0BACKYJIIPHOE JIeue-
HUE WM MUKPOXUPYPIUsl HEBBITOJIHUMEI [8, 9, 13, 29].

Ilodxo00bt K aeuenuro apmepuoseno3HbIX Matbphopma-
yuii. Dt noaxoael 0ojiee CTaHAAPTU3UPOBAHBI, YEM IS
ITAB®. PagukanbHble MUKPOXUPYPTUUECKHE OIepaliiyi
Hauobomee apdexkTuBHb Tp ABM I—I1 cTenenn no mka-
ne Crnemrepa—MapruHa (R.E Spetzler, N.A. Martin,
1986). st ABM III-1V cteneHu TpeOGyeTcss UHAUBUILY-
aJIbHBIN KOMOWMHUPOBAHHBIN IMOaX0a. BEICOKMM prcKOM
ITOCJICOTIePAlIMOHHBIX OCTIOXKHEHUN IIPY MUKPOXUPYPIH-
YeCcKOM HcccedeHrUM xapakrepusyiorcst ABM V creneHn,
OHM TPEOYIOT MPUMEHEHNUSI KOMOMHUPOBAHHOTO ITOAX0Ia
B neueHun [31, 34, 35].

¥V nanueHTOB ¢ KpynmHBIMUY Hepa3opBaBinuMucs ABM
(Spetzler—Martin IV—V) Bo3MOXHO IpoBeieHre Ha0Iome-
Hust. BBt IpoBeneH psin nccnenoBanuii (Scottish Intracranial
Vascular Malformation Study — SIVMS, A Randomized
Trial of Unruptured Brain AVMs — ARUBA, MRI-assisted
radiosurgery — MARS), moka3aBimnx NporHoCTUYECKU
ITOJIOXKUTEIbHBIE PE3YIbTaThl KOHCEPBATUBHOTO JICUCHMST
y IMaIMeHTOB ¢ Hepa3opBaBmMMUCSI ABM 1o cpaBHEHHIO
C XUPYPTUYECKUM WJIY SHIOBACKYISIPHBIM BEIKITIOUCHUEM
[36—38]. JlaHHBIE pe3ynbTaThl TAKXKE OBUIH ITOATBEPXKIAEHBI
B HammoHambHOM MHCTHUTYTE HEBPOJIOTMYECKUX pac-
crpoiictB u nHCYIbTa (National Institute of Neurological
Disorders and Strok, CIIIA) [36—38]. Takxe cTOUT ITOM-
HUTh 0 EBpomeiickoii KoHCEeHCYCHON KOHdepeHIUn
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(European consensus conference), pelieHre KOTOpPOit
B 2016 1. macuT, yro npuMeHeHne pesyiasratoB ARUBA
KO BCeM MaybopMamusiM He ILeIeco00pa3sHO B CBSI3U
C MaJIBIM KOJIMYECTBOM MCCIIeIYyeMbIX OOJIEHBIX, HEpaBHO-
MEPHBIM pacIipeieIeHueM 10 TPyIIaM HaOTioaeHUs 1 60-
Jiee BBICOKMM MOKAa3aTeJISIM JIETATbHOCTHU B XOZIe MCCIIEIO-
BaHUS, YeM OXMIAI0Cch n3HadaabHO [39]. P. Orosz u coaBT.
(2021) mmpoBen ucciaenoBaHne, HA OCHOBAHUHM KOTOPOTO
cIelaH BBIBOX: CpaBHEHME PHUCKOB €CTECTBEHHOTO TeUe-
HUS ¥ IPOPMIAKTIYECKOTO JICUSHHST OOIBHBIX ITOKA3hIBa-
eT, YTO HabIIoAecHNe OoJiee MPEINOUYTUTEIHFHO, YeM Ka-
Koe-11b0 JedeHrne. OgHAKO B 3TOM MCCICIOBAHUU HE
VYUTBIBAJIOCH HOJTOCPOUYHOE BiussHrue ABM Ha KauecTBO
xu3Hu [40].

Meton BeiOOpa npu pa3pseiBe ABM — xupypruueckoe
neuenue [11, 14, 25, 27, 41, 42]. Bce MeTonbl MTHBa3UBHO-
TO JICUeHMS HarpaBJIcHbI Ha TOTaJIbHOE BEIKITIoUeHIe ABM
13 KPOBOTOKA C IIETbI0 MCKITIOUECHUST PMCKA TTOBTOPHOTO
KpoBou3nusiHus, yaaneHnusst BMI, yctpaHeHust BHyTpuie-
PEITHO# TWIIePTEH3WH, JIMKBUIAINNA (heHOMEHa «00Kpa-
IBIBAaHMSI» MO3Ta, CHIDKSHUST UIM Perpecca HeBPOJIOTHIeC-
Kol cumnTomMatuku [11, 13].

Lenb ambonuzanum ABM — 3akymopka cocyoB, co-
CTaBJISIIONINX simpo ABM, ¢ TTOMOIIIbI0 Heaare3uBHBIX 1 afl-
re3UBHBIX dMO0JIM3aTOB, MUKpocupaneii [11, 20, 25, 27,
28, 43, 44]. Tpu aHanu3e OCIOXHEHUI, HAMOOIbIINA
PUCK IIJIS TTAIIMEHTOB IPEACTABIISIIOT TeMOpparndeckKue
OCJIOXXHEHMS TTocieonepaoHHoro nepuona [20, 24]. Pan
aBTOPOB CUYMUTAIOT OOOCHOBAaHHBIM IIPUMEHEHHE B HE-
KOTOPBIX CliydyasiX CJI0XHbIX ABM BbICOKOI Tpagauuu
(Spetzler—Martin IV—V) Tak Ha3pIBaeMOil METOOVUKU
TIPULICTBFHOM SMOOIM3aIIK, KOTIa ITIPOBOIUTCS TOJIEKO M-
00JM3aIIrsI TIOTOKOBBIX WM MHTPAHUIAIBHBIX aHEBPU3M,
(ducTyn BeICOKOTO 1ToTOKA [15, 16, 26]. DHOOBACKYIIpHOE
JIe9eHNE MOXET OBITh MCITOIh30BAaHO B Ka4ecTBe 1-To 3Tama
JIEYCHUSI C TTOCIICAYIOIINM MUKPOXUPYPTMISCKIM Hccede-
HHMEM UTS] yMEHBIIICHNSI THTCHCUBHOCTH KPOBOTOKA U MH-
TpaorepanroHHoi KpoBororepu [1-3, 15, 16].

7151 OLIEHKM priCKa BHYTPUCOCYIUCTHIX BMEIIIATSIHCTB
o mosoay ABM R.M. Starke u coabr. (2009) pemioxeHa
(kak aHayor mKanabl Spetzler — Martin) rpagalrmoHHast
IIKaja Uil TTAaIIMeHTOB, KOTOPBIM IUIAHUPYETCST 3HIOBA-
CKYJISIpHOE JIedeHHUe (CyMMa 0aJlJIoB B Heit BapbupyeT oT 0
10 6). Hactora pa3BuTUsi HEBPOJOTMYECKOTO AedULIUTa
nocne smbonm3anun ABM ¢ cymmoit 6amios ot 0 mo 4
I10 MpeUTOXKEHHOM 1mKaie cocrtaBwia: 0,6, 15, 21 u 50 %
CcoOTBeTCTBeHHO. [lanimeHTam ¢ cymMmMoii 6aioB 5 3HI0-
BacKyJISIpHOE JiedeHre He MpoBoauaoch [34, 45].

CrepeotakcudecKas pamoxupyprust ABM gamie mpu-
MEHSIEeTCS TP TIYOMHHO PacCIIONOXEHHBIX MaTb(opMa-
UsIX Hebopmoro pasmepa. Ooaurepaunss ABM moxet
3aHSITh MHOTO MECSIIEB, 1 B T€UYCHHE 3TOTO JIATCHTHOTO
Ieproaa prCcK KpoBOTeUeHUS ocTaerc [8, 9].

151 oripenesieHYsI TIOKa3aHUI ¥ prucKa KOMIUIEKCHOTO
JIledeHus TTareHToB ¢ ABM ¢ MCITonmb30BaHMEM BCEX MOIATTh-
HOCTel (BHYTPUCOCYIVICTOM XMPYPTUN W PATUOXUPYPIHH)
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A. Beltramello u coaBt. (2008) pa3zpadoTtanu OaJIBHYIO
OLICHKY, KOTOpas BKJIIOYAET XapaKTePUCTUKY IallMeHTa,
ABM 1 o11eHKY prcKa KaXJI0ro U3 3 METOAOB JIEUeHMUSI.
IIpu cymme 6amtoB 1—10 (xapakTeprCTHUKA TAIEHTA,
ABM u onHa U3 MOJAJIbHOCTEM, IPU 3TOM BapuaHT KOM-
OMHMPOBAHHOTO JICUCHUs HE MPEAYCMOTPEH) JCUCHUE
¢ IMpUMEHEeHNEeM M30paHHO MOTAIBHOCTU MOXKET OBITH
pexoMeHoBaHO; ipu 11—12 — neyeHne BO3MOXKHO C BbI-
COKMM PUCKOM WHBaIuau3anuu; pu 13—17 — nedeHue
He peKOMeHI0BaHo [34, 46].

SAK/TFOYEHHME

B npuBeneHHOM KJIMHMYECKOM MPUMEpE Y MalMeHTa
Ha J00MepalMOHHOM 3Tane BbisiBieHa fAB®D, 3anonHs-
IOLLASICSI U3 BETBEI 3aThUIOYHBIX apTepUii U IPEeHUPYIOLLA-
SICS1 Yepe3 KOPKOBBIE 3aThIJIOYHBIE BEHBI B IIPSIMOI CUHYC
(Borden I1Ib 1 Cognard V), KoTopast, mpearnoaoKuTeIEHO,
MPOSIBUIIACH BHYTPUYEPEIIHBIM MAPEHXMMATO3HBIM KPO-

Bom3stHUEeM. OTHAKO MHTPAOIIEPALIMOHHO ObLTa OOHAPY-
JKeHa e1le 1 CKpbITast ABM, 4To moaTBepavIn TMCTOIOTH -
yeck. OMHO3HAYHO OMPEACIUTh UICTOYHNK KPOBOTCUCHMS
(ABM unn nAB®) He mpencTaBiIsIOCh BO3MOXKHEIM.
C y4eTOM BHYTPHUYEPEITHON TeMaTOMBI, ITOBEPXHOCTHOTO
pacrioIoXeH!sT GUCTYIBI M 3KCTpaKpaHUAIBHBIX adde-
PEeHTOB (TeMEHHBIC BETBM ITOBEPXHOCTHON BHCOYHOI
¥ BETBU 3aTHUTOYHOM apTepHii) BEIOpaH BapraHT MUKPOXH-
PYPTUYECKOTro JICICHUS C IIpeaBapUTETbHBIM IIepeceUeHM-
€M TIMTAIONINX apTepHil IS KOHTPOJISI MHTPAOTIePALIOH-
HOTO KpOBOTeueHMS. JIaHHBI METO TTO3BOJIAI JOOUTHCS
MWHHAMAJIBHOM KPOBOIIOTEPH BO BPEeMSI OIICpAIIH, PaIM-
KaJbHOTO MccedyeHUss TABD u yooBIeTBOPUTEIHEHOTO HC-
X0Ja JICYCHMST, YTO TTOATBEPKAACT IMTPAaBUILHOCTD TaHHOM
neyebHoM TakTuKU. Mcxoms n3 o0cykaaemMoro rpumepa,
PEKOMEHIyeM BBITIOTHSTH TIIATSIHFHYIO PEBU3UIO TTOJIOCTH
TeMAaTOMBI IIJIST BBISIBICHUSI CKPBITBIX COCYIMCTBIX Majlb-
dopmaumii.
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C.A. Topomenko, JI.B. Poxuenko, B.B. boounos, E.I'. Kosomun, A.E. IlerpoB
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BeepeHue. [prMUTUBHAA TPUTEMUHANBHAA apTepPUsA — 3TO eTaNbHbI aHACTOMO3, CBA3bIBANOWMIA KAPOTULHBIA 1 BEpTe-
6po6a3unsapHblii 6acceiiHbl B 3MOpMoHanbHOM nepuoge. Mocne poxaeHus faHHas aptepus y pebeHka B OONbLIMHCTBE
cllyyaeB obnuTepupyetcs u pepyumpyetcs. MHorga 06auTepauns He NpOMCXOAMT, BCNEACTBUE YEro HA 3TOW apTepum
MOryT hOpMUPOBATLCA aHEBPU3MBI (B CBA3M C U3MEHEHMEM MPUBBIYHOI reMOAUHAMUKM B KAapoOTURHOM BacceiiHe), yTo,
KaK CNeAcTBuWe, BNeYeT 3a Co60ii pUCK pa3BUTUA CybapaxHOMAANbHOTO KPOBOU3IUAHUSA, PE3KO YXYALAIOWEro NPorHo3
TeueHus 3abonesaHus. MpuBbIYHBIE MUKPOXUPYPTUYECKME METOAbI IEYEHUSA K aHEBPU3MAM JAHHOM NOKanu3auum mano-
NPUMEHUMBbI U BbICOKOTPABMATUYHbI B CBA3M C 04EHb KHU3KMUM» PACMONOXKEHNEM WEKM, YTO MOXET noTpe6oBaTh Npume-
HEHUA pacluMpeHHbIX 6a3anbHbIX LOCTYNOB, TPEOYIOLMX PE3EKLMMU KOCTEN OCHOBAHMA Yepena. TakKe «OTKpbITasy» Xupyp-
rUs Bneyet 3a coboi pUCKM NMOBpEXAEHNUA NepdOPaHTHbIX apTepHii, HepeaKo OTXOAAWMX OT TPUreMUHANbHOM apTepum
¥ NUTAIOWMWX CTBOJI MO3ra, YTO He3aMeLIUTeNbHO NPUBELET K ero UWeMnYecKomy noBpexpaeHuto. MmMeHHO no3atomy
NPeAnoYTUTENbHBIM METOAOM NPY NOAOBHOM NATONOTUM MOXHO CYMTATb IHAOBACKYAAPHOE BMELWATENbCTBO KaK HEPEeKOH-
CTPYKTUBHbIX, UCMONb3YIOWMX TONBKO MUKPOCTUPANY, TaK M PEKOHCTPYKTUBHbIX, TPEOYIOWMX UMNNAHTALMM aCCUCTUPYIOWMUX
1AW NOTOK-NepeHanpaBaaoWmx CTEHTOB.

Llenb pa6oTbl — feMOHCTpaUUs Clydas YCNeWHOro eYeHns NaLumueHTKn C aHeBPU3MOi NPUMUTUBHON TPUTEMUHANBHO
aptepuu.

Marepuanbi n metopbl. [IpoonepnmpoBaHa NaLMeHTKa C KpyNHOW aHEBPU3MOIA, PAaCNOIOXEHHOW Ha NPUMUTUBHOW TpUre-
MWUHANbHOW apTepuu, NOCTYNMBILAA B KNUHUKY C Xanobamn Ha cxopsweecs kocormasue. Mo paHHbiM KT-aHruorpaduu
rONIOBHOTO MO3ra BbiAABNEHA KPYMHas aHeBpU3Ma NPUMUTUBHOWM TPUTEMUHANBHON apTepun CNpasa, YTo B JabHENWeEM
6bl710 NOATBEPKAEHO AAHHBIMW CYOGTPAKLMOHHOI CeNeKTUBHOM LiepebpanbHoit aHrunorpacuu. C yuetom masogsurarenb-
HbIX PACCTPOICTB Y NALMEHTKM OT UCMO/b30BAHWA MUKPOCTIUPaNei BbiN0 PELIEHO BO3[iEPXKATLCA B CBA3M C BO3MOXKHOCTbIO
coxpaHeHus macc-3tdekTa. Ha doHe npuema fBoiiHoi fe3arperaHTHoi Tepanuu (Tukarpenop 90 Mr 2 pasa B JeHb +
auetuncanuumnosas kucnota 100 Mr 1 pa3 Be4epoMm) U KOHTPONA GYHKLMOHAIBLHON aKTUBHOCTM TPOMOOLMTOB BbINONHE-
Ha UMNNAHTALMUA NOTOK-OTKIOHAIOLLEro CTeHTa B NPaByl0 BHYTPEHHIOK COHHYIO apTepuio.

Pe3ynbratbl. MauneHTKa 6bina BbiNKMCaHa U3 CTauMoHapa Ha 1-e CyTKM nocie onepauuu v BepHynach K Tpyay. Mpu Bbi-
NONHEHUMN KOHTPONbHOI aHrnorpacum yepes 3 rofa OTMEUEHO TOTaNIbHOE BbIK/IOYEHWE aHEBPU3MbI U3 KPOBOTOKA, a TakK-
e YaCTUYHBIA perpecc mMa3ofBuratenbHbIX paccTponMcTs. BHyTpucocyamncroe neveHne B LaHHOW CUTYaLUM NOCAYKMNO
3 PeKTUBHLIM METOAOM BbI6OPA M NO3BONMNO HAfEIKHO BLIKMOYUTb aHEBPU3MY M3 KPOBOTOKA, HE YXYAWMWB NpU 3TOM
(hYHKLMOHANBHBIN UCXO[ NeYEHUA NALUEHTKU.

3aknioyeHune. MoxXHO nonararb, YTO BHYTPUCOCYAMCTOE BMELIATENbCTBO NPU NOAOOHBIX aHEBPU3MAX CYKUT 3D HEKTUB-
HbIM METOZOM BbIGOPA KaK MUHMUMANIbHO MHBA3MBHAA U MalOTPaBMaTMYHan onepauus Npu JeYeHn naymeHToB ¢ AaHHOM
naronoruen.

KnioueBble cnoBa: aHeBpu3Ma, NPUMUTUBHAA TPUreMUHaNbHaa apTepus, KapOTI/ID,HO-6a3I/IJ1ﬂprIVI aHaCTOMO3, NOTOK-
OTKNOHAOWMIA CTEHT, 3HA0BACKYNAPHOE nevyeHue

Ins uutuposaHusa: fopowenko C.A., PoxueHko J1.B., bobuHos B.B. 1 ap. AHeBpHU3MA NPUMUTUBHOI TPUrEMUHANBHOW
apTepuu: ciyyail U3 NpakTUKM U 0630p nuTtepatypsl. Heltpoxupyprus 2022;24(4):95-100. DOI: 10.17650/1683-3295-2022-
24-4-95-100
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Background. The primitive trigeminal artery is a fetal anastomosis connecting carotid and vertebrobasilar basins during
embryonic period of development. After birth, this artery in the child is obliterated and reduced in most cases. Sometimes
the obliteration does not occur and as a result the aneurysms may be formed on this artery (due to change in ordinary
hemodynamics in carotid basin), as a consequence, it produces a risk of subarachnoid hemorrhage that sharply worsens
prognosis of the disease outcome. The usual microsurgical treatment methods of aneurysms of such localization are
of little use and are highly traumatic due to the very “low” location of the neck, because the surgery may need extend-
ed basal accesses requiring resection of skull base bones. Also, an “open” surgery produces risks of perforating arteries
injury that often extend from trigeminal artery and feed the brain stem, the injury will immediately result in brain
ischemic damage. That is why the preferred method for treatment of that kind of pathology may include endovascular
intervention both of non-reconstructive type employing microcoils only and those of reconstructive requiring implan-
tation of assisting or flow-redirecting stents.

Aim. To demonstrate a case of successful treatment of patient with a primitive trigeminal artery aneurysm.

Materials and methods. A woman, who was admitted to clinic with complaints of convergent strabismus, undergone
surgery for large aneurysm located on primitive trigeminal artery. CT brain angiography revealed large aneurysm
of primitive trigeminal artery on the right, the result was later confirmed by data of selective cerebral subtraction an-
giography. Taking into account oculomotor disorders in the patient, it was decided to refrain from microcoils use due
to risk of the mass-effect preservation. Under double disaggregant therapy (ticagrelor 90 mg twice daily + acetylsali-
cylic acid 100 mg once daily in the evening) and monitoring the functional activity of platelets, a flow-deflecting stent
was implanted into the right internal carotid artery.

Results. The patient was discharged from hospital on the 15 day after the surgery and returned to work. A control angiography
performed 3 years later revealed a total shutdown of the aneurysm from bloodstream as well as a partial regression of oculo-
motor disorders. Intravascular treatment in this situation served as an effective method of choice and made it possible
to reliably turn off the aneurysm from bloodstream without impairing the functional outcome of patient’s treatment.
Conclusions. It can be assumed that intravascular intervention in case of such aneurysms serves as an effective meth-
od of choice as minimally invasive and low-traumatic surgery in the treatment of patients with that type of pathology.

Keywords: aneurysm, primitive trigeminal artery, carotid-basilar anastomosis, flow-deflecting stent, endovascular
treatment

For citation: Goroshchenko S.A., Rozhchenko L.V., Bobinov V.V. et al. Aneurysm of the primitive trigeminal artery: a clinical
case and a literature review. Neyrokhirurgiya = Russian Journal of Neurosurgery 2022;24(4):95-100. (In Russ.). DOI: 10.17650/
1683-3295-2022-24-4-95-100

eab myo/MKamuM — TEMOHCTPALIMSI CITyJasT YCIEITHOTO

DeTanpHBIT KAPOTUAHO-0a3MISIpDHBIA aHACTOMO3,
WIN IPUMATHBHAS TpureMuHanbHas aprepus (I1TA), —
OIIMH 13 Han0oJIee YacTo BCTPEeYaeMbIX aHACTOMO30B MEX-
Iy 6acceitHaMy COHHOI M ocHOBHOI1 apTepuii (OA) ¢ pac-
npocrpaHeHHoctbio 0,1-0,6 % B monyiasuuun [1-7].
BrissBisiemocTh aHeBpU3M, JioKanusytomuxcs Ha [1TA,
COCTaBIISIET 0KOJIO 4 %, 4TO He MPEBBILIAET YACTOTY JIst
aHeBpU3M JApyroii jokanusaunu [8, 9]. Hambomee gactoe
HX PacCITOJIOXeHNEe — 00JaCTh CThIKA MEXIY BHYTPECHHEM
connoit aptepueii (BCA) u I1TA [2, 3, 5]. Hepenko nan-
HBbIE aHEBPU3MbI MMEIOT IMMPOKYIO MIEHKY Y COIETAIOTCS
C IPYTUMHM COCYIVUCTHIMU aHOMATUSIMU, TAKMMU KaK aHeB-
PHU3MBI, apTepPUOBEHO3HBIC MaTb(popMallii, apTepHO-
CHHYCHBIE COYCThsI, 00JIe3Hb MOSIMOSI, & TAKXKE TeMaHTHO-
GmacToMmbl Mo3xeuka [1, 4, 6, 7, 10—16]. B To ke Bpemst
aHeBpusMbl [ITA KpynmHOTo M TMTaHTCKOro pa3mMepa
BCTPEYalOTCs OTHOCUTEIBHO peako [2]. M3-3a ocobeHHO-
CTel pacIoIOKEHMSI, CO3MAIONIETO OIpeacICHHBIC TPYI-
HOCTH JIsS1 MUKPOXUPYPrUYECKOro Moaxoaa K 3TOi 30He,
OCHOBHBIM METOIOM BBEIOOpa B OOJBIIMHCTBE CIIydacB
CJIyXXUT BHYTPUCOCYAMCTOE BMelIaTeIbcTBO [17].

JIEYCHMSI TTALIMEHTA C TAaHHOM peaxKo BCTpe‘IaIOH.[CfICH I1aToJIO-
rueu IIyTEM UMIUIaHTAllM TTOTOK-OTKJIOHATOLIECTO CTCHTA.

KIMHUYECKOE OITMCAHUE

Hayuenmra, 48 nem, nocmynunra é kaunuxky PHXH
um. npogh. A.JI. Iloaenosa c xucarobamu Ha cxodsujeecs Ko-
coenasue 3a cuem npagoeo enasa. Jlantwie x#eanobsl becnoko-
am nayueHmky @ meuerue 2ooa. Ilocae ocmompa ogpmans-
MO0102a 3an0003peHa He@pOA0UYECKas NAMOAORUSL, 8 C8A3U
C UeM 8bINOAHEHA CRUPANbHASL KOMNBIOMEPHAs MOMo2pagdus
cocydo 20106H020 Mo3ea: ebiseneno Haiuuue [ITA cnpasa
€ pacnonodicerHoll Ha Heil, 8 o6nacmu omxodcdenus om BCA,
Kkpynnoi anespuzmoti (18 x 14 mm, wupuna weiiku — 9 mm)
(puc. 1). uaeroz noomeepicoer nposedeHHOIl yepedpatbHoll
aneuoepagueit (puc. 2).

Boibop memoda aeuenuss — peKoHcmpyKyus apmepuu
nymem UMHAGHMAYUY NOMOK-OMKAOHAIOWe20 CIeHma —
0bL1 00YCA06AEH KPYNHBIM DA3MEPOM AHEBPU3MbL, A MAKICe
Haauvuem enazodeucamenvHoil cumnmomamuku. Ilocne npe-
donepayuonHoii nodeomosku (muxaepearop 90 me 2 paza
8 dens, auyemuacaruyunogas kucaoma 100 me 1 pasz 6 dens



Puc. 1. Zloonepayuonnas myabmucnupanvHas KoMnoyromepHas momoepagus
€oCcy008: KPYNHbIX PA3MEPO8 AHe8pU3Ma (MpeyeoabHUKU) pacnoaodiceHa
HQ NPUMUMUGHOU MPULEMUHANbHOI apmepuu (cmpenku)

Fig. 1. Preoperative multispiral computed tomography of vessels: a large-sized
aneurysm (triangles) is located on primitive trigeminal artery (arrows)

¢ KOHmMpoAeM QYHKYUOHANLHOU AKMUBHOCIU MPOMOOUUMOE)
8bINOHEHO ONEPAMUBHOE BMEUAMeNbCmeo — YCMAaH08KA
cmenuma Pipeline Flex (Medtronic) é npasyro BCA. Jlocmue-
HYMO NOAHOe NpUie2aHe CTeHma K CmeHKam apmepuu 6e3
NPU3HAK08 e20 nepekpyma uau cyxcenus. Ilpu konmpoavHoil
UHMPAONEPAYUOHHOU AHRUOSDADUU OMMEUACTNCS BbIPANCEH -
HAsl CMacHAYUs KOHMPACMHO20 6eujecmed 6 aHespusma-
muueckom meuwike (puc. 3) — mun 4A no kaaccugukauyuu
H.S. Cekirge, 1. Saatci (2016) [18].
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Tayuenmia eoinucana u3 cmayuoHapa 6 y008aemeopu-
MeAbHOM COCIMOSIHUU, 0e3 HAPACMAHUS He8POA0SUHECK Ol CUMN-
momamuru (mRs 1 no mooughuyuposannoii wikane Ponkuna).

Tpu evinoaneruu KOHMpoAbHO20 00CcAe008aHUSA 6 OMOa-
JNeHHOM nepuode (uepes 36 mec) 6bl64€HO, MO 3aN0AHEeHUs
anespusmbvl u II1TA nem (puc. 4). Ommeuer yacmu4Holii pe-
epecc 21a3008U2amenbHbIX PAcCMpoicms.

OBCYXIEHUE

Yacrorta BcTpeyaemocTu I1TA HaxoauTcs B iMana3oHe
0,1-0,6 %, nanHas aptepusi coctapisieT 0koio 80—85 %
OT BCEX ONMCAHHBIX KAPOTUIHO-0a3MIAPHBIX aHACTOMO-
30B [3, 19]. Bo BpemMs1 sSMOpHMOHAJIBHOTO Pa3BUTHS TIIOIA
I1TA BpeMenHoO coennHseT BCA 1 BepTedpoba3uisipHbIi
GacceiiH [5], oTxomuT oT KaBepHO3HOTO cerMeHTa BCA mmm
oT MecTa miepexoga C4- B C5-cerMeHT M MHOTJA OTHAET
nieppopaHTHBIE BETBU K Typeukomy cemty [10, 20, 21].
B mansHeiimem IITA ciaeayet B1oab TPOMHUYHOTO HEPBa
u gocturaeT OA B IIPOMEXKYTKE MEXIY BEepXHEl U Tepe-
Hell HIDKHe#t Mo3XKeuKoBeIMU aptepusamu [10, 13, 21, 22].
IokazaHa CBSI3b MEXIY HATMINEM ITOT0OHOTO KapOTUIHO-
0a3WIIPHOTO aHACTOMO3a U ITOBBIIIEHHOI YacTOTOM (hop-
MmupoBaHus aHeBpusM Ha I1TA [4, 20, 21, 23]. O6o611B
OIBIT JeyeHus: 116 MmaluMeHTOB ¢ pa3HOil MaTOJOIueN,
nmeromux ITA, 3apeructpupoBaHHBIX B niepuoj 1950—
2008 rr., Y. Kai u coaBt. (2011) BEIIBUIN HATWYIME IIEpe-
OpajibHOI aHeBpu3Mbl, cBs3aHHOi ¢ I1TA B 40 (15,3 %)
caydasx [24]. B 28 u3 atux ciyyaeB aHeEBpU3Ma JTOKAJIN30-
Bayiach B obiactu cteika Mexxay BCA u I[1TA. Hecmotps
Ha 310, M. Piotin u coaBT. (1996) npeanoaoXuam Hatunane
3aIIUTHON POJIA STOI apTepuy IMPY HATMINY HHTPAKPaHM-
aJIbHBIX CTEHO30B WM auccekumii [13].

Puc. 2. [Ipedonepayuonnas kapomudras aneuoepapus: a — npamas npoekyus; 6 — 60K08as npoekyus. AHeepuzma yKazana cmpeaxoi, npUMUMUGHAs
MPUEMUHANbHAS apmepUsi — MPey2oNbHUKAMU

Fig. 2. Preoperative carotid angiography: a — direct projection; 6 — lateral projection. The aneurysm is indicated by a arrow, the primitive trigeminal artery

is indicated by triangles
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Puc. 3. Aumpaonepavyuonnas aneuoepagus: a, 6 — smanst UMRAGHMAUUU
cmenma (Ykazau KpacHbIMU mpey2oabHUKamiL); 8, 2 — KOHMPOAbHAS. AHSUO-
2pagus U3YaNU3UPyem GbiPANCEHHYH) CIASHALUI0 KOHMPACHHO20 8euecn-
8a 6 aHeBPU3MAMUHECKOM MeuwlKe (YKA3aHA YePHbIMU MPeY2OAbHUKAMU)

Fig. 3. Intraoperative angiography: a, 6 — stages of stent implantation
(indicated by red triangles); , e — control angiography visualizes pronounced
stagnation of contrast agent in the aneurysmal sac (indicated by black
triangles)

S. Meckel u coaBr. (2013) paszgennim pa3HOBUTHOCTH
I1TA Ha 2 TMna — naTepaabHbI 1 MeaguanbHbIi. [Tpu Me-
nuranbHOM Trte ITTA HauMHaETCS BBIIIE OTBOMSIIETO He-
pBa 1 MIPoOOIaeT TBEPAYI0 MO3TOBYIO 00O0JIOUKY IT0 Ha-
npasiaeaunio K OA. I1pu natepansHom — I[1TA HaunHaeTcs
HICKE W JIaTepajbHee OTBOISIICTO HEepBa W MPOHHUKAET
B TBEPAYIO MO3TOBYIO 000JIOUKY Cpa3y MearaIbHee TPOii-
HugHOTO HepBa. [Ipu TaTepalbHOM THIIE KPYITHEIN pa3Mep
aHEBPU3MBI MOXET IIPUBOAUTDH K KOMITPECCUOHHOMY T10-
pPaXXeHMIO TJIA30BUTATEIBHOIO W OTBOISIIETO HEPBOB
[19]. Bonee Toro, okkimo3ust ITTA mpu naTepaaTbHOM THIIE
MOKET IMMPUBECTHU K UIIEMIU MOCTa 3a CYeT MHOTIA BCTPe-
yaroeiica orxoxasueit ot ITTA nepdopaHTHO# apTepun
MocTa [24, 25]. BaxXHBIM TIpeacTaBisieTcs TOT (hakT, 4To
Hanmmuure [1TA gacto acconmmnpoBaHo ¢ runoriasueit OA,
BCJIGIICTBUE YeTo GOJIbIIAst YaCTh KPOBOCHAOXKEHUS BEPX-
HHX OTIIEJIOB MOCTa, CPEITHETO MO3Ta, MO3XXKeuKa 1 0a3ajTb-
HBIX TTOBEPXHOCTEN 3aThUIOYHON M BUCOYHOU TOJIEH TTpO-
ncxonurt 3a cyeT BCA uepes I1TA [6].

CymiecTByeT He MEHee BakHasl B IPAKTUIECKOM CMBIC-
Jte kinaccudukanus Saltzman [6]. ITpu tume Saltzman 1
MOKET HaOJIOMAThCS TUIIOTUIA3KS 3adHE COeTUHUTEIb-
HO# apTepud W MPOKCUMATbHBIX oTHeoB OA. ¥V Takmx
mareHToB oKKo3us [1TA MoXeT ImpuBecTH K HapyIie-
HUIO KPOBOOOpAIIIEeHWSI B CTBOJIE MO3ra M MO3XEUKE.
ITpu Tune Saltzman I 3agHsIs MOo3roBast apTepust MATAET-
csI OT 3agHeN coemMHUTENIbHOI apTepun, a OA morydaer
KPOBOCHA0OXXEHME OT ITO3BOHOYHBIX apTepuii. [Ipn TakoM

Puc. 4. Kormpoavnas aneuoepagus uepesz 36 mec nocae onepamugHozo ae-
uenusi. Kapomuoruiii 6accelin, npoekyuu: a — npamas, 6 — 6okoeas,; eepme-
OpobaszunspHbLii bacceiit, npoeKyuu: 8 — npamas, e — 60koeas. 3anoaHeHue
aHegpU3MbL He BbIAGNEHO

Fig. 4. Control angiography 36 months after surgical treatment. Carotid pool,
projections: a — direct, 6 — lateral; vertebrobasilar pool, projections: ¢ —
direct; e — lateral. Filling of the aneurysm was not detected

e ctpoeHus I1TA ee OKKITI031s BO3MOXKHA, XOTSI pUCK
HIIIEMUIECKOTO ITOPaKEHMS CTBOJIa MO3Ta BCe paBHO OCTa-
eTcs (TIpY HATMIHMH ITep@OpaHTHBIX apTeprii K MOCTY MO3-
ra) [26]. I1pu tumne Saltzman I11 I1TA coeauHsieTcst ¢ MO3-
JKEUKOBBIMM apTepUsIMM, HanboJee 4acTo ¢ IepeaHei
HIDXKHEW MO3XEUKOBOI. B ommchiBaeMOM HaMmu ciydae
aHeBpM3Ma COOTBeTCTBOBaia TUIly Saltzman II m mate-
panbpHOMY THITy TT0 S. Meckel. JlaHHBII TUTT CTPOEHMUS,
MMO-BUANMOMY, TIPEIOTBPATUII Pa3BUTHE NIIEMUUECKUX
OCJIOXXHEHUM, 00ycioBiaeHHbIX oKKIto3ueit I[1TA B otna-
JICHHOM Tiepuojie. Henb3sa MCKITIOUNTh TaKXKe pa3BUTHE
BBIPAXKEHHOTO KOJIJIATEPAIbHOTO KPOBOTOKA BCIICACTBUE
MeIJIEeHHO mporpeccupyoonieii okkimosuu [1TA Ha done
WMITIAHTAIIK CTEHTA.

IIpoBeneHMe OAIOH-OKKIIO3MOHHOIO TeCTa, KakK
cuutaoT M. Onizuka u coaBr. (2006), MOXeT ObITb OJIE3-
HBIM [IJI OLICHKM HaIIpaBJeHUs KpoBoToka B OA, mo-
CTaTOYHOCTH TIEPETOKA IO TepeIHel COCTNHUTEIbHOM
apTepuy ¥ BOBMOXHOCTH KOMITEHCALIMU KPOBOTOKA C T10-
MOIIbI0 HApYXXHOUM COHHOM apTepun. [Ipu oTcyTcTBUHA
aHTerpagHoro kKposotoka nmo OA okkimo3us [TTA Moxer
BBI3BIBATb UIIEMUIO CTBOJOBBIX CTpyKTyp [27]. H. Sato
u coaBT. (2019) TakKe 0TMEUAlOT, YTO IPeAOTIePAIITMOHHOE
MpoBeJcHNe OAJUTIOHHOM TeCT-OKKITIO3UU MOXKET OBITh IT0-
JIE3HBIM JUTSI TIPEAOTBPAICHUS PA3BUTHUSI UIIIEMHIECKOTO
noBpexaeHust mo3ra [17]. [Ipu HEBO3MOXKXHOCTHU €€ BbI-
TIOJTHEHUST PeKOMEHIyeTCsl IIpoBeneHre TecToB S. Murai
u coast. (2019) [26].

I1pu orcyrcrBuu I1TA sHaoOBacKy/IsipHOE JieYeHNE aHEB-
pu3M KaBepHO3HOTO cerMeHTa BCA 3akirogaercs B mc-
TOJIb30BaHNY MUKPOCTIMPAJICHi, TEKOHCTPYKIINU HECYIIei
apTepuy WIA WMIJIAaHTAIUU ITOTOK-OTKJIOHSIOIIETO



CTeHTa, TaK:Ke KaK U TSI aHEBPU3M JAPYTUX JTOKATU3AINIA
[28—30]. B HacTosteM ciaydae mocunTaiv Haubosee mpa-
BWJIBHBIM MMEHHO MMIUTAHTAIINIO TTOTOK-OTKJIOHSIOIIETO
CTEHTA, TaK KaK MBI IIPEIT0JIarajii BOCCTAHOBICHNE (DYyHK-
IIMU TJIa30IBUTATEIbHOTO HEpBa IMPU YMEHBIICHUM €0
KOMIIPECCUM aHEeBPU3MOIM, HECMOTPSI Ha OTHOCUTEIBHO
IJTATETbHBIA CPOK TPOMOMpOBaHMST aHeBpU3MBL. Ha ce-
TONHSIIHUIN IeHb MPUMEHEHNE MOTOK-OTKIOHSIIOMINX
CTEHTOB CJIY:KUT MeTOAOM BbiOOpa 1pu aHeBpusMe [1TA,
OIIHAKO B CUTYaIliH, KOTJa UX HEJIB3ST MCITOJIb30BAaTh, CTpa-
TErus JISYCHUST MOXKET MOJTHOCTHIO TTOMEHSIThCS. OKKITIO-
3ust BCA nmpokcumanbHee I[TTA He mpuHeceT ycIiexa B CBSI3U
C 3aIoJIHEHHEM KapOTHIHOTO OacceifHa U3 BepTeOpoda-
3UJISIPHOTO OacceifHa, MO3TOMY HEOOXOIMMO HMCXOMUTH
W3 TOT'O, MOKHO JIM BBIKJTIOUMTD M3 KPOBOTOKA HETTOCPEI-
ctBeHHO [ITA. B ciyyae umeronieiicsl TMIOILIa3un Io-
3BOHOYHOMI aptepuy win OA TpuUreMUHaIbHASI apTepHs
IOJDKHA OBITh COXpaHeHa IS TPeAYIIPesKIeHUS UIIeMU-
YeCKOTO MOpaXkKeHMs TOJIOBHOTO Mo3ra. ClieayeT OTMETHUTb,
yTo Tunoruia3usg OA BcTpedaeTcst HepeIKo, YTo ITOKa3aHo,
Hanpumep, E. O’uchi u T. O’uchi (2010): B ux ucciemoBa-
HUM ymMepeHHas runormiasusg OA cpeau 48 obciieqoBaH-
HbIX ITALIMEHTOB BhisiBlieHa Y 22 (47 %), a BblpaxXeHHast —
y 13 (28 %) [9].

[Ipu Mcrmoabp30BaHNU ITOTOK-OTKJIOHSIONIETO CTEHTa
CYIIIECTBYET BOBMOXHOCTh BOCCTAHOBJICHUS IJIa30IBUTA-
TEJIbHBIX (DYHKIIM 33 CUET CHIDKEHHUS KOMITPECCHOHHOTO
BO3IEMCTBUS HAa HAPYKHYIO CTEHKY KaBepHO3HOTO CHTHYCa
[26]. B ommceiBaeMOM ciydyae HaM YAaJIOCh IMOJHOCTBIO
PEKOHCTPYHpoBaTh ITpocBeT BCA, BBIKITIOUNTE aHEBPU3MY
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N3 KpOBOTOKaA oe3 pa3BUTHUA HUIIEMUYECKOM CUMMIOTOMA-
THUKH, OJHAKO I1a30ABUTaTC/IbHasd CUMIITOMAaTHKa perpec-
cupoBaia HE ITIOJIHOCTbIO, YTO, BOBMO>KHO, CBA3aHO C AJIN-
TCJIbHO CYH_[CCTBYIOH.[Cﬁ KOMHpCCCI/ICﬁ OTBOIAIIETO HEPBaA
B AJOOIICPpALIMOHHOM II€PpHUOIC. CJ'IC,Z[YCT OTMETUTDb, YTO
B HAllIEM CJiydyac MOTOK-OTKJIOHSIOIIWI CTEHT UMILIAHTH -
pOBaH Ha OTAaJICHUU OT aHEBPU3MbI, YTO, OAHAKO, HC ITO-
MEIIAJI0 SJIMMMWHALIMM aHCBPU3MBbI 13 KPOBOTOKA.

SAK/TIOYEHME

AHeBpu3MBbI, JJoKanau3sytomuecs Ha [1TA, — oTHocu-
TEJILHO pelKas ITaTOJIOTHSI, KOTOPasi, OMHAKO, MOXKET IIpH-
BOIUTH K 3HAYNMOMY YXYAIICHUIO COCTOSHUS TTAlleHTa
BCJICAICTBHE MX pa3pbiBa. Hu3Koe (110 OTHOIIEHHUIO K OCHO-
BaHMIO Yeperia) PacIiooXeHNWe STOM MaTOJIOTUU AeIacT
KJIaCCHYECKOe MUKPOXUPYPTUICCKOE JICICHNE MAJIOTIPH -
MEHUMBIM. MeTomoM BEIOOpA CITYKUT SHIOBACKYIISIPHOE
JIedeHUe, BKITIOYAloIee B ce0s SMOOTM3AIINIO CITUPAISIMU,
IEKOHCTPYKIINIO HECYIIeH apTepry M UMIUIAHTALINIO T10-
TOK-OTKJIOHSIIOIIETO cTeHTa. ClieayeT MIOMHUTD O BO3MOX-
HOCTHU Pa3BUTHS TPyOOI MIIEMHUIECKON CHMITTOMATHUKU
nociae OkKKI3uu HenocpenctBeHHo IITA, B cBi3u
C Y4eM JI0 OTiepaIii HeOOXOMMMO TIPOBEICHNE TIIATESILHO-
ro m0o0cIemOBaHMs U IETaJIbHOTO TTAHUPOBAHUS IS
CHIDKCHHUSI pUCKA Pa3BUTHS TIOCICOTIEPAIIMOHHBIX OCIOXK-
HeHuii. B onuceiBaeMoM citydae ymanoch 0e3 KaKux-amnbo
OCJIOXXKHEHUI B ITOCIEOIIePAIlMOHHOM IIEPHUOe BBIKITIO-
YUTh aHEBPU3MY M3 KPOBOTOKA ITyTeM OTKJIOHEHMS TTOTO-
Ka KpOBU, HECMOTPSI Ha TO YTO aHeBpH3Ma ObLIa PacIIolio-
JKeHa Ha OTHAJICHUM OT MMIUIAHTUPOBAHHOTO CTCHTA.
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NCTMUYECKNH CITOHIVMJIOJINCTE3: COBPEMEHHOE
COCTOSHUWE ITPOBJIEMBI

b.P. Kunzsarymnos, B.B. JlebeneB, A.A. 3yes

DI'BY «Hayuonanvubiii meduko-xupypeuveckuti yenmp um. H. Y. I[Tupoeosa» Munsopasa Poccuu; Poccus, 105203 Mockea,
ya. Huxcnss Ilepsomaiickas, 70

KoHTaKTHhI:

Bynat PyctemoBuy Kunssarynos bkinzyagulov@yandex.ru

WNcTmuyeckuit cnoHAMN0NNCTE3 — pacnpocTpaHeHHas B NONYIALMM NATONOMMs, 3a4aCTyI0 AUArHOCTUPYeMas y auL, TpyaRo-
cnoco6Horo Bo3pacta. o Bonpocam 3TMonatoreHesa, a Take KnaccubuKaluum JaHHO NaTonorum y uccnefosareneit Het
eAMHOTO MHEeHUs . B HacTOs WMt MOMEHT B IUTepaType NpuBeaeHs! NPOTUBOPEUMBbIE JaHHBIE O KIMHUYECKUX 0COGEHHOCTSX,
AMArHOCTUKeE U TAKTUKE NIeYeHus.

Llens paboTbl — npeacTaBneHne akTyabHbIX CBEAEHHUIT U3 MUPOBOI IUTEPATYPL 06 0COBEHHOCTAX 3TUOAOTUM, KNacCUu-
KaLuu, KTMHUKW, [UArHOCTUKM, IEYEHUS NALMEHTOB C UCTMUYECKUM CIOHAUIIONUCTESOM.

KnioueBble c0Ba: UCTMUYECKHUII CNOHAWNONUCTES, CAaruTTaNbHbI GanaHc, N03BOHOYHO-Ta30BOE COOTHOWEHME, YHKLU-
OHanbHas peHTreHorpadus, peayKLms No3BOHKA

Ins uutupoBaHusa: Kuussrynos b.P., le6epes B.b., 3yes A.A. IcTMUYECKMIt CNOHAUNONUCTES: COBPEMEHHOE COCTOSIHUE
npo6nembl. Helipoxupyprus 2022;24(4):101-10. DOI: 10.17650/1683-3295-2022-24-4-101-10

Isthmic spondylolisthesis: the current state of the problem

B.R. Kinzyagulov, V. B. Lebedev, A.A. Zuev
N.1I. Pirogov National Medical and Surgical Center, Ministry of Health of Russia; 70 Nizhnyaya Pervomayskaya St., Moscow 105203, Russia
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Isthmic spondylolisthesis is a common pathology in the population, often diagnosed in people of working age. On the
issues of etiopathogenesis, as well as the classification of this pathology, researchers have no consensus. Currently, the
literature provides different opinions on clinical features, evaluation, and treatment tactics. The presented work includes
current information from the world literature on the etiology, classification, clinics, diagnostics, and treatment of patients
with isthmic spondylolisthesis.

The purpose of the work is to present current information from the world literature on the features of etiology, classi-
fication, clinic, diagnosis, treatment of patients with isthmic spondylolisthesis.

Keywords: isthmic spondylolisthesis, sagittal balance, spino-pelvic alignment, flexion-extension radiographs, reduction
for spondylolisthesis

For citation: Kinzyagulov B.R., Lebedev V.B., Zuev A.A. Isthmic spondylolisthesis: the current state of the problem.
Neyrokhirurgiya = Russian Journal of Neurosurgery 2022;24(4):101-10. (In Russ.). DOI: 10.17650/1683-3295-2022-
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OITPEAEJIEHUE

TepmuuoM «crioHamIonucte3» (CJI) 06o3HaUaroT 1a-
TOJIOTMYECKUI TTPOIIECC, TIPU KOTOPOM TTPOUCXOIUT CMe-
IIEHNE TeJla BBILIEEXKAIero MO3BOHKA OTHOCUTEIHHO
Hkenexaniero. OmHa u3 pa3HOBUIHOCTEH JAHHOTO TIPO-
mecca — uctMudeckuit cnonauiaonuctes (MCJI), mpu ko-
TOPOM BO3HUMKAET CMEIIIEHNE TTO3BOHKA KITEPEI 110 OTHO-
IIEHUI0 K HUXeJIeXalleMy BCJIEICTBUE CTIOHIUIONN3A
[1] — nedekTa (OOHO- WIM IBYCTOPOHHETO) MEXKCYCTAaBHOM
YacTH IyTW MO3BOHKaA [2].

AKTYAJIbHOCTb

Boub B criviHe exKeromHo UCIBIThIBAIOT 10 76 % Hace-
JieHus. [To HalleMy MHEHMIO, 3TO OJIHA U3 CAMbIX YaCThIX
TIPUYMH 00paIieHUs 3a MEIUIIMHCKOM TTomMoIbio. Corac-
Ho uccinepoBanuio T.B. dyomnwnoit m M.C. Enuceesa,
y 24,9 % u3 uKciia 00paTUBLIKXCS 32 aMOYJIATOPHOM Me-
IUIIMHCKON ITOMOIIBIO MAallMEeHTOB OCHOBHOM KaJl000ii
Obu1a 60J1b B MOSICHUYHO-KPECTLIOBOM OTAEJI€ MO3BOHOY-
HUKa; MOJCYMTAHO, YTO 00JIb B CIIMHE — IJIaBHAsl TpUYMHA
HeTpyaocrocodbHocT 9 % Hacenenus [3]. [lo gaHHBIM
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L. Kalichman u coaBr., y 8,2 % 60JbHBIX IPUYUHON BO3-
HUKHOBEHMUS 601 B MOSICHUYIHOM obacth ciryxut UCJI
[4]. HecMoTpst Ha mMIMpPOKOe pacHpocTpaHeHue JaHHOM
ITaTOJIOTUH, BOIIPOCHI UATHOCTUKHU U JICUCHUSI 3TOTO 3a-
0oJIeBaHMS OCTAIOTCS aKTyaJIbHBIMU IO HACTOSIIIETO Bpe-
MeHH. [IprMeHeHNEe TaKUX PagrOIOTHIECKUX METOIOB
HCCIIe0BaHMs, Kak peHTreHOorpadus (Rg), KoMIbioTep-
Hasl 1 MarHUTHO-pe3oHaHcHas Tomorpadus (KT u MPT)
3HaYUTEeNbHO yrpoctuian auarHoctuky MCJI. JanHbie
HCCIEIOBaHUS TTO3BOJISIOT OLIEHUTH MPAKTUYECKU BECh
CIIEKTP M3MEHEHUM, TIPON3OIICAIINX B ITIO3BOHOYHHUKE.
OmHako HeBepHast MHTEPIIpETaIldsl pe3yJIETaTOB UCCIIeIO-
BaHWI HEPEIKO CIYKWUT IIPUIYMHON BBIOOpA HEIIPABWIIb-
HO# TaKTUKU JICYCHNSI. B TPOBOIMMEBIX MCCIIEIOBAHUSIIX
B 00JIACTH BBIOOpA CTpaTeTUM XUPYPIHIECKOTO JICYCHMUS
MCIJI 3agactyio He IPUHUMAIOT BO BHUMAaHUE OICHKY
KJIMHUKO-PEHTTEHOJIOTUUECKNX JaHHBIX KaXXIOTO Mallk-
eHTa. OTCYTCTBUE €IUHBIX ITOAXOIO0B K JICUCHUIO TaHHOM
ITaTOJIOTVH, BBIICIICHNE TJIaBHBIX (DAKTOPOB B BEIOOPE TaK-
THKH XUPYPTUIECKOTO BMEIIATEILCTBA CTAI OCHOBHBIMU
TIOBOIAMM JIJIST IIPOBEICHNS aHAIN3a aKTYaJTbHOI MUPOBOM
JINTEePaTypHL.

SITMAEMHUOJIOT A

YacToTa CITOHIWJIONN3a, TI0 JaHHBIM psina IyoInKa-
1M, coctapisiet oT 3 1o 11,5 % cpeny B3pocaoro Hacelle-
Hus |5, 6]. [pu Hanuuuu cnonaunonusa CJI pa3puBaetcs
He BO BCeX ciayJasx. JlaHHas ToYKa 3peHUs TOITBepKIa-
ercd B pabote P.T. McCunnif 11 coaBT., B KOTOpOIi MoKa3a-
Ho, uro MCJI orcyrcrBoBan y 21 % mauueHTOB ¢ 2-CTO-
POHHUM Ae(DEKTOM MEXCYCTaABHOM YaCcTH AYTHW ITO3BOHKA
[7]. ITo pe3ynbTaTaM IPOBEAESHHBLIX MHOTOUYMCICHHBIX
peHTreHoJiorndeckux mcciaemoBanmii CJI BcTpedaeTcs
B monyjsiuvu B 2,4—18,0 % cay4aes [8, 9]. T. Sakai u co-
aBT. TIPOBEJIN KPYITHOE MCCIIeOBAaHNE, B KOTOPOM M3yUH-
JIM 2 TBIC. YEJIOBEK, BEIOPAHHBIX CIIYIallHBIM 00pa3oM,
1 YCTaHOBWJIM, 4TO pactipoctpaneHHocTh M CJI cocTaBmser
3,7 % [10]. M.R. Burton u CoaBT. 3asIBJISIIOT O IIPEBAIMPO-
BaHWUM JTAHHOW MATOJIOTHH Y JIMII )KEHCKOTO I10J1a B COOT-
HomeHuu 2 : 1 [11]. HecMoTps Ha To UTO nePeKT MeXKCYy-
CTaBHOI YacTW AYTW IMO3BOHKA MOXKET BCTpPeYaThbCS Ha
JII000M YpOBHE, CTATUCTUICCKII aHAJIN3 TIO3BOJISIET TOBO-
PUTb O CAMOM YaCTOM CMEILIEHUN 5-TO MOSICHUYHOTO IO~
3BOHKA, Jajiee IO 9acTOTe BCTPEYAEMOCTH — 4-TO TOsIC-
HUYHOTO TT03BoHKa [8]. [1pu 3TOM ciiemyeT OTMETUTD, YTO
B4 % cnyuyaeB ormedyeH CJI HeCKOJIbKMX TO3BOHKOB [12].
B nocireqrue rompl BeIaBuTaeTcst MHeHMe, aro MCJI yate
pa3BUBAaETCS Y JTIOACH, 3aHNMAIOIINXCS] aKTUBHBIMU BHIA-
MM cIiopTa. MHOXECTBO aBTOPOB B CBOMX MCCJICIOBAHUSIX
YTBEPXKIAIOT, YTO Kak crmoHauaonu3, Tak u MCJI qamre
BCTPEYAIOTCS Y JIIOJeH, 3aHUMAIOIINXCSI TUMHACTUKOM,
aMepUKaHCKUM (DyTO0I0M, OOpBOOIA, TSKEITOM aTJIETUKOM
W IPYTUMH BUIAMM CIIOPTA, TIE COBEPIIAIOTCS ITOBTOPSI-
IOIMeCs pa3rndaTeIbHbIC, a TAKKE POTAIIMOHHBIC TBIKE-
Hus [13—16]. M. Albanese u P.D. Pizzutillo, nsy4yasa na-
CJICICTBEHHYIO mpenpaciojoxeHHocts MCJI, otMeTunn

yacTyio (10 69 %) BBISIBISIEMOCTb CEMEMHBIX c1ydaes [17].
CratucTrdeckoe HepaBEHCTBO CPEIM JIMLL SKEHCKOTO M MyXK-
CKOTO I10J1a, BbICOKAsl YaCTOTa BbISIBJIEHUSI CEMEMUHBIX CTy-
yaeB 3a00JIeBaHMSI, a TAKKe BBICOKas BcTpedaemocts MCJI
Y CIOPTCMEHOB MOATBEPKAATN HEOOXOAUMOCTb U3YYEHUS
3THOJIorMU 3aboeBaHus. Ha yctaHOBIEHME MPOUCXOXKIE-
HUS M BbleJIeHWE (haKTOPOB prCcKa BOBHUKHOBEHMSI 1aH-
HO TMaTOJIOrMK ObUIO HalleJIEeHO OOJIbIIIOe YMCIO Ucciie-
IOBaHUM.

DTHUOJIOTVA

B mocienHme roapl TpaBMaTHUEeCKU (haKTOP Y4acTo
Ha3BIBAIOT IJIABHBIM B Pa3BUTHUM CIIOHIMIIONN3A, a 3aTeM
u CJI. Cuuraercst, 9TO MPHU OIPEACICHHBIX ITOBTOPSIO-
IIMXCS IBIDKCHUSIX B 00JTACTH MEXKCYCTaBHOM YaCTH TyTH
TI03BOHKA (DOPMHUPYIOTCS MUKPOTPABMEI, TTPUBOJISIIIINE BIIO-
CJICIICTBUM K 00pa30BaHUIO NeheKTa M CMEIIICHIIO TTO3BOHKA.
VY psima roneit MpOMCXOMUT YIIMHEHNE 3aTHUX OT/ICIIOB IT0-
3BOHKA, YTO 0OYCIIOBJICHO KOHCOJIMAAIMEH ImepesioMoB [ 18,
19]. meHHO TpaBMaTHYECKOM TeOpHEi TeHe3a TaHHOM T1a-
TOJIOTAX OOBSICHSIOT ITOBBIIICHHYIO YACTOTY CITOHAVUIONM3a
y Jfozield, BOBJICUCHHBIX B aKTUBHBIN CITOPT. TOYHAs 3THOJIO-
rust crioHmuton3a 1 CJI Mo cux mmop ocTaeTcs mpenMeToM
muckyccrii. OqHAaKO MCCISIOBATEIA CXOMSITCS BO MHEHUH,
YTO JaHHAS ITATOJIOTHSI UMEET MHOTO(DAKTOPHBIN STHOIATO-
reHe3. CBOIO POJIb UTPAIOT (paKTOPHI POCTa U PA3BUTHS, Ha-
CJIeACTBEHHEIC, TpaBMaTHUYECKIE, OMOMEXaHMIECKIE, a TaK-
JKe pa3InuHbIe Mopdonornueckue daktopsl [20, 21].

KIIACCUOUKALIMA

K HacrosmeMy MOMEHTY CYIIIECTBYET OOJIBIIIOE KOJIH-
YeCTBO KIaCCU(MKAIIMOHHBIX CHCTEM, IIPU3BAaHHBIX 00-
JIETYNTh TUATHOCTUKY 3a00JIeBaHMSI, a TAKKE TIOI00OpaTh
MOIXOISAIINIA aITOPUTM JiedeHus. Yale Bcero CTereHb
CMEIICHMS TTO3BOHKA OIPEISIISTIOT M0 KIIMHUKO-PEHTTE-
HOJIOTMYIECKOM KiIaccubuKalmuu, papadoraHHoi [eH-
pu Y. Meitepmuarom (H.W. Meyerding) B 1932 1., KoTopHbIit
TIPEIUTOKII 4 CTETICHU CMEIIICHMS TT03BOHKA B 3aBICHMO-
CTH OT PaCITOJIOXKECHUSI 3aTHEHIDKHETO YIJIa BBIIIEIeKaIIIe-
TO TTO3BOHKA OTHOCHUTEJFHO HIKEJIeKAIIeTo:

* 1-ga crenenb npu 0—25 % cMmelleHUM [TO3BOHKA;
e 2-g9 —ipu 2550 %;

¢ 3-g —pu 5075 %;

e 4-g9 — ipu 75—100 % [22].

CroHaMyIonTo3 — 5-10 CTeIeHb cMellleHus (0oiee
100 %) mo3Bonka — B 1956 . BBenin X. FOnre (H. Junge)
u I1. Kions (P. Kuhl), a B 1957 rr.®. Xarrapz (G.E. Hag-
gart) u coaBr. [11].

CreneHb CMEIICHHUS TTO3BOHKA MOXHO OIICHUBATh
He TOJILKO 1o abcomoTHOM BennunHe. Kimaccudukanms,
pazpaboranHasi U.M. MutOpeiAToM, YUUTHIBAET YroJ
CMEIICHMS TTO3BOHKA MyTeM OLICHKW OTHOIICHMST MEXIY
2 TUHUSIMU — BEPTUKAIBHOU M COCHMHSIOIIEH IEHTPHI
5-TO MOSICHUYHOTO U 1-TO KPECTIIOBOTO ITO3BOHKOB [23].

Omnpenenenne Buma CJI cramo HEOOXOIUMBIM YCIOBH-
eM JUIS pa3pabOTKY TaKTUKU JiedeHus mamnyenTa. B 1981 .



JLJL. Yuntce (L.L. Wiltse) npeacraBu kiiaccuukaiuio,
yunTthsiBalomnyto pazaeiacHare CJI Ha 5 THIIOB:

1) oucnaacmuyeckuit mun — CJI hopMupyetcs B pe3yiib-
TaTe BpOXICHHON OUCIIIA3UU BEPXHEI YaCTH KpecTiia
u (unu) oyt LS mo3BoHKA ¢ ee 3JIOHTauel Uil Co
CIIOHIWIOIN30M;

2) ucmmuueckuii — CJI hopMupyeTcst B pe3ysibraTe Ie-
¢dekTa MeXKCYCTaBHOM YyacT OyTH (IIPX 3TOM CaM Jie-
dekT MoXeT (POPMUPOBATHCS TTOCTEIICHHO B PE3YJIb-
TaTe YCTAJIOCTHOTO IMOBPEXICHUS MEXCYyCTaBHOM
YaCcTH OYTH); CIIOHIWMIIONN3, KOTOPBI (hopMupyercs
B pe3y/brare YIJIMHSHUs MEXKCYCTaBHOM YaCcTH IyTH,
WIN CTIOHAMJIONN3 KaK OCTPO BOZHUKAIOUINI Te(eKT
MEXXCYCTaBHOM 9aCTH IyTH;

3) OeeenepamuéHblil, CBI3aHHBIN C IeTCHEPATUBHBIM OCTEO-
apTpo3oM 0e3 medekTa MeXKCyCTaBHOM 9aCTH IyTH;

4) nocmmpaemamuuecKkuii, KOTOPHIN (popMupyeTcs B pe-
3yJbTaTe IepejioMa 3aTHUX SJIEMEHTOB ITO3BOHKOB,
KpOMe MEXCYCTaBHOM YaCTH IyTH;

5) namonoeuueckuii, CBSI3aHHBIN C TeCTPYKIIMEH 3aTHIX
3JIEMEHTOB ITO3BOHKOB M3-3a CUCTEMHBIX 3a00JICBaHUIA,
TaK WM MHAYe 3aTParuBaioNINX KOCTHYIO CUCTEMY.
Ampoecennviit — 6-it Tun CJI, KoTophlid opMupyeTcst

B pe3yJIBTaTe MHTPAOIICPALIMOHHOTO ITOBPEXICHMS 3aTHIX
OTIIEJIOB TTO3BOHKA, IOMOJTHUTEIHHO BRIASTIIN B 1989 1.
L.L. Wiltse u S.L. G. Rothman [24].

Eme ogHy mmomeITKy cuctemaru3uponath CJI mo mpu-
YWHAM eT0 BO3HUKHOBeHMS npennpuHsuin [1. Mapkertu
(P. Marchetti) u I1. bapromoummu (P. Bartolozzi), KoTopsie
paznenuau CJI Ha caenylonye Kateropuu [25]:

1) BpOXICHHBIC:

— gbicokoducnaacmutmble;

— Huszkoducnaacmu4Hole (CO CIIOHIWMIIONM3OM WIIN

C 3JIOHTAIIAEH TYyTW TO3BOHKA);
2) mpruoOpeTeHHBIC:
— mpaémamuueckue (OCTPBIN TIEPETIOM, CTpecC-Tiepe-
JIOM);

— nocaeonepayuonHole (TIPIMOE M HETIPSIMOE TTIOBpPE-
XKICHHE);

— namoanoeuteckue (JIOKaJTbHBIC WM CUCTEMHEBIC T1a-
TOJIOTUN);

— OdecenepamueHvie (IEPBUYHBIC WJIX BTOPUIHEIC).

Hapy1ienne craTuky 1 HEBO3MOXHOCTD COXPaHEHMS
KOH(MUTYpariy MO3BOHOYHO-IBUTATEIFHOTO CETMEHTa
HaXOISATCS B TCCHOM B3aMMOCBSI3U C TIOHSITHEM CaTMTTalb-
Horo 0anaHca. B mociemHme rompl B TaTOJIOTAH ITO3BOHOY-
HUKa MHOTO BHUMAaHUS YIEJISIeTCST TaHHOM TTpobieme. JIst
OOBEKTUBHOM OLIEHKM COCTOSTHUS OajaHca UCTIOIB3YeTCST
0OJIBIIIOE KOJTMYECTBO PEHTTEHOJIOTMUECKHX ITapaMeTPOB:
MMOSICHUIHEBIH JTopao3 (lumbar lordosis, L), HakJI0OH Ta3a
(pelvic tilt, PT) u kpectua (sacral slope, SS), carurraabHast
BepTUKaIbHas OCh (sagittal vertical axis, SVA), KpecTiIoBO-
Ta3oBbIi yroi (pelvic incidence, PI) u op. [26]. ledopma-
TSI TO3BOHOYHMKA, KoTopas pa3puBaercs npu MCII,
BJICUET 3a cO00¥1 M3MEHEHHUS ITapaMeTPOB CaTUTTAaTbLHOTO
bamanca. OcoOeHHO BBIpasKEHBI U3MEHEHMST PETHOHATb-
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HOTO CaruTTaJIbHOTO OalaHca, a UMEHHO TTOKa3aTeIH 10~
3BOHOYHO-Ta30Boro otHomeHus. H. Labelle 1 coaBT. co-
ob1anu, 4to Takue nmapamerpsl, Kak PI, SS, PT u LL,
OBLTH 3HAYMTENIBHO yBemdeHbI y marneHToB ¢ MCJI, B To
BpeMsI KaK TpyaHOi Kndo3, HAIIpOTUB, YMeHbIIeH [27].
HecMmoTpst Ha 04eBUAHYIO CBSI3b MEXIY ITOKA3aTeIISIMU
6ananca u HanmuuneM MCJI, B nuTepatype B HacTosIIIIee
BpeMsI HET eIMHOTO MHEHHS O MEXaHU3Me MX B3aNMMOJIEii-
CTBHSI.

®axrop Baussaust CJI Ha mokaszaTenu 0ajaHca BRI3BAI
HEOOXOIMMOCTh pa3pabOTKM KiIacCU(pUKAIUU, KOTO-
past ObI YUMTBIBAJIA BCE M3MEHEHUSI B CaTMTTAJIbBHOM 0a-
nmaHce. P. Roussouly 11 coaBT. ycTaHOBWIIM, YTO TTApaMETPhI
ITO3BOHOYHO-TA30BOTO OTHOIIICHMSI MOTYT CYIIIECTBEHHO
pasnu4yatbest BHYTpH rpyImsl mamueHToB ¢ MCJI. B 3aBu-
cUMOCTH OT BeJmuuHbI Pl 1 SS mipenioxkeHbl 2 TPYIIbL:
TIO TUITY «HOXHMII» (shear type), Korma mokasatenu PI u SS
MTOBBIIIEHBI; «IIEJTKYHINK» (“nutcracker” type) — mokasa-
tenn Pl u SS 6mu3ku k HopmanbHbIM [28]. M. T. Hresko
1 COABT. B 3aBUCUMOCTH OT TToKa3ateseit PT u SS Beimenm-
JI 2 TPYIIITBI TAaLIMEHTOB. B OMHY M3 HUX BKIIFOUYUIIN OOJTb-
HBIX ¢ BBIcOKUM SS 1 Hu3kuM PT — UCJI co coamancupo-
BaHHBIM MIO3BOHOYHO-Ta30BBEIM COOTHOIIICHUEM, B IPYTYIO
rpymiry — ¢ HU3KuM SS 1 BeicokuM PT, uTo mposiBiisieTcst
peTpoBepcueii Ta3a U BePTUKAIBHEIM KpecTiioM, — MCJI
¢ HecOaTaHCHPOBAHHBIM ITO3BOHOYHO-Ta30BBIM COOTHO-
meHneM [29]. Kpome Toro, o0HapykeHO, 9TO y TaIlNeHTOB
C peTpoBepcHeil Ta3a TaKoil IToKa3aTesIb IJ100aTbHOTO ca-
TATTaJbHOTO OajaHca, Kak SVA, 3HAUUTEILHO YBEJIV-
YeH M0 CPaBHEHUIO C IPYroil Tpymmoi marueHToB [30].
B 2008 1. X. JIabemn u JIx.M. Mak-Tuonr (J.M. Mac-
Thiong) B HOBoI1 Kitaccupukanmu (8 Turmos CJI) ocCHOBBI-
BaJINCh HAa CTeTIeHW (HMU3Kasl WJIM BBICOKAST) CMEIICHMS
MMO3BOHKa, yuuThiBanM Pl (HM3KWMi, HOpMaIbHBIN WA BbI-
COKHI1) M TTO3BOHOYHO-Ta30BOE OTHOIICHUE (COaaHCH-
POBaHHOE WJIM HET), a TAKXKE CTeTICHb AUCIUIA3UM (BBICO-
Kas Wi HusKas) [31].

B Hacrosiee BpeMs OMHOI M3 HanOoJIee aKTyaTbHBIX
cuutaercsa SDSG-kmaccudukanms mossiCHUIHO-KPECTLIOBO-
ro CJI (Spinal Deformity Study Group, SDSG). B ee ocHOBY
JIeryia epepaboTaHHas 1 YIIPOIeHHasT Bepcus Kilaccubu-
kauuu X. JIabesia 1 coaBT., B KOTOPO# yIIpa3nHEHO AeJICHUE
MCJI Ha BBICOKO- M HU3KOAUCIUIACTUYHBIN TUTIBI. Kpome
Toro, kinaccudukauysg SDSG mpeamonaraeT UCIIOIL30BaHTE
IMapaMeTpOB III00ATLHOTO CATUTTAIBHOTO OajlaHca, 3 IMEeH-
Ho C7 plumb line — BepTUKAILHYIO JIMHUIO, OIMYLIEHHYIO
n3 1eHTpa Tena C7-mo3BoHKa. CInTaeTcs, 9To, eCIIM JIMHUS
OITyCKaeTCss Ha YPOBEHBb TOJIOBOK OeIpeHHBIX KOCTel
WIN 9yTh K3aI¥, CaTUTTAIbHBIN ITPOdMIs cOATaHCHPOBaH,
€CJI Xe KIlepeau, To He cOamaHcupoBaH. Takum oOpa3oM,
U CJI nonpasnensier CJI Ha 6 Tunos [20, 32].

DAKTOPBI ITPOI'PECCHMPOBAHIMSA

NCTMHNYECKOI'O CITOHAMJIOJIMCTE3A

Bbromexanmka 1 (paKTOPHI IPOTPECCUPOBAHUST CME-
meHus mo3BoHKa npu MCJI mo cux mop ocTarmoTcs
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He 10 KOHIIa n3ydeHHBIMH. Cpenn (paKTopoB IIporpeccuu
BCe yallle Ha3bIBAIOT XXEHCKUI 11011, a Takeke Hammane MCJI
y AeTel 10 ocTaHOBKY pocTa [33—35]. M3BecTHBI paboOTHI,
B KOTOPBIX OBLIO TToKa3aHo, 4yTo Pl — BaxkHBIN (akTOp
MIPOTPECCUN Y IMAIMEHTOB CO CMEIIEHUSIMI HU3KOM CTe-
ITeH!. ABTOPBI OTMEUAIOT, YTO BRICOKME 3HAYCHUS JaHHO-
TO TIapaMeTpa IPSIMO TIPOTIOPIIMOHATIEHBI PUCKY YBETIe-
HUS CTEIeHU cMelleHus mo3BoHKa [36, 37]. P.R. Huang
1 COAaBT., HAIIPOTHUB, TIOKA3aJIM OTCYTCTBHE CBSI3U IIPOTPEC-
cupoBanus CJI u PI, ogHako oHu 3aMeTuin, 9to Oosee
BBICOKME CTEIIEHU CMeELIeHUs Mo3BoHKa (68,4 £ 5.3 %),
a Takke OOJIBIIME 3HAYCHMS yIJla CMEIIeHMST MO3BOHKA
(13,4 = 3,8%) cBsI3aHBI CO CIIyJ9asiMM ITPOTPECCUPOBAHUS
CJI[38]. C mosBnenueM SDSG-knaccudukaum v Buie-
JeHreM HeckKombKuX ThrioB M CJI HazpeBaia HEOOXOIMMOCTh
MIPOBEICHMSI MICCIICIOBAHNI OMOMEXaHUKI CMEIIICHMSI U pH-
CKOB IIPOTPECCUY IIPH OIIPEACICHHBIX ITapaMeTpax CaruT-
TanbHOro OanaHca. Ilo pesynabraTaMm HCCIIeTOBaHUS
A. Sevrain ¥ COaBT. yCTAHOBJIEHO, YTO ITapaMEeTPHI II03BO-
HOYHO-Ta30BOTO COOTHOIIICHMSI CITy>KAT BaXKHBIM (PaKTO-
pom mporpeccun CJI. B yacTHOCTH, aBTOPBI OTMEYAIOT,
9TO MIpY yBeMMueHny 3HadeHus Pl ¢ 52 o 75° MexaHuue-
CKasl Harpy3Ka yBeJIMUMBaach Ha 3aMBIKATEIbHYIO TUIA-
CTUHKY Ha 26 %, Ha MEXITO3BOHKOBBII AUCK — Ha 16 %,
YTO CITOCOOCTBOBAJIO MPOTPECCHU CMEIICHMS MTO3BOHKA
B 9KCIIEPUMEHTAIBHO ITPOTHOCTUYEeCKOI Momemn. Kpome
TOTO, TTOKA3aHO, YTO 3HaUeHUe SS He BIMsICT Ha yBeIJe-
Hue cmenieHus [39].

KIIMHHUYECKAS KAPTMHA

Bosnukaromue npu MCJI nameHeHUsT TTO3BOHOYHO-
JIBUTATEJILHOTO CETMEHTA CITIOCOOHBI HE TOJIBKO MOBIIHSITh
Ha 6MIOMeXaHUKY MO3BOHOYHWKA Y TTapaMeTPhl ITO3BOHOY-
HO-Ta30BOTO COOTHOIIEHWS, HO U BBI3BATh KIIMHUYECKYIO
CUMIITOMATHKY 3a00JIeBaHUSI.

ITo maHHBIM OOJILIIOTO KOJIMYECTBA UCCIEHOBAHMIA,
camag yacrtag xano6a nmanueHtos ¢ UCJI — 60oib B mosic-
HU4YHOI obiactr. CorjlacHO pe3ybTaTaM ITPOBEJSHHOTO
anammsa T.M. Markwalder 1 coaBT., JTaHHBIII CUMIITOM
Habmonaercs y 96 % 6onbHbix ¢ MCJI, KoTopble 00patiiiuch
3a MeIUIIMHCKO# TTomoiblo [40]. OmicaHo MHOXeCTBO hak-
TOPOB, MPUBOIAIINX K YCHJICHNIO 0OJIEBOTO CHHAPOMA.
YacTh M3 HUX JIeTJla B OCHOBY CITeIIM(PUYESCKUX TECTOB
ISt OLIEHKY BhIpaskeHHocTH cuMmntoMoB M CJI, a Takke cBsI-
3aHHOI C HUM HeCTaOWJIBHOCTH TTO3BOHOYHO-IBUTATETHHO-
ro cermeHTa. Tak, Port A.H. u KypHocenkos B.B. coo01a-
IOT, 4YTO Xajao00bl YCHUJIMBAIOTCS TIIPU COBEpIICHUU
CcrubaTeTbHbIX, Pa3ri0aTeTbHBIX, POTALIMOHHBIX IBVXKEHUIA,
CMeHe MOJOXEHHUS Tejla, TOBOPOTax BOKPYT CBOei ocu
Jiexka Ha TTOCTeJH, TIOTHATUY 1 YAEPKaHUU NPSIMOI HOTHU
B TMOJIOKEHUM Jiexka Ha criuHe [41]. CMmeleHne Knepeau
MMO3BOHKA, HECTAOMILHOCTD TO3BOHOYHO-IBUTATEIHLHOTO
CerMeHTa C TeUeHUEeM BpeEMEeHU MOTYT ITPUBECTU K TUITEp-
TpohUU MEXIO3BOHKOBBIX CYCTaBOB 1 KEJITOM CBSI3KM,
YTO CIIYXKUT MPUYNHON BOZHUKHOBEHUSI CTEHO3a B MEX-
TMO3BOHKOBBIX OTBepcTUSX. JleheKT B MexKCycTaBHOM YacTu

IyTY TIO3BOHKA CO BpeMeHeM 3allojHseTCs (prOpo3HOM
TKaHbIO, KOTOpasi HapsiAy C ONMMMCAaHHBIMY BBIIIE U3MEHE-
HUSMH B MEXIIO3BOHKOBOM OTBEPCTUH IPUBOIUT K pa3-
IPaXXeHWIO0, KOMIIPECCUM WJIM HATSKCHHUIO KOPEIITKOB
CMMHHOMO3TOBBIX HepBOB [11]. T.M. Markwalder u coaBT.
MPOBEJIN MCCIIe0BaHNE, YTOOBI ITPOaHAIM3NPOBATh Ya-
CTOTY PAIVKYJISIPHOM CUMIITTOMATHUKHM, a TAaKXKe TTOJIOXM-
TEJBHOTO TeCTa C MOTHSITUEM IPSIMOI HOTU Y OOJIBHBIX
CJI. ITo ero pe3yiabrataM yCTaHOBJIEHO, YTO OOJIb B HOTaxX
BcTpevaercs B 53 %, panuKysisipHasi CAMIITOMATUKA Y JUTH-
TesibHO (>10 n1eT) HaGmoaaouxcs naureHTos — B 40 %,
y HMAlMEeHTOB ¢ HegaBHO (<3 JIeT) IMarHOCTUPOBAHHBIM
UCJI — B70 % cnydaes. I1010XUTETBHBIN TECT C TTOIHS-
THEM MpsSIMOI HOru 3adukcupoBaH y 49 % malueHTOB,
a 4YyBCTBUTEJIIBHOCTL MeTOoHa cocrasuia 71 % [40].

OVATHOCTHKA

IIpenBocxuiiiast OTKPHITUSA B 00JIACTA CaTUTTAILHOTO
Oananca, [.W. Typuep B 1926 . B cBoeii pabote 00 u3MeHe-
HUSX CTAaTUKHU TeJa OMMCANI XapaKTepHbIe M3MEHEHUS ST
CJI. ABTOp 3aMeTWII, UTO 3a cueT u3MeHeHui1 PT, comke-
HUST peOSPHBIX IYT ¥ TPEOHET ITOIB3MOITHBIX KOCTEH MEXKITY
HUMU 00pa3yIoTCs TOMePeYHbIe CKITaIKK KOXH, BITOCIICICT-
BUU Ha3BaHHBIC «CUMIITOM Teseckoma» [42]. J.W. Collaer
¥ COAaBT. BEICOKO OIICHMBAJIM POJIb TMAJIBIIALIMU OCTHUCTBIX
otpoctkoB B onpeneneanu MCJI. CornmacHo pesysbrataM
HX MCCIIEAOBAHUS YyBCTBUTEIbHOCTD onpenereHuss MCJI
cocrapisiia 60 %, cieumduaHocts — 87,2 % [43].

OO61IMif OCMOTp MallMeHTa, HECOMHEHHO, IMEET BaXK-
HOe 3HaYeHUE B AMATrHOCTUYECKOM moucke. OmHaKo,
HECMOTpPSI Ha BBISIBIIsIeMbIe TTPU3HAKNA, MHCTPYMEHTATb-
Hoe o0ciiemoBaHne OOJTBHOTO ¢ KaXXIBIM T'OIOM CTaHO-
BUTCS Bce Oonee 3HaunMbIM B onipeaenienuu UCJI. Tpu
HaJIM4YWAM XaJlo0, KaK IMPpaBUjIo, 1-M METOIOM HMCCIIE0-
BaHMs cTaHOBUTCS Rg mo3BoHOUHMKaA. B mipsiMoii mpo-
€KMW aBTOPbl 00palllaloT BHUMaHUE Ha TaKUE PEHTre-
HOJIOTMYECKNE HAXOIKM, KaK CUMIITOM «BOPOOBMHOTIO
XBOCTa» — COCTOSIHHE, IIPY KOTOPOM OTMEUYAeTCSI OTKIIO-
HEHME OCTUCTBIX OTPOCTKOB M Iy>KE€K HIKHUX MTOSICHINY -
HBIX TO3BOHKOB B KpaHWAJIBHOM HarpaBiieHNU. YeM BbI-
mre crereHb CJI, TeM galle BBISIBISIETCS 3TOT CUMIITOM,
npu Il crenenu mo MeilepauHTY CUMITOM SIBJISIETCS
TMaTOTHOMOHUYHBIM.

Eiie omHOM BaxXHOI XapaKTEpUCTUKON CUMUTAETCS
CHMIITOM <«IIAITK! XXaHJapMa» — Koraa TeHb L5-1mo3BoHKa
HaclanBaeTcs Ha TeHb Kpectra (1ipu 111 crenenn mo Meii-
epavHTy CJI TakXKe SIBIsIETCSI MATOTHOMOHUYHBIM) [42].
B 60KO0BOIT MpoeKIMK1 MOXHO oIpeaenTh creneHb CJI
MyTeM U3MEPEHMS TIPOILIEHTHOTO COOTHOIIIEHUSI PacCTOSI-
HUSI OT 3aIHUX OTIEIOB CMEIIICHHOTO TTO3BOHKA K OOIIEH
IUTMHE 3aMBIKATEeJIbHOM TIJIACTUHKY HIDKEIeXaIlero Io-
3BoHKa [22]. Tak:ke CTaHOBUTCS BO3MOXKHBIM 3aCBUJIE-
TEJIbCTBOBATh KOMILIEKC CUMITOMOB: YBEIMICHHE TIPO-
IOJBHOTO pa3Mepa OT MEepPeaHero Kpas Tejia IMO3BOHKA
IIO BEPXYIIKM OCTHCTOTO OTPOCTKA, YBeIMIeHHEe (PU3UO0-
JIOTUYECKOTO JiopAao3a, nsMmeHenue yria PT [44, 45].



B nurepartype omnmcaHoO MCTIONB30BaHUE KOCHIX TIPO-
ekuuii (3/4) nist mydnieit BU3yaau3aluuu MeXCYCTaBHOM
YacTH IyTY TIO3BOHKA M e¢ AedekTa. B Kocoit mpoekmu
MpeajiaracTcsl BBIIEISITh QUTYPY, U3BECTHYIO KaK «IIPO-
uab mwoTnaHACKOM cobaku» (scotty dog profile) — Bepx-
HUI CYCTaBHOM OTPOCTOK HAIOMHUHAET yXO, HUXXKHUK
CYCTaBHOI — TIepeIHIE JIaITbl, MEXXCYCTaBHAsI YaCTh TyTH —
meto. [Ipu crioHaMIONM3e B 00JIaCTH TaK Ha3bIBAEMOU
IIer MOXKHO ompeneanTh nedekT. HecMoTpst Ha mmmpokoe
YIIOMWHAHNE JAaHHOTO PEHTTEHOJOTHYECKOTO IPMU3HAKa,
N.A. Beck 1 coasrt. B 2013 . B O0JIBIIOM MCCICIOBAaHUT
TOKAa3aJI1, 9YTO KOChIE ITPOCKIINK HE TTOBBIIIAIOT YYBCTBH -
TEJIbHOCTb WJIM crielIM(UIHOCTh Rg-MeToma B 0OHapyxe-
Hun cionawionusa u MCJI [46].

DyHKIIMOHATBHBIC PEHTICHOTPAaMMBI BCE Jallle MC-
Hob3yIoTCd s onpenesieHus ctabunbHoctr CJI. TIpo-
BeneHne Rg co crmbanmem/pa3rmbanmeM — HamboJliee
W3y4deHHBIN Y ITUPOKO MCHOIb3yeMbIit MeTop, [47]. OnHa-
KO, HECMOTPSI Ha OECCITOPHYIO BaXKHOCTB JIJIST TMAaTHOCTUKI
HECTaOMJIPHOCTH TTO3BOHOYHO-IBUTATEILHOTO CETMEHTa,
B JIMTEpaType HEIOCTATOYHO ITyOTUKALINIA, TTO3BOJISIOIIIX
TOBOPUTH 00 00513aTeIbHOM BKJITIOUCHUH TOTO TUATHOCTH -
YECKOro MeTo/a B MepevyeHb 00513aTeIbHbIX JJISI TIJIAHUPO-
BaHUSI OIEPAaTUBHOTO BMeIIaTe/IbcTBa y manueHToB ¢ MCJI.
Kpowme Toro, M. Cabraja u coaBT., 3asIBJIsUIM O HaTIpsiKe-
HUM MBI TTOSICHUYHOM 00JacT! B OTBET Ha BHIPAXKCH-
HBIN 00JICBOI CMHAPOM KaK O TJIABHOM OTPaHMYCHUU
(GyHKLMOHATBPHOIO HcCleqOoBaHUS. ABTOPbI CUMTAIIH,
YTO MBIIIEYHOE HAIIPSLKEHUE CITOCOOHO MTOBIMSITEH Ha Ka-
YeCTBO BBIITOJTHEHUSI TTPOOBI U, KaK CIICACTBUE 3TOTO, U3-
MEHSITh CTETIEHb CMEIIIeHNS TT03BOHKa [48]. B HacTosmee
BpeMsI B INTepaType OTMEUEHO IITUPOKOE NCITOIb30BaHUE
CIICIYOIINX KPUTEPUEB HECTAOMIIBHOCTH: CMEIIICHHE Tella
IM03BOHKA Ha Oosiee yeM 4 MM WM Ha Gosiee yeM 8 % OT
IUTMHBI HIDKHE 3aMBIKATeIbHOM TIJIACTUHKY Ha YPOBHSIX
L1-5, wim Ha Gonee ueM 6 % Ha ypoBHe L5—S1 [48, 49].

Bsenenue B mmpokyto npaktuky merona KT mo3Bo-
JINJIO HE TOJIBKO C BBICOKOM TOYHOCTHIO BHIIBISATH CJI,
Ho ¥ onpenensath ero Bua. I1pu UCJI B onpeneneHun ne-
(exra mexcycraBHoit yactu ayru BaxHa KT, Takke oHa
TO3BOJISIET TOYHO OIIPEACITUTD pa3Mep MEKITO3BOHKOBOTO
OTBEPCTUS U CHEJIATh BBIBOA O KOMIIPECCHUM KOpEIKa
cnHHOMO3roBOoTO Hepna [50]. [TpakTnyecku mojiHOE OT-
cyrctBHe orpaHnyennit Mmerona KT, ncuepnbiBaromast MH-
¢dopmaLms 0 KOCTHOI aHATOMHWHU, BO3MOXKXHOCTH OITpEeIe-
JICHWSI TTapaMeTPOB CMEIIEHMST TTO3BOHKA CIeJIaIn JaHHOE
HCCIIeI0BaHNEe 00s13aTeIbHBIM TIPH TUIAHUPOBAHUM OTIC-
paTUBHOTO BMeIIaTeIbcTBa Mo mosomy MCJI.

MPT-uccnenoBaHue No3BOSIET OLIEHUTh BBICOTY MEX-
TTO3BOHKOBOTO IMCKA, a TAKXKE YCTAHOBUTD (DaKTOPHI, BbI-
3BIBAIONINE CAABICHIE KOPEITKa CITMTHHOMO3TOBOTO HepBa
KaK B MEXIT03BOHKOBOM OTBEPCTHUM, TaK M IKCTpacdopa-
MHWHaJbHO. PeHTreHOTpacdmIecCKMMM METOZAMM OYCHbB
TPYIHO BBISIBUTH CIIOHIWJIONN3 HA PAHHUX CTaIUSIX, B TO
BpeMsI KaK CTpeCcC-peaKInio KOCTHOM TKaH! M3-3a IIOCTO-
SIHHBIX MUKPOTpPaBM MOXHO yBuaeTh Ha MPT-uccneno-
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Banuu. CrenaHHble B pexxuMme T2, a Takke STIR (Short
Tau Inversion Recovery — mociienoBaTeIbHOCTh «MHBEP-
CHS—BOCCTAaHOBJICHIE CITMHOBOTO 3Xa») M300pakeHMUS
YYBCTBUTEIBHBI K OTEKY KOCTHOM TKaHM. C Imporpeccueit
CIIOHIMJIONN3a Ae(heKT MEXKCYCTaBHOM 9aCTH Iy>KKH OymeT
BUJICH KaK CUTHAJI ITOHIKEHHON MHTeHCUBHOCTH Ha T1-
u T2-B3BeIIEHHBIX N300paXXeHUSIX, OKPY>KEHHBII OTEKOM
[51]. UccnemoBarenyn Ha3bIBatoT U apyrue mpusHaku MCJII,
BuisiBigemble ipyu MPT. Tak, T. Nakayama u S. Ehara
B CBOEM MWCCIIEIOBAaHUM OIPEIACIIN HOBBIM IPU3HAK
cnoHAuIoNu3a, BeisiBasieMblit ipu MPT: pacnonoxeHue
SIHUAYPATBHOTO XKHMpPa MEXIY OCTUCTHIM OTPOCTKOM
1 TBEPIOM MO3TOBOI 000JI0YKOI [52]

JIEHEHUWE

Hezasucnmo ot crenenn CJI u BEIpaXkKeHHOCTH KJTH-
HUYECKUX ITPOSIBJICHNI KOHCEPBAaTUBHAS TEPAITHST CITyKUAT
TIePBBIM IIIaTrOM K YIIy4IIICHUIO KaueCcTBa XKM3HU MalleHTA.
C romamu U3y4eHMS IIPOOIeMBI TOI00pa JICUCHUST MEHSI-
JINCh M PEKOMEHIALMU 10 BeAeHuo maureHToB. B. 1. Ya-
KIuH B 1933 T. Mcmonb30Baa MO3UIIMOHHOE JIeYeHUE,
IIpY KOTOPOM B TeUeHUE 2—4 Hel MalMeHT 3aHUMaJl T10-
JIOXKEHUE C COTHYTBIMM B Ta300€IpeHHBIX CyCTaBaX HOTaMH
U TIPUTIOTHSITHIM TyJI0BUIIeM. JlaHHAsT METOIUKA TT03BO-
JIsiJla YMEHBIIUTD 00JIeBOM CUHAPOM M BBIPAXKECHHOCTH
PamUKyYIIPHON CUMIITOMATHKY. TakKe ITPOBOIMIINCH pa3-
JIMYHBIC MAHUITYJISIIIAY TI0 BHITSDKEHIIO, KOTOPEIE CITOCO0-
CTBOBAJIM PACIIMPEHHUIO MEXITO3BOHKOBBIX OTBEPCTHIA
1 Jaxe peayKLUu Mo3BOHKOB [23]. B Hacrogiee Bpems
OCHOBA YMEHBIIICHNSI HTHTEHCUBHOCTH 00JIEBOTO CHHIPO-
Ma — IIpUMEHEHNE HECTePOUIHBIX ITPOTUBOBOCIIATIUTEIb-
HBIX CPEICTB M MUOpPETaKcaHToB [53—55].

Emte omnH KpaeyronbHBIN KaMeHb B jedeHun CJI —
TPEeHNPOBKA MBIIII CIIUHBI 1 XuBoTa. Yale Bcero hu-
3MYeCcKNe TPEHUPOBKU W TIpUMEHEHHUE JIeKapCTBEHHOM
Tepanuu oObeINHSIIOT B €ANHBINA KoMITIeKe [56, 57]. Oxn-
Hako P. Ekman 1 coaBT. ipn 10 IroBpeMeHHOM HaOTIONCHI
3a MalrMeHTaM#, KOTOPBIM ITPOBOIIIACH KOHCEpPBAaTUBHAS
Teparmsi, OTMETIJIM, YTO B KPAaTKOCPOUHOM MEPCIIEKTHUBE
HaOII0aeTCsl YMEeHbIIeHe 00JIEBOTO CUHAPOMA, HO (DYHK-
IMOHAJIBHBIX YIYYIICHWH Y manneHToB HeT. [1pu Habo-
JIEHUU OOJIbHBIX B TeUeHUe 9 JeT yxXyaiieHue pe3ysibrara
mo mHaekcy mHBaMAHOCTH OcBectpu (The Oswestry
Disability Index, ODI) cocraBuiio B cpegHem 28—31 %.
OmHako HeJb3sI C YBEPEHHOCTBIO YTBEPKIATh, UTO 3a BCE
9 neT HAOMIOMEHUS PEeKOMEHIAIIUM JIeUalllero Bpada Co-
omomanrch B moiHoM oobeMe [33]. Takske HeOOXOIMMO OT-
METHUTB, 9YTO CMEIIICHNST BBICOKOM CTEIIeHN, OOHAPYKCHHBIC
y ZIeTei, corimacHoO McCIenoBaHusIM [58], TTPOrHOCTIIECKA
HEOJIarOIIPHUSITHEI, TIPY 3TOM OOJIBIMMHCTBO ITOMOOHBIX ITa-
LIMEHTOB HYXXIAIOTCS B OIIEPAaTUBHOM BMEIIIATEIHCTBE.

Cy1iecTByIOT pabOTHI, CpaBHUBAIOIIINE 2 TPYIIIIHI 00JTb-
HBIX: B OMHOM TTAITMEHTHI ITOIBEPTaINCh OIIEPAaTUBHOMY JIcUe-
HMUIO, B IPYTOI — TIPOXOIVIIN KOMIUIEKCHOE KOHCEPBATUBHOE
neyenne. Tak, H. Moller n coaBT. ToKa3aiu, 4To OIepaThB-
HOE JICUeHNe 3HAYMMO yIydlaeT (OyHKIIMOHAIBHBIN MCXO
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W YMEHBIIAeT MHTCHCUBHOCTL 0O0JIEBOTO CHMHIpPOMA II0
CpPaBHEHMIO C KOHCEPBATUBHOI METOMMKOM; UYTO KOHCEP-
BaTHBHas Tepamnus 6osee 6 Mec He LieJecooOpa3Ha BCe -
cTBUE cBoell HeaddekTuBHOCTH [59].

E1ie omHIM METOIOM YMEHBIIICHUS O0JICBOTO CHHAPO-
Ma CJIYXKWT MPOBEAECHUE BMUAYPATBbHBIX UHBEKIMI KOP-
THKOCTeponnoB. Ho, cormacHo mccieqoBaHmsIM, OHM TAIOT
JIAIITBb KPAaTKOCPOYHBIN pe3yisraT [34]. B HacTostee BpeMst
cpenu IMOKa3aHUil K OTIepaTUBHOMY BMEIIIATEILCTBY Yallle
BCEro HA3BIBAIOT clieayiomne (DaKTOPHI: IPOBEACHHAS
B TeYeHME 6 MeC KOMIUIEKCHAsSI KOHCEPBAaTUBHAs TepaIus
0e3 yMeHBIIIeHUsI 00K B CITUHE W (MJIM) PamguKyJISIpHON
CHMIITOMATUKHU; TIPOTPECCUPOBaHNE HEBPOJIOTUIECKOTO
neunTa WM TOosBICHUEe HEMPOTeHHON IepeMexaro-
IeicsT XpoMOTHI; mporpeccupoBanue CJI.

OrmmcaHo MHOXECTBO BApHAHTOB OIIEPATUBHOTO BMe-
matenbeTBa B xupyprun UCJ1. BombImHCTBO HCcclienoBa-
TeJlei K TJaBHBIM 3amadaM xupyprum mipu CJI oTHOCST
BOCCTaHOBJICHNE CTAOMILHOCTH IIO3BOHOYHMKA, YCTPaHe-
HHE KOMITPECCHH HEPBHO-COCYIUCTBIX 00pa30BaHUIA TO-
3BOHOYHOTO KaHajia, KOPPEKIIMIO CaTUTTaIbHOTO IHrcha-
naHca. B HacTosImee Bpemst Harboltee pacIpocTpaHeHHBIE
omnepauu ipu UCJI — BMeIIaTeIbCTBa ¢ IPUMEHEHUEM
(PUKCHPYIOLINX CHCTEM.

HecMoTpst Ha mmMpoKoe MCITOb30BaHNe (DUKCALINN,
B JIUTEpaType A0 CUX MOP HET EAMHOTO MHEHUSI OTHOCH-
TEJIBHO TIPEUMYIIICCTB JaHHOTO THUIIA JICYeHUs. Tak, B He-
CKOJIBKMIX PaHIOMM3MUPOBAHHBIX UCCIICIOBAHMSIX HE YIAI0Ch
TTOATBEPANTD IPEUMYIIIECTBA OIIEPATUBHBIX BMEIIIATCIHCTB
¢ bukcanmeit mepen TaKOBBIMU 0e3 TpUMeHEHUST (PUKCH-
pytouux cucteM [59, 60]. CornacHo pe3ysibrataM, KIMHU-
KO-pPEHTTCHOJIOTHIECKIE MCXOMBI B TPYMIIaX MallEHTOB
He UMeJIN CTaTUCTUICCKY 3HAYMMOTO pasmdus. C npyroi
croponsbl, K.H. Bridwell u coaBT. BEICTYyHaIOT 3a TIpUMEHE-
HUE TPaHCHEOWKYIIPHBIX (DUKCATOPOB KaK OIHOTO
13 (haKTOPOB, YBEININBAIOIINX CKOPOCTH (DOPMUPOBAHMST
KOCTHOTO 0710Ka [61], a TakKe eCcTb CBUAETENBCTBA JIYUIINX
KIMHUYICCKUX MCXOMOB ITOCNIE IMTPOBEICHUS ITOMTOOHBIX
orepanuii [62].

OmHUM M3 caMBIX aKTyaJIbHBIX Ha TaHHBIA MOMEHT
HCCIICAOBAHMI, CUMTAETCS pAHIOMU3MPOBAHHOE KOHTPO-
Jmpyemoe ucciienoBanue K. Azizpour v coaBT., B KOTOPOM
MoKa3aHo, 4To AeKomIipeccus 6e3 pukcauuu (rpynrma 1)
He UMeeT IMPEeNMYIIECTB Iepel TAKOBOM ¢ IPUMEHEHNEM
¢ukcarmu (rpyrma 2). Tak, B rpyrie 1 9actoTa MOBTOPHBIX
BMeIaTebeTB coctaBmia 47 vs. 13 % B rpymirie 2; 6076
YMeHBIIIaIach B rpy1iie 1 B cpenHeM Ha 4,4 MM, a BO BTO-
poit — Ha 18,8 MM (commacHo 100-MUITUMETPOBOI BU3Y-
aJbHO-aHa/IoroBoi 1ikane) [63]. 3axHeO0KOBOI, TpaHC-
dopaMuHaNbHBIN, MepeaHull, JTaTepalbHBI JOCTYIIbI
K BBITTOJTHEHUIO MEXTEJI0BOTO CIIOHIMIIONE3a KOMOWMHM-
PYIOT C CaMBIMM pa3HOOOpa3HEIMU (DOpMaMU UMILJIAHTOB
1 PUKCUPYIOIINMHU KOHCTPYKIMAMH UIST TOCTVKCHUS
JIVYIINAX pe3yasraToB [29, 64—67].

Borpoc BeIOOpa ONTUMATEHOTO METOIAa CITOHIMIIONE -
3a TAKKE OCTACTCS IO CHUX MOP aKTyaJdbHBIM. B paHmoMm-

3UPOBAaHHOM KOHTposmmpyeMoM rccienoBannn EB. Christen-
Sen W COaBT. CPAaBHIIA MALIEHTOB ITOCTIE 33THEO00KOBOTO
W TepeaHero cnoHauIone3a. Yepes 2 roma mocje HaOJIro-
IIEHNS Y HUX HE BBISIBJICHO 3HAYMMBIX Pa3IMInii B UICXOHMaxX
[68]. Takme ke pe3ynbraThl B CBOEM UCCIIEAOBAHUN TTOJTY-
yuan J. Swan u coasT. [69]. He oGHapyXuUB 3HAYMMBIX
pa3IM4IMil B ICXOMaX, aBTOPHI IIPUIILIHA K BEIBOMY, UTO TIe-
pPeTHWIT MEXTEJIOBOM CITOHAMIIONE3 ITO3BOJISIET JOCTUYD
aNIEKBATHOW HETIPSMOW IEKOMITPECCUH, KaK U TIPU MPSIMOM
JIEKOMITPECCUH 13 3aIHETO T0cTya. Kcronp30BaHme TpaHC-
(opamuHaIEHOTO MEXXTeT0BOTO crioHamIone3a (Transfora-
minal Lumbar Interbody Fusion, TLIF) maeT Bo3MOXHOCTh
YMEHBIIINTD KOJTMIECTBO MAHUITYJISIIIAIA C TyPaThbHBIM METII-
KOM ¥ KOPEIIKaMU1 CITMHHOMO3TOBBIX HEPBOB IT0 CPAaBHEHUIO
C 3aTHEOOKOBBIM MEXKTEIOBBIM CIIOHAMIONe30M. COITacHO
ncciaenoBanmio S. Lauber 1 coaBT., (popMUpoBaHKe KOCTHO-
ro 6;10ka HabIoAaeTCs B IiepBoM ciydae B 94,8 %, nipu 3a1-
HeOOKOBOM MEXTEIOBOM crioHamonese — B 83 % [70].

CrenaB BHIOOD B ITOJIb3Y CIIOHAMIIONE3a, TEKOMITPEC-
ciM 1 (DUKCAIlUM, YCTPAHUB TIPY 3TOM BaXKHBIH ITaTOTeHE-
TUYECKUI (DAKTOP — HECTAOMIBHOCTD, BaXKHO ONIPEACINTh
TOKAa3aHMS K IPUMEHEHUIO Pa3IMYHBIX TEXHUK peIyKIINN
Mo3BOHKA. Borpoc pemyknuu u ee poJib cTaay Hanbosee
aKTyaJIbHBIMU B TTOCJICAHME TOIbI, KOTIa HAMETUJIVCH TeH-
IEHITUM K 00s13aTeJIbHO OIICHKE CarMTTaJIbHOTO OajaHca
TIpY JICYCHUHU 3a00JIeBaHMI ITO3BOHOYHNMKA. BaxkHOi1 co-
CTaBHO# 9aCThIO MIOOAIBHOTO CAaTUTTAILHOTO OajaHca
CIIYKUT TTIO3BOHOYHO-Ta30BOE COOTHOIIeHMe. Ero Bims-
HIE Ha KIIMTHUYECKME MCXOIBI TIOCTIE OTTepallii y TallieH-
toB ¢ MCJI Hu3Koit crenenun usydanu A. Bourghli u coaBr.
B CBOEM IIPOCIIEKTUBHOM MCClIeA0BaHNH. [10 X MHEHUIO,
BOCCTaHOBJICHNE OJTM3KMX K HOPMAJIBHBIM 3HAYCHUI 110~
3BOHOYHO-TA30BOTO COOTHOIICHUS BBICTYIACT ITPEINKTO-
POM YIOBJICTBOPUTEIBHBIX KIMHUYSCKUX PE3yJIBTaTOB
JIeYeHUs TaKNX OOJIBHBIX [71]. DTOrO0 XXe MHEeHUS Tpuaep-
XuBawTcs Z. Wang 1 coaBT., HO IPUMEHUTEILHO K 0oJiee
Boeicokoii crenenn UCJI [72].

B Hacrosee Bpemst HabIomaeTcss HEIOCTaTOK padorT,
cBa3piBapomnx SDSG-knaccuukanuio U moKa3aHUs
K KaKOMY-JIN0O BHUAY OIIEPAaTMBHOIO BMEIIAaTeIbCTBA.
M.T. Hresko u cOaBT., IpeAIIONOXWIN, YTO TTOKAa3aHUSI
K peIyKIIMH MO3BOHKA CYIIECTBYIOT IPY HecOATaHCHUPO-
BaHHBIX TUTNax MCJI, korma Hanbosee oCTpO CTOUT BO-
TIPOC O KOPPEKIMHU ITapaMeTPOB CaTUTTaIbLHOTO OajaHca.
ABTOpBI TOKa3aH, uto cpenuuit PT ymenpimaercs Ha 5,7°
(AN = 1,5-9,8°) ipu penykimm 1mo3BoHKa. MccnemoBare-
JIA CUATAIOT TVIABHOM LIEJTBIO PENYKIINY — BOCCTAHOBJICHIME
MMO3BOHOYHO-Ta30BOT0 cooTHomeHus [30].

R. Amritanand 1 coaBT., IpUIIJIX K BBIBOIY, YTO pe-
YKL TT03BOHKA 3HAYMMO YJIydIllaeT ITapaMeTphl CaruT-
TaJIPHOTO OajlaHCa KaK B paHHEM ITOCJICOITepalliOHHOM
Tepuoe, TaK U IIpH JUINTeTbHOM HabmoaeHnu. [1o maH-
HbIM aBTOPOB, IIPU PeayKLKK B cpeaHeM ¢ 74,0 £ 13,2 %
10 30,0 £ 14,0 %, MOSICHUYHO-KPECTLIOBBII YTOJI MEHSIICS
¢ 32,0+ 11,6°106,0+0,6°[73]. H. Koller u coaBT. B cBO-
€M HCCIIeIOBAaHNY TTOKA3aJIH, YTO ITOJTHOE MJIN YaCTUIHOE



BIipaBicHue To3BoHKA Ipu JieueHnu MCJI He TOIBKO
VAy4IIaeT IPOTHO3bI TAHHOTO 3a00I€BaHMS C TOUKM 3PCHUST
BOCCTaHOBJICHHUSI CAaTUTTAJILHOTO OajlaHca, HO ¥ yMEHBIIIaeT
yacTtoTy (hopMHUpOBaHUs TiceBO0apTpo30B (p = 0,08) [74].
U.G. Longo 1 coaBT. B CBOIO OYepelb IMOATBEPAMIINA, YTO
B TPYIIIIE AIIMEHTOB C BBITTOTHEHHOM PeayKIIMe TTO3BOH-
Ka 3HAYMMO CHIDKAJICSI PMCK BO3HUKHOBEHMS TICEBI0APTPO-
3a IO CPaBHEHMIO ¢ TPYIIION ¢ puKcalyeir 6e3 peayKiIuu
(5,5vs. 17,8 %, p=0,004). Kpome TOro, aBTOpbl OTMETUIIN,
YTO PUCK HEBPOJIIOTMUECKOTO AeUIINTA B OOCUX TPYIIIax
naipieHToB coroctaBuM (7,8 vs. 8,9 %, p = 0,8) [75].

Koppexkinst mapaMeTpoB IT03BOHOYHO-Ta30BOTO COOT-
HOIIIEHUSI BO3MOXHA He TOJIBKO 01aromapst peIyKIuiy Imo-
3BOHKA. DTO moaTBepxmaeTcs B padote S.J. Park m coaBr.,
B KOTOPOI MCCIeIOBaTeIN MOKA3aanl, YTO YBEIMUCHHE
BBICOTHI MEXXTEJIOBOTO IPOMEXKYTKA MMEET MOJIOKUTEITb-
HYIO 3HAYNMYIO KOPPEISIIIMOHHYIO CBSI3b ¢ BeMMUnHO LL
(r =0,305; p = 0,02) [76]. Cxoxue maHHbIE MMOJYIUIN
Y. Feng 11 coaBrT., 3asIBUBIIINE O CTATUCTUYECKH TOCTOBEP-
HO¥1 CBSI3M BOCCTAHOBJICHUSI BBICOTBI MEXKTEJIOBOTO IIPO-
MEXYyTKa ¥ KOppeKLny LL y TTarimeHToB ¢ HU3KO# CTEeTIEHBIO
cMertieHns To3BoHKa (# = 0,334; p = 0,011). Takke B JTaHHOM
HUCCJIeIOBAaHNY TOKa3aHO JOCTOBEpPHOE BIMsHKMEe Ha LL
yMeHbIIeHNE BEeIMYMHbBI CMelleHus To3BoHKa (r = 0,365;
p=0,010). B To ke BpeMsI KOPPEKIMs ITOPAKEHHOTO CET-
MEHTapHOTIO yIJIa, HAIIPOTUB, He TIpUBeia K CTAaTUCTUIC-
CKM 3HAYMMOMY M3MEHEHUIO ITapaMeTpOB ITO3BOHOUYHO-
Ta30BOTO COOTHOLIeHUS [77].

Bnugnue ¢ukcamum cermeHTa L5 — S1 m npoBenenus
TLIF na mapameTpsl carutTanbHoro 6anaHca pu CJI n3-
yaeHo B pabote G.M. Barbagallo u coaBt. UccnegoBarenn
OTMETHUJIN, YTO XUPYPTUIECKOE BMEIIATEILCTBO ITO3BOJIM -
JIO 3HAYMMO CKOPPEKTUPOBATh ITapaMeTPhl IT03BOHOYHO-
Ta30BOTO COOTHOIIIEHUS. B 9acTHOCTH, OHM HOCTHUTIU
yMeHbIeHNs BemarHbl PT u yBemaenust SS, mpenorie-
paIoOHHBIC 3HAYCHUSI KOTOPBIX COCTABUJIN COOTBETCTBEH-
HO 25,00° 1 40,38°, B TO BpeMsI KaK I10CJIe BMeIIaTeJIbCTBA
PT cocraBun B cpentem 19,75°, a SS — 45,63°. Takxke yaanoch
JOCTUYb KOppeKLuu BeanuuHbl LL B cpeaHem ¢ 56,87
10 66,50° [78].

B nociienHee Bpemst 00cykmaeTcsl BOIIPOC KOPPEKITNU
MOPaXkeHHOTO CETMEHTAPHOTO YIJIa M €T0 BIMSHUS Ha Ta-
paMeTphl TO3BOHOYHO-Ta30Boro cooTHomeHus. P.O. Cham-
pagne 1 COaBT. B CBOell paboTe IMoKa3aim, 4YTo Oaarogapst
MIPOBEACHUIO ITePeITHEO0KOBOTO MEXTEIOBOTO CITOHIMIIO-
Iie3a yaajaoch JOCTUYDb YBEINUCHMSI CETMEHTAPHOTO yIIa
Ha 4,4° (p = 0,009). Taxxe aBTOpBI OTMETHIIH, yTO TLIF
He TIPUBEJI K 3HAYNMO# KOPPEKIINU CETMEHTapHOTO YIJia
(1,3°, p = 0,1) [79]. V. Lafage u coaBT. pa3zpadoTtanm He-
CKOJIBKO MaTeMaTHIeCKUX MOJeieii, KOTOphIe, IT0 MHE-
HUIO aBTOPOB, NEJIAIOT BO3MOXHBIM ITPOTHO3UPOBAHUE
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nmapaMeTpoB PT u SVA 1ocite Xupyprudeckoro JieueHUs.
B xavecTBe nepemeHHBIX B MoAeu U151 PT ucronb30BaHbI
LL u rpyaHoii ko3, a B KauecTBe MOCTOSIHHOM BeIUYM -
uel — PI (= 0,93, SE = 4,4°). ln1s SVA mpuMeHeHBI TaH-
Hble mapamerpbl BMecte ¢ PT (r = 0,89, SE = 32 mm).
HccaemoBareay ycTaHOBUIIN, YTO, MCTIONB3YS pa3IMIHEIC
METOIWKHU (PeAyKIUs MO3BOHKA, YBEIUUCHMST BBICOTHI
MEXTEJIOBOTO ITPOMEXYTKa), MOXHO IMOBIUSITh Ha LL,
a ciaepgoBaTebHO, 1 Ha PT, uTo B mampHeiIeM okaxkeT
pimssHue Ha SVA [80]. HecMoTps Ha Bce mMeroLmecs pa-
0OTBI, B HACTOSIIINIA MOMEHT OTMEYAeTCs] HEIOCTATOK HC-
CJICIIOBAHUI ¢ BEICOKOM CTEIIEHBIO TOKA3aTeIbHOCTH, TI0-
Ka3bIBAIOIINX JIYYIITHE KIMHUIYSCKIE 1 (PYHKITNOHATbHBIC
PE3yJBTaThl B TPYIIIE MAIIMEHTOB ¢ KOPPEKIINei O3B0~
HOYHO-Ta30BOT0 COOTHOIICHMS.

Takum 006pa3oM, B MUPOBOI JIMTepaType B HACTOSIIIEE
BpeMsI HaMeUaloTCs eMMHBIC TCHACHIINN B BEIOOPE TAKTH-
ku neueHust UCJI. HecMoTpst Ha MMEIOIIMIACS HEAOCTATOK
WCCIIEIOBAaHUI B 00JIACTH M3YYCHUS ITapaMeTPOB CarmT-
TaJbLHOTO OaylaHca, Bce OOJIBIIE aBTOPOB CXOMSITCS BO MHE-
HUH, 9TO OLICHKA IMTO3BOHOYHO-TAa30BOTO COOTHOIICHUS
1 €T0 KOPPEKIIVSI HEOOXOAMMBI JUTS YIYJIICHUS KIIMHUKO-
PEHTTeHOJIOTMYECKUX MCXOI0B 3a00JIeBaHUS: JEKOMIIPEC-
CHST HEPBHBIX CTPYKTYP — IPU HAIMIUKA CUMIITTOMHOTO
dopaMUHAITBLHOTO CTEHO3a, a TIPOBEACHIE MEXTEIOBOTO
CIIOHAWIONE3a — IJIST YCITeITHOTO (DOPMHUPOBAHMS KOCT-
Horo 6JioKa.

SAK/TFOYEHHME

HMcTMudecknii CIOHIWIONICTE3 — CEPhe3HAas, MHOTO-
(dakTOpHas MaTOJIOTHSI, IMMPOKO PACTIPOCTPAHEHHAS B TTO-
mysstun. Borpocs! atroorum u marogusuonoruu MCJI
BOJIHYIOT MCCJIeIOBaTeNel He OMHO AecaTuietue. B Ha-
CTosIIIee BpeMsI CYIIEeCTBYeT MHOXECTBO KilacCHpUKa-
LM, HO HOBBIC HAIIPaBJICHUS B XUPYPTUH TTO3BOHOUYHU-
Ka, TaKre KaK YIeHNE O CaTUTTaJIbHOM OajlaHce, TpeOyIoT
0OJIBIIIET0 BHUMAHUS K TeM, B KOTOPBIX YIUTHIBAIOTCS BCE
acTeKTH 3a00JIeBaHUS, B TOM YHCJIC TT0O3BOHOIHO-TA30-
BOe cooTHoIeHMEe. [1pr BceM MHOXECTBE METOIOB JHar-
HOCTUKH, UMCIOIINXCSI B COBPEMEHHEBIX JICUCOHBIX YIpe-
KICHUSIX, HE TOKHO OBITh TPYTHOCTEH B BBISIBICHUH
HCJI y cuMOTOMHBIX aiueHTOB. OCTaeTCsT OTKPHITHIM
BOIIPOC O IIEJIeCO00Pa3HOCTH U CIIOCO0AX BBISIBICHUS
M CJI Ha paHHUX CTaagUsIX pa3BUTUS 3a00JIeBaHUS Y JeTeil
1 moapocTkoB. KoHcepBaTUBHOE JIeUeHNE JOJDKHO OBITH
MIePBBIM IIaroM TTocjie BeIsIBIeHUST cuMnToMHOoro MCJI.
3010TO# cTaHOAPT XUPYPIrUISCKOTO JCUCHUST — JCKOM-
IIpeccHst HEPBHBIX CTPYKTYP, CIOHAMIONE3 M (DUKCAITHS
IMOPaKeHHOI0 CerMEHTa ¢ MaKCHMMaJIbHO BO3MOXHOM
KOppEeKIMe ImapaMeTpoB MO3BOHOYHO-TA30BOTO COOT-
HOIIICHUSI.
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M CCEKIIVA BASAJIbHBIX [TMCTEPH B JIEUEHUU
TSOKEJION YEPEITHO-MO3TOBOM TPABMBI

A.B. CrannmeBckuii, K. H. baouues, I11.X. Im3aryammn, /I.B. Ceucros, . E. Oununes, /1. B. /IaBbinos

DI'BY «IhasHbiii oeHHbIl KAUHUMecKUl cocnumans um. akad. H. H. Bypdenkxo» Murnoboponsi Poccuu; Poccus, 105094 Mockea,
Tocnumanvnas na., 3

KoHTaKThl:

ApTém Bagumosuy CraHuwesckuii a-stan@mail.ru

Beepenue. o paHHbiM BO3, TAxKenas yepenHo-mo3roBas TpaBMa BXOAMUT B AeCATKY NUAMPYIOLLNX NPUUYUH CMEPTHOCTH
BO BCeM MUpe. HecMoTps Ha MHOrOBEKOBYIO MCTOPMIO pa3paboTku METO0B OKa3aHWsA NOMOLLM NOCTPAAABLUMM C YEPENHO-
MO3rOBOVl TPaBMOIA, pe3ynbTaThl IeYeHNs, N0 AaHHBIM KPYMHbIX PaHAOMU3NPOBAHHbBIX UCCE0BaHMIA, OCTAIOTCA HeyA0B-
JIETBOPUTENbHBIMU: NETaNbHbIA UCXOR W TAXKENAA HBANUAM3aLMsA HabnopatoTcs 6onee yem y 50 % noctpapaswmx. He-
KOTOpble 3KCMepPUMEHTaNbHbIE UCCTIE[0BAHMSA YKa3blBAIOT, YTO AEKOMNPECCUBHAsA TpenaHaLus Yepena MoXeT ycyryonsTb
BbIPAXEHHOCTb OTeKa rofoBHoro mo3ra (FM) 3a cuet co3paHus ycnoBuWit AN TPaKLWUM HEPBHbIX BONOKOH W MPUBOAUTD
K remopparuyeckoii TpaHchopmaLuu ovaros ywnba u uwemuun. B nocnegHee gecatunete skcnepuMeHTanbHble uccre-
AO0BaHMA U TEXHONOTMYECKUIA NPOrpecc CyLWecTBEHHO pacluMpuUny NOHUMaHWe HOPMaNbHOW 1 NaTonornyeckoii husnono-
rum TM 1 no3sonunu pa3paboTartb HOBble METOAUKM XMPYPrUYECKUX BMEWATENbCTB. B yacTHOCTH, B pAge nybaukauuit
NoKa3aHbl 3HAYUTENbHbIE NPEUMYLLECTBA ANCCEKLMM apaxHOUAANbHBIX MPOCTPAHCTB 0CHOBaHMA M npu Taxenoi yepen-
HO-MO3rOBOW TPaBMe MO CPABHEHMIO C KNACCMYECKON [eKOMNPEeCCUBHOI TpenaHalumen yepena.

Llenb pa6oTbl — aHanu3 faHHbIX TMTEPATYPbI O NAaTOPU3NONOrMYECKOM 060CHOBAHUM, TEXHUKE BbINOJHEHUSA, pe3ynbTaTax
MCMNONb30BaHUA AUCCEKLMM apaxHOMAANbHBIX NPOCTPAHCTB OCHOBaHMA M npu TAxenoi yepenHo-Mo3roBoii TpaBme,
npeuMylLecTBax 1 HefoCTaTKax MeToAa No CPaBHEHWIO CO CTaHAAPTHLIMU METOANKAMU JIeYeHUs TaKUX NOCTPaAaBLUMX.
Marepuanbl n meToAbl. MpoBefieH NOMCK Hay4HbIX NyONUKALMA B OCHOBHbIX 6a3ax faHHbIX. [poaHanu3npoBaHbl MeTO-
AVKU BCKPBITUSA BasanbHbIX CybapaxHOMAanbHbIX MPOCTPAHCTB NPU TAXENON YepenHo-Mo3roBoil TpaBme, natohusnoo-
rnyeckoe 060CHOBaHME U TEXHUKMN BbINMONHEHNSA, Pe3YNLTaThl KIMHUYECKUX UCCNe0BaHUI NPUMEHEHUSA METOAMK.
Pe3ynbtathbl. HaifeHbl, cucTemaTM3MpoBaHbl U NpOaHaAN3NPOBaHbl CBeAEHNA 0 natoreHese oTteka I'M u natocusmnono-
rMyeckom o60CHOBaHWUM 3PHEKTUBHOCTU BCKPBLITUS LMCTEPH OCHOBAHMA M B neyeHUn YyepenHo-MO3roBOW TPaBMbI,
a TaKXe 0 TEXHUKe BbIMONHEHUSA LLUCTEPHOCTOMUM U pe3ynbTaTax KNMHUYECKUX UCCNEAOBaHNit ee npuMeHeHus. Ny6au-
KaLuu OTAENbHbIX KNMHUYECKNUX CAlyYaeB U cepuii HabMoeHNii CBUAETENLCTBYIOT O NPUEMIEMbIX PE3YNbTaTaX LUCTEPHO-
CTOMMWM NO CPABHEHMIO C leKOMMNPECCMBHOI TpenaHauueii Yepena B 1e4eHUM YepenHo-M03roBON TPaBMbl.
3akntoyeHue. fluccekums apaxHoMpanbHbIX NPOCTPaHCTB ocHoBaHMA M ¢ nepdopauueit TepMUHaNbHO| NNACTUHKM
1 MeMbpaHbl JIUMeKBUCTa — NEPCNEKTUBHbI METOA XUPYPTUYECKOTO NIeYEHUA TAKENOI YEPENHO-MO3TOBOI TPABMbI.

KnioueBblie cnoBsa: YyepenHo-mo3roeas TpaBMa, AEKOMNPECCMBHAA TpenaHauna Yyepena, ULUCTEPHOCTOMMUA, OTEK '™, BHY-
TpuyepenHoe naBneHue

Dna uutnpoBanua: CtaHnwesckuin A.B., babuues K.H., Tuzatynnun LW.X. v ap. Ouccekumns 6a3anbHbix LMCTEPH B IEYEHUN
TAXKENOW YepenHo-Mo3roBoi TpaBmbl. Helipoxupyprus 2022;24(4):111-7. DOI: 10.17650/1683-3295-2022-24-4-111-117

Dissection of basal cisterns for treatment of severe traumatic brain injury

A. V. Stanishevskiy, K. N. Babichev, Sh. Kh. Gizatullin, D. V. Svistov, 1. E. Onnitsev, D.V. Davydov

Main Military Clinical Hospital named after Academician N.N. Burdenko, Ministry of Defense of Russia; 3 Gospitalnaya Sq.,
Moscow 105094, Russia

Contacts:

Artem Vadimovich Stanishevskiy a-stan@mail.ru

Background. According to WHO, severe traumatic brain injury is among the top ten leading causes of death worldwide.
Despite the centuries-old history of development of the treatment methods to patients with traumatic brain injury their
results according to large randomized studies remain unsatisfactory — mortality and severe disability are observed
in more than 50 % of patients. Some experimental studies indicate that decompressive craniectomy can aggravate the
severity of cerebral edema by creating conditions for traction of nerve fibers and can lead to hemorrhagic transformation
of injury foci and ischemia. During the last decade, experimental studies and technological progress have significantly
expanded the understanding of brain normal and pathological physiology and made it possible to develop new methods
of surgical interventions. In particular, a number of publications have shown significant advantages of dissection
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of arachnoid spaces of brain base in case of severe traumatic brain injury as compared with classical decompressive
craniectomy.

Aim. To analyze the literature data on pathophysiological justification, surgery technique and results of dissection
of arachnoid spaces of the brain base in case of severe traumatic brain injury as well as the advantages and disadvan-
tages of the method as compared with standard treatment methods of such patients.

Materials and methods. Literature search through in the main databases was carried out. The methods of opening of basal
subarachnoid spaces in case of severe traumatic brain injury, pathophysiological justification and surgery techniques
as well as results of clinical studies of the techniques employed are analyzed.

Results. Information on pathogenesis of cerebral edema and pathophysiological justification of effectiveness of open-
ing of brain base cisterns for treatment of traumatic brain injury, data on cisternostomy surgery technique and results
were revealed, systematized and analyzed. Publications of individual clinical cases and series of observations indicate
acceptable results of cisternostomy in comparison with decompressive craniectomy for treatment of traumatic brain
injury.

Conclusions. Dissection of arachnoid spaces of the brain base with perforation of the terminal plate and the Liliequist

membrane is a promising method of surgical treatment of severe traumatic brain injury.

Keywords: traumatic brain injury, decompressive craniectomy, cisternostomy, cerebral edema, intracranial pressure

For citation: Stanishevskiy A.V., Babichev K.N., Gizatullin Sh.Kh. et al. Dissection of basal cisterns for treatment of severe
traumatic brain injury. Neyrokhirurgiya = Russian Journal of Neurosurgery 2022;24(4):111-7. (In Russ.). DOI: 10.17650/

1683-3295-2022-24-4-111-117

BBEJIEHUWE

O moJb3e BRITIOTHEHUS TPEITaHAIIMK Yeperia IIpU psiie
dopm depermHo-M03roBoit TpaBMbl (UMT) m3BecTHO
¢ IpeBHeuux BpemeH [1]. MeToarka 1eKOMIpeCCUBHOMU
tpermaHaumu dyepera (JIKTY), npemnoxennas T. Kocher
(1901) [2, 3], ncoab3yeTcs B HACTOSIIIEE BpeMsI TIpH Jieue-
Huu noctpanasiinx ¢ YMT B npakTMuyeckd HEM3MEHEHHOM
Bume. Bmecte ¢ Tem KpynHbie ucciegoBanus (DECRA —
Decompressive Craniectomy, RESCUEicp — Randomized
Evaluation of Surgery with Craniotomy for Uncontrollable
Elevation of intracranial pressure) 1moka3aim COIOCTaBH-
mble pe3yabTathl JIKTY 1 KoHcepBaTUBHOIO JIEUEHUS TSI-
xenoit YMT [4]. HekoTopbie aKcIiepruMeHTaTbHbIE UCCIe-
noBaHus ykasbiBaioT, uto HKTY moxer ycyryoasiTh
BBIPAXKEHHOCTB OTeKa roioBHOro Mo3ra (I'M) 3a cuer co-
31aHMS YCJIOBUM MJIS1 TPAKLIMKA HEPBHBIX BOJIOKOH U MPHU-
BOIUTH K TeMOPparndeckoii TpaHchopMallii 09aroB yImoa
n umemun [5, 6]. Huskas 3¢ heKTUBHOCTD CYIIECTBY-
JOIINX TOIX0H0B [7, 8], mporpecc B MOHUMaHUN MUKPO-
XUPYPTUUECKOM aHATOMUM, HOBBIE CBEIICHUS O (PM3MOIOTAN
I'M [9] u pazBUTHE METOIOB MUKPOXUPYPTUM U XUPYPTUHU
OCHOBaHMSI Yeperna MPUBeIN K IIONCKY HOBBIX CIIOCOOOB
XUPYPTrU4ECKOro JeyeHUs MalueHToB ¢ Tskenoir UMT.
OmHMM M3 TaKWX CIIOCOOOB CTaja IMMPOKasT TUCCEKITHS
muctepH — uuctepHoctomus (LICT) ocHoBanust I'M.

Ienp uccaenoBanus — aHaJIU3 JAHHBIX JUTEPATYPbl
0 MaTo(PM3NOIOTUIECKOM 000OCHOBAHNHN, TEXHUKE BBITION -
HEHUS U pe3ysbraTax MPOBEICHUS TUCCEKIIMA apaXHO-
WIAJIBHBIX TIPOCTPAaHCTB OcHOBaHMSA ['M mpu TsKesoi
YMT, a TakKe 0 mMpeuMyIIecTBaX U HEAOCTAaTKaX 3TOro
MeToda mepel CTaHOAPTHBIMU IIPH JIeYCHNH TTOCTPaIaB-
mux ¢ Tsekeaoin YMT.

MATEPHAJIBI 1 METO/IbI
Jnst coctaBiaeHMust 0030pa MPOBeASH MOUCK B 0a3zax
nmanHbeIX e LIBRARY, PubMed, Google Scholar, Cochrane,

Medline 1 Web of Science 1o KITFOUeBBIM CIIOBAM: YepenHo-
moseosas mpaema, YMT, dexomnpeccuenas mpenanayus
uepena, IKTY, yucmeprnocmomus, omex 20408H020 Mo3ed,
senympuuepentoe daenerue (B4/]). IlpoBeneH aHaIN3 CBE-
JEHUN O METOAUKE BCKPBITUSI 0a3aJIbHBIX CyOapaxHO-
nnanbHbIX TIpocTpaHcTB (CAIl) mipm tskenoit YMT, ee
MPETOChIIKAX, MaTo(pU3n0IOTUYeCKOM 000CHOBAHUM
U TEXHUKE BBITIOJIHEHUSI, & TAKXKE O pe3yJibTaTaX KINHU-
YECKUX MCCIIEAOBAHUI TTPUMEHEHUST METOUKMU.

PE3VJIBI'ATHBI

[troTe3a 0 NpeHNPOBaHUM JTUKBOPA ITyTEM BCKPBITHS
CAIl nns nevenns YMT seiaBunyTa I. Cherian u coaBT.
(2013) [10]. [IpennoxeHHas] TUIIOTE3a OCHOBBIBACTCS
Ha IIPEICTABICHUSIX O POJIM IIINOIMM(bATHIECKOM CUCTE-
MBI, OTKPBITOH B 2012 T., B LIepeOpalibHOM TMKBOPOAMHA-
muke u oomene xunkoct B M. [Tozxe . Cherian u co-
aBT., a Takke N. Goyal, P. Kumar [11] pa3suiu ugeun
o natopusuonoruu oreka I'M npu UMT, no6aBus K cy-
IIECTBYIOIINM KOHIIETIIUSIM IIMTOTOKCYECKOTO 1 Ba30-
TeHHOTO TUTIOB 0TeKa I'M HOBBI TUIT — OTEK, CBSI3aHHBIN
¢ TiepepacIpee/icHueM 11epeOpOoCITMHAIBHOM KUIKOCTH
(I CX) (anrn. CSF-shift edema). CymmHOCTh MIeH CO-
CTOUT B TOM, UTO CyOapaxHOMIAITbHOE KPOBOU3IUSHIE,
MOYTH BCeraa Bo3HUKalouee npu Tskenoir YMT, BbI3bI-
BaeT pe3kuit mogbeM maBieHus B CAIl, B pesynbrare
mmkBop u3 CAIl 1mo rpaameHTy maBieHUSI pacIIpocTpa-
HSeTCs B IpocTpaHcTBa BupxoBa—PoOuHa u ganee,
B MEXKJIETOYHOE IMPOCTpaHCTBO MapeHxuMbl I'M. Ilo-
MHMO IIPSAMOTO YBEIWYCHUSI COMCPKAHUS KUIKOCTHU
B MEXKJICTOYHOM IPOCTPAHCTBE, 3TO BeIeT K HapyIIIe-
HUIO GYHKIIMOHUPOBAHUS TTHOIUM(MATUIECKON CUCTE-
Mbl ['M — ee pyHkmmonupoBanue mpu YMT B akcriepu-
MeHTe cHuxkaeTcst Ha 60 % [12], K HAKOILICHUIO B TKAHU
I'M nakrara, TOKCMYHBIX TIPOAYKTOB oOMeHa, cBOOOI-
HBIX pPaguKaJIOB U JIp.



IIaTorene3 oTeka roJIOBHOro MO3ra

u narogusnoornieckoe odocHoBanue 3pgekTuBHOCTH
BCKPbITHS IIUCTEPH OCHOBAHKS rOJIOBHOTO MO3ra
IIpouecchl, pazBusatoniuecs ipu YMT:

1) mepBUYHOE MOBpeEKIeHNE (0UaroBoe Wi quddysHoe)
BewiectBa I'M, KoTopoe o0OyciaBiIMBaeT MTHOBEHHO
BO3HMKAIOIINI B MOMEHT TPaBMbI HEBPOJIOTUIECKUIA
IeUIUT — He TIPEICTaBIISICT ITePCIIEKTUB IS JIeueO-
HOTO BO3IEICTBHUS;

2) BropuaHoe ToBpexacHue (otek I'M, mogpem BY/I,
nmemMus BelectBa ' M), KOTOpoe BBI3BIBAET OTCPO-
YeHHBIN HeBPOJOTHMUECKHI mepuuT (Kak IIpaBuio,
ropasno 0oJjiee BBIPAXXCHHBIN, YeM MPU ITEPBUIHOM
MMOBPEXICHNN), CO3IaeT HEIIOCPEACTBEHHYIO YIPO3Y
JKM3HM TTOCTPAIABIIIETO 1 BMECTE C TEM CITYKUT OCHOB-
HOI TOYKOU MPUIIOXKEHUST Ie4eOHOTO BO3AECUCTBUSI.
CornacHo 1. Cherian u coaBt. (2018) [13], maTtoreHes

oteka I'M nipu UMT nipezcraBiieH clienyiommuMu 3 ¢ha3aMu:

HOBDC)KI[CHI/IC —> LlI/ITOTOKCI/I‘ICCKI/IfI OTCK —»
—»BazoreHHsl1ii oTek

Ha oOMeH xunkoctu Mexay KoMmrmnapTMeHTamu I'M
OKa3bIBAIOT BJIMSTHHE IPENMYIIECTBEHHO 2 NeHCTBYOIIIE
CWJIBL: TPAJMEHThI TUIPOCTATUYECKOTO U OCMOTHYECKOTO
nmapieHus . [1pr 3TOM B HOpMe 3a CUeT HAJTUYUS TJIOTHBIX
KOHTAaKTOB KJICTOK reMaTosHIIeammaeckoro 6apeepa (I'9b)
TPaHCIIOPT MOHOB XOPOIIIO PETYIMPYETCsI, M TPATUECHT OC-
MOTHYECKOTO AABJICHUS CIIYXKAT OCHOBHOU IEUCTBYIOLIECH
cunoit oomeHa sxkxuakocth. [Tpy UYMT cTpykrypa 'Db Ha-
pylIaeTcs W poJib TpagrueHTa THAPOCTATUICCKOTO AaBie-
HUS B GOpMUPOBAHUN OTeKa BO3pacCTacT.

[Tpu moBpeXXmeHWM KJIETOK B HUX HapyIIaeTCs BHI-
pabotka ageHo3mHTpHUdochaTa (ATD), 310 TPpUBOAUT
K TIpeKpalIeHN0 paboThl HOHHBIX HACOCOB, U MOHBI Na*
n Cl- m3 MEXKJIEeTOYHOIo IIPOCTPAHCTBA IOIANAiOT
B KJICTKH, 00eCTIeunBasi OCMOTUIECKUI TpaaeHT, IO KO-
TOPOMY BHYTPbH KJIETOK IIPOHMKAET Boma. Takum obpa3om,
IIUTOTOKCUICCKUI OTEK CO3MaeT MPEAITOCHIIKH IS pa3-
BUTHUSI MIOHHOTO W Ba30T€HHOTO OTEKOB, TaK KakK (hOpMM-
pyeTcst HOBBII OCMOTHYECKUI TPATMEeHT — MEXKIY MEXKKIIC-
TOYHBIM ITPOCTPAHCTBOM (13 KOTOPOTO MOHBI ITPOHUKIIN
BHYTPB KJIETOK) M IIPOCBETOM KaITWJLISIPOB, OTHEJICHHBIX
ot Hero ['Bb.

®a3bl BA30reHHOTO 0TEKA

Hapymrenue nnponuniiaemoctl I'Db BeneT kK ¢popmupo-
BaHMIO Ba30T€HHOTO OTE€Ka, KOTOPHI, B CBOIO OUYepelb,
COCTOMT M3 3 TTOCIeIOBATEIbHO pa3BUBAIOIIMXCA (a3:

Honnsriit orek —» CoOCTBEeHHO Ba30TeHHEBIN OTEK —»
Temopparmyeckas TpaHchOpMaIs

CKOpoCTh CMEHBI (a3 M caMO pa3BUTHE OUYEPETHOM
¢a3bl 3aBUCST OT BBIPAXKEHHOCTHU U IJTUTEIBHOCTH CYIIIE-
CTBOBaHMS TKAHEBOM I'MITOKCHM.
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Honnvwiii omex. CyITHOCTB €T0 3aKJTI09aeTCS B IIPOHUK-
HOBeHMM MOHOB Na' m3 IpocBeTa COCymoB OOpaTHO,
B MEXKJIETOYHOE IPOCTPAHCTBO (13 Hero noHbI Na* paHee
TMOCTYIIWIN B KJIETKA B (pa3y IIUTOTOKCUICCKOTO OTEKa),
yepes3 SHAOTEINOLNTHI, CTpadaloIIe OT THITOKCHUM U T10-
TOMY HE CITOCOOHBIC PEeTyJIMPOBATh TPAaHCMEMOpPaHHBIM
nepeHoc MoHoB. Ha a1oii cramum uemnoctHocth Db
ellle He HapylleHa ¥ MaKpOMOJIEKYJIBI He TIOKMUIAIOT IIPO-
CBETa COCYIOB, a (popMHpOBaHNE OTeKa OOYCIOBIEHO
TOJIbKO HAJIMIMEM OCMOTHYECKOTO TpaareHTa.

Cobcmeenno eazoeennblii omex. DTa, BTopas, cTaaus
pa3BUBaeTCS IIpH HapyIIeHUHN exocTHocTH ['Db 3a cuer
TMPOHUKHOBEHMS B MEXKKJIETOUYHOE ITPOCTPAHCTBO OHKO-
THYEeCKN aKTHUBHBIX O€JKOB Iu1a3Mbl. Kpome Toro, mpu
YMT ctpykrypa I'Db HapymiaeTcs TakuM oo6pa3om, 4To
Kanusipel I'M GyHKUMOHUPYIOT KakK (heHEeCTpUPOBAH-
HBIE, TP 3TOM B (OPMUPOBAHNY OTEKa HAUMHAET UTPATh
POJIb THAPOCTATUICCKUI TpanrieHT. IcXoms U3 MeXaHUKHU
natoreHe3a (I. Cherian u coaBrt.), ciemyet, uto JIKTY He-
00XOIMMO BBIIIOJHATE B (pa3ze MOHHOTO OTeKa, TaK Kak
CHIDKCHUE MAaBJICHHS B MEXKKJIETOTYHOM IIPOCTPAHCTBE TT0-
cie JIKTY B ¢aze Ba30reHHOTO OTEKA MOXET YBEJIMYUTh
TpamIreHT TUAPOCTATHYECKOTO TaBICHUS.

ITemoppaeuneckas mpaucgopmayus. Tpoucxogut mpu
TIOJTHOM HapyIeHnH 1iejaocTHocTr ['DB, KoTopoe n mpu-
BOIUT K BBIXOAY (POPMEHHBIX 3JIEMEHTOB KPOBU 13 KOHTY-
3MOHHOTO OYara.

HakormeHne Bompl B MEXKJIETOUHOM ITPOCTPAHCTBE
3aTPYAHSET TPAHCTOPT KUCJIOPOAa, HYTPUEHTOB U TOKCH-
HOB MEXIY KJIeTKaM1 1 KPOBEHOCHBIMU cocymaMmu. B mo-
TTOTHEHNE K ONMMCAHHBIM MaTO(MU3NOIOTUISCKIM U3MEHE-
HusMm: nipu UYMT wnHapymaeTcs (QYHKIMOHUpPOBaAHUE
roMMdaTUIeCKOl ccTeMBI [12], obecrieynBaronieit Kim-
PEHC TOKCMHOB 13 MEKKJIETOUHOTO TTpocTpaHcTBa [14].

Omek, ceazanHblil ¢ nepepacnpedeseHuem uepedpocnu-
HaavHoU dHcudkocmu. JJOTIOTHUTEIBHBIN MeXaHU3M ¢Gop-
mupoBaHus nipyu UYMT oreka I'M, KoTOpbIii BOZHMKAET
BeaencTBue rmepemertieHrst Bombl 13 CAI B MeXXKIIeTOUHOE
MPOCTPAHCTBO IO IPATUEHTY AABJIEHUS Yepe3 mapaBacky-
JISIpHBIE TIPOCTPAHCTBA, Tak Kak masieHune B CAIl mpu
TpaBMe BO3pacTaeT M3-3a KpoBomanusaHuii [15, 16]. s
Jne4ye0Horo Bo3neicTtBud Ha 3ToT Bug oreka I. Cherian
u coasT. (2016) npemgnoxuiu BoinoaHenue LICt [17]. To
MHEHMIO aBTOPOB METOIMKH, IMIMPOKoe BCKpbITHe CAIT mpu
YUMT no3BoJsSIET HE TOJIBKO 3BAKYMPOBATb U3 MEXKJIIE-
TOYHOTO TIPOCTPAHCTBA JIMIIHIO XUIKOCTh Uyepe3 Mpo-
ctpaHcTBa BupxoBa—Pob6uHa, coobmatommecs ¢ CAIT, Ho
U CO3IaTh 0JarONPUSTHBIC YCIAOBUS I SIUMUHALINN U3
0YaroB ymmoa N30BITKOB JaKTaTa, TOKCHYHBIX TIPOTYKTOB
00MeHa, CBOOOIHBIX pagvKaaoB, HEHPOTPAHCMUTTEPOB,
00JTagaIoNINX 3KCAUTOTOKCMIHOCTRIO, 1 IPYTHX BEIIIECTB,
YCYTYOJISIIOIINX TTOBPEeXICHUE KJIETOK, aKTUBHPYIOIIUX
MIPOBOCITAJINTEIbHBIC KacKaubl ¥ MEXaHU3MBI aIloITo3a
(CM. PUCYHOK).

st IpoBepKyY TMMIOTE3hl O ImaToreHese oreka I'M,
cBs3aHHoro ¢ mepepacnpeneinenueM LICXK, N. Goyal
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TPABMA / INJURY |‘§

| MEPBUYHbBIE SOOEKTbI / PRIMARY EFFECTS |<7

—>| BTOPWUYHbIE SOOEKTbI / SECONDARY EFFECTS |

OuaroBoe nopaxeHve /| | Onddysroe nopaxenne / | | CAK/SAH |—— CSF-shiftedema | | Lutotokcnueckun otek /| | Vwemua / Ischemia

Focal lesion Diffuse lesion

N J
Y

HeT neuebHoro Bo3geicTena /
There is no therapeutic effect

Cytotoxic edema

BasoreHHbIl1 oTek /
Vasogenic edema

AN J

e '
UuncrepHoctomus / Cisternostomy OKTY/DC

Komnonenmot namoeenesa WEpEnHO—MOQ’ZOSOIJ mpaembol ¢ MOYKAMU NPUNOHCEHUSA XUPYPUHECKUX BMellamenbCme. CAK — cyﬁapaxuou()a/zbnoe Kpoeousau-

snue; CSF-shift edema — omek, cés3anublii ¢ nepepacnpedenenuem yepedbpoch

unanvHoil wcuokocmu,; JIKTY — dexomnpeccusnas mpenanayus 4epena

Components of pathogenesis of traumatic brain injury with end-points of surgical interventions. SAH — subarachnoid hemorrhage; CSF-shift edema — edema

associated with redistribution of cerebrospinal fluid; DC — decompressive crani

u P. Kumar (2021) mpoBenm KIMHIIECKOE UCCIeIOBaHNTE.
Jesatn manueHTtam BouinojgHeHa JKTY B coueraHuu
¢ ICt. MaTpaomepallnioOHHO YCTaHABIMBAINCH JaTINKU
BY/I: mapeHXMMaTO3HBIN 1 B MEXHOXKOBYIO LIUCTEPHY.
ABTOpaMmn OTMEYEHO, YTO B Pe3yJIbTaTe TaKOTO BMEIIa-
TEJIBCTBA COCTOSTHHE TIAIIMEHTOB KITMHIYCSCKH YTy 4IIIIOCE;
TakKe BBISIBJIEHO, YTO Npu cHrxkeHn BYJL B LimcTepHax
ocHoBaHMS I'M mapeHXMMaTO3HBIM JaTYNK TTOKA3bIBaJl
cumxkenue BU [11].

TexHMKA BbINOJIHEHUS IUCTEPHOCTOMUM

Bomonnenne LCt B octpom niepuone YMT crano
BO3MOXKHBIM 0J1arogapsi pa3BUTUIO MUKPOXUPYPIUYECKOM
TEXHUKH U KpaHUO0a3aIbHbIX 10CTYyNOB. [ToapoOHO Tex-
Huka BeimonHeHus: LICT nmpu YMT onucana I. Cherian
u coaBT. (2016) [17]. [TonoxeHue NaLMeHTa — Ha CIIMHE
C MOBOPOTOM TOJIOBbl B KOHTpajlaTepalbHYIO CTOPOHY
Ha 15° m XecTkoli pukcauueii. ITocite 100HO-BUCOYHOI
KPaHUOTOMUM BBITIOJIHSIETCS pacceueHUe JTIOOHO-BUCOUHOMN
CBSI3KM — BOJIOKOH TBepIOi MO3roBoit obonouku (TMO),
COECIUHSIONIMX JTUCTKA 000J0UYKU, MOKPbIBAIOLIXE OCHO-
BaHUe JIOOHOW 1 MOJI0C BUCOYHOM Hojieit. B pesynbraTe
CTaHOBUTCS BO3MOXHBIM 3KCTPanypaIbHbBIN MOAXO] K Me-
peaHeMy HaKJIOHEHHOMY OTPOCTKY U ero 6e3omacHas pe-
3ekuus Kycaukamu. [Tocne guccekuuu TMO BucoYHOI
JIOJIU OT OOKOBOM CTEHKM KaBEPHO3HOIO CHMHYCAa OTKpPbI-
BaeTCs AOCTYIT K OCHOBaHMIO JIOOHO moiu. TMO BcKpbI-
BaeTcsl 0a3ajbHO, HEOOJBIIUM Pa3pe3oM, MPENITCTBY-
IOLIUM TIpoJjlabupoBaHUI0 oTeuHoro BeulecTtsa ['M. Ipu
BBIPAXKCHHOM OTEKE, IIPEISITCTBYIONEM CyO(DPOHTAIBHO-
MY TOJAXOAY K LIMCTEpHAM OCHOBaHUSs, AOIYCKAETCs pe-
3eKIIM MOoJTI0ca BUCOUHOM nonu [18]. YMepeHHas Tpakiys
JIOOHOI 1011 TTO3BOJISIET JOCTUYb Y BCKPBITh MUHTPAOIITU -
YECKYIO LIUCTEPHY, U3 KOTOPOIi, KaK MpaBUJIO, ITOCTYIaeT
3HAUMUTEIbHOE KOJIMYECTBO JIMKBOPA, COAEPXKAIIIETO CBEP-

ectomy

1K1 KpoBu. IIpu cymecrBeHHoM noabeme BYJI moxker
HaOII0OAThCS BHEIMISTYMBAHUE BEIIeCTBa MO3ra B pa3pes
TMO, ogHako J0BOJBHO cKopo 3BaKkyauus LHCXK n3 nH-
TPaOINITUYECKOM MUCTEPHBI IIO3BOJISIET JOCTUTHYTH PeJiall-
ca Mo3ra M 00eCITeYUTD ITOAXOI K ONTHUKO-KApOTUIHOMY
TIPOMEXYTKY, TIPX BCKPBITMH KOTOPOTO TaKxKe HaOJIoaa-
€TCSI 9BaKyalnsI IMKBOPA ¥ CBepTKOB KpoBH. Cremyommmit
3Tan — BCKPBITHE MeMOpaHbI JImeKBrCTa, IPeIIOHTUHHOMN
¥ MEXHOXKOBOI MUCTepH. 15T 3TOT0 MOXHO JBUTATHCS
BIOJIb TJIA30IBUTATEILHOTO HEPBA WJIM 3aIHEI COCTMHM-
TEJILHOW apTepuu N0 JOCTUXEHUS Pa3BUJIKU OCHOBHOM
apTepnu. B HEKOTOPBIX CITydastx I JOCTyIIa K MeMOpaHe
JInnuekBucTa HEOOXOAUMO TIPU TTOMOILIM O0pa pe3eLnupo-
BaTh 3adHUN HAKJIIOHEHHBIM OTPOCTOK B MPOCTPAHCTBE
MeXy BHYTPEHHE COHHOM apTepurei U IJ1a30[BUTraTe)ib-
HBIM HepBOM. [1ocie BCKPBITHS IIUCTEPH TOIIOTHUTEIEHO
MOXHO BBITIOJIHUTH Tep¢opanuio TepMUHAIBHON TLTa-
CTUHKU 1 3BaKyallNIO JUKBOpPa 13 TOJIOCTH KEIYIOUKOB.
[Toce BCKPBITHUS TIPEMIOHTUHHOM M MEKHOKXKOBOW ITH-
CTepH UX OMBIBAIOT (PM3MOJIOTUIESCKIIM PACTBOPOM, B MEXK-
HOXKOBYIO LIMCTEPHY YCTAaHABIMBAIOT BEHTPUKYJISIPHBIN
KareTep, 4epe3 KOTOPBIi UOET MPOIJICHHOE (M0 5 THEM)
JPEHUPOBAHUE JIMKBOPA U3 LUCTEPH OCHOBAHUSA U MOXET
npoBOAUTHLCS MOHUTOpUHT BU/I.

Pe3yabraTsl npuMeHeHNs UCTEPHOCTOMHHA

(KIMHIYEeCKHe NCCIIeI0BAHNS)

IlepBoe nccnenoBanue, neMOHCTpUpYIomee 3¢ deK-
tuBHOCTD LICT 11t meuenus tsokenoit YMT, onmy6imkoBa-
Ho 1. Cherian u coaBrt. (2013). IIpeacTaBiieH OIBIT JICUCHUS
1032 mammenToB ¢ Tsokenoit YMT: y 284 — BEITIOTHEHA
crangaptHasa JKTY; y 272 — IKTY nmomonneHa LICrT;
y 476 — 1ICt BbIIIOJIHEHA KaK CAMOCTOSITEIbHbBIIA METO[
JIedeHUsI. AHAJIN3 pe3yJIBTaTOB IOKAa3aJl, 9TO TpyIIa 00Jb-
HbIX ¢ TsoKestoil YMT, KoTopbIM BhIOTHsUTaCh TOMbKO LICT,



XapaKTepU3yeTcsl HaMMEHBIIEH JIeTalbHOCThIO — 15,6 %
(toabko AKTY — 34,8 %, AKTY cosmectro ¢ LICT —
26,4 %) u Ty4IIMMM TIOKA3aTeIIMU LIKAaJIbl KICX0H0B [1a3-
ro (2,8; 3,7; 3,9 coorBercTBeHHO) [10]. ABTOpPBI OTMEUAIOT,
yro LICt Hamnbonee apeKTMBHA Y TTAIIMEHTOB C KPYITHBI-
MM OCTPBIMU CyOIypaJIbHBIMU FeMaTOMaMU C JIATePaTbHOM
IUCIIoOKalueit 1 cM 1 6oJiee; TP MAaCCUBHBIX KOHTY3UOH-
HBIX OYarax, BRI3BIBAIOIINX pa3BUTHe oTeka I'M 1 CTOMKYIO
BHYTPHUCPEITHYIO TMIePTeH3MIO. [TMTEIEHOCTD ITPOLICAYPBI
(ot MmoMeHTa BeKpeITHs TMO) cocrassiia 10—20 MuH.

B 2021 r. J.K.B.C. Parthiban u coaBT. mpoaHann3nupo-
Bany ucxonpl JedyeHus 40 mamueHToB ¢ Tskenor UYMT,
KoTopbiM BeITTONHsUIMCH: JJKTY B couetanun ¢ LICt
o cranmaptHoit Metoguke; LICt 6e3 JKTY. [TomyyeHsr
XOPOLIKME Pe3y/ILTaThl: JIETAIbHOCTb cocTaBuia 6,8 %; yno-
BJIETBOPUTEIBHOE BOCCTAHOBIICHME OTMEUeHO B 72,7 % ciy-
yaeB nipu JAKTY B coueranum ¢ LUCr, 77,8 % — npu
JKTY + LCr [19].

006 ycrenrHoM JIeUeHUH BHYTPUUIEPEITHOM TUTIEPTEH-
3uu ripu nomonu LCt coobnmmu L. Giammattei n coaBT.
(2018) [20], mpryeM MMEHHO BCKPBITHE MeMOpaHbI JIn-
eKBHCTa IIPUBEJIO K pe3koMy cHInkeHnio BUJI, koToporo
HE YIaBaJIOCh JOCTUYD APYTUMH MeTomaMU (KOHCEpBAaTHB-
HOe JICUeHUe, TpelaHallks, YIaJleHue CyOmypaabHOM re-
MaToMmbl). [To pe3dynasratam LiepeOpanbHOI OKCUMETPUU
W MUKPOIMAIN3a B IPEICTABIICHHOM KIMHWYECKOM Ha-
OJTIOIEHUM TIPOIEMOHCTPUPOBAHO CYIIIECTBEHHOE BO3pa-
cTaHMe lIepeOpaTbHOM OKCUTEHAIINH 1 METa0O0IM3Ma cpa-
3y nocie BeitoaHeHus LICT.

M.S. Masoudi u coaBrt. (2016) [21] Takxe npeacTaBu-
JIN KIIMHUYIecKoe HabmoneHne ycrenrHoro jiedeHus (LICr)
nanueHTa ¢ Tskenoin YMT. ymm6 ' Tsikenoil cTerneHu
¢ hopMHUpOBaHNEM KPYITHOTO KOHTY3MOHHOTO o4ara | -
I1a B IOOHOM J0JIe C BEIpaXKeHHBIM OTeKOM BelectBa I M
M yTHETEHHEM CO3HaHUsI J0 IIyOOKOi KOMEI (6 0allioB
I10 Kaje KoMl [71a3ro). Oco0eHHOCTh JAHHOTO KIIMHM -
YeCKOTO CIyJasi — orpaHUnIeHHOE (110 CPaBHEHUIO C METO-
mukoii I. Cherian) BckpbITHe 0a3aIbHBIX IINCTEPH: aBTOPHI
HE BBIITOJHSUIN TPUBEHTPHUKYJIOCTOMMIO U MePhOPaIIIIo
MmeMOpaHbl JIunuekBucta. HecMoTpst Ha 3T0, yKe mocie
BCKPBITUS IIUCTEPH B ONTHKO-KAPOTUIHOM IIPOMEXYTKE
oTMedYeHO mHTeHcuBHOe TTocTyruieHne LIC2K u pemakca-
s BemectBa I'M, TT03BOJIMBIIIAS BBITIOJIHUTE TIEPBUYHYIO
KpaHMOIUIACTUKY. ABTOPhI OTMEYAIOT, UTO IToabeMoB BU |
cBbiie 20 MM pt. cT. mocie LICT He mpouncxoauiio, a B He-
BPOJIOTUYECKOM CTaTyce MaIlMeHTa CITYCTS 5 THEl mocie
oIepalyd HaCTYIWIN CYIIeCTBEHHBIC U3MEHEHUSI — CO-
3HaHWE BOCCTAaHOBUJIOCH 1O sicHOTO. Yepes 3 mec mocie
BBIITICKM COCTOSTHHE TTAIIMEHTa COOTBETCTBOBAJIO 4 OautaM
1o 1Kaye ucxomon [rasro.

OBCYXIEHHUE

Pa3paboTka METOIMKYN OUCCEKIINN apaXHOMIATbHBIX
MIPOCTPAHCTB OCHOBaHMUSA ['M IIpMMEHUTETBHO K XUPYP-
rudyeckoMy JedeHuio Tskenoir YMT crana Bo3MOXHOMI
Onaromapsi 3 MPennoChbUIKaM, IMOCTYXKUBIITUM TOTIKOM
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K Pa3BUTHIO HOBBIX METOIOB XUPYPTUUECKOTO JICUCHMS
Tsikenoin YMT.

1. Hmenucs 6 yeaom Heyoosremeopumenvhole pe3yrbma-
mbl AeueHUss MANCENOU HepenHo-M032080U mpasmul. Tax,
COMIacHO HanboJjiee KPYIMHbIM PaHIOMU3UPOBAHHBIM UC-
cnegoBanusiM — DECRA u RESCUEicp, erajbHOCTD OT
tskenoir YMT, compoBoxaamliieiicss BHyTpUYEpEeITHOH
TUIIePTEH3UEH, Pe3UCTEHTHOM K MEIUKAMEHTO3HOMY JIe-
yeHwuio, nocturaer 27 %;y 8,5 % manmeHTOB pa3BUBAETCSI
CTOIMKOE BereTaTMBHOE COCTOsIHUE; Y 22 % — (opMupyeTCcst
TSIKEJIbIA, MTHBAJIMAN3UPYIOIIMI HEBPOJIOTUUECKUM nedu-
uT. [IpakTudecKuit pe3ynabraT UCCICIOBAaHUN — M3Me-
HeHue npeacrtasieHuii o ponu JKTY B neuenun UYMT:
BeinonHeHue JIKTY mepecrtano ObITh MeTOIOM BbIOOpA
B JICYCHUM TTOCTPATABIINX, CTAaB METOIOM OTUYASTHUS,, ITIPH-
MEHSIOIUMCS IPU MCYEepIaHUM pPe3epBOB KOHCEpBa-
TUBHBIX ¥ MEHee MHBA3MBHBIX XUPYPIrUIECKUX CIIOCOO0B
koHTposist BU/I. YcraHoBKa HApy>KHOTO BEHTPUKYJISIPHOTO
npeHaxa npu Tsekenoit UMT st apeHupoBaHuUs TMKBOpa
1 obecIieueHUs] BHYTPeHHEH NeKOMIIPECCUH OIIpaBIaHa
(ITI ypoBeHb moKa3aTebCcTB) [22—24], OMHAKO B MCCIIENO-
Banuu I. Timofeev 1 coaBT. moKa3aHO, YTO y MOJIOBUHBI
MaLMeHTOB, KOTOPHIM 1is1 KoHTposss BUJL mpu Tsxenoit
UMT BBITIOJHSIIOCH HAPYKHOE BEHTPUKYJISIPHOE APEHU-
poBaHue, nocie ouicTporo cHuxkeHuss BUJl Hactyman ero
rmoabeM, TpeBblmaroniuii 20 MM prt. cT. [25]. [Ipu aToM
pPa3BUBAJICST KOJIJIATIC OOKOBBIX XEJIYIOUYKOB C ITOJHBIM
MIpeKpameHeM ITOCTYIUICHUSI JTUKBOpA MO IpEeHaxXy,
orueHka BY/I Ha ocHOBaHUHM JIMKBOPHOTO JaBJICHUS CTa-
HOBMJIACh HEBO3MOXKHO, XMPypraM IMPUXOIUIOCH BO3Bpa-
maThes K Borpocy o BeinojgHeHuu JKTY. Kpome Toro,
sKcIepuMeHTanbHbIe manHbie J.J. Iliff m coaBT. mokassiBa-
0T, 9TO MEXKJIETOYHOE IIPOoCcTpaHCTBO I'M ropaszmo mmpe
co00IIaeTCs ¢ MUCTepHAMU OCHOBAHUS, YEM C ITOJIOCTHIO
XKemynoukoB [9]. ITarodpusmonornyecku (¢ y9eTOM KOH-
menuny oreka I'M, cBA3aHHOIO ¢ mepepacipeneieHueM
L CX) Beimomnenne LI Ct nipencrasisieTcs 6o0j1ee 000CHO-
BaHHBIM, 9YeM IPEHUPOBaHHUE JTUKBOPA U3 XEIyI0UKOB
Mo3sra. [lepednciieHHBIE 0OCTOSITEILCTBA B COYETAHUU
CO CJIOXXHOCTBIO TTYHKIIMY XeJTyIO4YKOB Ha (hone nuddys-
HOTO oTeKa BetnecTBa ['M 00yciaBIMBalOT IpenMyIecTBa
L Cr nepen Hapy>KHBIM IpeHUPOBAHMUEM JIMKBOPA IIJIST X1~
pyprudeckoit koppexkuuu BU/I.

2. Uzmenenue npedcmaenernuil 0 Qusuosoeuu AuK8opo-
obpauweHus u namoeeHeMu1ecKux Mexanu3max omexka 20106-
Hoeo moszea. OCHOBOITOIATAOIICEe 3HAUYCHNE UMEIOT (DyH-
JTaMeHTaJlbHbIe dKCIepuMeHTalibHble padoThl J.J. Iliff
" coaBT. [9, 12], MocayXKUBIINE HAYAIOM IIJIST SBOJIIOLINT
MIpencTaBiIeHU 0 (PYHKIMOHNPOBAHNY TIIMOTUMpaTmiec-
KOI1 CUCTeMBbI 1 ee poju B pa3BuTtuu oteka I'M npu UMT.
B wacTHOCTH, Ha 3THX TIpeACTaBICHUSIX OCHOBaHA KOH-
menums oTeka I'M, CBSI3aHHOTO C Tiepepaciipene/ieHueM
I CXK, xotopas crana matopu3noIornyecKuM 000CHOBA-
HueM s puMmeHeHus LICT B JJedeHUM MOCTPamaBIINX
¢ tskenioit YMT. KoHuenmust rmonanM@aTnyeckoi cuc-
TEMBI TIO3BOJISIET OOBSICHUTD, ITIOMUMO JICUCHMST TSKEIJIOM
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YMT, naroreHe3 psiga mOCAeACTBUIA TAKO TpaBMBbI U MIPe/I-
JIOXXUTD NaTO(U3NOIOTUYECKI 000CHOBAaHHBIC METOIUKH
ux JedyeHust. K HacTosiiieMy BpeMeHU pa3paboTaHbl METO-
IIBI TMaTHOCTMKY HapYyIIEHU pabOoTHI TInoanMbaTidec-
KOM CHCTEMBI in Vivo, HallpuMep TIHOJINMbaTHIecKast
MPT [26], ponb kotopoit B nmarHoctuke YMT momkHa
CTaTh MPEIMETOM OYIYIINX UCCIICTOBAHMIA.

3. Pazeumue 3unanuii, mexuonoeuii u onvima. IlocteneH-
HO IIPOM30IIUIO HAKOIUICHNE 3HAHUI B 00JIACTA MUKPOXH-
PYPTrUYeCcKOi aHaTOMUM apaXHOUAAIbHbBIX MTPOCTPAHCTB,
pa3BUTHE COCYAVCTON MUKPOXUPYPIUU Y XUPYPTUH OCHO-
BaHUS Yeperia, OCHAIICHUE HeMPOXUPYPITIeCKUX oTepa-
IIMOHHBIX MUKPOCKOITAMY, MUKPOXUPYPTUICCKUMHI MH-
CTPYMEHTAaMM W MOTOPHBIMHM CHCTEMaMH, a TaKxKe
HaKOIUICHNE HEWPOXUPYPraMM ONBITA B BHIIOJIHEHHUU
KpaHM00a3aIbHBIX JOCTYIIOB. MeTOMMKAa BCKPHITHS apax-
HOMIANBHBIX MPOCTPaHCTB, mpemioxeHHas I. Cherian
IS TedeHusl nauueHToB ¢ YMT, cyiiecTBeHHO He OTIM-
YaeTcsl OT TaKOBOU IIpHU XUPYPTUM aHEBPU3M B OCTPOM
Teproje KpOBOM3NMUSIHYS. EnHCTBEeHHOE OT/IMume — 00-
JacTh 1 pa3Mep paspeda TMO: ipu BeimtoaHeHun LICT HeT
HEOOXOMMMOCTH B BBHIIEJIICHUH ILIepeOpaTbHBIX apTepuid
1 KyTIOJIa aHEBPHU3MBI, TT03TOMY pa3pe3 TMO BbIIoTHIeTCs
0a3zaIbHO 1 JeTaeTCs MUHIMAJIBHO BO3MOXHBIM II0 pa3-
MepY, YTOOBI 00ECTIEUNTH HEOOXOIMMBIE MAHUITYISILIAI 1 TIPU
3TOM MPEeIOTBPATUTH MposiadbupoBaHue BerecTBa [ M.

AHaIIM3 TaHHBIX TUTEePaTyphI IT0Ka3aJjl, YTO BHITIOJIHE-
Hue LICT — mepCcrneKTUBHBIN METO JICYSHUS ITOCTPanaB-
mmx ¢ Tsekenoit YMT. deiicrButenbHo, LICT mmo3Bosser
CHU3UTH CTETICHb XUPYPIrUICCKON arpecCuu, yCTaHOBKA
JIpeHaXxa B MEXXHOXKOBYIO LIMCTEPHY OOECIIEUMBAET Ipe-
HUpPOBaHME JTUKBOPA X BOBMOXHOCTD ISt KOHTpost BU/I
B TIOCJICOTICPAIIMOHHOM TIeproze, a pUKcaIdsi KOCTHOTO
JockyTa Tipu apdektuBHOM cHMkeHUU BYJI n3basiseT
OT HEOOXOIMMOCTH BHITIOJTHEHUSI KPAaHUOILIACTUKY, pa3-
BUTHUS CUHAPOMA TPEeNaHMPOBAHHOTO Yepera, 3a00T 110
COXpaHEHMIO KOCTHOTO JIOCKYTa U CBSI3aHHBIX CO BCEM TIe-
peUIMCIIeHHBIM OCIOXKHeHUM. ClleyeT OTMETUTD, YTO pa3-

HOOOpa3HbIe OCTOXXHEHNS KPAaHUOILIACTUKY Pa3BUBAIOT-
ca ¢ yacroroit or 10 go 40 %, mo manueim Y.J. Cho
u S.H. Kang (2017) [27].

Ha ceromusgmHaWit 1eHp MaHHBIX O 0€30ITaCHOCTH
u sddexTuBHocTH LICT ¥y maumeHToB ¢ TsoKenoit UMT
HEIOCTAaTOYHO UISI TOTO, YTOOBI 3Ta METOAMKA ITOJTHOCTHIO
zameHmwnta JKTY. HecMoTtpst Ha myOaMKaLuio OTAEeIbHBIX
KIIMHUYIECKIUX CIyJ9aeB U cepuii HaObmoneHui 3(h(heKTUB-
Horo npuMmeHeHns LCt, paHmoMU3MpoBaHHBIC KOHTPOJIH-
pyeMmble HCCIIe0BaHMS, JOKa3bIBamoIIie 3(D(hHeKTUBHOCTD
JTaHHOI METOIWKHU, He TIpoBoamiInch [19], mostomy LICT
MOXET BBITIOJHSITHCS TOJBKO B KAaUeCTBE MOIIOJTHCHMUS
K crangaptHoii [JKTY y oTmenbHBIX TPYIIT MAlMEHTOB.
Ha cerognsimrHmit 1eHb HEAOCTATOYHO MTAHHBIX O TOM,
pY KaKuX MMeHHO ¢opMax Tsokenoit YUMT npeamout-
TenbHO BeITToHeHne LICt. Kpome Toro, IKTY B 3Haun-
TEJILHOM J0JIe CTyJaeB BHITIOMHSICTCS B BeUepHee M HOTHOE
BpeMSI B YCIIOBHUSX YPTEHTHBIX OITEPAlIMOHHBIX, HE BCETIa
OCHAIIEHHBIX OIIePAlIMOHHBIMU MUKPOCKOIIAMHU ¥ MUKPO-
XUPYPIUUECKUM MHCTPYMEHTApUEM, TIPY 3TOM He BCe Heli-
POXUPYPIU, OKa3bIBalOIIMe ITOMOLIb naiueHTam ¢ YMT,
BJIAACIOT METOAUKAMU MUKPOXUPYPTUN Y XUPYPTUHM OCHO-
BaHUs Yepera. [{o pa3pelieHnst BceX 3TUX IIPOOJIeM BKITIO-
yenne LICt B aqropuT™M OoKa3aHUs TTOMOIIX MallMeHTaM
¢ Tsexesioit YMT OyneT npexxaeBpeMeHHBIM [28].

SAK/TIOYEHME

ITo maHHBIM JIUTEPATYPHI, TUCCEKIINS apaXHOUIATb-
HBIX TIpocTpaHCcTB ocHOBaHMS ['M ¢ mepdoparnmeit Tepmm-
HaJIbHOU TUTACTMHKU ¥ MeMOpaHbI JIMINEKBHUCTA CITYKUAT
MEPCIEKTUBHBIM METOJOM XUPYPTAUECKOTO JEYEHUS TSI~
xenoit YMT. [1y6nukaunu oTae bHbIX KITMHUYSCKUX CITY-
yaeB 1 CepUU HAOMIONCHWI CBUIETEIBCTBYIOT O JIYUIITNX
pesynbraTtax LICT 1o cpaBHenuio ¢ JIKTY B neueHun
YUMT. JIyist IpoBepKy 3TUX (PAKTOB U OIpeeSIeHUST MecTa
L Ct B anroput™me JIe4eHUS TaKNX TPaBM HEOOXOIMMO
MpOBeIeHNE KPYITHBIX pAHIOMU3UPOBAHHBIX MCCIICIOBA-
HUA.
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VIHTpame,qynnﬂprle MeTacTa3bl — AOCTATOYHO pefKoe nposBiieHne OCHOBHOINO OHKOJIOrM4yecKoro 3abonesanus. Ux pas-
BUTUE 3aMETHO CHMXXAEeT Ka4eCTBO XWN3HU U YKa3blBa€T Ha HE6J'IaI'OI'IpVIHTHbIl7I NporHos. OTcyTCTBMe MNaTOrHOMOHWUYHbIX
CMMNTOMOB NPenATCTBYET 6bICTp0My M TOYHOMY BbIABNEHUIO [AHHOM NaToNoruu, 4To NpUBOAUT K no3AHeN NOCTaHOBKe au-
arHo3a. K ocCHOBHbIM MeTofjaM NleYeHns CMHANbHbIX METACTa30B OTHOCAT: XUpypruyecKoe nevyeHne, CTeponaHyto, ny4yesyto
U Xumnotepanuto. YTo4HEHME aNropuTtMoB AMArHOCTUKKM U oNTUMKU3aLKNA NPOTOKOJI0B BEAEHUA NALUUEHTOB C UHTPamenyn-
NAPHLIMU MeTacTa3aMun MOXKET yNy4lWKnTb BbIXXKMBAEMOCTb NALNEHTOB U NONOXUTENBbHO NOBIUATL Ha O6LIJ,VII7I NPOrHo3.

B cTatbe ocBelyeHb! BONPOCHI 3NUAEMUONOTrNK, MEXAHNU3MOB METACTA3MPOBAHUSA, KNMHUYeCKOM KapTUHbI, COBPEMEHHbIX METOA0B
OWArHOCTUKK U neYyeHna NHTpaMeaynnapHbIX METacTa3oB, a TaKXe NpeAcTaB/ieH 0630p MCXOL0B Npu [AHHOM naTonorum.

KnioueBble cnoBa: MHTpaMeaynNsipHble METacTasbl, METACTATUYECKOE NOPaXKEHUe LeHTPabHON HEPBHOM CUCTEMBI, CMIUH-
HOI MO3r, NeYeHre MHTPaMEeLYNNSAPHBIX Onyxonen
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Intramedullary spinal cord metastases: current state of the problem

V.A. Ovchinnikov, A.A. Zuev
N.I. Pirogov National Medical and Surgical Center of the Ministry of Health of Russia; 70 Nizhnyaya Pervomayskaya St., Moscow

105203, Russia

Contacts:

Vladislav Alekseevich Ovchinnikov ovchinnikov.va96 @gmail.com

Intramedullary metastases are a rather rare manifestation of the underlying cancer. Their presence indicates an unfa-
vorable prognosis and leads to a noticeable decrease in the quality of life. The absence of pathognomonic symptoms
prevents the rapid and accurate identification of this pathology, which leads to a late diagnosis. The main methods
of treating spinal metastases include surgical treatment; radiation and chemotherapy; steroid therapy. Refining diag-
nostic algorithms and optimizing protocols for managing patients with intramedullary metastases can help play a role
in improving overall prognosis and patient survival. The review covers the epidemiology, the mechanisms of metastasis,
the clinical picture, modern methods of diagnosis and treatment of intramedullary metastases, as well as the outcomes
of this pathology. The main methods of treatment of spinal metastases include surgical treatment; radiation and
chemotherapy; steroid therapy.

Keywords: intramedullary spinal cord metastases, metastatic lesions of the central nervous system, spinal cord, treatment
of intramedullary tumors
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BBEJEHWE BpeMsI MeXy TTOCTaHOBKOW JMarHo3a MepBUYHOIO 3JI0-
HNutpamenyninsapabie metactasel (MMM) — camblif  Ka4eCTBEHHOTO HOBOOOpa3oBaHMS 1 oOHapykeHrneM UMM
PEeOKUIl TUIT MOPaXXeHUsI LIEHTPaIbHOM HEPBHOI cUCTeMbl  cocTaBisieT 12 mec [6].
(HHC) cpemu cncTeMHBIX OHKOJIOTUIECKHX 3a00JIeBaHMI Huskast HacTOpoXeHHOCTh, OTCYTCTBHE TTATOTHOMO-
[1—4]. Hamrmune UMM corpsiKeHO ¢ TIIIOXMM ITPOTHO30M — HUYHBLIX CUMITTOMOB, IIPUBOMAT K Ie(heKTaM TMarHOCTUKU
1 3aMETHBIM CHIDKEHMEM KadecTBa XMU3HM [5]. CpegHee ™ 0OOYCIOBIMBAIOT ITOCTATOYHO BBICOKYIO CMEPTHOCTH
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cpeny MalMeHTOB TaHHOW TpymIibl. MennaHa BEIKMBAcC-
MOCTH TI0 JaHHBIM Pa3IUYHBIX MCCIeAOBaTEIe COCTaB-
et 4 mec [3, 7]. Y3-3a peAKOCTH 3TOI MTaTOJIOTUH OITH -
MajJbHBIC IIPOTOKOJIBI JICUCHUSI HE OIIpPeAesICHBI IO
HacTosiero BpeMeHu. Ha ceromHsIrHmit 1eHb peKOMEH-
JTyeMBIe METOIBI TePaITNU BKIIFOYAIOT XUPYPrUIeCcKOe Jie-
YeHHUE, CTEPOUIHYIO, XUMHUO- U JIYYEBYIO TEPAIIUIO.

Bonee paHHSIS AMarHOCTHKA ITOMOTaeT HA4YaTh Jiedye-
HHE Ha CTaIuM 00PaTUMOTO HEBPOJIIOTMIECKOTO AeDUIIM -
Ta ¥ yAYYIIUTh BBLKUBAEMOCTD IMAIIMEHTOB U OOIIMIA IIPO-
ruHo3s [3, 8].

Ilean paGoThl — OCBETUTH BOIIPOCH SITUAEMHOJIOTUH,
MEXaHNU3MOB METaCTa3MpPOBaHMS, KITMHNIECKOI KAPpTUHEI,
COBPEMEHHBIX METOMIOB MTUATHOCTUKY U JieueHuss UMM,
a TaKKe MPeJCTaBUTh 0030p MCXOMOB IIPU JAaHHOM IaTO-
JIOTUU.

SITMAEMHWOJIOT A

D.A. Costigan 1 M.D. Winkelman, npoBeas peTpo-
CIIEKTUBHbIN aHaiIn3 627 ayTOICHIi y MALIMEHTOB C OHKO-
JIOTUYECKMUMM 3a00JIeBAaHUSIMU, BBISIBIIIN 153 OOTBHBIX
¢ metactazamu B THC n 13 — ¢ UMM B cniMHHO# MO3T
(Intramedullary Spinal Cord Metastases, ISCM). Takum
ob6paszomM, yactora ISCM cocraBwiia 8,5 % cpenu cirydaes
metactasupoBanus B LIHC u 2,1 % ot Bcex ciiyyaeB MeTa-
CTa3MpoBaHMs paka [1], 9TO B IIEJIOM COOTHOCHUTCS C TaH-
HBIMM COBPEMEHHOI MUPOBO TUTepaTypsl [2, 3, 7-9].

OCHOBHBIEC THITBI 3JI0KAYeCTBEHHBIX HOBOOOpPa30OBa-
HU, METACTa3UPYIOIINX B CIIMHHOMN MO3I: paK JIETKUX
(42,4—67,21 %), monouHoii xene3bt (14,75—18,6 %), no-
yku (6,7—-8,6 %), npoctatel (1,4—4.92 %), nedeHu
(3,28 %) un Toncroit kuimku (1,64—3,9 %), mMemaHoma
(3,9-7,2 %), 3nokavyecTBeHHas1 B-KpyHOK/IeTOYHAS JIMM-
doma (3,28-3,7 %) [2, 3, 7, 8]. Haubonee vacro UMM
JIOKAJIM3YIOTCS B TPYAHOM OTIEIE CITIMHHOTo Mo3ra (41—77 %),
3areM B LieitHoM (34—39 %), nosicununoM (34 %) otaenax
u MeayisipuoM Konyce (Conus medullaris) (6,5—23 %)
[3, 7, 10].

Pasmepnr ISCM BapbupyloTCS B IIMPOKMX Mpeaeiax —
ot 6 10 42 MM [10]. Bospact maHudecraumum KoueoaeTcst
OT paHHETO JETCKOTO 0 MOXIIIOTO Bo3pacTa (4—88 meT),
B cpemHeM 310 55—58 net [7, 10, 11]. Bpems ot o6Hapyke-
HUSI OCHOBHOTO 3JIOKAYeCTBEHHOTO HOBOOOpa30BaHUS
1o BeisiBiieHnst UMM coctaBinset B cpeaHem 12 mec. Co-
TJIACHO JaHHBIM MCCJICAOBAHM, CBSI3b C TT0JIOM HE BBISIB-
neHa [3, 7, 10].

TEOPUM METACTASHPOBAHUA

HecMoTpst Ha peKOCTh TaHHOM NTATOJIOTUM, CYIIeCT-
BYeT HECKOJIBKO MOATBEPKIEHHBIX MEXaHU3MOB MeTacTa-
3UpPOBAHUS:

1) reMaToreHHasi TMCCEMUHALIMS Yepe3 apTepuaibHOe
WJI BEHO3HOE PYCJI0, HAIpUMep, BHyTPEHHEE MO3BO-
HOYHOe BeHo3Hoe ciieTeHre barcona (O.V. Batson),
KOTOPOE TIPEICTABIISIET CO00I OECKITATaHHYIO CETh BEH
(OT 3aTBUTOYHOM KOCTH /IO MaJIOTO Ta3a) U IPEHUPYeT
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BEHBI MaJIOTO Ta3a M IPyIHbIC BEHBI; 00IIIee IS 3TUX
IIyTeil MeTacTa3supoOBaHUS — WHQUIBTPAIIAS KPOBE-
HOCHBIX COCYZIOB, TPOHUKHOBEHNME B CITMHHOMN MO3T
1 MHBa3MBHOE pacrpocTpaHeHue B HeM [3, 8, 12, 13];

2) mpsiMast MHBA3UsI U3 OKPYXXAIOIIMX TKaHe#l, SKCTpa-
IypaJbHOTO TIPOCTPAHCTBA;

3) JenTOMEHMHTeaIbHOE MeTacTa3MpOBaHUE, TOYHOE
TMOHMMAaHNE MeXaHN3Ma KOTOPOTO HEM3BECTHO; CUM-
TaeTcsl, YTO OIyXOJIEBbIC KIJIETKU, TOCTUTAs TeMaTo-
TeHHO MAayTUHHON M MSITKOM MO3TOBBEIX 00OJIOUEK,
MOTYT IIPOHMKATh Yepe3 COCYAUCThIC MPOCTPAHCTBA
BupxoBa—Po6una (R. Virchow, Ch.-Ph. Robin) u -
aJIbHYIO 000JIOUKY B IMTapeHXUMY CIMHHOTO Mo3Ta [14];
ellle OOMH BapMaHT 3TOTO MeXaHM3Ma — pPacIlpo-
CTpaHEeHHUE C TOKOM HepeOpOCIIMHAIBHOMN XUIKOCTH
[15, 16];

4) meprHEBpaIbHOE METacTa3upOBaHUE, TOUHBIN Mexa-
HHI3M KOTOPOTO TaKXKe OCTaeTCSI HEM3BECTHBIM, OHA-
KO CUMTAETCS, IYTO PEIIUIIPOKHAS TIepeaada CUTHAIOB
MEXIY HEpBOM U OITyXOJICBBIMU KJICTKAMU C TIOMO-
b0 (pakTopa pocTa HEPBOB, HEHPOTPODUIESCKOTO
(pakTOpa roI0BHOTO MO3ra (IIOJTy4YeHHOTO 13 IJTMATBHBIX
KJIETOK HEMPOTpohrIecKoro hakTopa), HeitpoTpodu-
Ha 3 CITOCOOCTBYET MHBA3MM MEXIY 000JI0UYKaMU HE-
PBOB U ITO3BOJISIET OIYXOJM KJICTKM MUTPHUPOBATH
BIOJIb HEPOHOB B CITMHHOM MO3r [6, 8, 17].

KIIMHHUYECKAS KAPTVIHA

Kiamandeckast KapTHa IMOpaXkeHN CTMTHHOTO MO3Ta
CKJIaIbIBACTCS M3 IBUTATEIBHBIX M YYBCTBUTEIBLHBIX HAPY-
LIEHWI1, Pa3BUBAIOLLMXCSI 110 IIPOBOIHUKOBOMY, CETMEHTap-
HOMY WJIM KOPEIIKOBOMY THIIaM; HapyIIeHW (QYHKIIMU
Ta30BBIX OPTAaHOB; PA3BUTHSI JIOKAITBHOTO WIIA PATUKYJISIP-
HOTro 00JIeBOro cmHIpoMa. JIJIsT BceX ONMMCaHHBIX Hapy-
IIEHUI XapaKTePHBI pa3IMdHast KOMOMHAIINS W BHICOKAS
Bapna0eIbHOCTD MPOSIBJICHUI — OT HE3HAYUTEIbHBIX 10
KpaiiHe BBIpaXXeHHBIX [2, 7].

B cBoeit pabore A. Goyal u coaBT. BBISIBUIN, 4TO
y 70 manueHTOB npeobnaaganu: MoTopHsbie (71 %), 4yBCT-
ButenbHble (40 %) HapyllleHUs, a Takxke AUCHYHKIUU
ta3oBbix opraHoB (20 %) [7]. A.H. O’Neill u coaBr., aHa-
JIM3UPYS BEIOOPKY 13 432 MaLMEHTOB, MOJIYYUIIA CXOXIE
pe3yabrathl: MOTOpHBII aeduut (70,1 %), ceHCOpHBIE
HapyiueHust (46,7 %), 1MCPYHKIMKU Ta30BbIX OPraHOB
(40,8 %), xopenikoBast uiu MectHast 606 (33,3 %), cuH-
napom bpayna-Cekapa (C.E. Brown-Sequard) (8,5 %) [2].
OmHaKo B peIKUX CIyJasx MallMeHTH MOTYT HE UCTIBITHI-
BaThb HUKAKUX CUMITTOMOB [18].

JwuHaMyKa pa3BUTUSA KIMHUIECKON CHUMIITOMATUKU
WHINBUAyanbHA. [1o JaHHBIM psima MccaemoBaTeNIe, -
TEJIbHOCTh Pa3BUTHSI CUMIITOMOB Y OOJIBITMHCTBA TTAIIM-
€HTOB COCTaBIISIET He 00Jiee 21 CyT, XOTsI MHTEPBAJIBI Baph-
HUPYIOTCS B IIMPOKUX TIpelneiaX — OT HeCKOJIbKIX YacOB
Io psima et [3, 7, 11].

s 0oObeKTUBHOW OLIEHKU COCTOSIHUSI OOJBbHBIX
1 0000IIeHNS JAaHHBIX MOTYT IIPUMEHSIThCSI Pa3IMIHbBIC
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1iKaibl. [1epBble Takye MOIBITKY — UCITONIb30BaHUE S-0a/lib-
HOM IIKaJIBI TSKECTH TPaBMBI CHUHHOTO MO3ra PpeHKeIs
(H.L. Frankel, 1969) 1 ocHOBaHHOI Ha Heil LIKaJIe HAPY-
LIEHUI, TIPEIJIOXKEHHON AMepUKAHCKOM accouuanuei
cIMHaIbHOI TpaBMBI (American Spinal Injury Association,
ASIA). DT mKaBl CO3MaHbI TSI OLICHKH HEBPOJIOTHYEC-
KOTO JiepuIInTa Y MMAIIMEHTOB C OCJIOXXHEHHOM CITMHAIBHOM
TpaBMOM 1 HealIeKBaTHBI 71T O0TbHBIX C MHTPaMemyJLIsIp-
HBIMU TIOPaXXEHUSIMHU, TaK KaK OIPEACIISIIOT OCTaTOUHYIO
(GYHKIMIO HITXE YPOBHS OPaKeHMS, a He (PYHKIIMOHATb-
HBIN CTATyC MALIMEHTOB.

B mormmITKe yIIydImmTh OLIEHKY HEBPOJIIOTMYECKOTO CTa-
Tyca pa3paboraHa 25-6amutbHas mkaia Kirekamna—Camun
(J. Klekamp, M. Samii). OHa BK/Ifo4aeT J0CTaTOYHO OOJTb-
II0€ YHUCJIO CMMIITOMOB, HO B TO Xe BpeMs o0iamaer
CJIMIIIKOM Pa3MBITEIMA (POPMYIMPOBKAMU, YTO TIPUBOIUAT
K CYyOBEKTUBHOCTH OLIeHKH [19].

HawnbGopiree mpru3HaHMe B CTMHATBLHON HEMPOOHKO-
JIOTUH TIOJIydriia 4-0ayibHas ImKana (QYHKIIMOHAIBHON
oueHk Makkopmuka (P.C. McCormick) [20]. Ona ymag-
HO ONMKCHIBaeT (PYHKIIMOHAJIBHBIM CTAaTyC MAIlMEHTOB,
YTO TTO3BOJISIET UCIIOJIB30BATh €€ Ha I0- 1 TIOC/IeOIIepalii-
OHHBbIM 3Tanax. Takxke CylIeCTBYET ee S-0aibHast MOJAU-
dukanms [7].

OUATHOCTHKA

o mosiBIeHUSI KOMITBIOTEPHO M MarHUTHO-PE30-
HaHcHoIt Tomorpadum (manee — KT 1 MPT) B cepenute
XX Beka 00JTbHBIM CO CITMHATBHBIMH OITYXOJISIMH BBITIOJ -
HSUTY CITOHIMTIOTpadio M PEHTTEHOBCKYIO KOHTPACTHYIO
muenorpaduio [21]. DT MeTOIBI HE TTO3BOJISIN AUATHOC-
THPOBATh MHTPAMEIYJUISIPHEIC OITyXOJIM IO TOTO MOMEHTA,
ITOKa OHU He JOCTUTAIA OOJIBIINX pa3MepoB. B HacTosee
BpeMsI 3T METOMIBI TMAarHOCTUKH YCTapeId U B KIIMHIIEC-
CKOH TIPaKTUKE MCITOJB3YIOTCS PEAKO.

Ente omun meton — mynstuctimpansHast KT (MCKT) —
0oJree YMECTEH IIJISI TMaTrHOCTUKY BHYTPHOITYXOJIEBBIX TIe-
TpuduUKaToB 1 KpoBom3nusaHuii, ogHako MCKT He mo-
3BOJISIET MACHTUDUIIMPOBATHh XapaKTep CTPYKTYPHBIX
n3MeHeHunit. [Ipn nCmomb30BaHUM KOHTPACTHBIX TIpeIra-
paToB OTMeYaeTcsl M3MEHEHME TUIOTHOCTH OITYXOJIEBOM
TKaHU, HO YeTKO OTPEIEINTh XapaKTep Y TPaHUIIBI 1TaTO-
JIOTMYECKOTO MPOoLiecca HE MPENCTABISIETCS BO3MOXHBIM.

«30JI0TBIM» CTAHAAPTOM TUATHOCTUKHU BCEX MHTPAME-
OYJUISIPHBIX mopaxeHuil ciayxut MPT-ucciaemosanue
¢ KoHTpacTrpoBaHreM. Popma OOTBIMMHCTBA CTMTHAIBHBIX
MEeTacTa30B OBaJIbHAsI, HEPEIKO BBITSIHYTOM KOH(MUTYpa-
WM, ¢ 9eTKUMH KpasiMu. JIJ1sT HUX TUITAYHBI TUTIEPUHTEH-
CHBHBII CUTHAJI B pexkuMe T2 ¢ HaTnureM BBIPaKeHHOTO
meprOKaTBHOTO OTeKa, PACIIPOCTPAHSIIOIIETOCS B Cpe-
HeM Ha 2—4 cerMeHTa CIIMHHOTO MO3Ta, Y TUIIO- WJIH U30-
WHTEHCUBHLIN curHan Ha T1-uzobpaxenusx. YyBcTBu-
TeJBHOCTHh MeToma cocTaBiseT 91 % [22]. AbcomoTHOE
OOJIBIITMHCTBO MHTPaMEMYJUISIPHBIX OITyXOJIeii ”HTEHCUBHO
HaKaIUIMBAIOT KOHTPACTHBIM rpenapar [5, 6, 10, 11, 23—25].
Eme ogHMM XapakTepHBIM IJISI METaCTa30B IIPU3HAKOM

SIBJISTFOTCS CUMIITOMBI «000I0K» U «IuIaMsi». CUMIITOM
«00010K» (rim sign) ompenensieTcst Kak MoJiHOe (MJIX 9ac-
TAYHOE) TOHKOE TieprdeprIecKoe YCUIeHNe KOHTpacTa,
0oJiee MHTEHCUBHOE, YeM LIEHTpabHOE yeuiaeHne. CuM-
nToM «IutaMs» (flame sign) mpemcTaBisieT cO00i HEYETKO
OYEePUYCHHYIO 30HY YCHJICHHUSI KOHTPACTHOTO IIperapara
B BHII¢ TUTAMEHU Ha BepXHeM 1 (WJI1) HUKHEM Kpasix OIIy-
xoun [25, 26]. YyBCTBATENBHOCTH ITPU3HAKOB COCTABIISIET
33119 % cooTBeTCTBEHHO, crielrbuaHoCcTh — 97 % [26].

Jpyroit MeToI TMarHOCTUKH,, TIO3BOJISIONINI KOHCTA-
TUpoBaTh Hamyue UMM, — mo3UTPOHHO-3MUCCUOHHAS
TOMOrpacdusi, COBMEIICHHAS C PEHTTEHOBCKOI KOMITBIO-
tepHoil Tomorpadueit (IIDT/KT) ¢ mcnonb3oBaHmeM
18-dropme3okcurmoko3sl (18-OI). B cBoem mucciemno-
BaHum P.M. Mostardi u coaBT. TToKa3ajau KOppeIsIInio
pe3ynbraToB ucciaegoBanuit MPT u 19T, nuarHocTupys
nopaxxeHusl, BepruduimpoBaHHble ¢ moMouibio MPT. Uys-
crButebHOCTh [1DT /KT cocraBuia 77 %. OrpaHndyeHue
MeTOIa: MUHUMAJIBHBIN pa3Mep MeTacTa3a, BU3yaIu3nupy-
eMBbIii IIpY JaHHOM MCCJIeIOBAHUMU, COCTABIUL 6 MM. AB-
TOPBI PEKOMEHIYIOT 3TOT METO [IJISI AMaTHOCTUKM KPYTI-
HBIX 0YaroB C BBEIPAXXEHHBIM MePU(MOKAIBHBIM OTEKOM
WUIH KaK aJIbTepHATUBY IS JIIOACH C IIPOTUBOTIOKA3aHHSI -
mu K MPT [27]. Takum obpazom, [1DT /KT npencrapiser
coboii MeTon paHHel guarHoctnku UMM [28].

METO/bI IEHEHMA

OCHOBHBIC 3aIaY1 TePAUN: COXpPAaHEHNE I YIyd-
meHne (QYHKIIMOHAIHLHOTO CTaTyca ITallMeHTOB U YBe-
JINYEHNE TTPONOJIKATEIbHOCTH XKMU3HU [2, 11]. OcHOBHEBIE
METOIBI JICUCHUS CITUHATBLHBIX METACTa30B:

1) nyueBas Tepanusi;

2) XupyprudecKoe JICUCHUE,

3) crepounmHasl TepaIus;

4) XUMHMOTepanusl.

B HacTosIee BpeMsa HET HMKAKMX OIpeneeHHBIX
MpPOTOKOJOB BeAaeHUs MauueHToB ¢ UMM, nedyeHue
CBOOMTCSI K NPUMEHECHHUIO SMITUPUIECKOTO OIIBITA,
OITMCAaHHOTO B PETPOCIIEKTUBHBIX UCCIIEAOBAHUSIX [3, 7, 8,
24, 29, 30]. Takke HeT MCCIIeIOBAHUI, ITOKA3BIBAIOIINX
KaKoOl METOI JICUCHUSI IIPEAIIOYTUTEIbHEE.

Ha BriOOp MeTOAa JIeueHUST JAHHOM TPYIIIbI MAllUEeH-
TOB BIVSUTM TaKue (DaKTOPHI, KaK pagno- U XUMUOTepa-
MEBTUYECKAST YYBCTBUTECILHOCTD IIEPBUYHOMN OITyXOJIH,
CTETIeHb BRIPAXXCHHOCTH M TMHAMMWKA Pa3BUTUSI CUMIITO-
MOB, HEOOXOIMMOCTD B3ATHSI MaTepHaa ISl TUCTOJIOTH -
YeCKOTo ucciienoBaHus [2].

Jlyueeas mepanus. Ha ceromHsSIITHUI IeHB JTydeBast
Tepamnus cTajla OOHUM M3 OCHOBHBIX METOIOB JICUCHMUS
maneHToB ¢ ISCM [11, 29—32], mo3Bosisis BO MHOTHX
clydasix JOOUTBCS JTOKaIbHOTro KoHTpous. Tak, A. Veera-
vagu M COaBT. B CBOEM HAOJIOACHUM 3a 9 TMallMeHTaMU
¢ 11 metactazamu [30], nCTIONBL3YsI TOJBKO JY4EBYIO Tepa-
W10, TOOMINCH OTCYTCTBHSI MECTHBIX PELIMINBOB, JTYIEBBIX
HEKPO30B M HEBPOJIOTMUYeCKOTo aeduiinta. OquH malieHT
OCTaJics XUB Yepe3 14 Mec Tociie Tepanin, y 8 yMepImmx



IMaIeHTOB BEIKMBAeMOCTh KoJrebanack ot 1,1 10 9,1 (Mme-
nnaHa — 4,1) mec.

B nHatGmronenun 3a 29 60abHBIMU ¢ 42 MeTacTa3aMU
E Ehret u coaBt. [29] 1oOMINCH JIOKAJIBHOTO KOHTPOJIS
B 33 (79 %) cay4asix mopaxeHust, Toraa Kak B9 (21 %) —
OTMEYeHO mporpeccrupoBanue. Cpenn MmauneHTOB, T0-
CTYITHBIX KIIMHIYECKOMY HAOJTIONCHIIO, HEBPOJIOTUICCKUIA
cratyc ynyuuics B 27 %, crabunusuponaicst — B 30 %,
yxyauimiacs — B 21 % cinydaeB. CpefHsisi BbKMBAEMOCTh
cocrtaBuia 11,7 mec.

OrpaHuyeHus IS TyIeBOU TePATTHMN:

* HEYyBCTBUTEILHOCTD OITyXOJIM K JAHHOMY BUILY JICUCHNST;

* MHOXecTBeHHble UM M-ouaru;

* OBICTPOE MPOTPECCUPOBAHNE CUMIITOMOB;

* TOCTATOYHO HU3KUI IIPOIICHT JIOKAJTbHOTO KOHTPOJIS;

* TIPUCYTCTBHUE OTIAJIEHHBIX ITOCTIYIEBBIX MMOPAKEHUI
(HEKpO3bI I MUCIIOTIATHS).

Xupypeuueckoe aeuenue. JIpyrum pacrpocTpaHeHHBIM
meToaoMm jieueHuss UMM cinyXuT Xxupyprudyeckoe BMellia-
TEJIbCTBO B IIEJISIX COXPAaHEHUSI HEBPOJIOTHUYECKOTO CTaTy-
ca M IPOBEACHUS AeKOMIIPECCUH CITMHHOTO Mo3ra [33].
OcHoBHBIE (DaKTOPHI, TUMUTUPYIOIINE IPUMEHEHHUE X1~
PYPIrUYECKUX METOIOB, — OOIIlee COCTOSTHUE TaleHTa
¥ HaJimaue O6oJjiee 4eM 1 MeTacTasa B JIOKAJIM3allNK, HeIo0-
crynHoi 1151 1 moctyma [31]. Ha coBpeMeHHOM 3Tarie cri-
HaJIbHOM XVPYPTUM IJI TOCTVKEHUS JIyUIINX (DYHKIITNO-
HaJBLHBIX pE3yJbTAaTOB BCE OIEpalldM XKeJaTeIbHO
MIPOBOIUTH ¢ HEHPODU3NOIOTUICCKUM MOHUTOPHHIOM,
KOTOPHIN BKITIOUAET CJICAYIOIINE IIPUEMBI:

* 3JIeKTpOMHOTpaduss MBIIII, COOTBETCTBYIOIINX CET-
MEHTY MHHEPBALINN;

* TpaHCKpaHUAJIbHAS 3JICKTPOCTUMYJISIIINS, TTOKA3bIBa-
oIIast MPOBEACHNE OT IBUTATEILHOM KOPHI 10 3 de-
PEHTHBIX MBIIIIII;

* D-BonHa, oTpaxatomiast (GyHKIIMOHAIBHYIO 1I€JIOCT-
HOCTh KOPTHMKOCITMHAJIBLHOTO TpaKTa (IyJIIWii TIpe-
JMHUKTOP XOPOIIero (hyHKIIMOHAIBHOTO UCX0a, COCTO-
STHIE HapaBHE C JIOOIIePallMOHHBIM YPOBHEM);

* COMAaTOCEHCOPHBIC BEI3BAHHBIE ITOTCHIIMAJIBI, OTpaska-
fomme (QYHKIWIO 3aTHUX CTOJIOOB CIIMHHOTO MO3Ta
(00J1amar0T BEICOKOM IyBCTBUTEILHOCTBIO, HO HU3KOM
CIe(UIHOCTHIO);

* 4-paspsannas ctumyisiunst (TOF-tecr).

B 0630pe nmutepatypsl M. Kalayci u np. n3 138 mamm-
enToB ¢ ISCM mpoonepuposansl 33. I[TocaeomnepannoH-
HOe yiIydireHre (yHKIIMOHAILHOTO CTaTyca OTMEYaioCh
y 66 %. Tak:ke BbIsiB/IeHA GoJiee BRICOKASI MeIMaHa BbLKHU-
BaeMOCTH y OOJIbHBIX, ITOJTYIaBIINX XUPYPIUIECKOE JIeUe-
Hue (9,4 Mec), IO CpaBHEHUIO ¢ TTAIIMEHTAMU, KOTOPBIM
MMpOBOAMJIACh KOHCepBaTUBHas Teparus (5 mec) [31].
S. Payer u coaBT. 0000IIIMIIN pe3yIBTaThl XUPYPTrUIECKOTO
neyennss UMM y 22 manenTos (21 onepatmst u 1 6uor-
cus). [Mocye onepatn y 58 % NaiMeHTOB He ObIJIO 0T/ -
YW1 B HEBPOJIOTMIECCKOM CTaTyce IO CPaBHEHMIO C T0OTIe-
PallMOHHBIM, YIYIIICHUE W YXYAIICHE PaCIIpee/IVIINCh
nmopoBHy — mo 21 %. MeanaHa BbIXKMBAeMOCTU I10OCJIE
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onepauuu B cpeaHeM coctaBuia 11,6 (ot 2 go 30) mec [10].
B cepun na6monenmii 3a 19 6onpHbIMU P. Dam-Hieu u co-
aBT. [33] oTMETH/IN, YTO Y TALIMEHTOB B TPYIIIIC OIePaTHUB-
HoOTo JiedeHUs (n = 13) BEDKMBaeMOCTh ObIJIa 3HAYUTETEHO
BhIIIIE (7,4 MeC), 9eM Y ITaIlMeHTOB B TPYIIIIe KOHCEpBAaTHUB-
Horo JieueHus (2,6 mec). HeBposornueckuii craTyc yiayd-
mwics y 7 u3 13 mpoorepupoBaHHBIX OOJbHBIX.

00600111ast MHEHHE PsiIa aBTOPOB, MOXKHO CIIeJIaTh BBI-
BOJ, 9TO XUPYPIUIECKOe JICUCHUE IIPUBOIUT K 00JIee BBI-
COKO¥1 BBLKMBAEMOCTH T10 CPAaBHEHMIO C KOHCEPBATUBHOM
Tepanueil y mamreHToB ¢ ISCM, a Takke Urpaet GOJBIIYIO
POJIb B COXpaHESHUH 1 YIIy4YIIeHUH (DYHKITMOHATHLHOTO CTa-
Tyca y OOJBIIMHCTBA MpooTnepupoBaHHbIX [7, 10, 31, 34],
YTO MeIaeT XUPYyPrudecKoe JIeueHrne 0oyiee IMpearouT-
TEJIbHBIM.

Cmepoudnas mepanus. Bo Bcex pacCMOTPEHHBIX ITPO-
Tokojax JeueHust ISCM creponmHast Teparms TaKKe OKa-
3aJ1aCh OMHOU M3 caMbIX Ha3HAYaeMBbIX. Y TTAIIEHTOB C ObI-
CTPO Pa3BUBAOIIMMUCS CUMITTOMAMU CHABJICHUST CITMHHOTO
MO3Ta CTePOUIBI MOTYT OBICTPO 00JIETIUTH OOJIh ¥ OTCPOIUTH
HEBPOJIOTUYECKOE YXYIIICHNE, YMEHBIIAss MECTHBIA OTeK
TKaHEe! M CIIOCOOCTBYST HOpMAaIM3ali (DYHKIIMHI TeMaTo-
CITMHAJILHOTO Oaphepa, He B Ha BBLKMBAaeMOCTb. B Ha-
crosiee BpeMst ipu ISCM cTeponabl OOBITHO COYETAIOT
¢ IpyTMM MeTomaMu jedeHus [3, 8, 10, 32, 35].

Xumuomepanusa. KoncepBaTUBHBIC XXe METOIBI C MC-
TOJIb30BaHMEM XMMUOTEPATTNY HE OKa3aJIv CYIIIeCTBEHHO-
ro BAusgHUS Ha jedeHrue UMM wuz-3a Haauuusi reMaro-
CITMHAJILHOTO Oapbepa, a TakKKe He YIydIlaad IIPOTHO3
3aboneBaHud [35]. B HacToglee BpeMs TaHHBIM MeETO[I
JICYSHMST TIpeaTHa3HAYeH IJI YYBCTBUTEIBHBIX K XMMHUO-
Tepary OIyXoJiel (TaKix KaK MEJIKOKJIETOYHBIN PaK JISTKIX
¥ TeMaTOJOTMYECKIEe HOBOOOPA30BaHMUS) M B KAa4eCTBE
aIbIOBAaHTHOM TepaIny IS TyIEBOTO WA XUPYPTAIECKO-
ro nedenus [3, 5, 7, 8, 36, 37].

Hmmynomepanusa cayXuT JOCTAaTOUYHO IEPCIICKTUB-
HBIM METOIOM JieueHUsI B oHkojoruu [32]. CyiecTByIoT
TAHHBIC O CTyJasiX ITOJIHOTO M YacTUYHOTrOo perpecca UMM
HEMEJIKOKJICTOUHOTO paKa JISTKUX P MCIIOJIb30BaHUU
HUBOJyMaba [38]. Ha maHHBINI MOMEHT €CTb TOJIBKO €M~
HUYHBIE ciydan 3¢h(GEeKTUBHOCTA TapreTHOM Tepamnuu
B otHoeHnM ISCM, uTo TpeOyeT nalbHENIIero N3y4eHus
TaHHOTO BOIIpOCa.

BbIBO/IbI

WnTpaMenyisipHble MeTacTa3bl — MPOSIBJICHUE CUC-
TEMHOTO OHKOJIOTMUYECKOTO 3a00JIeBaHUS, a TaKXKe TIpe-
JUKTOP HEOIarompUsITHOTO IMPOTHO3a AJIS XKU3HU. AHATN3
JINTEpaTyphl TTOKa3aJI, YTO coOpaHa TOCTATOUYHO MOAPOO-
Hasl snuaeMuoiorndeckas xapakrepuctuka ISCM. Pen-
KOCTb JaHHOM MaTOJIOTMM, HU3Kasl OHKOJIOTM4YecKasl Ha-
CTOPOXEHHOCTh TPUBOAAT K ITO3THEN AMATHOCTUKE
¥ CHIKAIOT 3 (HEeKTUBHOCTD IIPOBOAMMOTO JICUSHUSI.

Ha manHbIit MOMEHT HET MPOCTIEKTUBHBIX MCCIIeI0Ba-
HUI1, CpaBHUBAIOIINX MEXIY cO00Il pa3TNIHbIe METOIBI
tepanuu ISCM u nx BIustHrE Ha BbDKMBaeMocTh. [Tomgxon
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K JieueHU10 001bHBIX ¢ UMM pomkeH ObITh MHAUBUIYAlb-
HbIM 1 BECTUCh HA OCHOBE KOHCEHCYCHOTO MPUHSTHS pe-
IIeHWSI MHOTOTPO(MWIHLHOM KOMaHIOM Bpadell ¢ ydacTUEM
OHKOJIOTOB, PaIMOJIOTOB U HEMPOXUPYPIOB.
XUpypruueckoe BMELIATEIbCTBO Yallle BCETO NUCTOb-
3yeTcsl B KauecTBe 1-i JTMHUU JIeueHUs U YBEJIUUMBAET
BBDXKMBAaEeMOCTh MareHToB. OQHAKO W IPYTrue METOMIHI,

Takue Kak JiydeBas M CTEPOMIHAs Teparus, MoKas3ain
cBOI0 3¢ ¢eKTUBHOCTh. OTyOIMKOBAHBI TIEPBBIE YCIIEXU
TapreTHBIX IIpenapaToB, IPULEIBHO MCCIEIYEMBIX
TIpY JTAHHOM raToyiorny. PaHHsIsT IMarHOCTHKA, pagyKailb-
HOE XMPYPruyecKoe JieYeHe M aablOBaHTHAST TepaIus
CJIyKaT KJII0YOM K YAYYIIEHUIO KadyeCcTBa M MPOJOJIKU-
TEJIbHOCTU XU3HU 00JbHBIX ¢ ISCM.
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Background. Surgical treatment of complex neurovascular pathology remains an important problem requiring use
of a combination of various techniques. Utilization of a hybrid operating room allows to simultaneously or sequentially
combine microsurgical and endovascular surgical methods which can improve treatment outcomes.

Aim. To improve surgical treatment of patients with cerebrovascular pathology by utilizing the capabilities of a hybrid
operating room.

Materials and methods. Surgical interventions were performed in a hybrid operating room with a combination of endo-
vascular and microsurgical methods for treating the following cerebrovascular pathologies: complex dural fistulas,
complex aneurysms, arteriovenous malformations. The type of surgical intervention — hybrid, combined, staged — was
chosen in accordance with the nature of the pathology.

Results. In 5 years, 41 patients underwent surgery in the hybrid operating room. Among them, 33 patients had arterio-
venous malformations, 6 had complex aneurysms, 2 had complex dural fistulas. Combination interventions were performed
in 27 patients, staged — in 12, hybrid - in 2. According to the Modified Rankin Scale (mRS) the following outcomes were
observed: no complications in cases of complex aneurysms (6 patients) — mRS 0 (points), as well as in cases of dural fis-
tulas (2 patients) — mRS 0 (points); in arteriovenous malformation, 30 patients did not have any complications — mRS 0,
3 patients had complications (of different types) — mRS 1.

Conclusions. The combination of microsurgical and endovascular methods of treatment in a hybrid operating room
allows to combine the positive features of the two methods in accordance with surgical needs which improves the
outcomes of neurosurgical interventions in complex neurovascular pathology.

Keywords: hybrid operating room, vascular neurosurgery, combined surgery, complex dural fistula, complex aneurysm,
arteriovenous malformation

For citation: Sergeev A.V., Cherebillo V.Yu., Savello A.V., Chemurzieva F.A. Surgical treatment of cerebrovascular diseases
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INTRODUCTION

Currently, microsurgery (MS) and endovascular surge-
ry (ES) are considered effective treatment methods in vas-
cular neurosurgery [1, 2]. In the most complex cases, simul-
taneous or sequential use of these methods is required
because complex approach allows to optimize solution of
the problems which are impossible or difficult to solve using
one of the methods. According to the Russian clinical
guidelines “Diagnosis and treatment of arteriovenous mal-
formations of the central nervous system” (27.11.2014) and
clinical guidelines on treatment of complex cerebral aneu-
rysms (14.10.2015), an integrated /hybrid operating room
with possibility of performing simultaneous or sequential
open and endovascular interventions is preferable. In the
traditional approach, cases requiring combination of these
methods imply surgical interventions under different anes-
thesias in different operating rooms which significantly

complicates and prolongs treatment process. To combine
these methods, it is expedient to use a hybrid operating
room containing equipment allowing for simultaneous or
sequential performance of endovascular and MS operations
without patient transfer into another operating room and
prolongation of anesthesia [3—7]. Therefore, in the most
complex variants of cerebrovascular disorders, integrating
efforts of micro- and endovascular surgeons in one operat-
ing room minimizes the limitations of each method and
improves outcomes as was confirmed by research [8—13].
It is expedient to utilize the capabilities of a hybrid
operating room in development of such intraoperative com-
plications as cerebral aneurysm rupture (CA) and arterio-
venous malformations (AVM) when it is necessary to quickly
change surgical method and time delays can significantly
worsen treatment outcomes. The authors describe the ef-
fectiveness and favorable outcomes as a result of quick
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Fig. 1. MRI of the brain: a — axial projection, T2; b — frontal projection, T2-weighted; ¢ — sagittal projection, T1-weighted; d — MR angiography, TOF;
1 — contrasted part of the cerebral aneurysm (CA); 2 — thrombosed part of the CA

change of the type of surgical intervention in a hybrid op-
erating room during intraoperative CA ruptures and AVM
[7, 11, 14, 15].

The article describes our own results of surgical treat-
ment of cerebrovascular disorders with description of clin-
ical cases, as well as a classification of interventions in a
hybrid operating room depending on the method of surgical
techniques combination.

The study objective is to improve surgical treatment
of patients with cerebrovascular pathology by utilizing
the capabilities of a hybrid operating room.

MATERIALS AND METHODS

A hybrid operating room where in sterile conditions
various types of open interventions can be performed is
equipped with a multiaxial robotized angiography system
and an X-ray transparent operating table for ES. An intel-
lectual system of robotized C-arm positioning allows to
obtain 2D CA images in almost any projection and to per-
form 3D angiography and flat-detector computed tomo-
graphy (CT). Hybrid operating room equipment allows to
move the C-arm in different parking positions freeing ad-
ditional space for patient access.

In treatment of complex dural fistulas (DF), neurosur-
gical access directly to the fistula cavity was performed:
craniotomy with subsequent DF puncture allowing for
placement of an endovascular catheter and fistula isolation.

At the 1* stage of treatment of complex CAs, a bypass
was formed. At the 2™ stage (after evaluation of shunt po-
tential using balloon occlusion test (BOT) with manometry
and angiographic evaluation of condition of the collateral
vessels, electrophysiological monitoring), destructive oc-
clusion of CA and/or, if necessary, carrying artery was per-
formed.

In surgical treatment of AVM, at the 1% stage partial
endovascular embolization was performed. At the 2" stage,
MS removal of AVM with subsequent control cerebral an-
giography for evaluation of the surgery results was per-
formed.

The type of surgical intervention was decided depend-
ing on the type of pathology.

¢ Type I — hybrid surgery: joint and simultaneous use of MS
and ES under singular anesthesia; in this group, inter-
vention type is planned prior to surgery;

¢ Type II — combination surgery: surgeries are performed
under one anesthesiologic aid with sequential use of MS
and ES; different anesthesias can be used but singular
general anesthesia decreases the risk of complications;

¢ Type III — staged: separation of ES and MS stages, can
performed under different general anesthesias; in this
intervention group, simultaneous use of the 2 methods
under one anesthesia does not carry any benefits.

Preliminary allocation of surgeries into surgical types
II and III was performed prior to surgical intervention based
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on neuroimaging data and definitive allocation was per-
formed based on the results of the 1% treatment stage.

RESULTS

In 5 years of hybrid operating room utilization, 41 sur-
gical interventions were performed: 33 for cerebral AVM,
6 for CA, 2 for complex DF (Table. 1).

For the 2 cases of complex DF, hybrid intervention
(type I) was used. In 33 AVM cases, 25 patients underwent
combination (II) surgery, 8 patients underwent staged (I1I)
surgery. In 6 cases of complex CA, 4 patients underwent
combination (II) surgery, 2 patients underwent staged (I1I)
surgery.

Original report

Table 1. Distribution of operations per surgery combinations

Number of operations
Pathology Type 1 Type 1T Type NI
(hybrid) (combination) (staged)
AVM — 25 8
Complex CAs — 2 4
DF 2 — —
Total 2 27 12

Note. AVM stands for arteriovenous malformation; CAs — cere-
bral aneurysm; DF — dural fistula.

Table. 2 presents the outcomes of surgical interventions.
In the postoperative period, no complications were observed
in cases of complex CAs and DFs. The results of surgeries
for treatment of AVM varied according to the Modified
Rankin Scale (mRS):

Table 2. Outcomes of surgical interventions per the Modified Rankin Scale

Pathology mRS 0 mRS 1
AVM 30 3
Complex CAs 6 —
DF 2 —
Total 38 3

Note. See Note for Table 1.

* no complications (mRS 0) in 30 patients with cerebral
AVMs;

* insignificant complications not affecting quality of life
(mRS 1) in 3 patients with AVMs;

* transitory hemiparesis which regressed at discharge time —
in 1 patient after removal of AVM of the central gyri;

* intraoperative AVM rupture at the stage of endovascular
embolization — in 1 patient; intracerebral hematoma
and malformation were removed simultaneously; in the
postoperative period, the patient developed hemiparesis
(4 points), during rehabilitation therapy, positive dy-

126

namics in partial regression of hemiparesis was observed
to 3 points;

* partial loss of fields of vision in the form of quadran-
tanopia — in 1 patient.

CLINICAL EXAMPLE NO. 1

Female patient, 42 years old, complained of increasing
headaches. Magnetic resonance imaging of the brain (MRI)
showed a giant partially thrombosed CA of the left middle
cerebral artery (MCA) (Fig. 1). Angiography performed using
spiral computed tomography (SCT) and preoperative selective
cerebral angiography of the cerebral vasculature showed the
following main features of CA structure (Fig. 2, 3):

* transposition of the frontal branch of the superficial tem-
poral artery (STA) from the M 1-segment of the left MCA
to the CA pouch located on the lateral MCA wall;

* dolichoectatically expanded parietal branch (M2-seg-
ment) diverged from the CA cavity and further significantly
narrowed.

Because CA was giant and thrombosed, complications
during MS and ES were possible, and a decision of using the
hybrid operating room was made. Considering CA structural
characteristics (pathological expansion of the parietal trunk
with subsequent pronounced stenosis, presumably satisfactory
collaterals between the MCA and anterior cerebral artery
(ACA) basins, blood supply of the functionally important area
of the left temporal lobe through STA), a variant of trapping of
the M 1-segment with preservation of the anterior temporal
branch and full exclusion of the CA pouch with the parietal
branch from the blood flow was considered. Intraoperative
evaluation of collateral blood supply using BOT was planned.
In case of insufficient collateral supply, anastomosis at the
MCA parietal branch basin was intended.

In the conditions of hybrid operating room under general
anesthesia, at the I* stage cerebral angiography, BOT con-
firmed satisfactory collateral blood flow between the ACA and
MCA basins and intraoperative neurophysiological monitoring
showed no decrease in motor potentials (Fig. 3 b, c). The ob-
tained data allowed to avoid bypass. Pterionatal osteoplastic
trepanation with subsequent MS trapping of the MCA M I-seg-
ment with STA sparing allowed to exclude CA and pathologi-
cally altered parietal trunk from the blood flow. At the final
stage of the surgery, control cerebral angiography was per-
formed. Imaging showed that CA was not contrasted, blood
flow in the frontal, parietal, temporal and occipital lobes was
sufficient due to anastomosis, and blood flow of the left tem-
poral lobe was satisfactory due to STA (Fig. 3 d). Postoperative
period did not have any complications, neurological status was
at the preoperative level (mRS 0). The case was classified as
type II combination surgical intervention.

CLINICAL EXAMPLE NO. 2

In 2012, the patient underwent partial endovascular AVM
embolization; subsequently, the patient developed generalized
seizures. Drug therapy did not entirely manage seizures. Ex-
amination showed AVM of the right frontal lobe (larger than
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Fig. 2. SCT-angiography of cerebral vasculature: ACA — anterior cerebral artery; ICA — internal carotid artery; 1 — contrasted part of the cerebral aneurysm
(CA); 2 — anterior temporal artery; 3 — M 1-segment of the left middle cerebral artery (MCA); 4 — site of the planned trapping of the MCA M I-segment; 5 —
parietal trunk of the MCA with significant stenosis

a
ACA
c
AC
ACA
BaIIooﬁ :

Fig. 3. Cerebral angiography: a — preoperative cerebral angiography, frontal projection; b — intraoperative balloon occlusion test; ¢ — assessment of collateral
blood flow after balloon occlusion of the middle cerebral artery (MCA); d — control cerebral angiography after aneurysm clipping; ACA — anterior cerebral
artery; M1, M2 — segments of the MCA; ATA — anterior temporal artery; AC — the area of collaterals between the ATA and MCA

5 cm) in a functionally important area due to compression of  system (taking into account AVM size, its location relative to
the genu of the corpus collosum (Fig. 4) with afferents from the  functionally important areas of the brain and characteristics
basins of the right ACA, MCA, superficial and deep outflow of blood draining), AVM is grade 111 (SM).

into the superior, transverse, straight and cavernous sinuses, At the I° stage, AVM was partially endovascularly embo-
basal veins (Fig. 5 a, b). Per the Spetzler—Martin grading lized through accessible largest afferents of the right MCA and
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ACA using non-adhesive embolic agent Onyx (Fig. 5 c). Sig-

nificant decrease in blood flow at the lesion and slowing of
blood flow in the largest malformation vein were observed.

Filling of AVM remained through small MCA and ACA branch-

es on the right inaccessible for endovascular embolization.

Considering impossibility of achieving the stated goals using
ES (total embolization of small AVM afferents) and sufficient
time for MS treatment, we decided to perform MS removal.

Without transfer into another operating room and under sin-

gular anesthesia, malformation was totally removed using MS.

Control cerebral angiography was performed confirming rad-

ical nature of the surgery (Fig. 6). Postoperative period did not
have any complications, neurological status of the patient re-

mained on the preoperative level (mRS 0). This case was

classified as type Il combination surgical intervention.

DISCUSSION
Surgical treatment of neurovascular pathologies in-
volves endovascular and microsurgical approaches. There

are some pathologies requiring combination approach using
both ES and MS. Limitation of combination of the two
approaches is the necessity of patient transfer into another
operating room and repeat anesthesia [16—19]. Use of a hy-
brid operating room allows to perform a combination of ES
and MS without these limitations [9, 12, 13].

The main objective of combination surgery in a hybrid
operating room in complex CAs was to maximally decrease
the risk of complications through combination of placement
of vascular bypasses with subsequent endovascular exclusion
of CA or carrying vessel after BOT. Operating procedure for
combination of the 2 methods was developed and was de-
scribed in depth by M.T. Lawton et al. [19, 20]. S.C. Shen
et al. arranged surgical interventions over several days and
performed them in different operating rooms under differ-
ent anesthesias which could increase the risk of anastomo-
sis thrombosis [21].

In a series of surgeries for complex CAs in the hybrid
operating room of our clinic, part of combination interventions

Fig. 5. Selective cerebral angiography: a — frontal projection of the arterial phase; b — frontal projection of the venous phase (blue arrows show draining veins
of the arteriovenous malformation (AVM)); ¢ — embolized and filled parts of the AVM; MCA — middle cerebral artery; ACA — anterior cerebral artery;
1 — embolized part of the AVM; 2 — contrasted part of the AVM
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Fig. 6. Intraoperative control cerebral angiography: a — frontal projection; b — lateral projection; 1 — avascular area of the removed arteriovenous malformation

(AVM); 2 — residual parts of the embolizate

was performed under a single anesthesia which allowed to
perform control examination intraoperatively, prevent pos-
sible thrombosis, decrease risks of repeat anesthesia [22].
The goal of combination resection of cerebral AVM in the
hybrid operating room was decreased intraoperative risk of
AVM hemorrhage due to partial endovascular embolization
prior to MS resection. Similar problems have been solved
in various articles from Swiss and Russian clinics [9, 23]. In
one of our cases, intraoperative AVM rupture happened
during endovascular embolization. Because there was no
necessity in transferring the patient to another operating
room, intracerebral hematoma was evacuated, and AVM
resected without patient transportation. Specialists of a clinic
in Japan [21] noted the possibility of switching from ES to
MS during intraoperative AVM rupture during endovascu-
lar embolization which can significantly improve the out-
come of surgical treatment.

Most of DFs can be effectively and minimally inva-
sively operated on using ES [24]. However, in cases when
endovascular access is absent and MS resection is impos-
sible, hybrid intervention is the only option for DF treat-
ment. Various authors note the benefits of using a hybrid
operating room when MS access to DF allows to simultane-
ously endovascularly exclude the fistula [12, 15, 21, 22].

The question of planning the scope and type of surgical
intervention depending on neurovascular pathology com-
plexity is insufficiently discussed in the scientific literature.
Thus, the authors classified surgical patients into groups
of combination intervention, auxiliary techniques, and stereo-
taxic surgeries [15]. The goal of this classification is to deter-
mine cases requiring the use of a hybrid operating room.

We have developed an alternative algorithm of classify-
ing surgery types into groups to standardize the selection

of treatment tactics for patients with neurovascular pa-
thologies. Depending on the variant of surgical method
combination, we propose 3 types of surgical treatment:
I — hybrid, II — combination, IIT — staged.

Type I — hybrid surgeries: MS and ES are performed
simultaneously under 1 general anesthesia, division into
stages or separate surgeries is impossible. Type of operative
intervention in this group is planned prior to surgery based
on neuroimaging and patient medical history. In our series,
complex DF was treated using hybrid approach after unsuc-
cessful attempts at MS resection and endovascular emboli-
zation. After MS access, embolizate was introduced di-
rectly into the fistula in the open brain.

Type II — combination surgery: MS and ES are per-
formed under 1 general anesthesia which increases treat-
ment effectiveness and decreases the risk of complications.
In this group, the decision on the type of intervention is
made prior to surgery based on neuroimaging data and is
confirmed during the surgery. Intraoperatively, time neces-
sary for the 1 type of surgery and the level of achieving the
planned surgical scope are evaluated. An example of this
(IT) type is a case of AVM surgery presented in this article
(example No. 2). After ES, significant decrease of blood
flow in the AVM body, slowing of the flow in the main
draining vein, absence of access necessary for total AVM
embolization were observed. This situation had a high risk
of AVM rupture in case of staged treatment. The optimal
solution was MS resection which increased the effectiveness
of the surgery and decreased the risk of AVM rupture be-
tween the surgeries, decreased the stress of repeat anesthe-
sia, radiation, and contrast agent administration.

Type II1 — staged interventions: surgeries under one
general anesthesia do not affect the treatment effectiveness.
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An example is a case of complex grade IV (SM) cerebral
AVM. Though at first total AVM resection under 1 general
anesthesia was planned, ES stage took more than 3 hours
and the planned goal of decreasing blood flow into the AVM
was not achieved. Risks of intraoperative hemorrhage dur-
ing MS remained. Continuation of embolization could lead
to increased operating time and staff fatigue. After 7 days,
at the 2" stage embolization was completed and AVM was
radically removed.

We have developed this classification to simplify preopera-
tive planning. Planning of combination surgeries of different
types requires continued research with accumulation of more
operating material. It will open the possibility for development
of an optimal algorithm of patient classification per treatment
types, as well as speed up the process of decision making, in-

crease treatment effectiveness, improve outcomes, and de-
crease the cost of material and human resources.

CONCLUSIONS

Combination of MS and ES in a hybrid operating
room allows to unite their positive characteristic: minimal
invasiveness of endovascular method and radicalness
of microsurgical method. Treatment in a hybrid operating
room allows to expand capabilities of intraoperative imaging
and monitoring. Classification of surgeries into types
of combination interventions will allow to standardize
preoperative planning reducing decision making time,
improve outcomes of surgical interventions. Accumulation
of a large volume of data is required for a deeper comparative
analysis of treatment methods in various operating rooms.
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Introduction. Lateral ventricular neoplasms (tumors, vascular neoplasms, cysts) are rare and according to different
sources comprise between 0.64 and 3.5 % of all brain tumors. Due to relatively slow growth, tumors can reach sig-
nificant size before patient develops neurological symptoms. Surgery is the main method of treatment of lateral
ventricular neoplasms, and in many cases radical removal can be achieved. The main complications after surgery are
hydrocephalus and hemorrhages. The later frequently lead to escalation of neurological symptoms and sometimes
require repeat surgical intervention. The success of intraventricular surgery consists of reasonable radicality and
absence of complications.

Aims. To evaluate the radicality and safety of lateral ventricular tumor removal through traditional approaches -
transcallosal and transcortical — using arterial spin labeling (ASL perfusion) and to analyze the risk of hemorrhagic
complications in the early postoperative period in the context of tumor location and blood supply.

Materials and methods. At the N.N. Burdenko National Medical Research Center of Neurosurgery (2017-2019) 48 pa-
tients with space-occupying lesions of the lateral ventricles were examined and treated with surgery. All patients were
examined using the same MRI protocol before and after surgery: T1-weighted, T1-weighed contrast-enhanced, 3D SPGR,
T2-weighted, T2-FLAIR, DWI, T2-FLAIR CUBE, SWAN, ASL perfusion. In 28 (58 %) cases, transcortical approach was used
(through the frontal lobe in 24 cases, through the upper temporal lobe in 2 cases, through the parietal lobe in 2 cases);
transcallosal approach was used in 16 (33 %) cases; combination approach (for advanced tumors of the lateral ventri-
cles) was used in 3 (6 %) cases; supracerebellar infratentorial approach was used in 1 (2 %) case. Radicality of lateral
ventricular tumor removal and risk factors for postoperative hemorrhagic complications using different approaches were
evaluated based on the following parameters: tumor volume and location, sex, blood flow characteristics, presence
of hydrocephalus.

Results. In the compared groups I and II, similar rates of radical tumor removal were observed: 63 % for transcortical
approach and 71 % for transcallosal approach. Hematomas in the tumor bed were more frequently observed in patients
operated through transcortical approach (64 % vs. 31 % in transcallosal) without statistical significance. Generally,
there were no statistically significant differences between surgical treatment results in groups I and II (p >0.05); this
conclusion was confirmed in pseudo-randomized patient subgroups selected through propensity score matching. Ana-
lysis of the association between hematoma in the postoperative period and baseline blood flow level showed that in the
group with such hematomas mean tumor blood flow prior to surgery was almost twice as high as in the group without
hemorrhagic complications after resection (80.6 vs. 49.4 ml/100 g/min, respectively).

The following postoperative parameters are statistically significant for development of hematoma in the tumor bed:
presence of hydrocephalus, Evans index in the early postoperative period.

Conclusions. Correct and adequate choice of surgical approach considering anatomical location and advancement
of the tumor, presence of hydrocephalus and surgeon’s preferences ensures high radicality of removal. Factors affecting
the risk of hemorrhagic complications in the early postoperative period should be taken into account: sex, presence
of hydrocephalus, neoplasm location and blood flow level.

Keywords: lateral ventricular neoplasms, postoperative hemorrhagic complications, transcortical approach, transcallosal
approach, hydrocephalus, ASL perfusion
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INTRODUCTION

Lateral ventricular (LV) neoplasms — tumors, vascular
neoplasms, cysts — are rare. According to different sources
they comprise between 0.64 and 3.5 % of all brain tumors [1].
LV tumors can be classified into the following categories:

— primary growing from the pellucid septum, LV plexuses
and ependyma or the lateral walls (subependymal zone);

— secondary growing into the ventricles from the cerebral
matter.

Secondary tumors are classified according to their an-
atomical source (thalamus, corpus collosum, caudate nu-
cleus, etc.). However, if the larger part of such tumor (appro-
ximately 2/3 of the volume) is located in the LV projection,
surgical techniques for primary LV neoplasms can be ap-
plied [2, 3].

Due to relatively slow growth, LV tumors can reach
significant size before patient develops neurological symp-
toms. Difficulty of their removal is a consequence of their
large size (especially when they occupy almost all areas
of the LVs). Depending on the size and location of LV tum-
ors and presence of hydrocephalus, several different surgical
approaches are used allowing for minimal retraction
of brain tissue and preservation of normal anatomy. LV neo-
plasms can be accessed through transcallosal, transcortical
approaches, in some cases through supracerebellar, sub-
frontal, pterional approaches.

The main complications after surgical treatment of LV
neoplasms are hemorrhagic events and hydrocephalus. Fre-
quently, hemorrhagic complication leads to escalation
of neurological symptoms after surgery and sometimes re-
quire repeat surgical intervention. Therefore, the success
of intraventricular surgery consists of achievement of rea-
sonable radicality without complications.

The study aims are to evaluate the radicality and safety
of LV tumor removal through traditional approaches —
transcallosal and transcortical — using arterial spin labeling
(ASL perfusion), and to analyze the risk of hemorrhagic

Table 1. Symptoms prior to surgical treatment in patients (n = 48)
with space-occupying lesions of the lateral ventricles

Number
Symptoms Manifestations of patients,
n (%)
Paresis 4 (8)
Neurolo- Epileptic seizures 24
gical Speech disorders 0 (0)
Memory loss 22 (46)
Oculomotor disorders 0 (0)
Visual field loss 1(2)
Ophthalmo- Changes in ocular fundus:
logical venous stasis 20 (42)
venous stasis with hemorrhage 6 (13)
normal 16 (33)
venous hyperemia 6 (13)
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complications in the early postoperative period in the con-
text of tumor location and blood supply.

MATERIALS AND METHODS

At the N.N. Burdenko National Medical Research
Center of Neurosurgery between 2017 and 201948 patients
with space-occupying lesions of the lateral ventricles were
examined and treated with surgery. Mean patient age was
43.5 £ 15 years.

The following inclusion criteria were applied:

— age above18 years;

— space-occupying LV lesion without previous surgical
treatment;

— magnetic resonance imaging (MRI) performed
according to a specific protocol before and after surgery

(in the span of 48 hours).

Table 1 presents neurological and ophthalmological
symptoms in patients with space-occupying LV lesions pri-
or to surgical treatment.

In 26 (55 %) patients, symptoms of intracranial hyper-
tension were found. Asymptomatic disease progression was
not observed. Memory loss is a relatively frequent manifes-
tation of intraventricular tumors. Before and after surgery
all patients were examined by a neuropsychologist. Memo-
ry evaluation was performed as part of a complex neuropsy-
chological approach to analysis of mental activity formu-
lated by A.R. Luria and included: orientation in place,
time, personal situation; memory for current events; testing
of auditory-verbal and visual memory [4].

MRI protocol before and after surgery included the
following modes: T1-weighted, T1-weighed contrast-enhanced,
3D SPGR, T2-weighted, T2-FLAIR, DWI, T2-FLAIR
CUBE, SWAN, ASL perfusion.

Maps of cerebral blood flow were obtained through
analysis of data from 3D pseudo-continuous arterial spin la-
beling (pCASL) which was performed with the following
parameters: 3D FSE, 8-arm spiral scan with whole brain
capture and slice thickness 4 mm; FOV = 240 x 240 mm;
reconstruction matrix 128 x 128, ZIP 512; TR 4717 ms;
TE 9.8 ms; NEX = 3; post label delay (PLD) 1525 ms; pixel
bandwidth 976.6 Hz/pixel. Scan time was 4 min 30 s.

Data analysis was performed using READYView (GE
Healthcare) software. For measurement of blood flow in the
tumor, a region of interest (ROI) was selected with an area
of 20 £ 10 mm? in the zone with the highest cerebral blood
flow (CBF) which was identified though color blood flow
maps. In the selected area, mean value of tumor blood flow
(TBF) was calculated. For elimination of individual blood
flow differences between the patients, TBF was normalized
(nTBF) to blood flow in the intact white matter of the se-
mioval center of the contralateral hemisphere. In this zone,
ROI of the same area as in the tumor (20 £ 10 mm?) was
selected. Normalized value was calculated by division
of TBF by blood flow in the semioval center: nTBF = max
TBF/CBF of intact white matter in the semioval center
of the contralateral hemisphere.
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In all cases, blood flow maps were juxtaposed with an-
atomical T2-weighted, T2-FLAIR, T1-weighted images
after intravenous contrast agent administration. Addition-
ally, co-registration software NeuroRegistration (GE
Healthcare) was used.

Tumor volume was measured using semiautomatic seg-
mentation in AW Server (Ver. 4.2, GE Medical Systems)
software platform in T2-FLAIR CUBE and FSPGR modes
after IV contrast agent administration.

According to location of the space-filling lesion in LV
projection, all patients were divided into 3 groups: with poste-
rior location — 7, with middle location — 14, with anterior
location — 27 cases. Tumor volume varied between 1.24 and
112.0 (median 18.9) cm’.

Estimation of preoperative tumor volume involved
3 grades: large (>39 cm?), intermediate (10—39 cm?), small
(<10 cm?). Per location on either side of the brain, the fol-
lowing types were observed: bilateral — in 7 (14.6 %), left
side — in 19 (39.6 %), right side — in 22 (45.8 %) patients.

The following anatomical relations between the
space-occupying lesion and surrounding structures were

Original report

observed: in 4 cases, pathological lesion advanced into the
corpus callosum, in 2 cases into the thalamus, in 2 cases
into the caudate nucleus head, in 2 cases into the caudate
nucleus body.

In 26 (55 %) patients, hydrocephalus was diagnosed.

Patients were operated on through transcortical approach
in 28 (58 %) cases (through the frontal lobe — 24, through the
upper temporal lobe — 2, through the parietal lobe — 2),
through transcallosal in 16 (33 %) cases, through combina-
tion approach (for advanced LV tumors) in 3 (6 %) cases,
through supracerebellar infratentorial in 1 (2 %) case.

The approach was selected after detailed study of MRI
data taking into account tumor location and volume, hy-
drocephalus grade. The primary goal was to remove all tu-
mor parts under visual control with minimal brain injury
(Table 2). Table 3 presents the decision-making algorithm
for selection of approach depending on tumor location,
advancement and size proposed by V.A. D’Angelo et al. [5].

The most frequent approaches to LV tumor removal
were transcallosal (# = 16) and transcortical (n =28), so we
analyzed the results and risk factors of surgical treatment

Table 2. Tactics for selection of surgical approach associated with tumor growth in removal of lateral ventricular tumors

Structure Tumor location

. Intraventricular
Anterior horn and

anterior parts
of the body

Transependymal superomedial

Intraventricular, transependymal lateral from the dominant side

Temporal horn

Transependymal posterior or in the trigone area

Transependymal superolateral

Transependymal lateral and/or frontal on the nondominant side

Approach

Frontal transcallosal
Middle frontal gyrus

Frontal transcallosal
Middle/inferior temporal gyrus
Frontal or expanded lobectomy

Through the occipitotemporal gyrus

Table 3. Selection of surgical approach for removal of tumors in the trigone and posterior parts of the lateral ventricles

Approaches

Associated with tumor development

tumor location approach

Superior parietal lobule,

Intraventricular through the corpus callosum

splenium
Posterior
i ansssp:rr;ggfmal transcallosal /superior
p parietal lobule
Posterior
Tranlsrfl:ggir;(lilymal transcallosal/superior
parietal lobule
Transependymal ]
lateral Middle temporal gyrus

134

tumor size

Small/medium with medial
location

Small/medium with lateral
location

Large without visual field loss

Large with visual field loss

Associated with tumor size

approach

Superior parietal lobule, posterior
transcallosal, through the corpus callosum
splenium

Transtemporal/superior parietal lobule

Superior parietal lobule/through
the corpus callosum splenium

Superior parietal lobule/through the
corpus callosum splenium/occipital
transcortical



in patient groups operated on through these traditional
approaches [5].

To test hypotheses on the differences between results
of surgical treatment using different surgical approaches,
we used pseudo-randomization technique: patient selection
through propensity score matching (PSM) [6]. This meth-
od allows to select subgroups with the same number of pa-
tients and relatively identical distribution of the main char-
acteristics (potentially affecting surgery radicality and
complication risk) from 2 groups. In 2 such pseudo-rand-
omized subgroups, hypotheses on the differences can be
tested with high reliability. In our study, PSM was used
to form 2 pseudo-randomized subgroups with 13 patients
each from the patients of groups I and II. Selection was
done on the basis of the Evans index, sex, nTBF level and
tumor location in the posterior right LV horn.

Multidimensional analysis of risk factors for postoperative
hematomas in the tumor bed in the early postoperative period
was performed using binary logistic regression model. Presence
or absence of a hematoma were used as binary outcomes.

Statistical analysis of the data was performed using R
programming language (www.r-project.org, version 3.6.3)
in integrated development environment RStudio Server (ver-
sion 1.3.1056). The scenario of statistical analysis is written
as code for calculation automation and repeatability.

Statistical significance of differences in distributions
of categorical variables was evaluated using Pearson’s y? test
and Fisher’s exact test. Differences in numerical values were
evaluated using Student’s t-distribution (for normally
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distributed random values) or Mann—Whitney U test (if hy-
pothesis of normal distribution was disproven).

Results of hypothesis testing were considered statisti-
cally significant at significance level p <0.05.

Analysis of tumor removal radicality using different
approaches showed that through transcortical approaches
tumors of large volume and size were removed with more
cases of hydrocephalus which is the main difference bet-
ween the 2 patient groups.

Baseline preoperative characteristics of the patients who
underwent surgery through transcallosal (group I) and trans-
cortical (group II) approaches are presented in Table 4.

Data on blood flow in the regions of interest for surgical
intervention are presented in Table 5.

Separately the results of radicality and development
of hemorrhagic complications in 2 similar subgroups of pa-
tients who were operated on through transcallosal (7 = 13)
and through frontal transcortical (# = 13) approaches were
analyzed. Baseline characteristics of the subgroups selected
using PSM are presented in Table 6.

Table 6 shows that selection using PSM allowed to bal-
ance out baseline characteristics of the compared sub-
groups, however, baseline principal differences in tumor size
were not leveled out.

Blood flow characteristics in the tumor and other re-
gions of interest in the similar subgroups selected using
PSM are presented in Table 7. In these subgroups, there
were no significant differences in blood flow parameters
in the studied regions (p >0.05).

Table 4. Baseline preoperative characteristics of the patients who underwent surgery through transcallosal (group 1) and transcortical (group 11) approaches

Parameter

Tumor volume, n (%):
large
medium
small

Tumor volume (T2-weighed MRI), cm?® (median [quantiles])
Hydrocephalus, 7 (%)

Evans index prior to surgery, median [quantiles]

Note. MRI — magnetic resonance imaging.

Group
P-value
1(n=16) 1 (n = 28)

3(19) 11 (39.3)
2(12) 11(39.3) 0.01

11(69) 6 (21.4)
3.8[2.6;157]  34.0[15.4; 54.2] 0.003
6 (38) 19 (68) 0.06
0.29[0.27;0.32]  0.38[0.27; 0.41] 0.04

Table 5. Preoperative blood flow characteristics (ASL perfusion) in patients who underwent surgery through transcallosal (group 1) and transcortical

(group 11) approaches

Blood flow characteristic, ml/100 g/min (median [quantiles])

TBF
CBF in the semioval center

nTBF

Group
P-value
I(n=16) II (n = 28)
49.91[32.5;91.4] 72.2[45.4;114.8] 0.27
20.3[16.8;22.3] 16.3[14.3;19.9] 0.07
3.1[1.43;4.4] 4.4[3.0;7.0] 0.13

Note. TBF — tumor blood flow; CBF — cerebral blood flow; nTBF — normalized tumor blood flow.
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Table 6. Baseline characteristics of patients selected using propensity score matching (PSM): subgroup I (transcallosal approach) and 11 (transcortical approach)

Characteristic

Mean age * standard deviation, years

Sex, n (%):
male
female

Tumor size, n (%):
large
medium
small

Tumor volume per T2-weighted MRI, cm?® (median [quantiles])

Tumor location side, n (%):
left
right
bilateral

Presence of hydrocephalus, n (%)
Evans index prior to surgery, median [quantiles]
Note. See Note for Table 4.

Subgroup
P-value
1(n=13) I (n=13)
44+ 15 44+ 14 0.9
4(31) 5(38) 1
9 (69) 8 (62)
3(23) 5(38.5)
1(8) 3(38.5) 0.36
9 (69) 5(23.0)
38[2.6;184]  23.6[8.1; 54.7] 0.08
6 (46) 431
4 (31) 8 (61) 0.37
3(23) 1(8)
5(38) 6 (46) I
0.28[0.27:0.34]  0.27 [0.26: 0.36] 0.7

Table 7. Preoperative ASL perfusion data of patients selected using propensity score matching (PSM): subgroup I (transcallosal approach) and 11 (trans-

cortical approach)

Blood flow characteristic, ml/100 g/min (median [quantiles])

TBF
CBF in the semioval center

nTBF
Note. See Note for Table 5.

Table 8. Distribution per histological diagnosis in the total cohort of patients
with space-occupying lateral ventricles lesions

Histological diagnosis Number of patients, n (%)

Giant cell astrocytoma 2(4.2)
Subependymoma 10 (20.8)
Choroid plexus papilloma 1(2.1)
Ependymoma 4 (8.3)
Epidermoid cyst 1(2.1)
Benign glioma 5(10.4)
Malignant glioma 5(10.4)
Cavernoma 2(4.2)
Colloid cyst 1(2.1)
Meningioma 4 (8.3)
Metastasis 2(4.2)
Neurocytoma 11 (22.9)
Total 48(100.0)

Subgroup
P-value
I(n=13) II (n = 13)
39.7[31.0;97.0] 65.3[47.0;116.0] 0.29
20.1[16.3;21.8] 17.3[14.2;20.2] 0.26
3.6 [1.3; 4.6] 4.412.7;7.0] 0.19
RESULTS

Evaluation of radicality of tumor removal depending

on surgical approach

In our cohort, most of the tumors were benign
slowly growing neoplasms. Distribution of patients with
LV tumors per histological diagnosis is presented in
Table 8.

After surgery the following events were observed: esca-
lation of pyramidal tract signs — 2, speech disorders — 2,
escalation of amnestic disorders — 7, reduction of visual
fields — 2, oculomotor disorders — 1. Among 4 patients with
hemiparesis the following events were observed: escalation
of pyramidal tract signs prior to surgery — 2, development
of hemiparesis after surgery — 2. Dynamics of neurological
and ophthalmological symptoms before and after surgery
are presented in Tables 9 and 10.

Among 44 patients who underwent surgery through
transcallosal and transcortical approaches, radical removal
(residual volume per T2-weighted MRI, median — 0) was
achieved in 30 (68 %) patients.

Outcomes of surgical treatment of LV tumors in groups
I and II are presented in Table 11.



Table 9. Neurological symptoms in patients with space-occupying lateral
ventricles lesions (n = 48) before and after surgical treatment

Number of patients, n (%)
Neurological symptoms

before after

surgery surgery
Paresis 4 (8) 6 (13)
Epileptic seizures 2 (4) 2(4)
Speech disorders 0 (0) 24
Memory loss 22 (46) 27 (56)

Table 10. Ophthalmological symptoms in patients with space-occupying
lateral ventricles lesions (n = 48) before and after surgical treatment

Number of patients, n (%)
Ophthalmological symptoms

before after
surgery surgery
Oculomotor disorders 0(0) 1(2)
Visual field loss 1(2) 3(6)
Condition of the ocular fundus:
venous stasis 20 (42) 2(4)
venous stasis with hemorrhage 6 (13) 0 (0)
normal 16 (33) 35(73)
venous hyperemia 6 (13) 11 (23)

In the compared groups (I — transcallosal, II — trans-
cortical approach), similar frequencies of radical tumor
removal were observed (71 and 63 %, respectively). At the
same time, hematomas in the tumor bed were more fre-
quent in the transcortical patient group (64 vs. 31 % in trans-
callosal) but the differences are not statistically significant.
In general, there were no statistically significant differences
in the treatment results between groups I and II (p >0.05).
This conclusion was confirmed for patient subgroups pseudo-
randomized through PSM.

In the selected subgroups, total removal of tumors was
more frequent through transcortical approach (70 %) com-
pared to transcallosal approach (54 %) despite the fact that
transcortical approach was used for large tumors (mean
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volume 23.6 and 3.8 cm?, respectively). However, these
differences did not reach statistical significance (Table 12).

Analysis of risk factors of hemorrhagic complications

development in the early postoperative period

Data on the presence or absence of postoperative in-
tracranial hemorrhage were available for 44 of 48 patients
of the initially observed cohort. Hematoma in the tumor
bed was observed in 23 (52 %) cases. Characteristics
of these patients (with LVH) and patients who did not have
hemorrhagic complications in the early postoperative peri-
od (21 (48 %) patients) are presented in Table 13.

Results of univariate analysis presented in Table 13
show that sex, tumor volume, presence of hydrocephalus pri-
or to surgery and Evans index prior to surgery are statistically
correlated with hematoma development in the tumor bed.

Analysis of the association between hematoma devel-
opment in the postoperative period and initial blood flow
in the regions of interest showed that in the group with
postoperative hematomas TBF values prior to surgery were
almost 2-fold higher than in the group without hemorrhag-
ic postoperative complications (80.6 vs. 49.4 ml/100 g/min)
(Table 14).

For hematoma development in the tumor bed the fol-
lowing postoperative parameters were statistically signifi-
cant: presence of hydrocephalus and Evans index in the
early postoperative period (Table 15).

Multivariate analysis using logistic regression model
showed that hematoma development in the early postoper-
ative period is significantly correlated with the following
parameters:

— preoperative Evans index (in female patients increase
of this parameter leads to higher risk of hematoma
development than in male patients);

— sex — hematomas are more frequent in men;

— tumor blood flow — increase of this parameter increases
the risk of intraventricular hemorrhage (IVH);

— tumor location — hematomas are less frequent for tumors
in the projection of the anterior horn of the right LV.
This analysis was performed for 40 patients (22 — with

the complication, 18 — without them). Results of model de-
velopment (predictor coefficients) are presented in Table 16.

Table 11. Results of surgical treatment of lateral ventricular tumors through transcallosal (group 1) and transcortical (group 11) approaches in the total cohort

Characteristic

Radical removal, n (%)

Residual tumor volume per T2-weighted MRI, cm® (median [quantiles])

Presence of hydrocephalus, # (%)
Evans index, median [quantiles]
IVH, n (%)

Group
P-value
I (n=16) II (n = 28)

10 (63) 20 (71) 0.74
0.0[0.0; 0.35] 0.010.0; 0.41] 0.89
6 (36) 17 (61) 0.06
0.29 [0.27; 0.31] 0.33[0.27; 0.37] 0.12
5(31) 18 (64) 0.06

Note. IVH — intraventricular hemorrhage, MRI — magnetic resonance imaging.
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Table 12. Results of surgical treatment of lateral ventricular tumors in patients selected using propensity score matching PSM with transcallosal approach

(subgroup 1) and transcortical approach (subgroup I1)

XapakrepucTuka

Radical removal, n (%)

Residual tumor volume per T2-weighted MRI, cm® (median [quantiles])

Presence of hydrocephalus, n (%)
Evans index, median [quantiles]
IVH, n (%)

Note. See Note for Table 11.

Table 13. Preoperative characteristics of patients with early postoperative hemorrhagic complications and without them

Characteristics

Sex, n (%):
m
f

Mean age. years * standard deviation

Tumor size, n (%):
large
medium
small

Tumor volume (T2-weighted MRI), cm? (median [quantiles])

Tumor location, # (%):
on the left
on the right
bilateral

Hydrocephalus, n (%)
Evans index before surgery, median [quantiles]
Note. See Notes to Table 11.

Table 14. ASL perfusion data prior to surgery depending on the presence of hematoma

Blood flow characteristic, ml/100 g/min (median [quantiles])

TBF

CBF in the semioval center
nTBF

Note. See Notes to Tables 5 and 11.

Testing of the model using data with which it was de-
veloped showed good quality of modeling: area under ROC
curve — 0.952; accuracy — 0.95; sensitivity — 1; specificity —
0.889.

DISCUSSION

Space-occupying LV lesions are a relatively heteroge-
nous group of tumors united by common location in the LV
projection. Radicality of removal of these tumors is relative-
ly high: per various sources it reaches about 80—90 %

Subgroup .
1(n=13) I (n = 13) “value
7(54) 9 (70) 0.69
0.0[0.0;0.35]  0.0[0.0; 0.41] 0.98
5(38.5) 4(31) 1.00
0.29[0.27;0.31]  0.28 [0.26; 0.32] 0.66
4(31) 5(38.5) 1.00
Group
P-value
with IVH (n = 23) without IVH (n = 21)
15 (65) 5(24) 0.008
8 (35) 16 (76)
40 £ 15 46 £ 14 0.2
9 (39.3) 5(19)
10 (39.3) 3(12) 0.009
4(21.4) 13 (69)
31.2[16.0; 57.2] 6.2[3.1; 38.2] 0.009
10 (43.5) 7(33) 0.7
10 (43.5) 12 (57) :
3(13) 2(10)
18 (88) 6 (29) <0.001
0.38 [0.32; 0.41] 0.27 [0.26; 0.30] <0.001
Group
P-value
with IVH (n = 23) without IVH (n = 21)
80.6 [50.3; 169.1] 49.4[32.5; 83.7] 0.04
16.7 [14.7; 20.8] 18.1[14.3; 21.2] 0.76
5.04[2.98; 9.83] 3.45[1.8;4.5] 0.04

depending on tumor location, size, and histology [7—9].
Surgical approaches to LV neoplasms are quite exhaustive-
ly described in literature, indications and possibilities/lim-
itations of tumor removal using different approaches con-
sidering location, hydrocephalus and advancement in the
ventricular system are well known, and radicality of LV
tumors removal is well described [1, 2, 5, 10].

The first aim of our study is selection of approach. It was
based on well-known indications and contraindications
taking into account location, presence of hydrocephalus,
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Table 15. Results of surgical treatment of patients with and without intracranial hemorrhagic complications

Characteristic

Radical removal, n (%)

Residual tumor volume per T2-weighted MRI, cm? (median
[quantiles])

Presence of hydrocephalus, # (%)

Evans index, median [quantiles]
Note. See Notes to Table 11.

Group
with IVH without IVH P-value
(n=123) (n=21)
16 (70) 14 (67) 1
0.0 [0.0: 0.64] 0.0 [0.0: 0.35] 0.9
18 (78) 5(24) 0.001
0.33[0.31:0.38]  0.28 [0.26: 0.29] 0.001

Table 16. Logistic regression model explaining interdependence between Evans index, tumor blood flow, tumor location and patient sex and probability

of intraventricular hemorrhage

Parameter Coefficient Standard error Standard z-score P-value

Constant —30.562 11.624 —2.629 0.009
Evans index 68.362 25.941 2.635 0.008
Male sex 23.741 10.133 2.343 0.019
nTBE ml/100 g/min 0.864 0.403 2.144 0.032
Tumor location in the projection of the anterior

horn of the right lateral ventricle —4.282 1.8760 —2.283 0.022
Evans index in males —64.392 27.761 —2.320 0.02

Note. See Note for Table 5.

tumor advancement. Transcortical approach offers wide
view, which is important, especially in deep intraventricular
tumor advancement. In case of severe hydrocephalus, trans-
cortical approach allowed to remove tumors growing pos-
teriorly into LV body and lateral parts. Using transcortical
approach through the anterior horn, tumors of the anterior,
middle and posterior locations at the side of approach could
be removed, however there were limitations in removal
of tumors in the opposite LV.

In our experience, transcallosal approach allowed to re-
move tumors of the anterior and middle location in both
LVs but without lateral growth. Transcallosal approach has
limitations in case of posterior tumor location. In cases
of middle or unilateral medial tumor locations without lat-
eral growth, transcallosal approach is preferred. This ap-
proach was used for tumors of small and medium size and
when hydrocephalus was absent or mild. The advantage
of transcallosal approach is possibility of accessing both LVs
and absence of cortical incision [1, 2, 5, 10].

There are clinical situations when a tumor can be re-
moved through both transcortical and transcallosal ap-
proaches. In this case selection of approach depends on the
surgeon’s preferences and experience.

Among 48 patients with space-occupying LV lesions
operated on using different approaches, total removal was
achieved in 67 % of cases. Typically, LV tumors are operat-
ed on through transcallosal or transcortical approach
through the frontal lobe. Therefore, we have analyzed

2 groups of patients satisfying the inclusion criteria who
underwent surgery using these approaches. Selection using
PSM allowed to balance out baseline characteristics of the
compared subgroups. The analysis showed that radicalities
of LV neoplasm removal using the 2 main approaches are
similar. Absence of statistically significant differences shows
that in our series, selection of approach considering pres-
ence or absence of hydrocephalus was presumably adequate
for the sizes, volumes, locations, advancement of the tum-
ors in LV projection.

The performed statistical analysis shows that correct
choice of approach taking into account tumor location, size
and advancement does not allow to determine statistically
significant factors that can affect radicality of LV tumor
removal. As a rule, through transcortical approach large
tumors can be removed which is a consequence of better
visualization and wider attack angle compared to transcal-
losal approach [1, 5, 10].

Majority of researchers agree that one of the most dan-
gerous complications in the postoperative period in LV neo-
plasm surgery is development of hemorrhagic complica-
tions, abnormal cerebrospinal fluid circulation (CSF) and
escalation of neurological symptoms [1, 11].

According to data by M. Baroncini et al., frequency
of postoperative intraparenchymal hemorrhages is 5.2 %,
and IVH after LV tumor removal occurs in 6 % of cases [1].
IVH after removal of LV neoplasms are more common
in cases of neurocytomas. According to A.N. Konovalov
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et al., hematoma in tumor bed is diagnosed in 20 % of cas-
es, and it usually requires surgical revision and hematoma
removal. In surgery of LV tumors, hemorrhagic complica-
tions are more common after removal of cerebral neurocy-
tomas [10].

The second aim of the study is evaluation of factors affect-
ing development of hemorrhagic complications in the early
postoperative period. Knowledge of risk factors for these
complications should improve their prevention during
preparation for surgery. The performed analysis showed that
after surgery in the early postoperative period hematoma
in the tumor bed was observed in 23 cases. In 3 cases, he-
matoma led to occlusion of CSF with hydrocephalus and
symptoms of hypertension. In these 3 observations, revision
and hematoma removal were necessary. In the other 20 cases,
lysis and resorption of hematomas occurred. Hematoma
volume was not measured, only its presence or absence
after tumor removal and analysis of factors affecting its
development were considered.

Postoperative hematomas were more frequent (in 64 %
of cases) after transcortical approach. For transcallosal ap-
proach, frequency of hematomas was 31 %.

Statistically significant predictors of hematoma devel-
opment in tumor bed were Evans index, tumor location
in the area of the right anterior horn (for this location hema-
tomas are rarer), male sex and tumor blood flow level per
ASL perfusion data. It can be suggested, that women with
tumors in the right anterior horn are less likely to have post-
operative hemorrhage compared to men. The risk increases
with increasing Evans index and nTBF level. Presence
of postoperative hematoma is correlated with Evans index
because of the large size of tumors in cases of hydrocepha-
lus. In the group with postoperative hematomas, hydro-
cephalus was observed in 78 % of cases. Additionally in our
study, mean tumor size in the group of postoperative hemat-
omas was 31.2 cm? compared to 6.2 cm? in the group with-
out hematomas. For large advanced tumors, it is hard
to control small residual tumor after removal. Visualization
is complicated by collapse of the ventricular system at the end
of surgery. Usually, residual tumor is the cause of hemor-

rhage in the postoperative period especially with high tumor
blood flow.

For tumor location in the projection of the right ante-
rior horn, hemorrhagic complications are less frequent be-
cause through transcortical and transcallosal approaches
maximal visualization of the walls of the right LV is achi-
eved. Other parts of the ventricular system remain less vis-
ible after LV tumor removal. Therefore, in the right anteri-
or horn residual tumor can frequently be visualized and
removed. Correlation between sex and hemorrhage is hard
to explain. We did not find confirmation of this in the liter-
ature (PMC free article, PubMed, Google Scholar). Hem-
orrhages develop specifically from unremoved residual tu-
mor. According to J.W. Kim et al., as well as L.F. Chen
et al., postoperative hemorrhages develop due to the follow-
ing factors: intense tumor blood flow, presence of many
pathological vessels in the tumor, primarily arteries, without
smooth-muscle elements and cavernous-like veins [11, 12].

Based on our study, significant factors allowing predic-
tion of hemorrhagic complications in the postoperative
period were determined: Evans index, tumor location in the
area of the right anterior horn (for this location hematomas
are rarer), male sex and tumor blood flow level per ASL
perfusion data. Awareness of these factors affecting devel-
opment of hemorrhagic complications allows surgeons
to predict such pathologies and correctly prepare for surgi-
cal LV tumor removal.

CONCLUSION

Correct and adequate choice of surgical approach con-
sidering anatomical location and advancement of the tu-
mor, presence of hydrocephalus and surgeon’s preferences,
ensures high radicality of removal. Absence of statistically
significant differences for resection radicality through trans-
callosal and transcortical approaches shows correct choice
of approach for high radicality of LV tumor removal. Fac-
tors affecting the risk of hemorrhagic complications in the
early postoperative period should be taken into account:
sex, presence of hydrocephalus, neoplasm location and
blood flow level.

—_

. Baroncini M., Peltier J., Le Gars D., Lejeune J.P. Tumors
of the lateral ventricle. Review of 284 cases. Neurochirurgie
2011;57(4—6):170-9. (In Fr.). DOI: 10.1016/j.neuchi.2011.09.020
2. Aftahy A.K., Barz M., Krauss P. et al. Intraventricular
neuroepithelial tumors: surgical outcome, technical considerations
and review of literature. BMC Cancer 2020;20(1):1060.
DOI: 10.1186/s12885-020-07570-1
3. Danaila L. Primary tumors of the lateral ventricles of the brain.
Chirurgia (Bucur) 2013;108(5):616—30.
4. Jlypust A.P. Beiciiine KopkoBble dyHkimu yenoBeka. CI16.: [Tu-
Tep, 2018. 768 c.
5. d’Angelo V.A., Galarza M., Catapano D. et al. Lateral ventricle
tumors: surgical strategies according to tumor origin
and development — a series of 72 cases. Neurosurgery

2008;62(6 Suppl 3):1066—75. DOI: 10.1227/01.
neu.0000333772.35822.37

6. Rosenbaum P.R., Rubin D.B. The central role of the propensity
score in observational studies for causal effects. Biometrika
1983;70(1):41-55. DOI: 10.1093/biomet/70.1.41

7. Imber B.S., Braunstein S.E., Wu EY. et al. Clinical outcome
and prognostic factors for central neurocytoma: twenty years
institutional experience. J Neurooncol 2016;126(1):193—200.
DOI: 10.1007/s11060-015-1959-y

8. Varma A., Giraldi D., Mills S. et al. Surgical management and long-
term outcome of intracranial subependymoma. Acta Neurochir
(Wien) 2018;160(9):1793—9. DOI: 10.1007/s00701-018-3570-4

9. Chai Y.H., Jung S., Lee J.K. et al. Ependymomas: prognostic
factors and outcome analysis in a retrospective series of 33 patients.


https://pubmed.ncbi.nlm.nih.gov/?term=Baroncini+M&cauthor_id=22032889
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7640680/

Russian Journal of Neurosurgery ‘ HEHPOXUPYPTUA
TOM 24 Volume 24

Brain Tumor Res Treat 2017;5(2):70—6. DOI: 10.14791/btrt. strategies based on 30 years’ experience in a single institute.
2017.5.2.70 Neurosurgery 2013;72(3):407—13; discussion 413—4.

10. Konovalov A., Maryashev S., Pitskhelauri D. et al. The last decade’s DOI: 10.1227/NEU.0b013e3182804662
experience of management of central neurocytomas: Treatment 12. Chen L.E, Yang Y., Ma X.D. et al. Operative management
strategies and new options. Surg Neurol Int 2020;336(12):1—15. of intraventricular central neurocytomas: an analysis
DOI: 10.25259/SNI_764_2020 of a surgical experience with 32 cases. Turk Neurosurg

11. Kim J.W,, Kim D.G., Kim I.K. et al. Central neurocytoma: long- 2016;26(1):21-8. DOI: 10.5137/1019-5149.JTN.
term outcomes of multimodal treatments and management 11356-14.2

Author’s contribution

S.A. Maryashev: surgical operation and assistance, research design of the study, data collection and analysis, article writing;
G.V. Danilov: research design of the study, article writing and editing;

Yu.V. Strunina: data collection and analysis, scientific editing of the article;

A.V. Batalov: data collection and analysis;

Ya.O. Vologdina: data collection and analysis;

I.N. Pronin: research design of the study, editing of the article;

D.I. Pitskhelauri: surgical operation, research design of the study, editing of the article.

ORCID of authors

S.A. Maryashev: https://orcid.org/0000-0002-0108-0677
G.V. Danilov: https://orcid.org/0000-0003-0312-7640
Yu.V. Strunina: https://orcid.org/0000-0001-5010-6661
A.V. Batalov: https://orcid.org/0000-0002-8924-7346
Ya.O. Vologdina: https://orcid.org/0000-0002-3196-588X
L.N. Pronin: https://orcid.org/0000-0002-4480-0275
D.I. Pitskhelauri: https://orcid.org/0000-0003-0374-7970

Conflict of interest. The authors declare no conflict of interest.
Funding. The work was performed without external funding.

Compliance with patient rights and principles of bioethics. All patients gave written informed consent to participate in the study.

Article submitted: 28.03.2022. Accepted for publication: 07.09.2022.

4’2022

Original report

141



4’2022

Original report

142

HENPOXUPYPTUA

Russian Journal of Neurosurgery

TOM 24 Volume 24

DOI: 10.17650/1683-3295-2022-24-4-46-58 () BY 4.0

METABOLIC NAVIGATION DURING BRAIN TUMOR
SURGERY: ANALYSIS OF A SERIES OF 403 PATIENTS

S.A. Goryaynov' 2, A.A. Potapov', V.A. Okhlopkov!, A.I. Batalov!, R.O. Afandiev!, A.Yu. Belyaev!, A.A. Aristov!,
T.A. Caveleva®, V.Yu. Zhukov', V.B. Loshchenov3, D.V. Gusev*, N.V. Zakharova'

!N.N. Burdenko National Medical Research Center of Neurosurgery, Ministry of Health of Russia; 16 4" Tverskaya-Yamskaya St.,
Moscow 125047, Russia;

2Immanuel Kant Baltic Federal University; 14 Al. Nevskogo St., Kaliningrad 236041, Russia;
JProkhorov General Physics Institute, Russian Academy of Sciences; 38 Vavilova St., Moscow 119991, Russia;
“The Russian National Research Medical University named after N.I. Pirogov; I Ostrovitianov St., Moscow 117997, Russia

Contacts:

INTRODUCTION
The recommendations for neuro-oncological surgery

Sergey Alekseevich Goryaynov sgoraynov@nsi.ru

Introduction. Metabolic navigation with 5-ALA is one of methods for intraoperative imaging in neuro-oncology.
Aim. To perform a comparative analysis of sensitivity of metabolic navigation with 5-ALA during surgery of primary and
secondary brain tumors of various histological nature and degree of malignancy.

Materials and methods. During the period from 2013 to 2020, our group have performed surgery to 403 patients using
metabolic navigation: microsurgical resections were performed in 384 people with brain tumors, 220 of them were with
glial tumors, 101 were with intracranial meningiomas, 63 were with metastatic brain damage. Among patients with
metastases, 39 patients had a solitary injury, 16 had a multi-focal injury, so 72 cases of metastatic nodes were considered
in this group. Stereotactic biopsies with 5-ALA-assistance were performed in 19 people. Metabolic navigation was
performed with the drug 5-ALA, which was taken orally at a dose of 20 mg/kg 2 hours before surgery. Intraoperative
fluorescence was evaluated using microscope with a fluorescent module.

Results. Metabolic navigation using microscope has a high sensitivity when employed during microsurgery (including
repeated implementation of surgery) in cases of anaplastic gliomas (65 % in total, 58 % with bright glow), glioblasto-
mas (94 % in total, 53 % with bright glow), intracranial meningiomas (94 % in total, 64 % — with bright glow). The use
of 5-ALA has significant limitations in sensitivity in cases of diffuse gliomas (46 % —in total, 27 % — with bright glow)
and brain metastases (in total 87 % — for the solid part, 52 % — for the bed, with bright glow — 51 %). In diffuse gliomas,
the glow areas had significantly higher proliferative index and cell nuclei density than the fluoronegative zones. Among
the most important factors affecting the glow of gliomas it can be noted: the status of the IDHI mutation, the volume
of the contrasting part of the glioma according to MRI data, the methionine accumulation index according to positron
emission tomography, the tumor blood flow indicators according to the arterial spin marking method — ASL perfusion.
Conclusions. Implementation of 5-ALA navigation with the use of microscope provides high sensitivity in cases of
glioblastomas, anaplastic gliomas (especially for detecting of non-contrasting part of tumor that is not visually altered

in the white light of operating microscope) and brain meningiomas. The method is less effective in low-grade gliomas
and intracranial metastases.

Keywords: metabolic navigation, brain tumors, 5-ALA, protoporphyrin, fluorescence
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croscopes and endoscopes), intraoperative computer tomo-
graphy, MRI, ultrasound scanning and three-dimensional

include information on maximum tumor resection with
minimal risk of functional complications with the manda-
tory use of preoperative planning (functional magnetic res-
onance imaging (fMRI), tractography), microsurgical tech-
niques and intraoperative optics [1]. Reliable information
about the volume of tumor to be resected can be obtained
by intraoperative imaging. The problem solution is mainly
achieved by employment of optical systems (operating mi-

frameless ultrasound neuronavigation, neuronavigation
systems, metabolic navigation (MN) and various combina-
tions of these methods [1, 2].

Taking into account that the possibilities of using intra-
operative MRI are limited, and intraoperative ultrasound
examination does not provide information about the met-
abolic parameters of the tumor, then development and im-
provement of intraoperative optical neuroimaging and
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optical spectroscopy methods in neuro-oncology are rele-
vant [3].

One of the main intraoperative imaging in surgery of brain
tumors of various histological nature is the MN technique.
In 1947, the first clinical report was published on the use
of fluorescein during neurosurgical removal of brain tumors
in 46 patients, which before the advent of neuroimaging
methods contributed to more accurate determination
of tumor localization during surgery [4]. At the end of the
20™ century, the first data on the possibility of implication
of 5-aminolevulinic acid (5-ALA) in neurosurgery, mainly
of malignant gliomas (GL) [5], were reported.

Currently, the 5-ALA is used in surgery of other brain
and spinal cord tumors in both children and adults, in par-
ticular in cases of meningiomas [6], metastases [7, 8], neu-
rocytomas, ependymomas [9] and other neoplasms of brain
and spinal cord.

The aim of the study is to generalize the experience of
surgical treatment of brain tumors of various histological
nature — low and high-grade GL, intracranial meningiomas
(ICM) and metastases (ICMs), as well as to compare the
sensitivity of fluorescence (FL) in tumor surgery

MATERIALS AND METHODS

Clinical characteristics of patients

The work is a single-center cohort study. For the period
from 2013 to 2020 at the Burdenko Neurosurgical Institute
403 patients has undergone surgery using the MN: micro-
surgical resections were performed in 384 people with brain
tumors, including 220 with glial tumors, 101 with ICM,
63 with metastatic brain lesion. Among patients with me-
tastases, 39 patients had a solitary lesion, 16 had a multi-fo-
cal lesion, so 72 cases of metastatic nodes were considered
in this group. Stereotactic biopsies (STB) with the 5-ALA
assistance were performed in 19 people. A detailed distri-
bution of cases with consideration of histology outcome is
presented in Table 1. The study included 183 men and 220 wo-
men, the mean age of patients was 46 + 15.3 years, the
minimum age was 17, the maximum was 78 years.

The technique of microsurgical operative interventions

using fluorescence in brain tumors

After informed consent and providing data on the ab-
sence of significant pathology of liver and kidneys, patients
received a solution of 5-ALA hydrochloride (Alacens®, SSC
“Research Institute of Organic Intermediates and Dyes”,
Russia) at a dose of 20 mg/kg. The 5-ALA was prescribed
2 hours before surgery (90 % of patients) or 3—4 hours be-
fore (9 % of patients), less often the drug was administered
immediately before the patient was taken to the opera-
ting room (1 % of observations). The surgeries were per-
formed using the Pentero microscope with FL module (Carl
Zeiss) — in BLUE 400 mode. At the time of surgery, the
operating room was darkened (external light was turned
off), the neurosurgeon performed periodic switching of the
white light and FL mode. The work near functionally
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significant zones was carried out in accordance with data of
neurophysiological monitoring. In case of severe bleeding
at the main stage of tumor removal, a staged hemostasis was
first performed followed by switching the microscope to the
FL mode.

The intensity of FL was assessed subjectively in the
eyepieces of the microscope: bright (intense red staining),
moderate (pink), weak (pale pink), no glow. An objective
assessment of the luminescence was performed in 46 obser-
vations using the laser spectroscopy method.

In the case of STB, the glow of the biopsy specimen was
evaluated immediately after its extraction from Nashold can-
nula on Petri dish under the fluorescent light of a microscope.

RESULTS

1. Comparative analysis of fluorescence diagnostics

sensitivity in surgery of gliomas, intracranial

meningiomas and metastases

The most effective use of fluorescence diagnostics
(FLD) was in the surgery of ICM and GL of a high degree
of malignancy (see Table 1).

Gliomas. Among high-grade GL, up to 12.9 % of tu-
mors are fluoronegative, while their frequency in the group
of anaplastic GL (Grade III tumor malignancy) reaches
34.5 % and in the group of fluoronegative GL —up to 6 %.
As a result of the study, a reliable influence of the tumor
malignancy degree (Grade) on the fact of luminescence and
its degree during surgery was established, the relationship
was statistically significant (p <0.05). The most frequent
bright FL was observed in patients with anaplastic GL
(58 %), which was probably due to absence of necrosis zone
in them as compared to patients with glioblastomas (53 %).
It is interesting to note that 10 % of glioblastomas had a weak
degree of tumor luminescence as compared with 32 % in pa-
tients with low-grade GL (see Table 1).

The analysis has shown that the FL-effect in the group
of patients with cerebral GL was significantly influenced by
the following factors: administration of anticonvulsants
before surgery; volume of contrasted part of the GL; level
of volumetric blood flow in tumor according to perfusion
studies; methionine accumulation index according to pre-
operative positron emission tomography (PET); GL sub-
type and presence of mutation. The fluorescent effect did
not significantly depend on the fact of repeated surgery.

Among Grade II-IIT GL, the density of cell nuclei was
significantly higher in the tumor glow zone than in the
non-luminous one (2180 £ 920 vs 1510 £ 630 mm?, » =0,68,
p = 0.03). The proliferative index Ki-67 was also signi-
ficantly higher in the tumor glow zones of 7.41 + 2.2
vs2.52 £ 1.1 % (r =0.62, p =0.04). The use of MN made
it possible in 7 (25.9 %) out of 27 cases to identify an ana-
plastic focus and diagnose GL of Grade I1I when perform-
ing multiple biopsies and taking biopsies from the fluores-
cent and non-fluorescent parts of the tumor with targeted
biopsy from the glow zone. At the same time, the main part
of the tumor did not fluoresce (GL of Grade II).
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Table 1. Comparative analysis of metabolic navigation sensitivity during microsurgical removal of brain gliomas of low (LGG) and high (HGG) malignancy,

intracranial meningiomas (ICM) and metastases (ICMs)

Histological tumor type, malignancy degree

LGG

Piloid astrocytoma, Grade I

Diffuse astrocytoma, Grade 11
Hemistocytic astrocytoma, Grade 11
Ganglioastrocytoma, Grade I1

Infantile desmoplastic ganglioglioma
Oligoastrocytoma, Grade IT*
Oligodendroglioma, Grade I1
Pleomorphic xanthoastrocytoma, Grade I1
HGG

Anaplastic astrocytoma, Grade 11
Anaplastic oligoastrocytoma*, Grade I11
Anaplastic oligodendroglioma, Grade II1
Glioblastoma, Grade IV

Gliosarcoma, Grade IV

ICM

Grade I

Grade I1

Grade I11

ICMs, a solid part

Lung cancer

Breast cancer

Other metastases

Total

Number of cases
total, n  with fuorescence, n (%) without fuorescence, n (%)

56 26 (46.4) 30 (53.6)

3 3 (100) 0 (0)
24 6 (25) 18 (75)

3 3 (100) 0 (0)

1 0 (0) 1 (100)

1 1 (100) 0 (0)

16 8 (50) 8 (50)

6 3 (50) 3 (50)

2 2 (100) 0(0)
164 143 (87.1) 21 (12.9)
29 19 (65.5) 10 (34.5)

8 5(62.5) 3(37.5)

6 4 (66.7) 2(33.3)
115 108 (94) 7 (6)

6 6 (100) 0 (0)
101 95 (94.05) 6 (5.95)
78 75 (96.2) 3(3.8)
21 18 (85.7) 3(14.3)

2 2 (100) 0 (0)

63** 55 (87.3) 8 (12.7)
24 21 (87.5) 3(12.5)

19 17 (89.4) 2 (10.6)
20 17 (85) 3(15)
384 302(78.7) 82(21.3)

* Retrospective analysis of histological material (2012—2020): some patients that have undergone surgery before 2016 had mixed

gliomas — oligoastrocytomas and anaplastic oligoastrocytomas.

**72 tumor foci were recorded in patients with ICMs (n = 63); the table shows data from patients as a whole.

Intracranial meningiomas. Of 101 (100 %) patients
with ICM, 95 (94.05 %) patients had intraoperative tumor
FL. When assessing visible FL through an operating micro-
scope, bright FL was observed in 60 (63.15 %), moderate —
in 23 (24.2 %), weak — in 12 (12.63 %) patients. The me-
dian age of patients with fluoropositive tumors was 56 years
(from 25 to 79 years, n = 95), of those with non-fluorescent
meningiomas — 41.5 year (from 38 to 59 years, n = 6), the
differences between the age groups were statistically signif-
icant (p = 0.02).

The following factors did not significantly influence
(p >0.05) the FL-effect during surgery: the degree of ma-
lignancy of meningioma and its localization, administration
of decongestant and anticonvulsant drugs, histological sub-
type of meningioma, presence of concomitant diseases, the
fact of repeated surgery. The fact of intraoperative bleeding
significantly influenced (p <0.05) the tumor glow during
resection. The blood in the wound blocks the FL-effect due
to its high optical density.

After removal of the main tumor node, the FL-glow was
recorded: in 10 cases — the dura mater (DM) lesion that was not
visible in white light, in 5-arachnoid membrane lesion of adja-
cent vessels, in 4 — adventitia of vessels underlying the tumor, in
11 — hyperostosis of lesioned bone, in 6 — small residual frag-
ments of the tumor that were not visible in white light. Thus, in
36 (35.6 %) of 101 patients additional areas of meninges lesion
related to residual fragments of the tumor were revealed during
the removal of ICM — in dura and arachnoid mater; while in 27
(26.7 %) observations, surgical technique was adjusted: addi-
tional resection of the lesioned DM, grinding of fluorescent
areas of hyperostosis with boron or removal of the bone flap,
residual fragments of the tumor, coagulation of the underlying
arachnoid matter lesioned by the tumor.

Intracranial metastases. In present study, the MN was
used in 63 patients with ICMs. Visible FL was registered in
61 (84.7 %) of 72 tumor foci, of them weak FL —in 14 (22.9 %),
moderate — in 16 (26.3 %), pronounced — in 31 (50.8 %)
foci. Absence of the FL was recorded in 11 (15.3 %) foci.
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Fig. 1. The relationship between fluorescence in the bed of removed malignant glioma and the presence (a) or absence (b) of tumor cells in it; I — there are
tumor cells in the bed; Il — there are no tumor cells in the bed; ROC curve (c): with a bright glow, the sensitivity of detecting tumor cells in the bed is 74 %,

specificity — 92.5 %

Bright FL was significantly more common in lung cancer
metastases (81 %) as compared with breast cancer (22.2 %).
In adenocarcinoma cases, the bright glow was significantly
less frequent (p <0.05).

The degree of brain metastases luminescence is signif-
icantly influenced by the primary source. Thus, the inten-
sity of FL was significantly higher in lung cancer group (the
frequency of bright glow — up to 81 %), while the lowest
intensity of FL was observed in breast cancer group (the
frequency of weak glow — up to 50 %). In addition, such
factors as intraoperative bleeding (p <0.05) and time elapsed
after radiosurgical exposure (preoperative radiosurgery)
(p <0.05) significantly influenced the FL-effect.

2. Metabolic navigation during stereotactic biopsies

of intracerebral tumors

This subgroup included 19 patients — 11 men and 8 wo-
men, aged from 29 to 77 (median — 50) years. Frame ste-
reotaxis supplied with the CRW system (Integra Radionics,
USA) was used in 16 cases, in 3 cases — it was the ROSA
robotic system. The glow of tumor biopsies in STB with the
5-ALA was obtained in 12 (63.1 %) of 19 patients. Fluores-
cence was more typical for patients with lymphomas and
GL of high degree of malignancy: in 10 (83.3 %) of 12 pa-
tients, while in 50 % of the cases there was a bright glow.
The analysis of fluorescent biopsies in patients with high-
grade GL and lymphomas (20 biopsies from 10 patients)
revealed tumor cells in all of the samples.

3. Analysis of fluorescent bed glow in patients with

gliomas of high malignancy and intracranial metastases

The study of postoperative cavity in the bed of removed
GL of high malignancy was performed in 75 patients (21 an-

aplastic astrocytomas, 8 anaplastic oligodendrogliomas,
46 glioblastomas). In 50 patients, visual assessment of the
removed tumor bed in white light revealed no tumor rem-
nants. However, in 32 (64 %) of 50 patients, the glow of
tumor perifocal zone in the bed was revealed. At the same
time, a bright glow was observed in 18 (36 %), moderate —
in9 (18 %), weak — in 5 (10 %) patients. When there was
bright glow in the bed of removed GL of high degree malig-
nancy, the detection rate of tumor cells in biopsies was
74 %, the specificity was 92.5 % (Fig. 1).

Of 63 patients having had metastases surgery in 56 (89 %)
observations the bed of the removed formations was fluores-
cent, of them from 22 patients the multiple biopsies from
the bed was taken to assess the presence or absence of tumor
cells in it. The 48 biopsies were examined in total: in 25 (52 %)
of them tumor cells were detected in the FL zone, in 23 (48 %)
no tumor cells were detected in fluorescent biopsies.

4. Laser spectroscopy in surgery of intracranial

meningiomas and metastases

Quantitative spectroscopy was performed in 46 patients
with ICM and ICMs. The laser spectroscopy revealed ac-
cumulation of protoporphyrins (PP) in 46 observations with
no visible glow in the microscope eyepieces in 11 (23.9 %)
patients; it was also revealed in patients with ICMs that
index of PP IX accumulation varied from 9.39 to 121.93
relative units, that in average was 39.92 (min — 9.39, max —
121.93) relative units. In the hyperostosis zone, the PP
accumulation indices were significantly lower (as compared
with the solid part of the tumor) — 14.6 (min — 7, max —
19.6) relative units (p = 0.04). A significant correlation was
revealed between qualitative assessments of FL via micro-
scope and indicators of quantitative PP IX accumulation
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Fig. 3. An example of focal glow of biopsy from patient with Grade 11l anaplastic astrocytoma; the biopsy was taken from the luminous part of glioma
(Grade 111 site), the main part of the tumor did not fluoresce (Grade 11 site). Preoperative MRI (axial section): a — T1 with contrast, b — T2; intraoperative
photographs: ¢ — performed in white light, d — in FL modes (there is bright glow of one tumor area with absence of FL in the rest part of it); e — postoperative
MRI (T1 with contrast enhancement); morphological examination of the biopsy: f — sample is from main non — fluorescent part of the tumor (Grade 11 site),
g — sample on the right is from small fluorescent part of the tumor (Grade I11 site)

Y
2

CLINICAL EXAMPLES

146

(relative units) obtained using laser spectroscopy (r = 0.82;
p <0.001) (Fig. 2).

Measurement of the PP accumulation spectra in pa-
tients with ICMs has revealed that level of protoporphyrins
was significantly lower (as compared with patients with
meningiomas) — in case of bright glow the mean FL index
was 35 (22—42), for moderate — 18.5 (15—22), for weak —
9 (8—11) relative units. In case of absence of the visible glow
the mean FL index was 7.5 (6—9) relative units.

Clinical example 1

Patient Zh., 34 years old, intracerebral tumor of the right
parietal lobe with germination into deep structures (corpus
callosum, lateral ventricle, subcortical ganglia) (Fig. 3). The
main part of tumor is of Grade 11 that did not display fluoresce
during surgery. However, during resection a small focus of
bright glow was revealed (Fig. 3 d); during histological exam-
ination of samples from this area it turned out that it corre-
sponded to a Grade 111 tumor, anaplastic astrocytoma IDHI+.



Clinical example 2

Patient Zh., 61 years old. Combined use of FLD and
surgery with intraoperative “awakening” in patient with glio-
blastoma of the left frontal lobe (Fig. 4). During the surgery at
the stage of tumor removal speech disorders in the form of
combined aphasia were noted. Resection was stopped, the
patient had residual FL in the bed. Combined aphasia was
noted in the neurological status during postoperative period:
motor aphasia in combination with amnesic and dynamic
ones, produced by interruption of connections between the left
frontal and temporal lobes due to partial damage to the arcu-
ate bundle during surgery. A complete regression of aphasia
phenomena was observed by the 7" day of postoperative peri-
od. Histological examination: glioblastoma IDH1 NOS.

Clinical example 3

Patient S., 37 years old, with convexital meningioma
(Grade 1) of the right parietal region. There were general ce-
rebral symptoms. Bone-plastic trepanation with removal of me-
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ningioma and lesioned DM was performed. When the FL-
mode was turned on, bright FL of the DM sites along the
matrix edges and FL sites on the adventitia of vessels in the
bed of removed meningioma were recorded. Additional resec-
tion of DM with FL-sections was performed as well as the DM
plastic surgery with a free periosteal flap. A biopsy of fluores-
cent adventitia of cortical vessels was not performed due to risk
of disruption of local cortical blood flow. The wound healing
took place by primary tension. The course of postoperative
period was without peculiarities. The radicality of the surgery
is grade II of D. Simpson classification (Fig. 5).

Clinical example 4

In the patient Zh., who was 60 years old, multiple meta-
stases of breast cancer in the brain were revealed. During the
surgery, there was a weak FL of the removed tumor bed. The
results of an additional biopsy from the glow zone: no tumor
cells were detected. Conclusion: the FL in the bed is caused by
PP IX synthesis in edematous brain tissue (Fig. 6).

Fig. 4. Combined use of metabolic navigation and craniotomy in awake patient with glioblastoma of the left frontal lobe in the Broca’s area: a — MRI (T1 with
contrast), axial section; b — MRI (T1, sagittal section), combined with ASL perfusion; c — MRI-tractography of arcuate bundle (near tumors, part of the fibers
in frontal portion of the tract is not revealed — this is the zone of edema-infiltration); d — MRI-tractography with construction of a pyramidal tract, the tract
is outside the tumor; e — preoperative functional MRI (the Broca’s area is mapped); f — ASL-perfusion (increased blood flow in the tumor); intraoperative
photographs: g — in white light, h — in BLUE 400 mode (the tumor main node is brightly fluorescing), i — in white light (view of the cavity after removal of the
tumor main part, speech disturbances in the form of perseverations were observed in response to electrical stimulation of the bed, the resection was stopped),
Jj —in BLUE 400 mode (residual fluorescence of the bed in infiltration zone); postoperative MRI (T1 with contrast): k — axial section (revealed subtotal

removal of the contrasted part of the tumor), | — sagittal section
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Fig. 5. Images (patient S., 37 years old, with meningioma of the right parietal region): a, b — preoperative MRI (T1 with contrast), coronary and sagittal
sections, respectively; ¢ — histological preparation of the tumor; d, e — intraoperative photographs in white light and fluorescent mode of the BLUE 400
microscope, respectively, areas of tumor cells invasion to intima of vessels (arrow 1) and dura mater (arrows 2, 3) are visible; f — postoperative CT

Clinical example 5

Patient M., 59 years old, with suspected lymphoma of
deep parts of the right frontal lobe. In course of STB the MN
was used, during biopsy sampling the patient’s biopsies had
bright FL (Fig. 7). Subsequent histological examination re-
vealed a plasmocytoma.

DISCUSSION

Initially, the MN method was used in the surgery of
malignant brain GL and that practice has proved advantage
of the FLD in tumor surgery as compared to classical resec-
tion in white light. Analysis of the treatment outcomes in
patients having been operated with the 5-ALA has revealed
statistically significant increase in overall and 6-month re-
lapse-free survival as well as significant increase in frequen-
cy of complete resection achievement of contrast-accumu-
lated part of the tumor [2]. In recent years, the number of
publications on the use of MN in neuro-oncology has been
steadily increasing. According to our data, this method has
a number of advantages and disadvantages (Table 2).

As can be seen from Table 2, the FLD is a fast and
convenient method of intraoperative diagnosis in neuro-on-
cology. According to the data obtained, the maximum sen-
sitivity of the MN was detected in malignant GL and ICM.

There are few publications in the modern literature
investigating various predictors of the FL-effect in surgery
of brain GL, in particular, those employing tumor contrast
[10]. However, it is not entirely clear what influence on the
FL-effect have the following factors: blood flow indicators
(ASL perfusion); methionine accumulation index (PET);
volume of contrasted and non-contrasted tumor parts; pre-
sence or absence of an oligocomponent in the GL; treat-
ment with anticonvulsants. According to our data, the volume
of contrasting part of the GL (preoperative MRI), the methio-
nine accumulation index (preoperative PET) and blood flow
indicators in the tumor (ASL perfusion) have demonstrated
the most reliable prognostic value for intraoperative FL.

According to the present study data, the FL allows to
visualize both contrasting and non-contrasting tumor parts
in case of malignant GL. At the same time, in white light
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Fig. 6. Clinical example of fluorescence in the bed of removed metastatic node in patient Zh., 60 years old; the patient had multiple nodes of the breast cancer.
Additional biopsy sampling: a, b — preoperative MRI with contrast, axial sections at different levels; ¢ — T1 with contrast, sagittal section; d — MRI (T2) in
the early postoperative period; e, f — sequential visualization of intraoperative photographs in white and fluorescent microscope modes at the end of main stage
of node removal; g, h — the same during sampling of additional biopsy from the bed (the bed of removed metastasis is visualized in white and blue light, a bright
glow is noted), a fluorescent biopsy is in the tweezers; i, j, k, | — pathomorphological examination: i — the material of the main tumor node, k, | — the contents
of fluorescent zones in the bed of removed nodes, the sample contains brain tissue while tumor tissue is not detected. Magnification: x 100 (i), x200 (j)

with ordinary microscope settings, the latter is often repre-
sented by an unchanged tissue in the bed.

The issue of fluorescence of low malignancy GL is de-
batable. In particular, a number of studies have shown a
high variation in the FLD sensitivity in this category of
patients: from 0to 40 % [11, 12]. At the same time, accord-
ing to some authors, the FL can detect anaplasia zones with
diffuse GL of Grade II—III [10]. According to our data, the
areas of luminescence in diffuse GL can both coincide in
histology with the main part of non-luminous GL volume
and display anaplastic foci with areas of increased density
in cell nuclei and proliferative index.

Due to small number of publications on the FL use in ICM,
it is necessary to clarify the need to employ the FLD method
during removal of these tumors [12—14]. At the same time, the
use of 5-ALA helps the surgeon to identify additional areas of
glow of lesioned DM, bone structures and arachnoid matter,
that is supported by the results of our study: in 36 % of cases with
ICM, this method revealed additional lesions in bone structures,
dura and arachnoid meninges of the brain.

In ICM surgery with the 5-ALA implementation, a pro-
nounced variation in the method sensitivity has been re-
ported [7, 15]. At the same time, despite the high sensitiv-
ity of the FL in relation to solid part of the tumor, the
specificity of tumor cells detection in the fluorescent bed of
removed metastases remains low.

The issue of the FLD method implementation in ste-
reotactic surgery has not been resolved in the literature.
There are few works on the FL use during STB [16, 17].
According to our data, the FL method has shown high ef-
ficiency in assessing ex vivo luminescence in lymphoma and
malignant GL biopsies.

The issue of the 5-ALA use in GL surgery of brain
functionally significant areas is especially difficult, in par-
ticular, the issue of combined implementation of 5-ALA
navigation and surgery with intraoperative “awakening” in
cases of GL localized in the brain speech areas and near
long associative tracts [18].

In addition to quantitative analysis of the FL-effect, the
use of spectroscopy makes it possible to perform its
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Fig. 7. Intraoperative fluorescent diagnostics in patient M. having plasmocytoma of deep parts of the right frontal lobe. Preoperative MRI of the brain (T1 with
contrast): a — axial projection, b — coronary projection, ¢ — sagittal projection; d — intraoperative spiral computed tomography with contrast, axial section;
biopsies: e — in white light, f — in fluorescent microscope mode (bright glow of the tumor)

Table 2. Advantages and disadvantages of metabolic navigation with 5-ALA in neuro-oncology that are common to all types of tumors

Advantages Disadvantages

Fluorescence is not visualized: under hemostatic material or blood clotting

Real-time examination (high optical density)

There is no effect of brain displacement Presence of inhomogeneously weakly luminous or non-luminous tumors

Fluorescence decreases during prolonged and frequent switching of the

Direct visualization (microscope) microscope due to photobleaching (“bleaching™)

Transmission of information directly from the tissue

After bipolar coagulation, the glow effect is not visible under layer
and not by the use of a “picture”

of coagulation scab and hemostatic materials
The possibility of multiple and rapid repetition
during the surgery

Possibility of use regardless of other methods
(without other neuroimaging techniques)
in the presence of bright homogeneous tumor glow

quantitative assessment. In the available literature, there are 27 %) and metastases in the brain (87 % — for the solid

few works on the use of spectroscopy in surgery of the brain part, 52 % — for the bed, bright glow — 51 %).

GL [13, 19]. According to our study, the highest accumu- 2. Metabolic navigation makes it possible to identify

lation of PP was observed in ICM. anaplasia foci during resection of diffuse GL (25.6 %),
while the density of cell nuclei and proliferative index

150

CONCLUSIONS

1. Metabolic navigation using microscope has shown high

sensitivity during microsurgical operations (including
repeated ones) with anaplastic GL (in general — 65 %,
bright glow — 58 %), GL (in general — 94 %, bright
glow — 53 %), ICM (in general — 94 %, bright glow —
64 %). However, the 5-ALA has significant limitations
in sensitivity with diffuse GL (overall — 46 %, bright glow —

in fluoropositive zones of Grade II-III GL are signi-
ficantly higher than in fluoronegative zones (on mean
7.41 vs 2.52 %). The bright FL of the tumor biopsy in
STB is a reliable (83 %) predictor of the informativeness
of STB.

3. During the MN, the maximum sensitivity among all

brain tumors demonstrates ICM (for a solid part — 94 %,
for hyperostoses — 42 %). Bright FL was observed



in 64 % of patients, moderate — in 24 %, weak — in
12 % of patients. Despite the fact that the tumor is
extra-cerebral and differs well from the brain tissue in
white light, the FL allows identification of areas of
additional lesion of bone, dura mater and arachnoid
meninges in 36 % of cases.
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FEASIBILITY OF SAFE POSTERIOR C1-2
TRANSARTICULAR SCREW FIXATTION:
CT MORPHOMETRIC STUDY

I.S. Lvov, A.A. Grin, A.E. Talypov, S.Yu. Roshchin, V.A. Sharifullin, Z.A. Barbakadze, E.E. Alekhin, A.V. Tupikin,
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N.V. Sklifosovsky Research Institute for Emergency Medicine, Moscow Healthcare Department; 3 Bolshaya Sukharevskaya Sq.,
Moscow 129090, Russia
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Background. C1-2 transarticular fixation according to the F. Magerl technique is one of the most reliable methods
of C1-2 screw stabilization. An important aspect of the precise placement of implants during transarticular fixation
under X-ray control is the use of correct selection of start- and end-points of the installation trajectory. At certain values
of the height and width of C2 isthmus some screw installation trajectories may be accompanied by a zero probability
of vertebral artery damage that might be due to the screw malposition.

Aim. To evaluate CT morphometric characteristics of the C2 vertebra to assess the possibility of safe C1-2 transarticu-
lar fixation.

Materials and methods. The analysis performed was based on the data obtained from 7672 patients having admitted
with suspected injury to the N.V. Sklifosovsky Research Institute of Emergency Medicine during the period from
01.01.2019 to 31.07.2019. The study involved 6 neurosurgeons and 6 medical doctors of the X-ray diagnostics depart-
ment. The measurements were carried out in 2 stages. Each parameter (isthmus height - IsthH, isthmus width - IsthW,
lateral mass height — LmH) was measured 2 times. In case of high intraclass correlation, the mean value of the meas-
urements was calculated, which was included in the final analysis.

Results. The intraclass correlation coefficient for all measurements approached an excellent correlation values and was
0.852 (95 % (I 0.844—-0.860). Morphometric characteristics were calculated basing on data from 795 patients. The IsthH
value was 7.45 + 1.66, IsthW 8.56 + 1.48, LmH 5.56 + 1.84 mm. In men, the transarticular fixation was significantly more
likely to be performed without injury of the vertebral artery (in 66.1 % of cases; x*-test, p <0.000001), whereas in wo-
men — only in 29.9 % of cases.

Conclusions. The results obtained suggest that percutaneous bilateral transarticular fixation with the use of posterior
spinolaminar point and middle of the atlas anterior arch as landmarks potentially serves as a method of choice in 88.3 %
of patients. Of all patients with normal anatomy of C2 isthmus, men are twice more likely to undergo transarticular
fixation without damage of vertebral artery than women, the probability exceeds 66 %. However, the risk of injury of this
blood vessel in other patients does not exceed 2.3 %, which is comparable with outcomes of other methods of C1-2
screw stabilization.

Keywords: C2 isthmus, morphometric study, C1-2 fusion

For citation: Lvov I.S., Grin A.A., Talypov A.E. et al. Feasibility of safe posterior C1-2 transarticular screw fixation:
CT morphometric study. Neyrokhirurgiya = Russian Journal of Neurosurgery 2022;24(4):59-66. (In Russ.). DOI: 10.17650/
1683-3295-2022-24-4-59-66

BACKGROUND

C1-2 transarticular fixation (TAF) according to the
F. Magerl and P.S. Seemann technique serves as a reliable
method of screw stabilization of these vertebrae (Fig. 1) [1].
According to the latest published meta-analyses, this tech-
nique is comparable to the Goel—Harms method (A. Goel,
J. Harms) in terms of frequency of formation of spondy-
lodesis and implant-associated complications [2, 3]. TAF
is also highly sensitive to such aspects of surgery as rigidity
of head immobilization during screws installation, type

of implants, localization of the muscle tunnel for screws
installation and method of intraoperative visualization. Me-
ta-analysis [2] has demonstrated that the accuracy of in-
stalling screws under biplane fluoroscopic control is iden-
tical to that employed under neuronavigation. The most
important aspect of the precise implants placement during
TAF under X-ray control is the correct choice of the trajec-
tory start- and end-points. Simulation study [4] has demon-
strated that at certain values of height and width of C2
isthmus some screw installation trajectories (Fig. 2) may be

4’2022

Original report

153


https://creativecommons.org/licenses/by/4.0/

4’2022

Original report

154

HENPOXHUPYPIUA ‘ Russian Journal of Neurosurgery
TOM 24 Volume 24

7 Apascsan CJ).

Fig. 1. Scheme of C1—2 posterior transarticular fixation (Fig. made by neuro-

surgeon S. L. Arakelyan)

accompanied by a zero probability of vertebral artery (VA)
damage that might be due to the screw malposition. The
possibility of minimally invasive TAF surgery along with its
safety makes this technique preferable in some patients

during surgical intervention to C1—2 vertebrae.
The aim of the study was to evaluate the CT morpho-

metric characteristics of C2 vertebra to assess feasibility

of safe C1—2 vertebrae fixation.

MATERIALS AND METHODS
Objects of research
The present work is a retrospective morphometric sin-
gle — center study. The object of the study was the comput-
er tomography (CT) data of the cervical spine. As we em-
ployed completely depersonalized data, the patients’
informed consent to participate the study was not required.
A continuous sampling of patients admitted to the hospital
for the period from 01.01.2019 to 31.07.2019 was carried
out. The inclusion criteria in the study were as follows:
— admission of a patient in an emergency with a suspected
injury;
— availability of cervical spine CT with slices thickness
of 0.5 mm.
The exclusion criteria were as follows:
— the patient’s age is less than 15 years;
— developmental anomaly of craniovertebral level;
— C2 fracture;
— previously performed intervention on C1—2 vertebrae;
— metal artifacts in the craniovertebral region.

Researchers

Six neurosurgeons and 6 medical doctors of the X-ray
diagnostics department took part in the morphometric
study. Before starting the work, a briefing was held that in-
cluded training to measure of the required parameters in
several patients who did not participate in the study. Also,
all participants were provided with methodological recom-
mendations for measurement of the parameters to be stud-
ied in the present work.

Measurements

The measurements were carried out using the RadiAnt
DICOM Viewer 2021.2.2 software (Medixant, Republic of
Poland). In the mode of MPR multiplanar reconstruction,
the measurements included estimation of height of the C2
isthmus (IsthH), its width (IsthW) and height of C2 lateral
mass in the region of VA furrow (IntH) (Fig. 3).

In accordance with the classification by M.H. Nogue-
ira-Barbosa and H.L. Defino [5], the 4 types of C2 isthmus
could be recognized (Fig. 4). Type I corresponds to the
normal values. Type Ila is accompanied by a decrease in the
IsthH and IsthW values — less than 5 mm. In case of type
IIb, there is a decrease in LmH — below 2.5 mm. In case of
type Ilc, there is a decrease in all 3 parameters listed above.

Our previous study [4] has shown that the safest trajec-
tory for screw installing is directed from the posterior
spinolaminar point towards the middle of tubercle of atlas
anterior arch (see Fig. 2). With such screw installation hav-
ing 4 mm in diameter, the VA damage was not registered if
IsthH is more than 6.6 mm and IsthW is more than 7.6 mm
[4]. The risk of VA damage was 2.3 % in patients with IsthH
size of 5.0—6.59 mm and IsthW size of 5.0—7.59 mm.

All the patients were equally distributed among the
researchers for the analysis. The measurements were car-
ried out in 2 stages. After the first stage, a random ex-
change of patients between researchers with repeated
measurement was performed. Thus, each patient was
examined twice by different specialists. In the case of high
intraclass correlation coefficient (ICC) between the ex-
pert responses for 2 measurements of single parameter,
the mean value was calculated and that mean value was
taken in the final analysis.

In a number of patients, the difference between the va-
lues of the same parameter was significant (3 mm or more).
They were examined separately by an expert, and if meas-
urement errors were detected, these data were not included
in the final analysis. If data from the same patient had errors
in estimation of 2 or more parameters, then the patient was
completely excluded from further analysis.

Statistical analysis

The data obtained were analyzed using Statistica 10.0 (Stat-
Soft Inc., USA) and IBM SPSS Statistics 23.0 software.

The normality of the data distribution was estimated by
the Shapiro—Wilk statistical test (Shapiro—Wilk’s W test).
Pearson’s correlation coefficient (Pearson’s 7) was used for



Fig. 3. C2 morphometric parameters: LmH — height of lateral mass; IsthH —
height of isthmus; IstW — width of isthmus

-

Fig. 4. Variants of vertebral artery passage in isthmus of C2 vertebra

(M. H. Nogueira-Barbosa and H.L. Defino [5]), types: a — I; 6 — Ila; 6 — I1b;

e—1lc
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data series with a normal distribution. Spearman’s correlation
coefficient (Spearman’s p) was calculated when data distri-
bution differed from normality.

The differences between groups were calculated by the
use of the Mann—Whitney U Test and Kruskal—Wallis Test.
When comparing the parameters measured in nominal and
ordinal scales, the Pearson’s chi-squared (Pearson’s y>test)
was used. The difference between groups was considered
statistically significant when p <0.05.

Interexpert agreement was evaluated using the intra-
class correlation coefficient (ICC 2.1 — two — way random
effects model, absolute agreement); the results were evalua-
ted in accordance with the Landis—Koch system (J.R. Lan-
dis, G.G. Koch) [6]. The correlation of responses was con-
sidered low at a value less than 0.5, moderate — 0.5—0.75,
good — 0.75—0.90, excellent — above 0.9.

RESULTS

Patient selection

For the period from 01.01.2019 to 31.07.2019, there
were a total of 7672 patients admitted to an emergency were
examined in the CT office of the N.V. Sklifosovsky Re-
search Institute of Emergency Medicine. After applying the
inclusion criteria, 853 patients were selected to view of
DICOM archives. Of these, 24 patients were excluded from
the study due to anomaly of the craniovertebral junction or
because of metal structure installed in C2 area.

Results after completion of the second stage of the stu-
dy were as follows:

— measurement errors were not detected in 683 patients;

— the expert found a measurement error in 1 of the stu-
died parameters so this parameter was excluded from
the final analysis; there were 112 such patients;

— measurement errors of 2 or more parameters were
detected, therefore these patients were excluded from
the study; there were 34 such patients.

Thus, the final analysis of morphometric characteristics
included data from 795 patients, and classification of isthmic
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part in accordance with the classification of M.H. No-
gueira-Barbosa and H.L. Defino included 683 patients.

Assessment of inter-expert consent

The ICC intraclass correlation coefficient for IsthH
measurements was 0.786 (95 % CI, 0.765—0.805), for
IsthW — 0.763 (95 % ClI, 0.738—0.786), for LmH — 0.790
(95 % CI, 0.770—0.808). The overall intra-class correlation
for all measurements approached excellent level and was
0.852 (95 % Cl, 0.844—0.860). Taking in consideration the
high degree of correlation of responses between experts, the
results of all 795 patients were taken in the final analysis.

Analysis of C2 parameters

Morphometric characteristics were calculated on the
basis of data from 795 patients. Among them there were
514 (64.7 %) men and 281 (35.3 %) women. The mean age
was 42.9 (15-93) years.

The mean value of IsthH in the left sections of C2 ver-
tebra was 7.40 = 1.63 mm, in the right — 7.51 £ 1.70 mm.
The total value of IsthH for both sides was 7.45 £ 1.66 mm
(Table 1).

For IsthW, the mean value on the left was 8.68 £ 1.45 mm,
on the right — 8.43 &+ 1.50 mm. The total IsthW value for
both sides was 8.56 + 1.48 mm.

For the C2, mean LmH on the left was 5.42 + 1.79 mm,
on the right — 5.70 = 1.87 mm. In general, the LmH for
both sides was 5.56 + 1.84 mm.

The statistical analysis revealed no correlation between
age and IsthH (» = 0.012, p >0.05) as well as between age
and LmH (r= —0.05, p >0.05). A very weak negative cor-
relation between age and IsthW was revealed (r = —0.08,
p <0.00001). When analyzing the distribution by sex, the meas-
ured parameters of C2 vertebra in men were significantly higher
than in women (Mann—Whitney test, p <0.0001) (Fig. 5).

The results of patients’ distribution according to the
classification by M.H. Nogueira-Barbosa and H.L. Defino
are presented in Table 2. The procedure of TAF for C1-2
vertebrae has contraindication for patients with types Ila
and Ilc. Therefore, the TAF evaluation of both sides
was possible in 602 (88.3 %) patients, only of one side —
in 59 (8.6 %) patients. It was impossible to perform TAF due
to the anatomical features of C2 vertebra in 22 (3.2 %) pa-
tients. The relationship between the type of C2 isthmus and
the age was not revealed (Kruskal—Wallis’s test, p = 0.38).
In men, the normal anatomy of C2 isthmus that made pos-
sible TAF of both sides was significantly more frequent than
in women (2 test, p <0.00001).

Out of 585 patients with normal anatomy of C2 isth-
mus, it was possible to perform completely safe TAF in 319
(54.5 %) observations on both sides and in 153 (26.2 %) —
only on one side. In the remaining 113 (19.3 %) patients,
the risk of VA damage was 2.3 %. There was no significant
relationship between age and probability of safe TAF (Krus-
kal—Wallis’s test, p = 0.78). In men, the feasibility to per-
form TAF without VA injury was significantly more frequent
() test, p <0.000001). So, in men, it could be performed on both
sides in 2 out of 3 (66.1 %) observations, whereas in wo-
men — only in 29.9 %.

DISCUSSION

The question of choosing the method of C1-2 verte-
brae stabilization after traumatic injuries of C1—2 vertebrae
still remains unresolved. Under certain conditions, the TAF
has significant advantages over other stabilization methods.
Thus, the minimum number of implants installed and the
absence of connectors allows implementation of various
options to reduce intervention invasion: the use of inter-
muscular accesses [7], as well as various options for percu-
taneous intervention [8, 9]. Application of such minimally

Table 1. Calculated morphometric parameters of C2 vertebra: data from other authors and from our present study

Parameter S. Raut et al. [10]

IsthH on the left, mm — 7.73
M 6.00 + 1.10 8.19
F 5.77£1.23 7.02

IsthH on the right, mm — 8.23 +
M 590+ 1.22 8.59
F 6.11 + 1.04 7.66

IsthW on the left, mm — 7.77 £
M 595+ 1.13 8.20 £
F 5.70 £ 1.18 7.11 £

IsthW on the right, mm — 7.75
M 5.78 £0.93 8.03 £
F 5.84 £0.95 7.31

LmH on the left, mm -

LmH on the right, mm — —

M. H. Nogueira-Barbosa,
H.L. Defino [5]

— —

—

The data obtained in this study (I.S. Lvov et al.)

75 7.40 = 1.63
71 7.85 £ 1.57
.58 6.55+1.39
72 7.51£1.70
66 7.91 £ 1.65
70 6.77 £ 1.51
33 8.68 + 1.45
03 9.08 £1.39
47 7.94 £1.27
23 8.43 £ 1.50
10 8.83+1.42
31 7.71 £1.38

542+ 1.79

5.70 £ 1.87

Note. Morphometric parameters of C2 vertebra: IsthH — isthmus height; IsthW — isthmus width; LmH — lateral mass height.
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Fig. 5. Dimensions of evaluated morphometric parameters of the C2 vertebra
depending on the patient’s gender: a — isthmus height (IsthH); b — isthmus
width (IstW); ¢ — lateral mass height (LmH)

invasive techniques can significantly lower by several times
the amount of blood loss and anesthesia duration. Cur-
rently, the most controversial and debated aspect is the
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Table 2. Distribution of patients depending on different types of left and right
C2 isthmus (according to classification by M. H. Nogueira-Barbosa and
H.L. Defino [5])

Right C2 isthmus es
Left C2 isthmus, s > 7P

types I Ma I Ic Tota
I 585 17 7 6 615
Ila 2% 14 0 3 43
1Ib 7 1 3 3 14
Ilc 5 1 1 4 11
Total 623 33 11 16 683

safety of TAF implementation. Its most formidable com-
plication is the malposition of the screw in VA direction.
The simulation study [4] has clearly demonstrated the pos-
sibility of percutaneous technique employing radiological
landmarks only. At the same time, TAF safety may corre-
spond to or exceed that of the classical methods of F. Mag-
erl or Goel-Harms if a certain X-ray trajectory is selected.
The main goal of our study is to determine the pool of pa-
tients to whom such a TAF could be applied.

Morphometric studies of feasibility of fixing interven-
tions at the craniovertebral level based on CT-reformation
data are extremely rare in the literature. To date, only 2 stu-
dies have been published in the field of the anatomical fea-
tures of C2 isthmus during TAF application [5, 10]. These
works have significant drawbacks. One of them is the pos-
sibility of making a systematic measurement error. All the
data were obtained on the basis of only single measurement
by a single expert. In the study [5], the authors have evalu-
ated reproducibility of measurements by the same author
with an interval of 2 months. In another study [10], the
Student paired t-test was similarly used. Nevertheless, the
same expert can make a systematic measurement error and
repeat it at any time interval. To eliminate errors and inac-
curacies, each measurement of each morphometric param-
eter must be performed 2 times by different experts [11].
Given that there is a high-degree correlation of responses
between different experts, the arithmetic mean will ap-
proach the true value of the morphometric parameter. Also,
in one study [5], a series of CT scans with slice thickness
of 3 mm were used that can also produce a significant error
in the morphometric parameter during implementation
of multiplanar MPR reconstructions.

In our study, all the possible disadvantages that could
affect the final result were eliminated. First of all, we formed
a complete sample of all emergency patients who did not
plan to go to hospital in advance. These patients performed
CT not because of any orthopedic or neurological disease
and this fact makes it possible to approximate the percent-
age of the craniovertebral transition anomalies to those
actually occurring in the population. Secondly, each the
parameter in the study was measured twice and the calcula-
tion of intraclass correlation made it possible to identify and
eliminate the measurements that could include errors.
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Comparing the already published data [5, 10], we note dif-
ferences in the results. These differences may be due to both
the above-mentioned methodology disadvantages and could
also depend on difference between patients from different
macroregions. Thus, in the study [5] there were patients
from Latin American region, in the other [10] — from resi-
dents of Asian region, in our study — mainly from those of
European region.

As result of the analysis, it was revealed that TAF (bi-
lateral and monolateral) is generally feasible in most incom-
ing patients. This procedure is contraindicated in only
3.2 % of all patients. C2 morphometric parameters in men
are higher than in women. The parameters of the C2 isth-
mus make it possible to perform TAF employing only X-ray
landmarks completely safely in 66 % of men and almost in
30 % of women, while the surgery with a risk of VA damage
of 2.3 % — in 34 % of men and in 70 % of women. Thus, in
our opinion, in the absence of other contraindications (in-
complete reduction of atlantoaxial dislocation, need to cre-
ate a bone fusion in C1-2 intervertebral space, anatomical

features of the neck and chest) and taking into account TAF
feasibility and safety, it has proved to be the method of
choice for all incoming patients.

CONCLUSIONS

In the present study, the morphometric parameters of
isthmus and lateral mass of C2 vertebra were determined for
the first time with the minimization of methodological er-
rors and inaccuracies. The results obtained suggest that
percutaneous bilateral TAF with the use of the posterior
spinolaminar point and the middle of atlas anterior arch as
landmarks could potentially be the method of choice in
88.3 % of patients. In 11.7 % of patients, the TAF was
impossible to perform unilaterally or on both sides. Of all
patients with normal anatomy of C2 isthmus, the probabil-
ity to perform TAF without VA damage was twice more in
men than in women and exceed 66 %. At the same time,
the risk of VA injury in other patients does not exceed
2.3 %, that is comparable to the same outcome after imple-
mentation of other methods of C1—2 screw stabilization.
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